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National Institute for Health and Care Excellence 


Centre for Health Technology Evaluation 
 


Pro-forma Response  
 


ERG report 
 


Canagliflozin in combination therapy for treating type 2 diabetes [ID554] 
 
You are asked to check the ERG report from Southampton Health Technology Assessment Centre, University of 
Southampton to ensure there are no factual inaccuracies contained within it. 
 
If you do identify any factual inaccuracies you must inform NICE by 5pm on 9th January 2014 using the below proforma comments 
table. All factual errors will be highlighted in a report and presented to the Appraisal Committee and will subsequently be published 
on the NICE website with the Evaluation report. 
 
The proforma document should act as a method of detailing any inaccuracies found and how and why they should be corrected. 


Issue 1 Consideration of add-on to insulin data for canagliflozin as out of NICE scope 


Description of problem  Description of proposed 
amendment  


Justification for 
amendment 


ERG response 


The ERG states that the DIA3008 trial does not match 
the NICE scope for canagliflozin (Table 2) as 
approximately one third of patients recruited into 
DIA3008 had no background therapy apart from 
insulin. 


In addition, the DIA30008 trial was excluded from 
consideration by the ERG as not being relevant to the 
Decision Problem as there was no active comparator 
(ERG Report Table 2). 


In addition, Janssen believes that the DIA3008 trial is 


It is requested that the text of 
the ERG report be amended to 
reflect that the DIA3008 trial 
and the add-on to insulin 
therapy data for canagliflozin 
can be considered within 
scope. 


Janssen considers the cost-
effectiveness of canagliflozin as 
an add-on therapy to insulin to 
be an important part of the 
canagliflozin STA, and this 
population of patients is likely to 
be in particular need of 
additional innovative therapies. 
 
The ‘Populations’ section of the 
same document states: 
“Add-on therapy to insulin 


Strictly speaking this trial was not wholly 
relevant to the scope, due to the lack of active 
comparator and the fact that a third of patients 
in the comparator group did not receive one or 
more oral anti-diabetic agents (in combination 
with insulin). However, the ERG report does 
acknowledge the inclusion of this trial in the 
NMA and the economic evaluation on page 34, 
sentence starting “Finally, although the ERG 
deemed the three placebo-controlled trials DIA 
3002, DIA3012, and DIA3008 as relevant to 
this report…” (NB. there was a typo in this 







still within the final canagliflozin NICE scope, and that 
the canagliflozin is consistent with the scope, STA and 
FAD for dapagliflozin. 


Adults with type 2 diabetes that 
are inadequately controlled on 
monotherapy with insulin or on 
therapy with insulin and up to 
two other oral agents.” 
 
Although the confusion has 
perhaps arisen from where it is 
stated in the ‘Comparators’ 
section of the canagliflozin NICE 
final scope: 
“Add-on therapy to insulin  
• One or more oral anti-diabetic 
agents (in combination with 
insulin).” 
 
Janssen therefore suggests that 
it is incorrect to exclude the 
analysis using the DIA3008 
data, as we believe this is fully in 
accordance with the NICE 
scope. 
 
For the assessment of 
dapagliflozin in Type 2 diabetes 
mellitus (T2DM) by NICE, the 
dapagliflozin final NICE scope 
was identical to the canagliflozin 
NICE scope in the wording of 
both the ‘Comparators’ and 
‘Population’ section.  The 
dapagliflozin trials included 
patients receiving insulin 
monotherapy.  In the 
assessment of dapagliflozin by 
NICE, this line of therapy was 
considered within scope and 
dapagliflozin received a positive 
recommendation in this line of 
therapy from NICE. 


sentence, which should have read ‘irrelevant’). 







Issue 2 Consideration of canagliflozin trials without direct comparators as out of NICE scope 


Description of problem  Description of 
proposed amendment  


Justification for 
amendment 


ERG response 


On page 11 of the ERG report it is stated that: 


“The ERG considered that only trials with active comparator arms 
were relevant to the NICE scope”, 


and on page 30-31: 


“The six studies identified for inclusion by the manufacturer meet 
the inclusion criteria, but three are not relevant to the decision 
problem or final scope, as we detail below…three of the included 
RCTs (DIA3002, DIA3012, and the DIA3008 insulin sub-study) were 
not relevant, for the reasons detailed in Table 2 – namely the 
absence of active comparators.” 


It is the view of Janssen that lack of an active comparator is not 
sufficient grounds to exclude a trial from the decision problem.  
Many Phase 3 trial programmes are carried out with placebo-
controlled trials and no direct comparative data; the existence of 
direct comparative data should not reduce the relevance of 
placebo-controlled RCT data.  As is common in economic 
evaluations, data from a well-constructed NMA were used to 
populate the analyses. 


It is requested that the text 
within the ERG report 
stating these trials as 
irrelevant is amended to 
describe these trials as 
being relevant and 
informative to the decision 
problem. 


Although the placebo-controlled 
trials DIA3002, DIA3012 and 
DIA3008 do not include an 
active comparator, the data 
gathered within these trials can 
be considered as informative to 
the assessment of canagliflozin 
in T2DM.  The DIA3002 trial 
provides additional data on the 
efficacy of canagliflozin in triple 
therapy with Met+SU, DIA3012 
important data on the efficacy in 
triple therapy with 
Met+Pioglitazone, and DIA3008 
shows the efficacy of 
canagliflozin in add-on to insulin 
therapy.. 


Strictly speaking the three 
placebo-controlled trials were 
not of direct relevance to the 
scope, due to the lack of active 
comparators. For this reason, 
and to keep the ERG report 
succinct, we did not focus on 
them. However, the report 
does acknowledge their 
contribution to the NMA and 
the economic evaluation on 
page 34, sentence starting 
“Finally, although the ERG 
deemed the three placebo-
controlled trials DIA 3002, 
DIA3012, and DIA3008 as 
relevant to this report…” (NB. 
there was a typo in this 
sentence, which should have 
read ‘irrelevant’).  


The results of the placebo-
controlled trials are reflected in 
the ERG report in section 3.3.8 
(adverse events) whereby we 
report pooled rates of AEs for 
canagflilozin and non-
canagliflozin (including 
placebo) arms of the trials. 


No further action necessary.  


 







Issue 3 Modelling with second order uncertainty 


Description of problem  Description of 
proposed amendment  


Justification for 
amendment 


ERG response 


The ERG questioned the use of second order uncertainty in both the 
base case and the DSA.  For example, 


 It is unclear why second order uncertainty was not switched 
off in DSA as this means that results are confounded to 
some extent by stochasticity in other parameters. (p. 124) 


 The MS indicates the model was run with 500 patient 
cohorts and 1000 patients in each cohort in scenario 
analysis (Table 53). Second order uncertainty was not 
switched off in scenario analysis (i.e. by specifying only one 
patient cohort) which means that results are to some extent 
confounded with parameter stochasticity. (p. 124) 


The ERG additionally implies that use of second order uncertainty in 
the base case and the DSA are unusual. 


Janssen argues that lack of second order uncertainty in models 
previously assessed is a failing of those economic analyses, not a 
virtue.  With second order uncertainty inactivated, the results will 
naturally vary as diabetes models are inherently non-linear with 
respect to the uncertain inputs. 


 


A statement on page 92 of the ERG report captures the nature of 
the potential bias (albeit in the context of microsimulation vs. cohort 
modeling):  


”This can mean that the average of risks is not same as the 
risk for the patient with ‘average’ characteristics, and 
consequently a patient-level simulation is preferred to a 
cohort model.”   


For the same reason, removing parameter uncertainty by 
inactivating second order uncertainty will make the estimate of cost-
effectiveness more precise but less accurate, as the non-linearity of 
relationships will be lost.  Inclusion of second order uncertainty best 
reflects our current understanding of the treatment of T2DM with 
canagliflozin, and thus Janssen would argue that the basecase and 


It is requested that the 
criticism of the approach to 
model with second order 
uncertainty activated be 
reduced, and that 
questions into the 
robustness of the basecase 
ICERs are amended. 


 


Inclusion of second order 
uncertainty in the basecase 
does not invalidate the ICERs 
calculated and Janssen would 
argue that the ICERs including 
second order uncertainty are 
more accurate, both because 
they include a greater number 
of patients and because they 
capture natural non-linearities in 
the disease associated with our 
limited understanding of a 
complex disease. 


 


The potential loss of accuracy is 
perhaps best illustrated with a 
simple example from queuing 
theory: If people arrive at a 
service machine with 
exponential inter-arrival times of 
one minute and it takes the 
machine 0.99 minutes on 
average (exponentially 
distributed) to service each 
person, then if we run a 
simulation model using mean 
input values only there would 
never be a queue - because the 
service rate is shorter than the 
arrival rate. However the true 
average delay is 98 minutes 
and this would be accurately 
reproduced in a simulation 
model sampling input values 


The ERG is not questioning the 
use of second order uncertainty 
in the base case and DSA, 
rather pointing out that the MS 
does not justify its use.  Given 
that second order uncertainty is 
used, base case and DSA 
results will be to some extent 
confounded with parameter 
stochasticity.  Not a factual 
inaccuracy. 


 


The ERG report states that ‘in 
the ERG’s experience base 
case analyses do not usually 
reflect PSA’ (p96).  Not a 
factual inaccuracy. 


 


 







other comparisons should include second order uncertainty. 


The NICE Briefing paper for methods review (1), moreover, echoes 
this with the statement that exploring uncertainty in non-linear 
decision models, probabilistic methods provide the only reliable 
means of estimating mean costs and outcomes (Section 5.8 of the 
Briefing paper). 


appropriately. 


The ERG report states on pages 16, 97 and 128 that the original 
submission ran comparisons using 1000 patients, whereas the ERG 
comparisons were run with 100,000 patients.  The inference is 
made by the ERG on page 16 that the manufacturer comparisons 
contained less information and are thus less robust than the ERG 
comparisons. 


In fact, the original submission was run using 1000 cohorts of 1000 
patients each, thus generating 1 million unique patients, an order of 
magnitude greater than the ERG comparisons run (and the reason 
why simulation run times are 15 hours and 1.5 hours, respectively).  
Janssen believes that the simulations with 1 cohort and 100,000 
replicates contains substantially less information and the results 
may not be robust.  Janssen has replicated the ERG simulations 
with both 100,000 and 500,000 replicates and found that the results 
differed (in particular, the big increase seen in the ICER in the ERG 
simulation in DUAL vs. DPP-4 disappeared;  see Table 3 below).  


It is requested that it is 
acknowledged that 1000 
cohorts of 1000 patients 
were run, rather than just 
1000 patients, on pages 
16, 97 and 128. 


To state only that 1000 patients 
were run understates the level 
of rigour of the manufacturer 
basecase comparisons and the 
amount of data within these 
datasets. 


The ERG report uses the term 
‘1000 patients’ as shorthand for 
‘1000 patients per cohort’.  We 
recognise that the full meaning 
of this shorthand may not be 
clear in all contexts in the ERG 
report and the requested 
amendments have been made 
to pages 16, 97 and 128.   


The ERG states that the deterministic sensitivity analyses (DSA) are 
confounded with PSA (page 121 and 124). 


The ERG also states (page 124) that the scenario analysis results 
are confounded by the second order uncertainty not being switched 
off. 


As noted above, inactivating second order uncertainty actually 
fundamentally changes the disease model, but a more useful 
description may be instead that results can be confounded by 
inactivation of second order uncertainty (rather than the opposite).   


Additionally, versus the base case which we argue should definitely 
include second order uncertainty, inactivation of second order 
uncertainty  for the scenario analyses divides the source of  
changes into the changes within that scenario and the inactivation of 
second order uncertainty, making it difficult to interpret. 


While there is added ‘noise’ 
around some of the DSA 
analyses as a result of the 
second order uncertainty 
being active, Janssen does 
not consider that the DSA 
are confounded but that 
they remain valid.  The 
ERG’s assertion of 
confounding might 
therefore be 
reduced/rewritten. 


The exploration of uncertainty 
around single parameters with 
DSA and second order 
uncertainty are separate issues; 
the DSA estimates the impact 
on the ICER of varying a single 
parameter, while second order 
uncertainty shows the variability 
around that estimate. 


Janssen believes that the 
results of the DSA in the original 
submission remain valid and 
that the uncertainty of the 
parameters has been explored.   


Given the small incremental 
costs and benefits associated 
with many of the treatments it is 
possible for ICERs to be greatly 
changed by use of an 
alternative parameter set (for 
example compare ERG report 
Table 67 and Table 69).  The 
ERG considers that these 
differences do amount to 
confounding since the key 
outcome (ICER) is in some 
cases substantially affected by 
incorporation of the PSA.  Not a 
factual inaccuracy. 


 







 


Issue 4 Fully incremental analysis  


Description of problem  Description of 
proposed 
amendment  


Justification for 
amendment 


ERG response 


By expanding the information set to the complete set of comparators simultaneously, the 
fully incremental cost-effectiveness analysis performed by the ERG (Tables 72 and 74) 
has the potential to be informative. Janssen considers the replication sizes to be too small 
to be robust, however.  Even small differences in the distribution of initial baseline 
characteristics, while not greatly affecting the absolute values of the outcomes, can affect 
the relatively smaller Δ values when combining results from different simulation runs.  
Some variability, indeed, is evident when comparing the results of Tables 72 and 74 that 
can impact the results directionally: 


If the ERG is correct in their assertion that 100,000 replicates (with second order 
uncertainty inactivated) is sufficient to inform fully incremental analysis, then the 
canagliflozin 100mg results from Table 72 are equally valid if inserted into Table 74 (and 
vice versa for canagliflozin 300mg): 


Table 1.  ERG Table 74, with Cana 100 data inserted from ERG Table 72. 


Comparator 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER compared to 
next cheapest option 


SU £25,773 8.797       


Dapagliflozin £26,121 8.965 £348 0.168 £2,071 


DPP-4-i £26,225 8.972 £104 0.007 £14,857 


Cana 100 £26,234 8.977 £9 0.005 £1,800 


Cana 300 £26,809 9.004 £575 0.027 £21,296 


GLP-1-a £28,702 9.008 £2,468 0.031 £79,613 


 


Rather than generating the high ICER for canagliflozin 100mg vs. DPP-4-I, the ICER is 
quite low and canagliflozin (both doses) can be interpreted as cost-effective in dual 
therapy.  The adjusted Table 74 above, moreover, is no less valid than Table 72. 


While increasing the number of replications to reduce this variability is warranted a more 
robust analysis would use averages of the results for the comparators (from Tables 72 


While the usefulness of 
the ERG’s analysis is 
recognised, it is 
requested that the text of 
the ERG report 
acknowledges the 
remaining uncertainty in 
the analysis using a 
single cohort of 100,000 
patients, and that the 
conclusion that 
canagliflozin 100mg has 
an ICER of £84,800 
changes if a more robust 
analysis using the 
average results from the 
comparisons is applied. 


Janssen considers 
the emphasis placed 
on the ICER of 
£84,800 to be undue 
(mentioned on pages 
16, 136 and 140) 
considering that it is 
not a robust estimate 
and, under other 
analyses, the fully 
incremental cost-
effectiveness 
estimate for 
canagliflozin 100mg 
is considerably 
lower. 


Not a factual 
inaccuracy, no action 
required.  The ERG 
report does not assert 
that 100,000 replicates 
(patients per cohort) 
are sufficient to inform 
fully incremental 
analysis.   


 


The ERG welcomes 
the further illustration 
here of the differences 
in the model results 
which can arise when 
the model is re-run with 
both the same and 
altered settings.   







and 74) since the comparators were run versus both doses.  Using averages by 
comparator from Tables 72 and 74 gives the following results: 


 


Table 2.  Fully incremental analysis using averages of comparator costs and 
QALYs from Tables 72 and 74. 


Comparator 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER compared to 
next cheapest option 


SU £25,857 8.794       


DPP-4-i £26,107 8.973 £250 0.179 £1,390 


Dapagliflozin £26,111 8.961 £4 -0.012 Dominated 


Cana 100 £26,234 8.977 £128 0.004 £31,875 


Cana 300 £26,809 9.004 £575 0.027 £21,296 


GLP-1-a £28,639 9.012 £1,830 0.008 £228,750 


 


Janssen has replicated the ERG comparisons with both 100,000 and 500,000 replicates 
and found that the results differed (in particular, the large increase seen in the ICER in the 
ERG comparison for canagliflozin 100mg in dual therapy vs. DPP-4-i disappeared.  Note 
that due to lack of detail in the ERG report, we were unable to run these comparisons 
using the ERG basecase, but would be happy to do so if these data were supplied. 


 


Table 3.  Fully incremental cost-effectiveness analysis with 500,000 patients and no 
parameter uncertainty 


Comparator 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER compared to 
next cheapest option 


SU £25,996 8.787       


DPP-4-i £26,160 8.966 £164 0.178 £919 


Dapagliflozin £26,204 8.973 £44 0.008 £5,865 


Cana 100 £26,247 8.977 £43 0.004 £11,932 


GLP-1-a £28,668 9.010 £2,421 0.033 £73,670 


* Data for Canagliflozin 100mg averaged across the four pairwise comparisons 


 







 


Issue 5 Comparators modelled in triple therapy; comparisons vs. insulin were modelled 


Description of problem  Description of proposed 
amendment  


Justification for 
amendment 


ERG response 


Modelling comparisons against insulin in triple therapy are not 
consistently acknowledged the ERG report. 


On page 23, the ERG report states “For the assessment of triple 
therapy with a combination of canagliflozin, metformin and a 
sulfonylurea, the comparators stated in the manufacturer’s decision 
problem are: DPP-4-inhibitors and GLP-1 analogues, both in 
combination with metformin and a sulfonylurea. The manufacturer has 
therefore included two of the four comparators stated to be of interest in 
the final scope” 


The inclusion has been noted by the ERG in places (e.g. ERG report 
Table 55; Page 80, Table 49) but not elsewhere (e.g.  Table 51) 


While the original error was made by Janssen by omitting this 
comparison from Table 6 of the MS, modelling was conducted against 
long-acting insulin and was detailed throughout the main body and 
results sections of the MS.  Thus three of the four comparators of 
interest in the final scope were modelled. 


It is requested that the 
sentences noting the omission 
of this modelling comparison 
are amended, as this 
comparison has been carried 
out, and is noted in other 
sections of the ERG report, on 
pages 23 and Table 51. 


This modelling comparison is an 
additional piece of evidence 
exploring the cost-effectiveness 
of canagliflozin in triple therapy.  
In addition, inclusion of this 
comparison demonstrates that 
Janssen has made best efforts 
to adhere to the NICE scope. 


Acknowledged, 
amendments made to 
page 23, and page 90 
(Table 51). 


The sentence on page 100 is unclear: 


“Some comparators from the scope were excluded from the decision 
problem:  
  In triple therapy in comparison to insulin (alone or in combination with 
one or more oral antidiabetic agents, such as a DPP-4-1 or GLP-1-a). 
**********************************************************************************
***********************************************************************” 


As stated above, comparisons against insulin were indeed performed in 
triple therapy.  Comparisons for products in combination with DPP-4-I or 
GLP-1-a were not performed, for the reasons stated in the report. 


It is suggested that the 
sentence on page 100 is 
clarified.  Possible text is 
below: 


In triple therapy comparisons in 
combination with a DPP-4-1 or 
GLP-1-a).  
************************************
************************************
************************************
************************************
*********” 


The current sentence is not 
clear in which comparisons from 
the NICE scope were included 
and which were not, and thus 
may be confusing to the reader. 


Acknowledged, 
amended page 100. 


On Page 23 the ERG state: 


“The comparators specified in the scope that have not been considered 


It is suggested that the 
sentence on page 23 is 


Long acting insulin and biphasic 
insulin were included in the 
MET+SU network as part of the 


Acknowledged, page 
23 amended. 







by the manufacturer are: thiazolidinediones (although, again, the scope 
more specifically states ‘pioglitazone’) and insulin, both combined with 
metformin and a sulfonylurea. The manufacturer states that these 
comparators have not been included as “insufficient clinical data were 
found to populate the NMA [network meta-analysis]”(MS p. 41).” 


Long acting insulin and biphasic insulin were included in the MET+SU 
network as part of the NMA. 


amended.  


Possible text is below: 


“The comparator specified in 
the scope that has not been 
considered by the manufacturer 
for use in triple therapy, 
combined with metformin and a 
sulfonylurea, is: 
thiazolidinediones (although, 
again, the scope more 
specifically states 
‘pioglitazone’).The 
manufacturer states that this 
comparator has not been 
included as “insufficient clinical 
data were found to populate the 
NMA [network meta-analysis]” 
(MS p. 41).” 


NMA and are a relevant 
additional piece of evidence for 
the assessment of the efficacy 
of canagliflozin in triple therapy. 


 


Issue 6 Quality checking of extraction of data for the clinical systematic literature review and NMA 


Description of problem  Description of proposed 
amendment  


Justification for amendment ERG response 


On page 39, the ERG state: 


“Critical appraisal of included studies appears to 
have been conducted by one reviewer”  


On page 43: 


“The ERG considers that the data extraction of 
all of the publications should have been 
checked, rather than just 20% of them.” 


With apologies for the error in our original 
submission, we have checked with the agency 
that performed the data extraction and they have 
confirmed that the data extracted for inclusion in 
the NMA was 100% quality checked by a 


It is requested that the sentences 
that highlight this issue are 
amended accordingly, on pages 39, 
40 (Table 4) and 43. 


Checking of 100% by a second reviewer 
is appropriate methodology, endorsed by 
NICE and the DSU.  


While Janssen acknowledges its error in 
the original report, stating that this step of 
the NMA was correctly performed reduces 
uncertainty in the quality of the NMA. 


Acknowledged, amended on 
page 39, page 40 (Table 4), and 
page 43. 







second reviewer. 


 


Issue 7 Minor corrections  


Description of problem  Description of proposed 
amendment  


Justification for amendment ERG response 


The following paragraph on Page 12 of the ERG 
report:  


“In both the dual therapy trials canagliflozin 300mg 
and 100mg were associated with statistically 
significant greater weight loss at 52 weeks than 
sulfonylurea glimepiride or the DPP-4-i sitagliptin” 


omits the fact that treatment with a SU causes weight 
gain and DPP-4-i is weight-neutral, whereas CANA is 
associated with weight loss. 


It is requested that this paragraph is 
amended to reflect that treatment 
with an SU leads to weight gain, and 
with DPP-4i is for the most part 
weight-neutral (as stated in the 
ADA/EASD position statement, 
original submission reference 45. 


While this may appear a minor 
wording issue, weight gain with 
an SU is of concern to patients 
and is a considered as a 
disadvantage of treatment with 
an SU. 


Not a factual inaccuracy, no 
further action necessary.  


The sentence on page 128 of the ERG report: “The 
standard errors used for the HbA1c % treatment 
effect parameters are too small.” is not clear.  The 
standard errors have been taken directly from the 
NMA data and there is no option to take alternative 
data. 


It is suggested that this sentence is 
deleted. 


This sentence is unclear in its 
meaning and incorrectly 
suggests inaccuracy in the data 
inputs.  


This sentence refers to ERG 
report p104 where it is stated 
that ‘the standard error of the 
drift assumption is not reflected 
in the standard error for the 
combined first year change in 
HbA1c and drift estimate, which 
as specified in the model is 
simply the standard error 
associated with the NMA 
estimate of the first year 
change in the HbA1c %’.  This 
has now been clarified on ERG 
report p128. 


On page 88, the ERG report states: 


 “These revised base cases are based on 
assumptions about BMI change rather than actual 
BMI changes which were observed in the key trials“. 
 


It is requested that the sentence is 
expanded to include the fact that this 
amendment in the clarification letter 
was to allow a like-for-like 
comparison which should reduce the 


The current ERG sentence 
implies deliberate bias by 
Janssen to improve the ICER 
and does not note the scientific 
validity of the amendment. 


Not a factual inaccuracy, no 
action required. 







This sentence does not take into account that the 
original submission compared actual BMI change in 
the CANA arm with imputed BMI changed (based on 
kg change and mean UK height) in the dapagliflozin 
and GLP-1-a treatments arms (based on incomplete 
data availability).  The inconsistency in these cases 
could be a possible source of bias because of 
potential mismatch between mean UK and trial height 
(and their distributions).   
 
By taking the weight loss data for both products in this 
subset of simulations and then applying a conversion 
to BMI, although the absolute values are vulnerable to 
the conversion equation applied (as noted by the 
ERG on page 106 of their report), the comparative 
effect on patient weight between canagliflozin and the 
interventions is a more valid measure, i.e. is a like-for-
like comparison. 


risk of bias, rather than a substitution 
of trial data for an assumption in 
order to improve the ICER. 


On page 126, the ERG state  “These results bear out 
the clinical finding that dapagliflozin is better at 
controlling BMI than both canagliflozin 100mg and 
canagliflozin 300mg (MS Table 185,Appendix p299).”   
 
It should be noted that these modelling results used 
BMI data from the canagliflozin trials against weight 
loss data from dapagliflozin (as outlined in the row 
immediately above).  A like-for-like comparison of 
weight loss from the network meta-analysis (Figure 40 
of the original submission) shows that dapagliflozin in 
fact causes less weight loss than both doses of 
canagliflozin. 


The conclusion that dapagliflozin is 
better at controlling BMI than 
canagliflozin is too strong once all 
data is considered and it is requested 
that the sentence is amended to 
reflect that this is the conclusion that 
can be made only on the data used in 
the model (which Janssen has 
argued in the response to clarification 
questions letter and above, that this 
approach is flawed). 


The conclusion that dapagliflozin 
is better at controlling BMI than 
canagliflozin is not supported by 
the data. 


Acknowledged, the requested 
amendment has been made to 
p126. 


On page 34 the ERG describes a study from the 
UKCRN database that they could not reconcile 
against the studies described in the original 
submission. 


The study description noted in the UKCRN reflects an 
earlier design of the DIA3002 study (the final design 
of which is fully described in the submission).  The 
design evolved over time including the removal of the 
sitagliptin arm (which was incorporated into the 


It is suggested that this paragraph is 
deleted from the report. 


Inclusion of this paragraph of a 
seemingly undeclared 
canagliflozin trial may be 
confusing to the reader, and 
implies that Janssen has not been 
fully forthcoming in canagliflozin 
trials conducted. 


Thanks for clarifying the status 
of this study. The ERG 
considered it possibly relevant 
in the light of the information 
available, and erred on the side 
of inclusion. 







DIA3006 trial).  The UKCRN website therefore 
contains a defunct trial design that was never 
initiated. 


Sites from both England and Northern Ireland 
participated in the final DIA3002 study. 


On page 34 the report states “, although the ERG 
deemed the three placebo-controlled trials DIA3002, 
DIA3012, and DIA3008 (insulin sub-study) as relevant 
to this report” 


This statement is inconsistent with the ERG 
statements detailed in Issue 1 and 2 above.  It is 
assumed that a word has been accidentally omitted 
from this sentence. 


It is suggested that this sentence is 
revised in line with revisions in Issues 
1 and 2 above. 


The sentence as it stands is 
inconsistent with statements 
elsewhere in the report and 
potentially confusing to the reader. 


Apologies, this should have read 
“…as irrelevant to this report” (as 
noted above in our response to 
issue 2). Amended on page 34 


On page 36 the ERG report states “These included 
established generic instruments such as the EQ-5D, 
SF-36, and Current Health Satisfaction Questionnaire 
(CHES-Q)…”  


Please move CHES-Q to list of 
disease specific instruments in 
second half of this sentence which 
states, “and disease-specific 
instruments: Impact of Weight on 
Quality of Life Lite (IWQOL-Lite); 
Multi-dimensional Diabetes 
Questionnaire (MDQ); Diabetes 
Utility Index (DUI); Diabetes 
Intention, Attitude, and Behavior 
Questionnaire (DIAB-Q).” 


CHES-Q is not an established 
generic instrument; it was 
designed by Janssen specifically 
to capture subject satisfaction with 
current diabetes-relevant aspects 
of health. This amendment is a 
correction of factual information 
about the type of PRO instruments 
implemented in the trial program 


Acknowledged, amended on 
page 36 


On page 36, Table 58, the ERG report states “These 
data appear to be for all patients, rather than for just 
canagliflozin, although this is not clearly stated.”  


Please change text to, “These data 
are for all patients, rather than for just 
canagliflozin.” 


The methods section in PRO 
Appendix states, “All treatment 
arms were pooled, and treatment 
assignment was investigated as a 
potential confounder.” 


Acknowledged (NB. the page 
number is 112 not 36). Page 112 
amended. 


It is stated that the model uses efficacy data in 
comparison vs. placebo on page 101 and page 125.  
The model uses as a preference change versus 
baseline, but in comparisons taking efficacy data from 
the NMA, only chance vs. placebo is available and so 
this is used. 


Related to this is the ERG’s question on page 125: “It 


The sentences on pages 101 and 
125 should be changed accordingly. 


As the design of clinical trials and 
the patients enrolled is often 
heterogeneous, it is not technically 
appropriate to perform modelling 
comparisons for two drugs by 
taking the efficacy vs. placebo 
from two different placebo-


Not a factual inaccuracy.  The 
model as implemented for this 
STA uses change versus 
placebo. 







is not clear why the data used in scenario 16 were 
restricted to direct trials against active comparators, 
as the model uses change versus placebo for key 
biomarkers”.  If the model could be run robustly using 
data against placebo from different trials, this would 
obviate the need for direct comparative trials, indirect 
comparisons or network meta-analyses. 


controlled trials.  


Page 109 of the ERG report states “The systematic 
review provides summary data of utilities for a range 
of patient characteristics and complications, however, 
there is no justification provided in the MS as to why 
these were not used in the model and why the CODE-
2 study was chosen for the source of the majority of 
utilities.” 


Section 7.4.9 of the original submission and 
Clarification Question B3 both provide what Janssen 
believes to be adequate justification for why CODE-2 
utilities were used as modelling parameters. 


It is requested that the sentence on 
Page 109 is amended to reflect that 
justification was provided. 


The statement that no justification 
was provided for this aspect of the 
modelling exercise undermines 
the credibility of the analyses 
conducted and the results 
obtained. 


The ERG comment reflects the 
fact that no discussion is made in 
the MS of utilities from the other 
studies identified by the 
systematic review, and why these 
were not used in the model.  Not 
a factual inaccuracy. 


On page 61/62 the ERG state 


“Canagliflozin 300mg had a probability of reducing 
weight of 16% compared to exenatide, but had a 
probability of at least 85% compared to the DPP-4-i 
sitagliptin, pioglitazone, and the SUs glimepiride and 
glibenclamide.” 


The figure of 85% is incorrect, and should in fact be 
80%, as stated in the original submission. 


It is suggested that this sentence is 
amended. Suggested wording below: 


“Canagliflozin 300mg had a 
probability of reducing weight of 16% 
compared to exenatide, but had a 
probability of at least 80% compared 
to the DPP-4-i sitagliptin, 
pioglitazone, and the SUs glimepiride 
and glibenclamide.” 


Minor typographical correction. Acknowledged, page 62 
amended. 


On page 108, the ERG notes a discrepancy in the 


input value used for change in LDL cholesterol for 


canagliflozin 100mg at 26 weeks in the 3002 trial vs. a 


publically available poster on the same trial (a 


difference of -0.6mg/dL vs. -0.8mg/dL). 


This slight small difference (0.2 mg/dl) is likely due to 
the fact that different datasets were used for 
calculating the numbers in the poster and the model 
input values. Specifically, the poster was constructed 


It is requested that the paragraph be 
changed such that the statement 
“whilst the input data spreadsheet 
uses a value of -0.8 mg/dL attributed 
to the same source,” be amended, as 
the source of the clinical datasets 
used to generate data for the poster 
and the model were different.   The 
model input values were generated 
from the most recent datasets 


Although it is acknowledged that 
this is not strictly a factual 
correction, the doubt placed on 
the validity of the parameter by the 
ERG report is unjustified, and the 
modelling using this value of -
0.8mg/dL is correct. 


Not a factual inaccuracy. 







from the 26 week dataset while the model inputs 
(which were generated after the extension period 
database was locked) used the 52 week database.  In 
addition, the poster used data on LDL measured in 
conventional units (e.g.  mg/dL) whereas the dataset 
used for calculating the change in LDL for the model 
was in SI units (e.g. mmol/L) and applied a 
conversion factor (0.0259) to the mean difference (2). 


available. 


 
References 


1  NICE ‘Guide to the methods of technology appraisal 2013’, http://publications.nice.org.uk/guide-to-the-methods-of-technology-appraisal-2013-pmg9/the-
reference-case#exploring-uncertainty  ; accessed January 2014. 


2. Reference: Society for Biomedical Diabetes Research http://www.soc-


bdr.org/rds/authors/unit_tables_conversions_and_genetic_dictionaries/e5196/index_en.html ;  accessed January 2014 



http://www.soc-bdr.org/rds/authors/unit_tables_conversions_and_genetic_dictionaries/e5196/index_en.html

http://www.soc-bdr.org/rds/authors/unit_tables_conversions_and_genetic_dictionaries/e5196/index_en.html






1 


NATIONAL INSTITUTE FOR HEALTH AND CARE 
EXCELLENCE 


Premeeting briefing 


Canagliflozin in combination therapy 
 for treating type 2 diabetes 


This premeeting briefing is a summary of: 


 the evidence and views submitted by the manufacturer, the consultees and 
their nominated clinical specialists and patient experts and 


 the Evidence Review Group (ERG) report.  


It highlights key issues for discussion at the first Appraisal Committee meeting 
and should be read with the full supporting documents for this appraisal.  


Please note that this document is a summary of the information available 
before the manufacturer has checked the ERG report for factual inaccuracies. 


Key issues for consideration 


Clinical effectiveness 


 What is the Committee’s view on canagliflozin’s likely place in the treatment 


pathway considering current NICE guidance (notably NICE clinical 


guideline 87 ‘The management of type 2 diabetes’ and technology 


appraisal guidance 288 ‘Dapagliflozin in combination therapy for treating 


type 2 diabetes’? 


 What are the main relevant comparators in clinical practice for canagliflozin 


in dual therapy, triple therapy and as add-on to insulin? 


 Does the Committee agree with the manufacturer’s rationale not to 


consider the clinical effectiveness of canagliflozin in certain combinations 


specified in the NICE scope? 


 Although pioglitazone was specified as a comparator in the NICE scope, 


the manufacturer and the ERG received clinical advice that it is no longer 


widely used because of safety concerns. Does Committee believe that 


pioglitazone is still a clinically relevant comparator? 



http://guidance.nice.org.uk/cg87

http://guidance.nice.org.uk/cg87

http://publications.nice.org.uk/dapagliflozin-in-combination-therapy-for-treating-type-2-diabetes-ta288

http://publications.nice.org.uk/dapagliflozin-in-combination-therapy-for-treating-type-2-diabetes-ta288
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 The canagliflozin trials recruited globally with limited enrolment in the UK. 


Does the Committee consider that the trial data are generalisable to the 


patient population in England? 


 Is the network meta-analysis a suitable source of clinical-effectiveness data 


for decision-making (changes in HbA1c and body mass index), rather than 


direct evidence from the trials? 


 Because of an absence of head-to-head trials comparing canagliflozin 


with some comparators in the scope (GLP-1 analogues and 


dapagliflozin), the clinical-effectiveness data were taken from the 


manufacturer’s network meta-analyses. What is the Committee’s view of 


the appropriateness, quality and reporting of these analyses? 


 The DIA3015 compared canagliflozin 300 mg and sitagliptin in triple 


therapy regimens with a background of metformin and a sulfonylurea, 


but did not include a canagliflozin 100 mg arm. Does Committee 


consider the meta-analysis results for the comparison of canagliflozin 


100 mg and sitagliptin to be sufficiently robust for decision-making? 


 Canagliflozin’s European marketing authorisation recommends a starting 


dose of 100 mg and escalating to 300 mg if tighter glycaemic control is 


needed in patients with adequate renal function who tolerate canagliflozin 


100 mg. What are the most likely ways that the 100 mg and 300 mg doses 


of canagliflozin would be used in clinical practice in England? 


 The manufacturer provided evidence for canagliflozin as an add-on therapy 


to insulin from the DIA3008 subgroup study, which compared canagliflozin 


with placebo in combination with insulin and various other treatments. 


Patients in DIA3008 were part of the CANVAS study, which enrolled 


patients who had a history or high risk of cardiovascular disease. The ERG 


commented that DIA3008 was not relevant to the decision problem 


because it did not include an active comparator (although the data were 


used in the manufacturer’s economic model). Does the Committee consider 


this evidence suitable for informing a decision on canagliflozin as an add-


on therapy to insulin? 


 Adverse events associated with canagliflozin were presented by the 


manufacturers as pooled safety datasets. The ERG did not agree with 
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manufacturer’s interpretation of some of the data (for example, 


discontinuation rates). What is the Committee’s view on the safety of 


canagliflozin for treating type 2 diabetes and the importance of these data 


to the economic modelling? 


Cost effectiveness 


 The manufacturer has chosen a specific comparator to represent each 


treatment class in the economic modelling. The ERG has described the 


differences between drugs in each class. Does the Committee accept the 


manufacturer’s choices for each representative comparator? 


 The manufacturer has submitted a new model that has not been critiqued 


in previous NICE technology appraisals. Is the Committee satisfied with the 


structure and functioning of the model? 


 Is the Committee persuaded that the assumptions in the manufacturer’s 


model for HbA1c threshold (which is applied to the model’s treatment 


pathways) adequately reflect clinical practice for treating type 2 diabetes in 


England? 


 Does the Committee consider the risk equations used to estimate the 


probability of macrovascular complications (from the original UKPDS 


Outcomes Model) and the annual probabilities of experiencing worsening 


microvascular complications (derived primarily from the Wisconsin 


Epidemiologic Study of Diabetic Retinopathy, the Rochester Epidemiology 


Project, and the Centers for Disease Control model of chronic kidney 


disease) to be appropriate and correctly implemented in the model? 


 The health-related quality of life and cost inputs are drawn from a range of 


different sources. Does the Committee consider that the values have been 


appropriately identified and are plausible? 


 The manufacturer’s sensitivity analyses show that HbA1c drift is a key driver 


of the economic model. Does the Committee find the assumptions 


associated with HbA1c acceptable? 


 Canagliflozin’s European marketing authorisation recommends a starting 


dose of 100 mg and escalating to 300 mg in suitable patients. However, the 


manufacturer’s and ERG’s base-case cost-effectiveness analyses (and 
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clinical trials) present results for 100 mg and 300 mg separately. Does 


Committee consider this to be appropriate? 


 The manufacturer has modelled dose escalation from canagliflozin 100 mg 


to canagliflozin 300 mg as a scenario analysis, based on target HbA1c 


levels: 


 If the 100 mg dose wasn’t effective at controlling HbA1c, does Committee 


consider it reasonable to assume the same efficacy in patients who 


increase their canagliflozin dose from 100 mg to 300 mg as a patient in 


the clinical trials who received only the 300 mg dose?  


 Does the Committee believe that increasing the canagliflozin dose if 


glycaemic control is not achieved at 6 months reflects its likely use in 


clinical practice in England? 


 What is the Committee’s view of using HbA1c of 7.5% at 6 months as the 


threshold for requiring tighter glycaemic control and switching to the 


higher dose of canagliflozin? 


 Does the Committee consider that the results from this economic model are 


sufficiently robust to suggest that canagliflozin is a cost-effective use of 


NHS resources in dual therapy, triple therapy or as an add-on treatment to 


insulin? 


1 Background: clinical need and practice 


1.1 Diabetes mellitus is a chronic metabolic disorder characterised by 


elevated blood glucose levels (hyperglycaemia) resulting from a 


lack of the hormone insulin or resistance to its action. There are 2 


main types of diabetes. Type 1 diabetes is caused by an absolute 


loss of insulin production. Type 2 diabetes is associated with 


obesity, and is caused by reduced tissue sensitivity to insulin 


(known as insulin resistance) and a failure of insulin secretion to 


compensate for this. 


1.2 In people with untreated type 2 diabetes, symptoms include 


excessive production of urine (polyuria), thirst, weight loss and 


fatigue. Type 2 diabetes is also associated with an increased 


cardiovascular risk. This can manifest as coronary artery disease 
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(leading to heart attacks and angina), peripheral artery disease 


(leading to leg claudication and gangrene), and carotid artery 


disease (linked to strokes and dementia). If not managed 


effectively, diabetes can also lead to complications including kidney 


failure, blindness, limb amputation, and damage to the nervous 


system, peripheral vasculature and skin. Cardiovascular disease is 


the most common complication associated with type 2 diabetes and 


is the greatest cause of morbidity and premature death. 


1.3 There were approximately 2.9 million people in the UK aged 17 or 


older with diabetes mellitus in 2011, 90% of whom had type 2 


diabetes. However, there are many people with undiagnosed type 2 


diabetes so the real number is likely to be higher. Type 2 diabetes 


is particularly prevalent in people of African, South Asian and 


Caribbean family origin. The prevalence of type 2 diabetes in the 


UK is rising due to the increasing prevalence of obesity and 


decreased physical activity, but also increased longevity after 


diagnosis because of better cardiovascular risk protection. Life 


expectancy is reduced by up to 10 years in people with diabetes. 


1.4 Appendix B of this document lists in full relevant recommendations 


in NICE guidance about the management of type 2 diabetes. A 


simplified version is given in figure 1 below. Briefly, NICE clinical 


guideline 87 recommends diet and lifestyle modifications to initially 


manage type 2 diabetes. For people who are overweight or obese 


and whose blood glucose is inadequately controlled by diet and 


lifestyle modifications, the oral anti-diabetic drug, metformin is 


recommended. A sulfonylurea (for example, gliclazide, glipizide, or 


glimepiride) may be considered as a monotherapy option if the 


person is not overweight, does not tolerate metformin or a rapid 


response is needed because of hyperglycaemia. 
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Figure 1 Simplified treatment pathway showing NICE recommendations 
on pharmacological treatments for type 2 diabetes (clinical guideline 87 
and technology appraisal guidance 203, 248 and 288) 


 
DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide 1; SU, sulfonylurea; TZD, 


thiazolidinedione 


1.5 If blood glucose control remains inadequate on monotherapy with 


metformin, a sulfonylurea should be added. A thiazolidinedione 


(pioglitazone) or a dipeptidyl peptidase-4 (DPP-4) inhibitor such as 


sitagliptin or vildagliptin can only be used as an add-on therapy to 


monotherapy with metformin or a sulfonylurea if the combination of 


metformin and sulfonylurea as dual therapy is not considered 


appropriate. Dapagliflozin in combination with metformin is 


recommended as a dual therapy regimen in NICE technology 


appraisal guidance 288, only if it is used as described for DPP‑4 


inhibitors in NICE clinical guideline 87 (see section 1.6.2 of 


appendix B). The glucagon-like peptide 1 (GLP-1) analogues 


(exenatide and liraglutide) are recommended in NICE technology 


appraisal guidance 203 and 248 as options for dual therapy only if 


metformin or a sulfonylurea is contraindicated or not tolerated and 


a thiazolidinedione and a DPP-4 inhibitor is contraindicated or not 


tolerated. 
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1.6 For people whose disease is not controlled on dual therapy, NICE 


clinical guideline 87 recommends starting insulin in preference to 


adding other drugs. However, if insulin is considered unacceptable 


(because of employment, social, recreational or other personal 


issues), either sitagliptin or pioglitazone are recommended as 


options for add-on therapy to metformin and sulfonylurea. 


Dapagliflozin in a triple therapy regimen in combination with 


metformin and a sulfonylurea is only recommended in NICE 


technology appraisal 288 as part of a clinical trial. The injectable 


GLP-1 analogues (twice-daily or prolonged-release exenatide and 


once-daily liraglutide) may be prescribed in a triple-therapy regimen 


for a specific population (see section 1.6.3 in line with NICE clinical 


guideline 87 and technology appraisal guidance 203 and 248 in 


appendix B).  


1.7 For people whose disease is not controlled by insulin alone, oral 


antidiabetic drugs may be used as add-on treatment. NICE clinical 


guideline 87 states that combining pioglitazone with insulin therapy 


may be considered for a person who has previously had a marked 


glucose-lowering response to thiazolidinedione therapy 


(pioglitazone), or who is on high-dose insulin therapy and whose 


blood glucose is inadequately controlled. Dapagliflozin in 


combination with insulin with or without other antidiabetic drugs is 


recommended in NICE technology appraisal guidance 288. Please 


see Appendix B for a summary of all relevant recommendations 


from NICE clinical guideline 87 and NICE technology appraisal 


guidance 203, 248 and 288. 


2 The technology 


2.1 Canagliflozin (Invokana, Janssen-Cilag) is an orally administered 


selective sodium glucose-cotransporter 2 (SGLT-2) inhibitor, which 


lowers blood glucose in people with type 2 diabetes by blocking the 


reabsorption of glucose in the kidneys and promoting excretion of 


excess glucose in the urine. 
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2.2 Canagliflozin has a European marketing authorisation for treating 


type 2 diabetes in adults aged 18 years and older to improve 


glycaemic control as: 


 monotherapy when diet and exercise alone do not provide 


adequate glycaemic control in patients for whom the use of 


metformin is considered inappropriate due to intolerance or 


contraindications. 


 add-on therapy with other glucose-lowering medicinal products 


including insulin, when these, together with diet and exercise, do 


not provide adequate glycaemic control. 


The recommended starting dosage of canagliflozin is 100 mg once 


daily. In patients tolerating canagliflozin 100 mg once daily who 


have an estimated glomerular filtration rate (eGFR) of at least 


60 mL/min/1.73 m2
 or creatinine clearance (CrCl) of at least 


60 mL/min and need tighter glycaemic control, the dosage can be 


increased to 300 mg once daily. For patients with renal impairment, 


the summary of product characteristics notes that canagliflozin 


should not be initiated in patients with an eGFR less than 


60 mL/min/1.73m2 or CrCl less than 60 mL/min. In patients 


tolerating canagliflozin whose eGFR falls persistently below 


60 mL/min/1.73 m2 or CrCl 60 mL/min, the dose of canagliflozin 


should be adjusted to or maintained  at 100 mg once daily. 


Canagliflozin should be discontinued when eGFR is persistently 


below 45 mL/min/1.73 m2 or CrCl persistently below 45 mL/min. 


2.3 The summary of product characteristics states the following 


adverse reactions for canagliflozin are the most commonly 


reported: hypoglycaemia in combination with insulin or a 


sulphonylurea, vulvovaginal candidiasis, urinary tract infection, and 


polyuria or pollakiuria (that is, urinary frequency). For full details of 


adverse reactions and contraindications, see the summary of 


product characteristics. 
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2.4 According to the manufacturer’s submission, the expected price is 


£39.20 for canagliflozin 100 mg (30 tablets) and £49.99 for 


canagliflozin 300 mg (30 tablets). The expected annual cost of 


canagliflozin is £477.26 for the 100 mg daily dosage and £608.83 


for the 300 mg daily dosage. Costs may vary in different settings 


because of negotiated procurement discounts. 


3 Remit and decision problem 


3.1 The remit from the Department of Health for this appraisal was: to 


appraise the clinical and cost effectiveness of canagliflozin within 


its licensed indication for the treatment of type 2 diabetes. 


 Final scope issued by 
NICE 


Decision problem addressed in 
the submission  


Population 


Dual therapy Adults with type 2 diabetes 
that is inadequately controlled 
on monotherapy with either 
metformin or a sulfonylurea. 


Adults with type 2 diabetes that is 
inadequately controlled with 
metformin. 


Triple therapy Adults with type 2 diabetes 
that is inadequately controlled 
on dual therapy with either of 
the following: 


 metformin in combination 
with a sulfonylurea 


 metformin or a 
sulfonylurea in 
combination with a 
thiazolidinedione, a DPP-
4 inhibitor, or a GLP-1 
analogue. 


Adults with type 2 diabetes that is 
inadequately controlled on dual 
therapy with: 


 metformin in combination with a 
sulfonylurea 


 metformin in combination with a 
thiazolidinedione. 


Add-on 
therapy to 
insulin 


Adults with type 2 diabetes 
that is inadequately controlled 
on monotherapy with insulin 
or on therapy with insulin and 
up to two other oral agents. 


Adults with type 2 diabetes that is 
inadequately controlled on 
monotherapy with insulin and 
standard of care. 


 


When evaluating dual therapy regimens, the manufacturer advised that adults 


with type 2 diabetes that is inadequately controlled with a sulfonylurea would 


not be considered. The manufacturer’s reasons for excluding this population 


were a relatively high rate of hypoglycaemia associated with the combination 
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of canagliflozin and sulfonylurea, and the high proportion of patients receiving 


sulfonylurea-based dual therapy who would be ineligible for treatment with 


canagliflozin (because metformin use is restricted in people with impaired 


renal function). Although the ERG agreed that most patients treated with dual 


therapy would receive an add-on to metformin, it noted that the 


manufacturer’s rationale was not justified and commented that excluding 


patients treated with a background of a sulfonylurea was not reasonable 


because this was a significant number of people with diabetes treated in the 


NHS (because of the high prevalence of diabetes). It further noted that these 


people would be eligible for treatment with canagliflozin in line with its 


European marketing authorisation. 


When evaluating triple therapy regimens, the manufacturer stated that a 


combination of canagliflozin with metformin and a DPP-4 inhibitor or a GLP-1 


analogue would not be considered because it believed that 


*****************************************************************************************


*****************************************************************************************


******************************************************************************* 


The ERG noted that the manufacturer did not specifying how many agents are 


used as part of ‘standard of care’ when evaluating canagliflozin as an add-on 


therapy to insulin. 


The manufacturer presented subgroup analyses for change in HbA1c 


according to baseline HbA1c and baseline body mass index, which had been 


requested in the final scope. 


 Final scope issued by 
NICE 


Decision problem addressed in 
the submission 


Intervention  Canagliflozin (in combination 
with oral anti-diabetic agents 
and/or insulin) 


Canagliflozin 100 mg or 300 mg 
once daily (in combination with oral 
anti-diabetic agents and/or insulin) 


 


The ERG stated that the use of canagliflozin specified in the manufacturer’s 


decision problem was narrower than defined in the licensed indication and 


may not reflect all the potential uses of canagliflozin in clinical practice.  
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 Final scope issued by 


NICE 


Decision problem addressed in 


the submission 


Comparators 


Dual therapy For the combination of 
canagliflozin and metformin, 
the comparators are: 


 sulfonylureas (with 
metformin) 


 pioglitazone (with 
metformin) 


 DPP-4 inhibitors (with 
metformin) 


 GLP-1 analogues (with 
metformin) 


 dapagliflozin (with 
metformin). 


 


For the combination of 
canagliflozin and sulfonylurea, 
the comparators are: 


 pioglitazone (with a 
sulfonylurea) 


 DPP-4 inhibitors (with a 
sulfonylurea) 


 GLP-1 analogues (with a 
sulfonylurea). 


For the combination of canagliflozin 
and metformin, the comparators 
are:  


 sulfonylureas (with metformin) 


 thiazolidinediones (with 
metformin) 


 DPP-4 inhibitors (with 
metformin) 


 GLP-1 analogues (with 
metformin) 


 dapagliflozin (with metformin). 
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Triple therapy For the combination of 
canagliflozin, metformin and a 
sulfonylurea, the comparators 
are: 


 pioglitazone (with 
metformin and a 
sulfonylurea) 


 DPP-4 inhibitors (with 
metformin and a 
sulfonylurea) 


 GLP-1 analogues (with 
metformin and a 
sulfonylurea) 


 insulin (with metformin and 
a sulfonylurea) 


 


For the combination of 
canagliflozin, metformin and 
pioglitazone, the comparators 
are: 


 DPP-4 inhibitors (with 
metformin and 
pioglitazone) 


 GLP-1 analogues (with 
metformin and 
pioglitazone) 


 insulin (with metformin and 
pioglitazone). 


 


For the use of canagliflozin in 
any other triple therapy 
regimen, the comparator is: 


 insulin (alone or in 
combination with one or 
more oral anti-diabetic 
agents). 


For the combination of 
canagliflozin, metformin and a 
sulfonylurea, the comparators are: 


 DPP-4 inhibitors (with 
metformin and a sulfonylurea) 


 GLP-1 analogues (with 
metformin and a sulfonylurea) 


 insulin (with metformin and a 
sulfonylurea) 


 


 


 


 


 


 


For the combination of 
canagliflozin, metformin and 
pioglitazone, the comparator is:  


 DPP-4 inhibitors (with 
metformin and pioglitazone) 


 


Add-on 
therapy to 
insulin 


 One or more oral anti-
diabetic agents (in 
combination with insulin). 


Canagliflozin in combination with 
insulin with or without metformin, 
will be compared to: 


DPP-4 inhibitors (with insulin with 
or without metformin)  


GLP-1-analogues (with insulin with 
or without metformin) 


Dapagliflozin (with insulin with or 
without metformin) 


 


The manufacturer reported that it would not compare the dual therapy 


combination of canagliflozin and a sulfonylurea with other oral antidiabetic 
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agents in combination with a sulfonylurea because of the reasons stated 


above in the population section. It added that several triple therapy 


combinations would not be evaluated because insufficient clinical data were 


found to populate a network meta-analysis: 


 Metformin, a sulfonylurea and canagliflozin compared with metformin, a 


sulfonylurea and either pioglitazone or insulin. 


 Metformin, a thiazolidinedione and canagliflozin compared with metformin, 


a thiazolidinedione and either a GLP-1 analogue or insulin. 


The manufacturer advised that no efficacy data were available to allow an 


indirect comparison of canagliflozin and a thiozolidinedione as add-on therapy 


to insulin, and confirmed that using canagliflozin in any other triple therapy 


regimen would not be assessed. The ERG stated the comparators outlined in 


the manufacturer’s decision problem were appropriate for the NHS and were 


generally those recommended in NICE guidance. The ERG indicated that the 


combination of canagliflozin, metformin and thiazolidinedione may be of 


limited relevance to clinical practice because the use of thiazolidinediones in 


England is declining. 


 


 Final scope issued by 
NICE 


Decision problem addressed in 
the submission 


Outcomes  The outcome measures to be considered include: 


 HbA1c/glycaemic control 


 frequency and severity of episodes of hypoglycaemia 


 change in cardiovascular risk factors (including blood pressure 
and/or serum lipids) 


 weight change 


 complications of diabetes (for example, cardiovascular, renal and 
eye) 


 mortality 


 adverse effects of treatment (including genitourinary tract 
infection) 


 health-related quality of life. 
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Economic 
evaluation  


Cost effectiveness of treatments will be expressed in incremental 
cost per quality-adjusted life year. 


The reference case stipulates that the time horizon for estimating 
clinical and cost effectiveness will be sufficiently long to reflect any 
differences in costs or outcomes between the technologies. A time 
horizon of 40 years will be used in the manufacturer’s base case. 


Costs will be considered from an NHS and Personal Social Services 
perspective. 


 


3.2 The manufacturer’s submission proposed the following places for 


canagliflozin in the diabetes treatment pathway: 


 Dual therapy: adding canagliflozin to metformin, instead of 


adding a sulfonylurea or other agent where type 2 diabetes is 


not adequately controlled by metformin alone. Within its 


European marketing authorisation, canagliflozin may be used as 


part of a dual therapy in combination with metformin or a 


sulfonylurea but only the combination with metformin is covered 


in the manufacturer’s submission. 


 Triple therapy: adding canagliflozin to a combination of 


metformin and another antihyperglycaemic agent where type 2 


diabetes is not adequately controlled by dual therapy. Within its 


European marketing authorisation, canagliflozin may be used as 


part of a triple therapy either in combination with metformin and 


a sulfonylurea or in combination with metformin and a 


thiazolidinedione. Both of these triple combinations are covered 


in the manufacturer’s submission. 


 Add-on therapy to insulin: adding canagliflozin to insulin. Within 


its European marketing authorisation, canagliflozin may be used 


as add-on therapy with other glucose-lowering medicinal 


products including insulin. The combination of canagliflozin and 


insulin with or without metformin is covered in the manufacturer’s 


submission. 


Figure 2 shows the manufacturer’s approach to the decision 


problem in relation to existing NICE guidance. 
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Figure 2 Manufacturer’s approach to the decision problem in a simplified 
treatment pathway showing NICE recommendations on pharmacological 
treatments for type 2 diabetes (clinical guideline 87 and technology 
appraisal guidance 203, 248 and 288) 


 
DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide 1; SU, sulfonylurea; TZD, 


thiazolidinedione 


4 Clinical-effectiveness evidence 


4.1 The manufacturer’s literature search identified 85 citations for use 


in the systematic literature review. The manufacturer identified 11 


phase III clinical trials that evaluated canagliflozin in combination 


therapy for treating type 2 diabetes. The manufacturer indicated 


that 5 of these trials would not provide useful information for 


approaching the decision problem (see pages 56–58 of the 


manufacturer’s submission for details). No non-randomised clinical 


trials were included in the manufacturer’s submission. 


4.2 The manufacturer described 6 phase III randomised controlled 


trials in detail in its submission (table 1). Of these, 2 evaluated 


canagliflozin as part of dual therapy in combination with metformin 


(DIA3006 and DIA3009), 3 as part of triple therapy in combination 


with metformin and either a sulfonylurea or pioglitazone (DIA3012, 
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DIA3002, DIA3015) and 1 with insulin with or without other 


antidiabetic treatments (DIA3008 insulin sub-study). The trials 


enrolled 12–28% patients in Europe, of whom 27 patients were in 


the UK. 


Table 1 Overview of clinical trials in the manufacturer’s submission 


Trial no. Intervention Comparator 
Total treatment 
duration 


Treatment groups 


Dual therapy: patients on baseline metformin 


DIA3009 Canagliflozin + 
metformin 


Glimepiride + 
metformin 


104 weeks (52-
week core double 
blind & 52-week 
extension double 
blind) 


Canagliflozin 100 mg (n=483) 


Canagliflozin 300 mg (n=485) 


Glimepiride (n=484) 


DIA3006  Canagliflozin + 
metformin 


Sitagliptin + 
metformin 


52 weeks (26-week 
core double blind & 
26-week extension 
double blind) 


Canagliflozin 100 mg (n=368) 
Canagliflozin 300 mg (n=367) 
Sitagliptin 100 mg (n=366) 
Placebo/sitagliptin (n=183) 


Triple therapy: patients on baseline metformin plus SU 


DIA3015  Canagliflozin + 
metformin and 
SU 


Sitagliptin + 
metformin and 
SU 


52 weeks Canagliflozin 300 mg (n=378) 
Sitagliptin 100 mg (n=378) 


DIA3002 Canagliflozin + 
metformin and 
SU 


Placebo + 
metformin and 
SU 


52 weeks (26-week 
core double blind & 
26-week extension 
double blind ) 


Canagliflozin 300 mg (n=156) 
Canagliflozin 100 mg (n=157) 
Placebo (n=156) 


Triple therapy: patients on baseline metformin plus pioglitazone 


DIA3012 Canagliflozin + 
metformin and 
pioglitazone 


Placebo + 
metformin and 
pioglitazone 
(crossover to 
sitagliptin + 
metformin and 
pioglitazone at 
26 weeks) 


52 weeks (26-week 
core double blind & 
26-week extension 
double blind) 


Canagliflozin 100 mg (n=115) 
Canagliflozin 300 mg (n=114) 
Placebo (n=115) 


Add-on to insulin: patients on baseline insulin ± other anti-diabetics 


DIA3008 
insulin 
sub-study 


Canagliflozin + 
insulin with or 
without other 
anti-diabetics. 


Placebo + 
insulin with or 
without other 
anti-diabetics. 


18 weeks Canagliflozin 100 mg (n=566) 
Canagliflozin 300 mg (n=587) 
Placebo (n=565) 


SU, sulfonylurea 


Source: Adapted from table 3 on page 25 and from table 6 in appendix 3 of the 


manufacturer’s submission 


4.3 Except for the DIA3008 insulin sub-study, all included trials had a 


broadly similar study design. After a 14-week pre-treatment period, 
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patients in DIA3009, DIA3006, DIA3015, DIA3002 and DIA3012 


with uncontrolled type 2 diabetes (1 or 2 baseline therapies) were 


randomised to the addition of treatment with canagliflozin, active 


comparator, placebo or both. A double-blind treatment period of 


26 or 52 weeks was followed by an extension period of the same 


duration (except in DIA3015, which did not have an extension 


period). DIA3008 insulin sub-study was part of the larger CANVAS 


study (an ongoing safety study in 4330 patients with high risk or 


history of cardiovascular disease that will report in 2017). The sub-


study included a 2-week single-blind run-in period, 18-week double-


blind treatment phase and 4-week follow-up. All studies except 


DIA3015 evaluated 2 doses of canagliflozin (100 mg and 300 mg; 


DIA3015 used the higher dose only). Further details about trial 


methodology are given in appendix 4 of the manufacturer’s 


submission. The primary outcome for all studies was change in 


HbA1c from baseline to the end of the double-blind treatment 


period. Secondary outcomes included change in body weight, 


change in systolic blood pressure, and incidence of hypoglycaemia. 


These secondary outcomes were incorporated into the 


manufacturer’s economic model and results for the modified 


intention-to-treat populations are reported below. The modified 


intention-to-treat population was defined as randomised patients 


who received at least 1 dose of study drug using a last observation 


carried forward approach. Results for other secondary outcomes, 


including longer-term change in HbA1c and change in blood lipids, 


and pre-planned and post-hoc analyses of achieving HbA1c 


targets, are reported in the manufacturer’s submission (pages 82 


and 86–89 for dual therapy regimens, pages 92–102 for triple-


therapy regimens and pages 105–107 for add-on to insulin). 


4.4 Eligible patients were adults with type 2 diabetes who had 


inadequate glycaemic control with existing treatment. In the studies 


included in the manufacturer’s submission, inadequate glycaemic 


control was defined as an HbA1c level of at least 7.0% up to 10.5%, 
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except for DIA3009 where the range was at least 7.0% up to 9.5%. 


All patients enrolled into CANVAS had a history of, or were at high 


risk of, cardiovascular disease; those enrolled in the DIA3008 


insulin sub-study were on insulin alone or in combination with 


standard of care. 


Manufacturer’s results for dual therapy 


4.5 A summary of efficacy results from DIA3009 and DIA3006 is given 


in table 2. In DIA3009, canagliflozin 100 mg plus metformin was 


non-inferior to glimepiride and metformin at week 52 in reducing 


HbA1c (mean change in HbA1c [minus glimepiride] −0.01%, 


95% confidence interval [CI] −0.11 to 0.09). At week 52, 


canagliflozin 300 mg and metformin produced a statistically 


superior mean reduction in HbA1c compared with glimepiride plus 


metformin, with a mean change (minus glimepiride) of −0.12% 


(95% CI −0.217 to −0.023, p<0.001). In DIA3006, mean change in 


HbA1c (minus placebo) was −0.627% (95% CI −0.758 to −0.481) for 


canagliflozin 100 mg plus metformin and −0.77% for canagliflozin 


300 mg plus metformin (95% CI −0.914 to −0.636), compared with 


−0.66% (95% CI −0.795 to −0.516) for sitagliptin plus metformin 


(p<0.001 versus placebo for canagliflozin arms). 


4.6 In DIA3009, there was a greater improvement in systolic blood 


pressure at 52 weeks with both doses of canagliflozin compared 


with glimepiride (mean difference in systolic blood pressure 


reduction [minus glimepiride] −3.5 mmHg [95% CI −4.9 to −2.1] 


with canagliflozin 100 mg and −4.8 mmHg [95% CI −6.2 to −3.40 


with canagliflozin 300 mg). In DIA3006, canagliflozin 100 mg and 


300 mg decreased systolic blood pressure from baseline to 


26 weeks with a difference in mean systolic blood pressure (minus 


placebo) of −5.36 mmHg (95% CI −7.280 to −3.439) and 


−6.58 mmHg (95% CI −8.504 to −4.653) respectively compared 


with −3.54 mmHg (95% CI −5.273 to −1.413) in the sitagliptin arm 


(p<0.001 for both canagliflozin doses compared with placebo).  
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4.7 In DIA3009 at week 52, both doses of canagliflozin were 


associated with a statistically greater change in body weight 


compared with glimepiride. Weight loss was −4.2 kg (standard error 


[SE] 0.2) for canagliflozin 100 mg and −4.7 kg (SE 0.2) 


canagliflozin 300 mg compared with a slight increase in weight with 


glimepiride +1.0 kg (SE 0.2). In DIA3006 at week 26, a weight loss 


of −3.7 kg (SE 0.2) was observed with canagliflozin 100 mg and 


4.2 kg (SE: 0.2) with canagliflozin 300 mg compared with −1.2 kg 


(SE 0.2) with sitagliptin. Both doses of canagliflozin demonstrated 


statistical superiority to sitagliptin up to week 52 with a difference in 


mean weight reduction (minus sitagliptin) of −2.1 kg for 


canagliflozin 100 mg and −2.5 kg for canagliflozin 300 mg 


respectively, p<0.001 for both doses.  
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Table 2 Overview of efficacy outcomes at primary time point with dual 
therapy 


Trial no. (acronym) 
Canagliflozin 


100 mg 
Canagliflozin 


300 mg 
Placebo Active comparator 


Change in HbA1c(%) 


DIA3009 (n=483) (n=485) 
 


Glimepiride (n=482) 


Change from baseline 
    


LS mean (SE) −0.82 (0.039) −0.93 (0.039) 
 


−0.81 (0.039) 


Diff. of LS means (SE) 
(minus glimepiride at 
week 52) 


−0.01 (0.050) −0.12 (0.050) 
  


(95% CI) (−0.109 to 0.085) (−0.217 to −0.023) 
  


DIA3006 (n=368) (n=367) (n=181) Sitagliptin (n=366)  


Change from baseline         


LS mean (SE) −0.79 (0.044) −0.94 (0.044) 
−0.17 


(0.060) 
−0.82 (0.044) 


Diff. of LS means (SE) 
(minus placebo at week 26) 


−0.62 (0.071) −0.77 (0.071) 
 


−0.66 (0.071) 


p-value <0.001 <0.001 
 


N/A 


95% CI (−0.758 to −0.481) (−0.914 to −0.636) 
 


(−0.795 to −0.516) 


Change in systolic blood pressure (mmHg) 


DIA3009 (n=483) (n=485) 
 


Glimepiride (n=482) 


Change from baseline 
    


LS mean (SE) −3.27 (0.6) −4.56 (0.6) 
 


0.20 (0.6) 


Diff. of LS means (SE) 
(minus glimepiride at 
week 52) 


−3.48 (0.7) −4.76 (0.7) 
  


95% CI (−4.9 to −2.1) (−6.2 to −3.4) 
  


DIA3006 (n=368) (n=367) (n=183) Sitagliptin (n=366) 


Change from baseline 
    


LS mean (SE) −3.84 (0.602) −5.06 (0.605) 1.52 (0.829) −1.83 (0.611) 


Diff. of LS means (SE) 
(minus placebo at week 26) 


−5.36 (0.979) −6.58 (0.981) 
 


−3.34 (0.984) 


p-value <0.001 <0.001 
 


N/A 


95% CI (−7.280 to −3.439) (−8.504 to −4.653) 
 


(−5.273 to −1.413) 


Change in body weight (kg) 


DIA3009 (n=483) (n=485) 
 


Glimepiride (n=482) 


Change from baseline     


LS mean (SE) −4.2 (0.2) −4.7 (0.2)  1.0 (0.2) 


Diff. of LS means (SE) 
(minus glimepiride) 


−5.2 (0.3) −5.7 (0.3)   


p-value <0.001 <0.001   


95% CI (−5.7 to −4.7) (−6.2 to −5.1)   


DIA3006 (n=368) (n=367) (n=181) Sitagliptin (n=355) 


Change from baseline   


 


 


LS mean (SE) −3.7 (0.2) −4.2 (0.2) −1.2 (0.3) −1.2 (0.2) 


Diff. of LS means (SE) 
(minus placebo) 


−2.5 (0.3) −2.9 (0.3)  −0.0 (0.3) 


p-value <0.001 <0.001   


95% CI (−3.1 to −1.9) (−3.5 to −2.3)  (−0.6 to 0.6) 


Key: CI, confidence interval; diff., difference; LS, least squares; SE, standard error 


Source: adapted from table 17 on page 80 (HbA1c), table 18 in appendix 6 (systolic blood 


pressure) and table 16 in appendix 6 of the manufacturer’s submission 
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Manufacturer’s results for triple therapy 


4.8 Results for change in HbA1c in DIA3015, DIA3002 and DIA3012 are 


given in table 3. In DIA3015 at week 52, canagliflozin 300 mg 


produced a superior reduction in HbA1c compared with sitagliptin 


100 mg, with a difference in mean change in HbA1c for canagliflozin 


300 mg (minus sitagliptin) of −0.37% (95% CI −0.25 to −0.50). 


DIA3002 and DIA3012 showed a statistically significant reduction in 


HbA1c at the primary endpoint (at 26 weeks for both studies) for 


both doses of canagliflozin compared with placebo. Mean reduction 


in HbA1c at week 26 with canagliflozin 100 mg (minus placebo) was 


−0.71% (95% CI −0.904 to −0.524, p<0.001) in DIA3002 and 


−0.62% (95% CI −0.811 to −0.437, p<0.001) in DIA3012. Mean 


reduction with canagliflozin 300 mg was −0.92% (95% CI −1.114 to 


−0.732, p<0.001) in DIA3012 and −0.76% (95% CI −0.951 to 


−0.575, p<0.001), in DIA3002. 


Table 3 Change in HbA1c (%) at the primary time point with triple therapy 


Trial no. (acronym) Canagliflozin 
100 mg 


Canagliflozin 
300 mg 


Placebo Active comparator 


Triple therapy: treatment on a background of metformin and sulfonylurea 


DIA3015 


 


(n=377) 


 


Sitagliptin (n=378) 


Change from baseline 
− LS mean (SE) 


−1.03 (0.048) −0.66 (0.049) 


Diff. of LS means (SE) 
(minus sitagliptin) 


−0.37 (0.064) 
 


95% CI (−5.0 to −2.5) 


DIA3002 (n=157) (n=156) (n=156) 


 


Change from baseline - 
LS mean (SE) 


−0.85 (0.075) −1.06 (0.076) −0.13 (0.075) 


Diff. of LS means (SE) 
(minus placebo) 


−0.71 (0.097) −0.92 (0.097) 


 
95% CI, p-value 


(−0.904 to 
−0.524), <0.001 


(−1.114 to −0.732), 
<0.001 


Triple therapy: treatment on a background of metformin and thiazolidinedione 


DIA3012 (n=113) (n=114) (n=115)  


Change from baseline - 
LS mean (SE) 


−0.89 (0.069) −1.03 (0.070) −0.26 (0.069) 


Diff. of LS means (SE) 
(minus placebo) 


−0.62 (0.095) −0.76 (0.096) 


 
95% CI, p-value 


(−0.811 to 
−0.437), <0.001 


(−0.951 to −0.575), 
<0.001 


Key: CI, confidence interval; diff., difference; LS, least squares; SE, standard error 


Source: adapted from table 18 on page 92 of the manufacturer’s submission 
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4.9 Both doses of canagliflozin, when used as triple therapy, resulted in 


a statistically significant greater reduction in systolic blood pressure 


compared with sitagliptin or placebo in DIA3015 and DIA3012 but 


not DIA3002 (table 4). In DIA3015, canagliflozin 300 mg statistically 


significantly decreased systolic blood pressure compared with 


sitagliptin 100 mg (0.9 mmHg), with the difference in mean change 


(minus sitagliptin) in systolic blood pressure at week 52 of 


−5.9 mmHg (95% CI −7.642 to −4.175, p<0.001). Similarly, a 


statistically significant difference was seen in DIA3012, with a mean 


difference in systolic blood pressure (minus placebo) of −4.07 


(95% CI −6.879 to −1.251, p=0.005) with canagliflozin 100 mg and 


−3.46 (95% CI −6.281 to −0.643, p=0.016) with canagliflozin 


300 mg. No statistically significant difference in mean systolic blood 


pressure (minus placebo) was seen in DIA3002 with canagliflozin 


100 mg (−2.24 [95% CI −4.719 to 0.241, p=0.077]) or canagliflozin 


300 mg (−1.62 [95% CI −4.111 to 0.866, p=0.201]). 
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Table 4 Change in systolic blood pressure (mmHg) at the primary time 
point with triple therapy 


Trial no. (acronym) Canagliflozin 
100 mg 


Canagliflozin 
300 mg 


Placebo Active comparator 


Triple therapy: treatment on a background of metformin and sulfonylurea 


DIA3015  (n=377)  Sitagliptin (n=378) 


Change from baseline     


LS mean (SE)  −5.06 (0.656) 0.85 (0.666) 


Diff. of LS means (SE) 
(minus sitagliptin) 


 −5.91 (0.883) 
 


p-value <0.001 
 


95% CI 
(−7.642 to 


−4.175)  


DIA3002 (n=157)  (n=156) (n=156)  


Change from baseline   


 LS mean (SE) −4.89 (0.976) −4.27 (0.980) −2.65 (0.982) 


Diff. of LS means (SE) 
(minus placebo) 


−2.24 (1.262) −1.62 (1.266)  


p-value 0.077 0.201  


95% CI 
(−4.719 to 


0.241) 
(−4.111 to 


0.866) 
 


Triple therapy: treatment on a background of metformin and thiazolidinedione 


DIA3012 (n=113)  (n=114) (n=115)   


Change from baseline 
   


LS mean (SE) −5.30 (1.036) −4.70 (1.044) −1.24 (1.033) 


Diff. of LS means (SE) 
(minus placebo) 


−4.07 (1.430) −3.46 (1.433) 
 


p-value 0.005 0.016 
 


95% CI 
(−6.879 to 


−1.251) 
(−6.281 to 


−0.643)  
Key: CI, confidence interval; diff., difference; LS, least squares; SE, standard error  


Source: adapted from table 23 in appendix 6 of the manufacturer's submission 


4.10 Both doses of canagliflozin, when used in triple therapy, lowered 


body weight (table 5). In DIA3015 at week 52, canagliflozin 300 mg 


treatment resulted in statistically significant reductions in body 


weight relative to sitagliptin 100 mg (−2.8 kg [95% CI −3.3 to −2], 


p<0.001). In DIA3002 at week 26, canagliflozin 100 mg and 300 mg 


(in combination with metformin and a sulfonylurea) resulted in a 


reduction in weight of −2.1 kg (SE 0.3) and −2.6 kg (SE 0.3) 


respectively compared with a weight change of −0.7 kg (SE 0.3) in 


the placebo group. Changes in body weight were also evident at 


week 52 with a difference in mean weight change (minus placebo) 


of −1.0 kg (95% CI −1.8 to −1.2) for canagliflozin 100 mg and 
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−2.1 kg (95% CI −2.9 to −1.2) for canagliflozin 300 mg. In DIA3012 


at week 26, a change in weight of −2.7 kg (SE 0.3) and −3.8 kg (SE 


0.3) was observed for canagliflozin 100 mg and 300 mg (in 


combination with metformin and a thiazolidinedione). 


Table 5 Change in body weight (kg) at the primary time point with triple 
therapy 


Trial no. (acronym) 
Canagliflozin 


100 mg 
Canagliflozin 


300 mg 
Placebo Active comparator 


Triple therapy: treatment on a background of metformin and sulfonylurea 


DIA3015 


 


(n=377) 


 


Sitagliptin (n=378) 


Change from baseline 
  


LS mean (SE) −2.5 (0.2) 0.3 (0.2) 


Diff. of LS means (SE) 
(minus sitagliptin) 


−2.8 (0.3) 
 


p-value <0.001 
 


95% CI (−3.3 to −2.2) 
 


DIA3002 (n=157) (n=156) (n=156) 


 


% Change from 
baseline    


LS mean (SE) −2.1 (0.3) −2.6 (0.3) −0.7 (0.3) 


Diff. of LS means (SE) 
(minus placebo) 


−1.4 (0.4) −2.0 (0.4) 
 


p-value <0.001 <0.001 
 


95% CI (−2.1 to −0.7) (−2.7 to −1.3) 
 


Triple therapy: treatment on a background of metformin and thiazolidinedione 


DIA3012 (n=113) (n=114) (n=115) 
  


Change from baseline 
   


N 113 112 114 


LS mean (SE) −2.8 (0.3) −3.8 (0.3) −0.1 (0.3) 


Diff. of LS means (SE) 
(minus placebo) 


−2.7 (0.4) −3.7 (0.4) 
 


p-value <0.001 <0.001 
 


95% CI (−3.6 to −1.8) (−4.6 to −2.8) 
 


 


Source: adapted from table 25 in appendix 6 of the manufacturer's submission 


Manufacturer’s results for add-on treatment to insulin 


4.11 Results for key efficacy outcomes in the DIA3008 insulin sub-study 


are given in table 6. At week 18, the difference in mean change in 


HbA1c versus placebo was −0.65% (95% CI −0.73 to −0.56) in the 


canagliflozin 100 mg group and −0.73% (95% CI −0.82 to −0.65) in 


canagliflozin 300 mg arm (p<0.001 both comparisons). Both doses 


of canagliflozin resulted in a significant reduction in systolic blood 
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pressure (p<0.001) compared with placebo. The difference in mean 


systolic blood pressure change (minus placebo) was −2.58 mmHg 


(95% CI −4.060 to 1.091) with canagliflozin 100 mg and 


−4.38 mmHg (95% CI −5.850 to −2.903) with canagliflozin 300 mg. 


Change in body weight (minus placebo) at week 18 was −1.8 kg 


(95% CI −2.2 to −1.6) in the canagliflozin 100 mg group and 


−2.3 kg (95% CI −2.7 to −2.1) in the canagliflozin 300 mg group 


(p<0.001 for both comparisons). 


Table 6 Overview of efficacy outcomes at the primary time point with 
insulin add-on therapy 


Trial no. (acronym) 
Canagliflozin 


100 mg 
Canagliflozin 


300 mg 
Placebo 


DIA3008 insulin sub-study (n=566) (n=587) (n=565) 


Change in HbA1c (%) 


Change from baseline  
  


LS mean (SE) −0.63 (0.031) −0.72 (0.030) 0.01 (0.032) 


Diff. of LS means (SE) 
(minus placebo at week 18) 


−0.65 (0.044) −0.73 (0.043) 
 


p-value <0.001 <0.001 
 


95% CI (−0.731 to −0.559) (−0.815 to −0.645) 
 


Change in systolic blood pressure (mmHg) 


Change from baseline 
   


LS mean (SE) −5.07 (0.538)  −6.87 (0.528) −2.50 (0.542) 


Diff. of LS means (SE) 
(minus placebo at week 18) 


−2.58 (0.757) −4.38 (0.751) 
 


p-value <0.001 <0.001 
 


95% CI (−4.060 to 1.091) 
(−5.850 to  


−2.903)  


Change in body weight (kg) 


Change from baseline 
   


LS Mean (SE) −1.8 (0.1) −2.3 (0.1) 0.1 (0.1) 


Diff. of LS Means (SE) 
(minus placebo at week 18) 


−1.9 (0.2) −2.4 (0.2) 
 


p-value <0.001 <0.001 
 


95% CI (−2.2 to −1.6) (−2.7 to −2.1) 
 


Key: CI, confidence interval; diff., difference; LS, least square; SE, standard error 


Source: adapted from table 19 on page 103 (HbA1c), table 31 in appendix 6 of the 


manufacturer’s submission (systolic blood pressure) and table 32 in appendix 6 (body weight) 


Manufacturer’s subgroup analyses 


4.12 As requested in the decision problem, results for the subgroup 


analyses by baseline body mass index and baseline HbA1c 


thresholds were presented in the manufacturer’s submission. There 


was no difference in change in mean HbA1c over time according to 


baseline BMI. Larger absolute reductions in HbA1c were observed 
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in patients with baseline HbA1c of 9% or higher compared with 


patients with a baseline HbA1c of less than 8%. The manufacturer 


noted that these results were expected and are comparable to 


those reported for other antihyperglycaemic agents (see tables 35–


37 in appendix 5 of the manufacturer’s submission and the 


manufacturer’s clarification response for details). 


Manufacturer’s meta-analysis 


4.13 The manufacturer conducted a systematic literature review to 


identify randomised controlled trials that evaluated treatments 


relevant to the NICE scope for this appraisal in patients with type 2 


diabetes (see pages 111–112 of the manufacturer’s submission for 


details). A total of 38 studies were included in the manufacturer’s 


base-case network meta-analysis (see table 7 for a summary of 


these studies)a. 


Table 7 Summary of studies included in the manufacturer’s base-case 
network meta-analysis 


Background 
treatment (n) 


Treatment 
duration 


Trial 
design 


Comparators Primary 
outcome 


Metformin (n=38) Maximum 
duration 
~2 years (28 
trials had results 
at 26±4 weeks 
and 17 trials at 
52±4 weeks) 


Double 
blinded 
(n=28); 
open-label 
(n=4) 


DPP-4 (n=22). GLP-1 
analogues and sulfonylureas 
were the next most frequently 
assessed, followed by 
pioglitazone and SGLT-2 
inhibitors 


Change in HbA1c 
from baseline 
(all but 4 trials) 


Metformin plus 
sulfonylurea 
(n=10) 


Maximum study 
duration ~1 year 
(with results 
reported at 
6 months) 


Double 
blinded 
(n=7); 
open-label 
(n=3) 


Insulin (n=5), GLP-1 
analogues (n=4), DPP-4 
inhibitors (n=3) and SGLT-2 
inhibitors (n=2) 


Change in HbA1c 
from baseline 
(all 10 trials) 


Metformin plus 
pioglitazone (n=2) 


26 weeks (n=1); 
~1 year (n=1; 
also had results 
at 6 months). 


Double 
blinded 
(n=2) 


SGLT-2 inhibitor (n=1) and 
DPP-4 inhibitor (n=1) 


Change in HbA1c 
from baseline 
(both trials) 


Insulin (n=14) ~1 year (n=3; 
also had results 
at 6 months) 


All trials 
bar 1 were 
double-
blinded 


Metformin plus pioglitazone 
was the most common add-on 
treatment, followed by DPP-4 
inhibitors, SGLT-2 inhibitors 
and GLP-1 analogues 


Change in HbA1c 
from baseline (at 
least 9 trials) 


Key: dipeptidyl peptidase-4, DPP-4; GLP-1, glucagon-like peptide 1; n, number of trials; 


SGLT-2, sodium glucose-cotransporter 2 


Source: page113–114 of the manufacturer’s submission 


a
Post-meeting clarification: the manufacturer’s base-case network meta-analyses included 38 studies 


with a background of metformin, 10 studies with a background of metformin and a sulfonylurea, 2 
studies with a background of metformin and pioglitazone and 14 studies with a background of insulin. 
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4.14 The manufacturer used a Bayesian hierarchical model for the 


network meta-analysis. After assessing relative goodness of fit of 


fixed effects and random effects models using the Deviance 


Information Criterion, the model associated with the lowest score 


was selected (with a difference of at least 3 points). All analyses 


were conducted by background therapy. The manufacturer 


conducted sensitivity analyses to determine the robustness of 


results (see appendix 7 of the manufacturer’s submission).  


4.15 The manufacturer’s main submission reported outcomes that were 


relevant to its economic model (change in HbA1c, weight/body 


mass index, systolic blood pressure and incidence of 


hypoglycaemia) for the comparators included in the model. Only 


results that are directly relevant to the manufacturer’s economic 


model are reported in the tables below. Results are presented in 


ranked order, with the treatment with the greatest probability of 


ranking first listed at the top of each table. Full results, including 


SUCRA (Surface Under the Cumulative Ranking) scores and 


results for drugs that were excluded from the cost-effectiveness 


modelling, are described on pages 266–290 of the appendices to 


the manufacturer’s submission. 


Dual therapy with a metformin background 


4.16 Table 8 shows the differences in HbA1c change at 52 weeks for 


canagliflozin 100 mg and 300 mg compared with the different 


comparators as dual therapy with a metformin background. 


Canagliflozin 300 mg was associated with a greater reduction in 


HbA1c than all comparators except liraglutide 1.2 mg, and was 


more effective than canagliflozin 100 mg for all comparators. 
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Table 8 Manufacturer’s meta-analysis results for mean difference in 
HbA1c (%) at 52 weeks for canagliflozin versus active comparators with 
metformin background (random effects model) 


 Canagliflozin 100 mg 
Median [credible interval] 


Canagliflozin 300 mg 
Median [credible interval] 


Liraglutide 1.2 mg 0.40 [−0.33 to 1.11] 0.27 [−0.46 to 0.98] 


Canagliflozin 300 mg 0.13 [−0.25 to 0.52] – 


Pioglitazone 30 mg 0.11 [−0.44 to 0.84] −0.02 [−0.57 to 0.72] 


Exenatide 10 µg 0.02 [−0.65 to 0.55] −0.11 [−0.78 to 0.42] 


Glimepiride 0.00 [−0.45 to 0.46] −0.13 [−0.58 to 0.33] 


Canagliflozin 100 mg – −0.13 [−0.52 to 0.25] 


Sitagliptin 100 mg −0.01 [−0.48 to 0.44] −0.14 [−0.61 to 0.31] 


Dapagliflozin 10 mg −0.14 [−0.81 to 0.47] −0.27 [−0.94 to 0.34] 


Source: adapted from table 134, appendix 7 of the manufacturer’s submission 


4.17 As shown in table 9, canagliflozin 100 mg and 300 mg were 


associated with higher weight reductions at 52 weeks compared 


with a DPP-4 inhibitor (sitagliptin 100 mg; differences of −2.12 kg 


and −2.48 kg), a sulfonylurea (glimepiride; differences of −3.97 kg 


and −4.33 kg) and pioglitazone 30 mg (differences of −4.57 kg and 


−4.93 kg). The reduction in weight was at least similar for 


canagliflozin 100 mg and 300 mg compared with dapagliflozin 


10 mg (differences of −0.11 kg and −0.48 kg). When comparing 


canagliflozin with the GLP-1 analogues, canagliflozin 100 mg and 


300 mg gave a lesser weight reduction than exenatide 10 µg 


(differences of 1.47 kg and 1.11 kg) but a greater weight reduction 


than liraglutide 1.2 mg (−0.49 and −0.85 kg). 
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Table 9 Manufacturer’s meta-analysis results for mean difference in 
weight (kg) at 52 weeks for canagliflozin versus active comparators with 
metformin background (fixed effects model) 


 Canagliflozin 100 mg 
Median [credible interval] 


Canagliflozin 300 mg 
Median [credible interval] 


Exenatide 10 µg 1.47 [−1.48 to 4.41] 1.11 [−1.84 to 4.05] 


Canagliflozin 300 mg 0.37 [−0.17 to 0.91] – 


Canagliflozin 100 mg – −0.37 [−0.91 to 0.17] 


Dapagliflozin 10 mg −0.11 [−1.10 to 0.89] −0.48 [−1.47 to 0.53] 


Liraglutide 1.2 mg −0.49 [−1.37 to 0.38] −0.85 [−1.73 to 0.02] 


Sitagliptin 100 mg −2.12 [−2.66 to −1.57] −2.48 [−3.03 to −1.93] 


Glimepiride −3.97 [−5.54 to −2.48] −4.33 [−5.89 to −2.85] 


Pioglitazone 30 mg −4.57 [−6.28 to −2.93] −4.93 [−6.64 to −3.29] 


Source: adapted from table 139 in appendix 7 of the manufacturer’s submission 


4.18 The manufacturer reported that canagliflozin 100 mg and 300 mg 


were associated with higher reductions in systolic blood pressure 


compared with glimepiride (difference of −3.52 mmHg and 


−4.73 mmHg), liraglutide 1.2 mg (difference of −3.50 mmHg and 


−4.71 mmHg) and sitagliptin 100 mg (difference of −2.84 mmHg 


and −4.04 mmHg), and smaller reductions in systolic blood 


pressure than pioglitazone 30 mg (difference of 2.05 mmHg and 


0.83 mmHg) (table 10). 


Table 10 Manufacturer’s meta-analysis results for mean difference in 
systolic blood pressure (mmHg) at 52 weeks for canagliflozin versus 
active comparators with metformin background (fixed effects model) 


  Canagliflozin 100 mg 
Median [credible interval] 


Canagliflozin 300 mg 
Median [credible interval] 


Canagliflozin 300 mg 1.22 [0.05 to 2.36] – 


Pioglitazone 30 mg 2.05 [−3.22 to 7.37] 0.83 [−4.44 to 6.15] 


Canagliflozin 100 mg – −1.22 [−2.36 to −0.05] 


Sitagliptin 100 mg −2.84 [−4.44 to −1.22] −4.04 [−5.64 to −2.44] 


Liraglutide 1.2 mg −3.50 [−6.55 to −0.43] −4.71 [−7.73 to −1.66] 


Glimepiride −3.52 [−5.02 to −2.05] −4.73 [−6.22 to −3.26] 


Source: adapted from table 142 in appendix 7 of the manufacturer’s submission 


4.19 As shown in table 11, canagliflozin 100 mg and 300 mg were 


associated with a lower risk of hypoglycaemia compared with a 


sulfonylurea and higher risk of hypoglycaemia compared with 
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dapagliflozin 10 mg and a DPP-4 inhibitor. The manufacturer 


advised that the difference in risk of hypoglycaemia compared with 


dapagliflozin in this network meta-analysis was likely to be because 


of differences in how hypoglycaemic events were reported in the 


clinical trials but did not provide any further explanation for this. 


Table 11 Manufacturer’s meta-analysis results for odds ratio in all 
hypoglycaemic events at 52 weeks for canagliflozin versus active 
comparators with metformin background (fixed effects model) 


  Canagliflozin 100 mg 
Median [credible interval] 


Canagliflozin 300 mg 
Median [credible interval] 


Dapagliflozin 10 mg 3.65 [1.44 to 9.93] 3.43 [1.34 to 9.23] 


Sitagliptin 100 mg 1.77 [0.97 to 3.44] 1.66 [0.90 to 3.23] 


Canagliflozin 300 mg 1.07 [0.71 to 1.61] – 


Canagliflozin 100 mg – 0.94 [0.62 to 1.40] 


Glimepiride 0.11 [0.07 to 0.16] 0.10 [0.07 to 0.15] 


Source: adapted from table 144 on page 278 of the appendices to the manufacturer’s 


submission 


Triple therapy with a metformin plus sulfonylurea background 


4.20 Comparisons for canagliflozin and comparators with a metformin 


and sulfonylurea background as shown in table 12. Compared with 


a DPP-4 inhibitor (sitagliptin 100 mg), canagliflozin 100 mg 


produced a similar reduction in HbA1c (0.07%), while canagliflozin 


300 mg was associated with a slightly greater HbA1c reduction 


(−0.17%). Canagliflozin 100 mg gave a similar HbA1c reduction 


(difference of 0.03%) compared with a GLP-1 analogue (exenatide 


10 µg), and canagliflozin 300 mg with a higher HbA1c reduction 


(difference of −0.21%). Canagliflozin 100 mg and 300 mg were 


associated with greater weight reduction than a DPP-4 inhibitor 


(difference of −2.03 kg and −2.64 kg respectively) and similar 


weight reduction to a GLP-1 analogue (difference of –0.14 kg and 


0.47 kg respectively). Canagliflozin 100 mg and 300 mg were 


associated with a higher reduction in systolic blood pressure than 


sitagliptin 100 mg (difference of −5.76 mmHg and −5.16 mmHg 


respectively). Canagliflozin 100 mg and 300 mg were associated 
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with a similar risk of hypoglycaemia as sitagliptin 100 mg and 


exenatide 10 µg.  


Table 12 Manufacturer’s meta-analysis results at 26 weeks for 
canagliflozin versus active comparators with metformin plus 
sulfonylurea background (random effects model) 


  Canagliflozin 100 mg Canagliflozin 300 mg 


Mean difference in HbA1c (%) 


 Median [credible interval] Median [credible interval] 


Long-acting insulin 0.35 [−1.43 to 2.16] 0.11 [−1.52 to 1.77] 


Canagliflozin 300 mg 0.24 [−1.09 to 1.58] – 


Sitagliptin 100 mg 0.07 [−1.48 to 1.64] −0.17 [−1.30 to 0.97] 


Exenatide 10 µg 0.03 [−1.78 to 1.79] −0.21 [−1.87 to 1.42] 


Canagliflozin 100 mg – −0.24 [−1.58 to 1.09] 


Mean difference in weight (kg) 


Canagliflozin 300 mg 0.62 [−4.34 to 5.57] – 


Exenatide 10 µg 0.47 [−6.09 to 7.24] −0.14 [−6.15 to 6.08] 


Canagliflozin 100 mg – −0.62 [−5.57 to 4.34] 


Sitagliptin 100 mg −2.03 [−7.78 to 3.76] −2.64 [−6.83 to 1.56] 


Long-acting insulin −3.97 [−10.62 to 2.70] −4.59 [−10.70 to 1.57] 


Mean difference in systolic blood pressure (mmHg) 


Canagliflozin 100 mg – 0.61 [−2.07 to 3.34] 


Canagliflozin 300 mg −0.61 [−3.34 to 2.07] – 


Long-acting insulin −4.17 [−9.06 to 0.69] −3.56 [−8.43 to 1.25] 


Sitagliptin 100 mg −5.76 [−9.02 to −2.53] −5.16 [−6.94 to −3.38] 


Odds ratio of all hypoglycaemic events 


Canagliflozin 100 mg – 1.29 [0.80 to 2.08] 


Exenatide 10 µg 0.96 [0.46 to 2.00] 1.23 [0.62 to 2.48] 


Canagliflozin 300 mg 0.78 [0.48 to 1.25] – 


Sitagliptin 100mg 0.75 [0.43 to 1.29] 0.96 [0.72 to 1.29] 


Long-acting insulin 0.32 [0.12 to 0.82] 0.41 [0.16 to 1.04] 


Source: adapted from tables 146, 152, 156 and 158 on pages 279 and 281–283 of the 


manufacturer’ submission in appendix 7 of the manufacturer’s submission 


Triple therapy with a metformin plus thiazolidinedione background 


4.21 Comparisons for canagliflozin and comparators with a metformin 


and thiazolidinedione background as shown in table 13. Compared 


with sitagliptin 100 mg, canagliflozin 100 mg was associated with a 


smaller reduction in HbA1c at 26 weeks (difference of 0.07%) and 
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canagliflozin 300 mg a greater reduction (difference of −0.07%). 


Canagliflozin 100 mg and 300 mg were associated with weight 


reductions compared with sitagliptin 100 mg (differences of 


−2.70 kg and −3.65 kg respectively). No statistical analysis was 


conducted for changes in systolic blood pressure because of 


limitations in the evidence base. Canagliflozin 100 mg was 


associated with a similar risk of hypoglycaemic events as sitagliptin 


100 mg, whereas canagliflozin 300 mg was associated with a 


higher risk.  


Table 13 Manufacturer’s meta-analysis results for at 26 weeks for 
canagliflozin versus active comparators with metformin plus 
pioglitazone background (fixed effects model) 


 Canagliflozin 100 mg 
Median [credible interval] 


Canagliflozin 300 mg 
Median [credible interval] 


Mean difference in HbA1c (%) 


Canagliflozin 300 mg 0.14 [−0.05 to 0.33] – 


Sitagliptin 100 mg 0.07 [−0.19 to 0.33] −0.07 [−0.33 to 0.19] 


Canagliflozin 100 mg – −0.14 [−0.33 to 0.05] 


Mean difference in weight (kg) 


Canagliflozin 300 mg 0.95 [0.18 to 1.72] – 


Canagliflozin 100 mg – −0.95 [−1.72 to −0.18] 


Sitagliptin 100 mg −2.70 [−10.10 to 4.62] −3.65 [−11.07 to 3.67] 


Odds ratio of all hypoglycaemic events 


Canagliflozin 100 mg – 2.15 [0.54 to 11.25] 


Sitagliptin 100 mg 0.86 [0.10 to 7.09] 1.89 [0.30 to 13.72] 


Canagliflozin 300 mg 0.46 [0.09 to 1.87] 1.00 


Source: adapted from tables 160, 166 and 168 on pages 284, 285 and 268 in appendix 7 of 


the manufacturer’ submission 


Add-on to insulin ± antihyperglycaemic background 


4.22 As described in table 14, the reduction in HbA1c at 26 weeks with 


canagliflozin 100 mg and 300 mg was greater than with sitagliptin 


100 mg (difference of −0.01% and −0.15% respectively) and 


dapagliflozin 10 mg (difference of −0.01% and −0.15%). The higher 


dose of canagliflozin gave greater HbA1c reduction than exenatide 


10 µg (difference of −0.05%) but the lower dose did not (difference 


of 0.09%). A similar pattern was observed for the comparison of 
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canagliflozin and pioglitazone 30 mg (difference of −0.10% for 


canagliflozin 300 mg and 0.04% for canagliflozin 100 mg). 


Pioglitazone 45 mg produced greater HbA1c reduction than either 


canagliflozin 100 mg or 300 mg.  


4.23 Canagliflozin 100 mg and 300 mg were associated with greater 


weight reduction than a DPP-4 inhibitor (difference of −2.10 kg and 


−2.67 kg respectively), pioglitazone 30 mg (difference of −3.28 kg 


and −3.85 kg respectively) and dapagliflozin 10 mg (difference of 


−0.41 kg and −0.98 kg respectively) but not exenatide 10 µg 


(0.64 kg and 0.07 kg). Canagliflozin 100 mg and 300 mg were 


associated with higher reductions in systolic blood pressure 


compared with dapagliflozin 10 mg (difference of −0.92 mmHg and 


−2.62 mmHg respectively). When comparing canagliflozin and 


exenatide 10 µg, canagliflozin 300 mg was associated with lower 


reduction in systolic blood pressure (difference of −1.33 mmHg) but 


canagliflozin 100 mg was not (0.38 mmHg). No analysis of body 


mass index results or all hypoglycaemic events was conducted 


because of lack of data at 26 weeks for the canagliflozin trial.  
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Table 14 Manufacturer’s meta-analysis results for at 26 weeks for 
canagliflozin versus active comparators with insulin background (fixed 
effects model) 


 Canagliflozin 100 mg 
Median [credible interval] 


Canagliflozin 300 mg 
Median [credible interval] 


Mean difference in HbA1c (%) 


Canagliflozin 300 mg 0.14 [0.06 to 0.22] – 


Exenatide 10 µg  0.09 [−0.17 to 0.35] −0.05 [−0.31 to 0.21] 


Pioglitazone 30 mg 0.04 [−0.23 to 0.30] −0.10 [−0.37 to 0.17] 


Canagliflozin 100 mg – −0.14 [−0.22 to −0.06] 


Sitagliptin 100 mg −0.01 [−0.17 to 0.16] −0.15 [−0.31 to 0.02] 


Dapagliflozin 10 mg −0.01 [−0.17 to 0.15] −0.15 [−0.31 to 0.01] 


Metformin −0.02 [−0.38 to 0.33] −0.16 [−0.52 to 0.19] 


Mean difference in weight (kg) 


Canagliflozin 300 mg 0.57 [0.24 to 0.90] – 


Exenatide 10 µg 0.64 [−0.44 to 1.71] 0.07 [−1.01 to 1.14] 


Metformin 0.34 [−2.69 to 3.39] −0.23 [−3.26 to 2.83] 


Canagliflozin 100 mg – −0.57 [−0.90 to −0.24] 


Dapagliflozin 10 mg −0.41 [−1.01 to 0.20] −0.98 [−1.59 to −0.38] 


Sitagliptin 100 mg −2.10 [−2.67 to −1.53] −2.67 [−3.24 to −2.11] 


Pioglitazone 30 mg −3.28 [−11.72 to 5.14] −3.85 [−12.31 to 4.57] 


Mean difference in systolic blood pressure (mmHg) 


Canagliflozin 300 mg 1.71 [0.31 to 3.12] – 


Exenatide 10 µg 0.38 [−3.46 to 4.23] −1.33 [−5.19 to 2.52] 


Canagliflozin 100 mg – −1.71 [−3.12 to −0.31] 


Dapagliflozin 10 mg −0.92 [−3.93 to 2.08] −2.62 [−5.64 to 0.40] 


Source: tables 170, 176 and 178 from the appendices to manufacturer’s submission 


Adverse events 


4.24 The phase III clinical trial programme evaluated the safety of 


canagliflozin in 10,285 people with type 2 diabetes. The 


manufacturer provided data from 3 pre-specified pooled safety 


datasets, focusing on the broad dataset that included data for 


canagliflozin 100 mg (n=3092), canagliflozin 300 mg (n=3085) and 


all non-canagliflozin arms (placebo, glimepiride and sitagliptin 


[n=3262]). 
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4.25 In the broad dataset, the incidence of patients who experienced 


any adverse event was similar across groups (76.6% for 


canagliflozin 100 mg, 77.0% for canagliflozin 300 mg and 76.8% in 


the non-canagliflozin group). The incidence of adverse events 


leading to discontinuation in the broad dataset was higher in the 


canagliflozin 300 mg group (7.3%) than the canagliflozin 100 mg 


(5.6%) and non-canagliflozin (5.0%) groups. Adverse events that 


led to discontinuation of more than 0.2% of subjects in the 


canagliflozin 300 mg group were decreased glomerular filtration 


rate, renal impairment and increased blood creatinine. The 


incidence of AEs considered related to study drug by the 


investigator was slightly higher in the canagliflozin 100 mg and 


300 mg groups (33.6% and 29.4%) than the non-canagliflozin 


group (21.8%). The incidence of serious AEs and deaths was 


similar in the canagliflozin and non-canagliflozin groups. Adverse 


events occurring in at least 5% of subjects in a canagliflozin group 


were naso-pharyngitis, hypoglycaemia, upper respiratory tract 


infection, urinary tract infection, diarrhoea, arthralgia, back pain, 


and headache (see tables 22 and 23 on pages 142–5 of the 


manufacturer’s submission for further details). 


4.26 The manufacturer noted that SGLT-2 inhibitors are associated with 


an elevated incidence of genital mycotic infections because of 


urinary glucose excretion. In the broad dataset, the incidence of 


genital mycotic infections adverse events in women was higher in 


those receiving canagliflozin 100 mg (14.7%) and canagliflozin 


300 mg (13.9%) than in those taking placebo (3.1%). In men, the 


incidence was 7.3% in the canagliflozin 100 mg group and 9.3% in 


the canagliflozin 300 mg groups, compared with 1.6% of men in the 


non-canagliflozin group. 


ERG’s comments on the manufacturer’s clinical-effectiveness evidence 


4.27 The ERG considered that only the trials with active comparator 


arms were relevant to the NICE scope, which were DIA3009 and 
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DIA3006 (dual therapy) and DIA3015 (triple therapy trial) and 


judged all 3 to be of generally good methodological quality. The 


ERG considered the manufacturer’s submission to provide a 


generally unbiased estimate of canagliflozin’s treatment effect 


within the stated scope of the decision problem, and that the 


manufacturer’s interpretation of the evidence was largely 


appropriate and justified. 


4.28 However, the ERG identified some exceptions and uncertainties: 


 A lack of direct evidence for comparisons with treatments other 


than sitagliptin and glimepiride. 


 No discussion of the implications of differences in results 


between the modified intention-to-treat analyses (reported in the 


manufacturer’s submission) and per protocol analyses (reported 


in the trial journal publications and clinical study reports). The 


ERG advised that the per protocol analyses for the 2 dual 


therapy trials showed that canagliflozin 300 mg was only non-


inferior to sitagliptin and glimepiride, and not superior as it was in 


the modified intention-to-treat analyses analyses.  


 Low volume of direct evidence for some of the loops in the 


networks meta-analyses, which led the ERG to conclude that the 


results should be interpreted with caution. 


 Uncertainty in the manufacturer’s justification for network meta-


analysis for triple therapy assessing effects at 26 weeks, rather 


than the 52 weeks. 


 The exclusion of background treatments that did not include 


metformin (because including this would better reflect all the 


potential uses of canagliflozin within its European marketing 


authorisation). 


 Lack of evidence for the longer-term efficacy and safety of 


canagliflozin (because most outcomes were measured up to 


52 weeks in the clinical trials). 
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 Uncertainty in the manufacturer’s favourable interpretation of 


adverse events related to canagliflozin compared with other 


treatments, and the discontinuation rates compared with 


sitagliptin and glimepiride. 


5 Comments from other consultees 


5.1 A professional group highlighted that SGLT-2 inhibitors, including 


canagliflozin, have a different mechanism of action compared with 


other oral agents and insulin, and that this made canagliflozin a 


useful add-on treatment. It perceived the weight loss with 


canagliflozin to be valuable because type 2 diabetes and some of 


its treatments (insulin, thiazolidinedione and sulfonylureas) are 


associated with weight gain. A professional group and a clinical 


specialist further noted that canagliflozin’s side effects focus on 


osmotic symptoms and risk of bladder and mycotic infection, which 


may severely impact on quality of life, but that ongoing clinical 


experience is required to assess adverse effects. A professional 


organisation also indicated that cardiovascular outcomes will need 


to be closely monitored in longer-term studies, and a clinical 


specialist noted the relevance of the ongoing CANVAS study. 


5.2 The professional organisation described how the clinical trials have 


largely focused on people with type 2 diabetes who have levels of 


glycaemic control that are only slightly over target, and considered 


it highly likely that people with type 2 diabetes treated in routine 


clinical practice will have higher glycaemic indices. It stated that 


because the treatment is orally effective in a common condition, 


this is likely to lead to widespread use and considered that it would 


ultimately be used in primary care (although early clinical 


experience is likely to be through specialist recommendation). 


Other than prescribing costs, there should be no associated 


increase in budgetary requirement. 
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6 Cost-effectiveness evidence 


6.1 The manufacturer’s submission included de novo economic 


analyses of canagliflozin combination treatment for type 2 diabetes 


using the following regimens: 


 Dual therapy in combination with metformin 


 Triple therapy in combination with metformin and a sulfonylurea 


 Triple therapy in combination with metformin and a 


thiazolidinedione 


 Add-on treatment to insulin (with or without other 


antihyperglycaemic agents). 


The manufacturer advised that these populations reflected the 


licensed indications for canagliflozin and patients in the phase III 


clinical trials, and it considered these patients to be representative 


of the population most likely to receive canagliflozin in clinical 


practice in England. The 100 mg and 300 mg doses of canagliflozin 


were considered separately in the base case (increasing the dose 


from 100 mg to 300 mg according to the summary of product 


characteristics [see section 2.2] was explored in a scenario 


analysis). Comparator treatments used at the different points in the 


treatment pathway were sulfonylureas, thiazolidinediones, DPP-4 


inhibitors, GLP-1 analogues, dapagliflozin and insulin (see table 15 


and section 6.4).  


 


Table 15 Comparisons made with canagliflozin in the manufacturer’s 
cost-effectiveness analyses 


Comparator 
Dual therapy 


with 
metformin 


Triple therapy 
Add-on to 


insulin Metformin and 
sulfonylurea 


Metformin and 
thizolidinedione 


Sulfonylurea Yes Not applicable – – 


Thiazolidinedione Yes – Not applicable – 


DPP-4 inhibitor Yes Yes Yes Yes 


GLP-1 analogue Yes Yes – Yes 


Dapagliflozin Yes – – Yes 


Insulin – Yes – Not applicable 


Source: adapted from table 32 on page 175 of the manufacturer’s submission 
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6.2 The manufacturer’s systematic literature review of relevant 


published cost-effectiveness analyses identified 52 studies and a 


similar a systematic literature review found 21 economic evaluation 


models of type 2 diabetes. The manufacturer chose the ECHO-


T2DM model, which was a stochastic micro-simulation model in 


which cohorts of individual hypothetical patients were created and 


simulated over time using Monte Carlo (first order uncertainty) 


techniques (see figure 3 for summary of model structure). Second 


order (parameter) uncertainty was captured by hypothetical cohorts 


of 1000 patients defined by baseline characteristics sourced from 


the canagliflozin clinical trials including demographics (for example, 


age and gender), biomarker values (for example, HbA1c, systolic 


blood pressure and body mass index) and disease indicators (for 


example, disease duration and history of complications). Individual 


patient outcomes were simulated over time through health states 


capturing micro- and macrovascular complications and death. 


There were 1000 patient cohorts for each model run for the base-


case comparisons and patient cohorts were simulated until death or 


the end of the designated follow-up period. Results of key 


parameter values (including treatment effects, risk equation 


coefficients, and quality-adjusted life year [QALY] disutility weights) 


were then aggregated. The model used a lifetime time horizon 


(40 years), the cycle length was 1 year, health benefits and costs 


were each discounted at 3.5% and the analysis was from an NHS 


perspective. 


6.3 The manufacturer’s model included 3 parallel sets of microvascular 


complications (to reflect increasing severity of retinopathy, chronic 


kidney disease and neuropathy) and 4 types of macrovascular 


complications (ischaemic heart disease, myocardial infarction, 


stroke, and congestive heart failure – because of interdependence 


with neuropathic outcomes, peripheral vascular disease was 


located in the microvascular neuropathy submodule). These were 


represented by Markov health states and were associated with 







40 


costs, utility values and, in some cases, a possible treatment 


contraindication (for example, end-stage renal disease for 


pioglitazone) or excess risk of death (for example, myocardial 


infarction or stroke). Annual probabilities of experiencing worsening 


microvascular complications were derived primarily from the 


Wisconsin Epidemiologic Study of Diabetic Retinopathy, the 


Rochester Epidemiology Project, and the Centers for Disease 


Control model of chronic kidney disease. Risk equations from the 


original UKPDS Outcomes Model were used to simulate 


macrovascular complications in the base case.  
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Figure 3 Structure of the manufacturer’s economic model 
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6.4 The manufacturer selected a comparator to represent each 


treatment class in its economic model: 


 Pioglitazone – because it is the only thiazolidinedione available 


for prescribing in clinical practice in England. 


 Sitagliptin – because it is the DPP-4 inhibitor most used in the 


UK and was a comparator in 2 canagliflozin trials. 


 Liraglutide – this was the GLP-1 analogue of choice where data 


allowed because it has wider use in UK clinical practice (but 


twice-daily exenatide was the only GLP-1 analogue in the 


network meta-analyses for triple therapy [with metformin and 


sulfonylurea] and add-on to insulin). 


 Insulin aspart –because it is the most widely used short-acting 


insulin in UK clinical practice. 


 For the sulfonylurea class, the manufacturer used glimepiride for 


efficacy (because it was used in the clinical trial programme) and 


gliclazide for cost (because it has the highest level of prescribing 


in the UK).  


6.5 The manufacturer’s model simulated the treatment pathway using a 


treatment algorithm defined by: 


 treatment sequence (including rescue medication) 


 decision rules for treatment intensification (for example, HbA1c 


exceeding a threshold value or a contraindication developing) 


 2 types of treatment-specific profiles (insulin and non-insulin), 


which related to treatment effects, durability and biomarker 


evolution, discontinuation rules, adverse-event rates, non-


compliance and contraindication. 


6.6 The estimates of the biomarker effects for each drug (HbA1c 


decrease and impact on systolic blood pressure, lipids and body 


weight) were derived from the meta-analyses and applied to the 


first cycle of the economic model. The manufacturer used 52-week 


data for dual therapy, and 26-week data for triple therapy and add-







CONFIDENTIAL 


43 


on to insulin. After applying initial treatment effects, patients were 


individually evaluated for HbA1c failure, reaching maximum 


treatment duration, and for contraindications or adverse events that 


would cause treatment discontinuation. The following treatment 


pathways were taken if HbA1c exceeded 7.5%: 


 In dual and triple therapy, except when long-acting insulin was 


the comparator, canagliflozin or the comparator was 


discontinued and patients switched to long-acting insulin (insulin 


glargine) and received post-prandial insulin if necessary.  


 If insulin was the comparator in triple therapy, patients in the 


insulin arm additionally received prandial insulin. For the 


canagliflozin arm, patients switched from canagliflozin to long-


acting insulin, then prandial insulin as needed. 


6.7 Biomarker values after the first cycle were estimated using annual 


drift values (see page 185 of the manufacturer’s submission). The 


manufacturer’s model allowed patients to take anti-dyslipidaemia 


and anti-hypertension medications, and applied rescue treatments 


when patients exceeded biomarker thresholds for dyslipidaemia 


and hypertension (see page 188 of the manufacturer’s submission). 


6.8 The manufacturer’s model incorporated adverse events associated 


with pharmacological treatment (including weight change, 


hypoglycaemic events, upper and lower urinary tract infections, 


genital mycotic infections and gastrointestinal upset, including 


nausea), which were defined by event rates, costs and QALY 


disutility weights. Because canagliflozin’s mode of action is 


primarily through inhibition of SGLT-2 in the kidney, eGFR was 


taken into account in estimating efficacy and discontinuation (eGFR 


less than 60 mL/min/1.73m2) and kidney-related adverse events 


were included. 


6.9 The manufacturer explained that although its clinical trials included 


some patient-reported outcomes, these were exploratory endpoints 
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and the trials were too short to assess potential changes in health-


related quality of life associated with disease complications in its 


economic model. Instead, the manufacturer mainly used published 


utility values that had been elicited from the non-interventional, 


observational CODE-2 study. Utility decrements were applied to the 


baseline quality of life value (1.027) for patient characteristics, 


microvascular and macrovascular complications, hypoglycaemic 


events, obesity and adverse events (see pages 198–199 of the 


manufacturer’s submission for further details of utility values). 


6.10 The manufacturer’s systematic literature review identified 3 studies 


that provided costs used in the economic model. Drug acquisition 


costs were sourced from the British national formulary 65 (July 


2013). Annual costs per patient were £477.26 for 


canagliflozin 100 mg, £608.63 for canagliglozin 300 mg, £30.44 for 


glimepiride, £19.60 for gliclazide, £36.13 for pioglitazone, £433.86 


for sitagliptin, £955.49 for liraglutide, £830.82 for twice-daily 


exenatide and £477.30 for dapagliflozin. Because the cost of insulin 


changes with body weight, insulin costs were applied in the model 


as a cost per kg per day. The annual costs per IU were £4.26 for 


NPH insulin, £10.11 for insulin glargine and £6.89 for insulin aspart. 


No costs were assigned to background therapies (because they 


were assumed to be equal between comparisons) or to 


administration costs (because oral antihyperglycaemic drugs do not 


require supervised administration and GLP-1 analogues and insulin 


are self-injected). The manufacturer advised that renal monitoring 


had not been included as an additional cost for a canagliflozin-


containing regimen because this generally forms part of routine 


monitoring of patients with diabetes. Health state costs were 


derived from NICE clinical guideline 87 for managing type 2 


diabetes and the NICE clinical guideline 73 for managing chronic 


kidney disease, or retrieved from scientific literature and inflated to 


2011/12 values (see appendix 11 of the manufacturer’s 
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submission). Available NHS reference costs and PbR tariffs were 


used where appropriate. 


6.11 The annual costs of treating complications and comorbidities, and 


the derivation of health state costs are detailed in appendix 11 of 


the manufacturer’s submission. The manufacturer calculated costs 


associated with urinary tract infections and genital mycotic 


infections using clinical guidelines, the Hospital & Community 


Health Services index and the British national formulary, and 


validated these with clinical specialists. Only costs for treating 


severe hypoglycaemia were included in the manufacturer’s 


economic model because it was assumed that treating minor and 


moderate hypoglycaemic events would not use NHS resources. 


Manufacturer’s cost-effectiveness results 


6.12 The manufacturer presented pairwise comparisons, using cohorts 


of simulated patients from the probability distribution of patient 


characteristics for canagliflozin 100 mg and canagliflozin 300 mg in 


dual therapy, triple therapy and as an add-on to insulin (see 


tables 16–21 below). At the clarification stage, the manufacturer 


provided some updated cost-effectiveness results after identifying 


that, where body mass index was not available in the network 


meta-analysis, the change in actual body mass index had been 


used instead of being calculated using a weighted average of 


height in the UK general population. The updated ICERs were 


generally more favourable for canagliflozin than the ones they 


replaced. 


Manufacturer’s base case – dual therapy 


6.13 As described in table 16, canagliflozin 100 mg as part of a dual-


therapy regimen showed QALY gains and increased costs 


compared with a sulfonylurea (incremental cost-effectiveness ratio 


[ICER] of £1537 per QALY gained), a DPP-4 inhibitor (ICER of £97 


per QALY gained) and dapagliflozin (£2993 per QALY gained). 


Compared with a GLP-1 analogue, canagliflozin 100 mg was less 
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effective and less costly (incremental costs −£2424; incremental 


QALYs −0.048). Canagliflozin 100 mg was dominated by 


pioglitazone (that is, canagliflozin was more costly and less 


effective). 


Table 16 Manufacturer’s base-case cost-effectiveness results for 
canagliflozin 100 mg in dual therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


Thiazolidinedione £23,236 13.667 9.119 – – – – 


Canagliflozin 
100 mg 


£26,069 13.669 8.960 £2833 0.001 -0.159 Dominated 


Sulfonylurea £25,894 13.664 8.751       
 


Canagliflozin 
100 mg 


£26,182 13.666 8.938 £288 0.003 0.188 £1537 


Dapagliflozin £26,086 13.673 8.923 
    


Canagliflozin 
100 mg 


£26,149 13.678 8.930 £63 0.005 0.007 £2993† 


DPP-4 inhibitor £26,100 13.688 8.928       
 


Canagliflozin 
100 mg 


£26,102 13.692 8.941 1 0.003 0.013 £97  


GLP-1 analogue £28,390 13.650 8.970 
    


Canagliflozin 
100 mg 


£25,966 13.644 8.921 -£2424 -0.006 -0.048 £71,769a† 


aCanagliflozin 100 mg is less costly and less effective than a GLP-1 analogue so the ICER is for a GLP-1 analogue to replace 
canagliflozin 100 mg; †Corrected ICER provided at clarification 


Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-


adjusted life years 


Source: table 62 on page 234 of the manufacturer’s submission 


6.14 In a dual-therapy regimen, the manufacturer’s results (table 17) 


showed that canagliflozin 300 mg produced higher costs and 


greater QALY gains than a sulfonylurea (ICER of £4899 per QALY 


gained), a DPP-4 inhibitor (ICER of £18,349 per QALY gained) and 


dapagliflozin (ICER of £21,626 per QALY gained). Similar to the 


100 mg dose, canagliflozin 300 mg was less costly and less 


effective than a GLP-1 analogue (incremental costs −£1892; 


incremental QALYs −0.025). Like the 100 mg dose, canagliflozin 


300 mg was also dominated by pioglitazone (that is, it was more 


costly and less effective). 
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Table 17 Manufacturer’s base-case cost-effectiveness results for 
canagliflozin 300 mg in dual therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


Thiazolidinedione £23,204 13.665 9.092 – – – – 


Canagliflozin 
300 mg 


£26,556 13.663 8.951 £3,353 -0.003 -0.141 Dominated 


Sulfonylurea £25,753 13.671 8.761 – – – – 


Canagliflozin 
300 mg 


£26,729 13.690 8.961 £976 0.019 0.199 £4899 


DPP-4 inhibitor £25,926 13.644 8.902 – – – – 


Canagliflozin 
300 mg 


£26,501 13.655 8.933 £576 0.011 0.031 £18,349 


Dapagliflozin £26,044 13.670 8.910 – – – – 


Canagliflozin 
300 mg 


£26,668 13.679 8.932 £625 0.009 0.023 £21,626† 


GLP-1 analogue £28,515 13.652 8.972 – – – – 


Canagliflozin 
300 mg 


£26,624 13.657 8.947 -£1,892 0.005 -0.025 £107,181a† 


aCanagliflozin 300mg is less costly and less effective so the ICER is for a GLP-1 analogue to replace canagliflozin 300 mg 
†Corrected ICER provided at clarification 


Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-


adjusted life years 


Source: table 63 on page 234 of the manufacturer’s submission 


Manufacturer’s base case – triple therapy 


6.15 The manufacturer also presented cost-effectiveness results for 


triple-therapy regimens containing canagliflozin 100 mg (table 18) 


and canagliflozin 300 mg (table 19). In a triple-therapy combination 


with metformin and a sulfonylurea, canagliflozin 100 mg dominated 


a DPP-4 inhibitor (that is, it was less costly and more effective), and 


was less costly and less effective than a GLP analogue (ICER of 


£265,928 per QALY gained for a GLP-1 analogue to replace 


canagliflozin 100 mg). Canagliflozin 100 mg was associated with 


greater costs and QALY gains than long-acting insulin, with an 


ICER of £183 per QALY gained. In a triple-therapy combination 


with metformin and a thiazolidinedione, canagliflozin 100 mg had 


higher costs and QALY gains than a DPP-4 inhibitor, producing an 


ICER of £1095 per QALY gained. 
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Table 18 Manufacturer’s base-case cost-effectiveness results for 
canagliflozin 100 mg in triple therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incr. 
costs 


Incr. 
LYG 


Incr. 
QALYs 


ICER 


Background of metformin and a sulfonylurea 


DPP-4 inhibitor £25,776 12.964 7.060 –  – –  – 


Canagliflozin 
100 mg 


£25,734 12.967 7.076 £−42 0.004 0.016 Dominates  


Long-acting insulin £25,577 12.972 5.193 –  –  –  – 


Canagliflozin 
100 mg 


£25,712 12.982 5.707 £135 0.010 0.514 £183† 


GLP-1 analogue £27,119 12.978 7.101 – – – – 


Canagliflozin 
100 mg 


£25,822 12.980 7.102 −£1297 0.002 0.001 £265,928a† 


Background of metformin and a thiazolidinedione 


DPP-4 inhibitor £22,557 8.294 8.287 – – – – 


Canagliflozin 
100 mg 


£22,565 12.597 12.595 £7 0.002 0.007 £1095 


aCanagliflozin 100 mg is less costly and less effective so the ICER is for a GLP-1 analogue to replace canagliflozin 100 mg 
†Corrected ICER provided at clarification 


Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-


adjusted life years 


Source: tables 64 and 66 on page 235 of the manufacturer’s submission 


6.16 In combination with metformin and a sulfonylurea, canagliflozin 


300 mg compared with a DPP-4 inhibitor had an ICER of 


£13,287 per QALY gained and dominated a GLP-1 analogue (that 


is, was less costly and more effective). In combination with 


metformin and a thiazolidinedione, the ICER for canagliflozin 


300 mg compared with a DPP-4 inhibitor was £21,430 per QALY 


gained. Canagliflozin 300 mg compared with long-acting insulin 


gave an ICER of £607 per QALY gained. 
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Table 19 Manufacturer’s base-case cost-effectiveness results for 
canagliflozin 300 mg in triple therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


Background of metformin and a sulfonylurea 


DPP-4 inhibitor £26,196 12.967 7.047 – – – – 


Canagliflozin 300 mg £26,657 12.976 7.082 £461 0.009 0.035 £13,287 


Long-acting insulin £26,326 12.992 5.139 – – – – 


Canagliflozin 300 mg £26,705 12.993 5.763 £379 0.002 0.624 £671† 


GLP-1 analogue £27,153 12.936 7.068 – – – – 


Canagliflozin 300 mg £26,468 12.944 7.072 −£685 0.008 0.004 Dominates 


Background of metformin and a thiazolidinedione 


DPP-4 inhibitor £22,586 12.606 8.274 – – – – 


Canagliflozin 300 mg £23,277 12.623 8.306 £691 0.017 0.032 £21,430 
†Corrected ICER provided at clarification 


Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-


adjusted life years 


Source: tables 65 and 67 on page 235 of the manufacturer’s submission 


Manufacturer’s base case – add-on to insulin 


6.17 As shown in table 20, canagliflozin 100 mg as an add-on treatment 


to insulin dominated dapagliflozin (that is, it was less costly and 


more effective). When compared with a DPP-4 inhibitor and a GLP-


1 analogue, canagliflozin 100 mg was associated with lower costs 


and lower QALY gains (£1340 saved per QALY lost and £12,915 


saved per QALY lost, respectively). 


Table 20 Manufacturer’s base-case cost-effectiveness results for 
canagliflozin 100 mg as add-on to insulin 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4 inhibitor £29,423 10.858 5.612 – – – – 


Canagliflozin 
100 mg 


£29,410 10.855 5.602 -£13 -0.003 -0.010 £1,340a 


Dapagliflozin £29,580 10.852 5.550 – – – – 


Canagliflozin 
100 mg 


£29,508 10.846 5.553 -£72 -0.007 0.003 Dominates 


GLP-1 
analogue 


£30,229 10.834 5.653 – – – – 


Canagliflozin 
100 mg 


£29,393 10.836 5.588 -£836 0.002 -0.065 £12,915a 


aCanagliflozin 100 mg is less costly and less effective so the ICER is for a GLP-1analogue to replace canagliflozin 100 mg 


Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-


adjusted life years 


Source: table 68 on page 236 of the manufacturer’s submission 
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6.18 As shown in table 21, canagliflozin 300 mg as an add-on treatment 


to insulin produced greater costs and QALY gains than a DPP-4 


inhibitor (ICER of £7975 per QALY gained) and dapagliflozin (ICER 


of £5992 per QALY gained). Compared with a GLP-1 analogue, 


canagliflozin 300 mg was associated with lower costs and lower 


QALY gains (£35,575 saved per QALY lost). 


Table 21 Manufacturer’s base-case cost-effectiveness results for 
canagliflozin 300 mg as add-on to insulin 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4 inhibitor £29,328 10.829 5.585 – – – – 


Canagliflozin 
300 mg 


£29,650 10.838 5.625 £322 0.009 0.040 £7975                


Dapagliflozin £29,618 10.853 5.572 –  –  –  – 


Canagliflozin 
300 mg 


£29,946 10.863 5.627 £327 0.009 0.055 £5992 


GLP-1 
analogue 


£30,333 10.851 5.636 – –   – 


Canagliflozin 
300 mg 


£29,807 10.859 5.621 -£526 0.007 -0.015 £35,575a 


a Canagliflozin 300 mg is less costly and less effective so the ICER is for a GLP-1 analogue to replace canagliflozin 300 mg 


Key: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-


adjusted life years 


Source: table 69 on page 236 of the manufacturer’s submission 


Manufacturer’s sensitivity analyses 


6.19 The manufacturer conducted deterministic and probabilistic 


sensitivity analyses for canagliflozin compared with a DPP-4 


inhibitor (in dual therapy, triple therapy and as an add-on to insulin 


therapy) and with a sulfonylurea in dual therapy, because it 


perceived these to be the key comparators for canagliflozin. The 


manufacturer did not report results for other comparators used in its 


base case, including dapagliflozin. 


6.20 The manufacturer’s deterministic sensitivity analyses showed that 


metabolic drift of HbA1c associated with canagliflozin and its 


comparators was a key driver of the model. The manufacturer 


commented that, except for HbA1c drift, the ICERs for the 


comparisons of both doses of canagliflozin with a sulfonylurea in 


dual therapy were largely insensitive to parameter changes. 


However, the manufacturer noted the ICERs for canagliflozin 
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compared with a DPP-4 inhibitor were generally less stable. For full 


details, see pages 324–341 of appendix 13 of the manufacturer’s 


submission. 


6.21 The manufacturer presented results of probabilistic sensitivity 


analyses for canagliflozin compared with some of the comparators 


used in its base case (see table 22). It noted that that there was 


greater uncertainty where the incremental changes in costs and 


QALYs were small and commented that, at a maximum acceptable 


ICER of £20,000 per QALY gained, the probability of canagliflozin 


100 mg being cost effective compared with a DPP-4 inhibitor was 


45–56% for the different comparisons. The manufacturer stated 


that there was less uncertainty in the dual therapy comparisons of 


canagliflozin (100 mg and 300 mg) with sulfonylurea, with the 


probability of cost effectiveness being around 90% for both doses. 


For further details of the manufacturer’s sensitivity analyses 


(including scatter plots and cost-effectiveness acceptability curves), 


see pages 245–254 of the manufacturer’s submission. 


Table 22 Manufacturer’s probabilistic sensitivity analyses showing 
probability of canagliflozin being cost effective 


Comparison Probability of 
canagliflozin being cost-
effective at a maximum 
acceptable ICER of 
£20,000/QALY 


Probability of 
canagliflozin being cost 
effective at a maximum 
acceptable ICER of 
£30,000/QALY 


Dual therapy with metformin background 


Canagliflozin 100 mg and sulfonylurea 92.9% 93.6%  


Canagliflozin 300 mg and sulfonylurea 89.5% 92.1% 


Canagliflozin 100 mg and DPP-4 inhibitor 54.5% 54.9% 


Canagliflozin 300 mg and DPP-4 inhibitor 51.6% 54.9% 


Triple therapy with metformin and sulfonylurea background 


Canagliflozin 100 mg and DPP-4 inhibitor 55.7% 55.6% 


Canagliflozin 300 mg and DPP-4 inhibitor 55.1% 58.2% 


Add-on to insulin 


Canagliflozin 100 mg and DPP-4 inhibitor 44.7% 45.2% 


Canagliflozin 300 mg and DPP-4 inhibitor 60.7%  63.7% 


Key: ICER, incremental cost-effectiveness ratio 


Source: pages 245–254 of the manufacturer’s submission 
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6.22 The manufacturer undertook scenario analyses that included 


exploration of dose modification from the recommended starting 


dose of 100 mg to 300 mg (see section 2.1 for details of the 


summary of product characteristics). Modelling techniques were 


used because this had not been studied in clinical trials. If patients 


in the simulated cohort had tolerated the 100 mg dose of 


canagliflozin but did not have HbA1c less than 7.5% at 6 months, 


then the canagliflozin dose was increased to 300 mg in cycle 2. 


The manufacturer based this assumption on clinical specialist 


opinion. Switching to the higher dose was only permitted at the end 


of the first cycle: patients who tolerated treatment and had 


satisfactory glycaemic control continued the 100 mg dose and 


switched to standard rescue therapy when needed. It was assumed 


that patients who switched to the higher dose experienced the 


same treatment effects as patients treated with 300 mg for the full 


12 months. The manufacturer stated that the dose intensification 


scenario improved the cost effectiveness of canagliflozin for 11 out 


of 12 comparisons made. Only the ICER comparing canagliflozin 


with a sulfonylurea in dual therapy increased (from £1537 per 


QALY gained to £1721 per QALY gained) and canagliflozin 


dominated in 7 of the scenarios (that is, it was less costly and more 


effective). For the results of the scenario analyses, see pages 256–


271 of the manufacturer’s submission. 


ERG’s comments on the manufacturer’s cost-effectiveness analyses 


6.23 The ERG concluded that the methods and inputs in the 


manufacturer’s economic evaluation were generally in line with the 


NICE reference case, but noted: 


 Not all comparators in the NICE scope had been included in the 


manufacturer’s decision problem. 


 Comparators used were not always the most widely prescribed. 


 The NICE reference case states that data from head-to-head 


trials should be presented in the reference-case analysis where 
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possible, but that the manufacturer had instead sometimes used 


results from the meta-analyses. The ERG indicated that 


although the manufacturer cited reasons of consistency for this 


approach, this not properly justify it because the manufacturer 


had not provided a fully incremental cost-effectiveness analysis 


(that is, only pairwise comparisons had been generated). 


 It was not clear if the preference data for utility values wholly 


represented the population of England because they were 


derived from a European study (CODE-2). 


The ERG considered the model to be internally consistent and very 


well validated. 


6.24 Overall, the ERG considered the clinical-effectiveness data in the 


model to be appropriate (although sometimes network meta-


analysis estimates were used instead of head-to-head trial data). It 


found the equations used for the extrapolation of biomarker 


outcomes to be well-established and appropriate for the patient 


population in England, and the drift assumptions for the biomarkers 


to be reasonable. However, the ERG was concerned that using 


only 1000 patients in the base case might not robustly capture the 


ICERs. 


6.25 The ERG commented that health benefits had been measured and 


evaluated in line with the NICE reference case and that utility 


values had been appropriately incorporated into the manufacturer’s 


model. The ERG generally agreed with the costs used by the 


manufacturer for drugs, adverse events and health states 


(complications and comorbidities), although there was some 


uncertainty in the costs used for insulin. 


6.26 Although the ERG agreed with the manufacturer’s conclusions from 


the results of the deterministic analyses as presented, the ERG 


considered that the uncertainty in the decision problem had not 


been fully explored, and that manufacturer did not present the 
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results in the most informative way. The ERG was unclear why 


second order uncertainty was not switched off in the deterministic 


sensitivity analyses (that is, by specifying only 1 patient cohort). 


Consequently, the ERG believed that the manufacturer’s results 


were partly confounded by stochasticity in other parameters (that 


is, they included uncertainty from more than 1 source and do not 


truly reflect the uncertainty associated with varying 1 parameter). 


6.27 The ERG reviewed the manufacturer’s scenario analyses, focusing 


on the dose modification scenario. It noted that, like the 


deterministic sensitivity analyses, second-order uncertainty was not 


switched off in scenario analysis, meaning that the results are 


again partly confounded by parameter stochasticity. The ERG 


noted that the manufacturer’s submission concludes from the dose-


modification scenario analysis that the dose intensification 


schedule from 100 mg to 300 mg is cost effective, but the ERG did 


not consider that this conclusion applied to all treatment 


comparisons, noting that: 


 Canagliflozin 100 mg compared with thiazolidinedione in dual 


therapy remained dominated in the scenario analyses as well as 


in the base case.  


 Canagliflozin 100 mg as an add-on to insulin was cheaper and 


less effective than a DPP-4 inhibitor in the base case, but 


associated with an ICER of £503 per QALY gained in the 


scenario analysis. 


 Canagliflozin 100 mg as an add-on to insulin was cheaper and 


less effective than a GLP-1 analogue in the base case and 


remained so in the scenario analysis. 


6.28 The ERG concluded that although all relevant variables appeared 


to have been included in the manufacturer’s probabilistic sensitivity 


analyses, it was unclear if uncertainty in the decision problem had 


been sufficiently explored because the distributional assumptions 


were not well described in the manufacturer’s submission and were 
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not transparent in the model. The ERG also commented that 


standard errors used for the HbA1c treatment effect parameters 


were too small and that cost-effectiveness acceptability data had 


not been presented for all base-case comparisons. 


ERG’s exploratory analyses 


6.29 The ERG did exploratory work to:  


 examine the variation in base-case ICERs by re-running some of 


the manufacturer’s analyses 


 examine the variation in final ICERs with no parameter 


uncertainty and 100,000 patients 


 produce incremental analyses for dual therapy 


 identify the probability that canagliflozin is cost effective 


compared with dapagliflozin 


 determine the effect of modifying the clinical efficacy of 


glimepiride and exenatide. 


6.30 The ERG found there was minimal variation in the ICERs when it 


re-ran the manufacturer’s base-case analyses (see tables 67 and 


68 on page 131 of the ERG report).  


6.31 The ERG was unsure if the manufacturer’s use of 1000 patients 


was sufficiently large to robustly estimate the ICERs, and about 


how the base-case results might change if parameter uncertainty 


was removed. Its exploratory analyses with a single cohort of 


100,000 patients and no parameter uncertainty had a small impact 


on the different cost and QALY outcomes compared with 


manufacturer’s base case analyses (typically hundreds of pounds 


or less, and thousandths of a QALY). The ERG noted, however, 


that the small differences in incremental QALYs could in some 


cases drive an apparently large variation in the ICER (see tables 69 


and 70 on pages 132–133 of the ERG report). 


6.32 The ERG did a fully incremental exploratory analysis for 


canagliflozin 100 mg in dual therapy in combination with metformin 
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(table 23). The exploratory analysis excluded thiazolidinediones 


because of safety concerns that have led to declining use in clinical 


practice in England. In the ERG’s exploratory analysis using the 


manufacturer’s base case, canagliflozin 100 mg had an ICER of 


£507 per QALY gained compared with the next best option 


(dapagliflozin). When using the ERG’s preferred inputs (excluding 


parameter uncertainty and with 100,000 patients), canagliflozin 


100 mg had an ICER of £84,800 per QALY gained compared with 


the next best option, a DPP-4 inhibitor. The ERG noted that 


dapagliflozin, canagliflozin 100 mg and a DPP-4 inhibitor were 


associated with a similar total cost and similar overall total QALYs. 


Table 23 ERG’s exploratory fully incremental analysis for canagliflozin 
100 mg in dual therapy 


Comparator Total 
costs 


Total QALYs Incremental 
costs 


Incremental 
QALYs 


ICER compared to 
next cheapest 


option (excluding 
dominated) 


Manufacturer’s base case 


Sulfonylurea £25,894 8.751       


Dapagliflozin £26,086 8.923 £192 0.172 £1,116 


Canagliflozin 100 mga £26,094 8.938 £8 0.015 £507 


DPP-4 inhibitor £26,100 8.928 £6 -0.01 Dominated 


GLP-1 analogue £28,390 8.97 £2,296 0.032 £71,763  


ERG base case (100,000 patients and no parameter uncertainty) 


Sulfonylurea £25,941 8.79       


DPP-4 inhibitor £25,988 8.974 £47 0.180 £261 


Dapagliflozin £26,100 8.956 £112 -0.018 Dominated 


Canagliflozin 100 mga £26,234 8.977 £245 0.003 £84,800 


GLP-1 analogue £28,576 9.016 £2,343 0.040 £59,214 


a
 Data for canagliflozin 100 mg averaged across the 4 pairwise comparisons 


6.33 The ERG did a fully incremental exploratory analysis (excluding 


thiazolidinediones) for canagliflozin 300 mg in dual therapy in 


combination with metformin (table 24). The ICER for canagliflozin 


300 mg compared with the next best option (dapagliflozin) was 


£17,639 per QALY gained using data from the manufacturer’s base 


case, and £17,903 per QALY gained compared with the next best 
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option (a DPP-4 inhibitor) using data from the ERG preferred inputs 


(more patients and no parameter uncertainty). 


Table 24 ERG’s exploratory fully incremental analysis for canagliflozin 
300 mg in dual therapy 


Comparator Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER compared to next 
cheapest option 


(excluding dominated) 


Manufacturer’s base case 


Sulfonylurea £25,753 8.761        


DPP-4 inhibitor £25,926 8.902  £173 0.141  £1,227 


Dapagliflozin £26,044 8.910  £118 0.008  £14,750 


Canagliflozin 300 mga £26,631 8.943  £587 0.033  £17,639 


GLP-1 analogue £28,515 8.972  £1,885 0.029  £65,548 


ERG base case (100,000 patients and no parameter uncertainty) 


Sulfonylurea £25,773 8.797        


Dapagliflozin £26,121 8.965  £348 0.168  £2,078 


DPP-4 inhibitor £26,225 8.972  £104 0.007  £15,024 


Canagliflozin 300 mga £26,809 9.004  £585 0.033  £17,903 


GLP-1 analogue £28,702 9.008  £1,893 0.004  £492,690 


a
Data for Canagliflozin 300 mg averaged across the 4 pairwise comparisons 


6.34 The ERG noted that the manufacturer’s submission did not report 


the probability of canagliflozin being cost effective compared with 


dapagliflozin. The ERG’s exploratory analyses for dual therapy with 


metformin and an SGLT-2 inhibitor showed that the probability of 


canagliflozin 100 mg being cost effective compared with 


dapagliflozin was 52.5% at a maximum acceptable ICER of 


£20,000 per QALY gained and £30,000 per QALY gained. For 


canagliflozin 300 mg, the probability of cost effectiveness was 


46.7% at a maximum acceptable ICER of £20,000 per QALY 


gained and 50% at £30,000 per QALY gained. 


6.35 The ERG was aware that gliclazide was associated with 


approximately half of the hypoglycaemia episodes of glimepiride 


(the drug used to inform the clinical efficacy of sulfonylureas in the 


manufacturer’s economic model). The ERG examined variation of 


−50% in glimepiride’s hypoglycaemia event rate (instead of ± 20% 


used by the manufacturer in its sensitivity analyses) and agreed 
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with the manufacturer that this parameter was not unduly 


influential. 


6.36 The ERG noted that the manufacturer had used efficacy data for 


exenatide 10 µg where efficacy data for liraglutide were not 


available. In its exploratory analyses, the ERG found that using 


cost and efficacy data for liraglutide reduced the ICER for a GLP-1 


analogue compared with canagliflozin (as add-on to insulin), but 


canagliflozin still remained cheaper and less effective. The ERG 


concluded that this efficacy parameter did not seem to be 


especially influential and that its results were consistent with the 


manufacturer’s deterministic sensitivity analyses. 


7 Equality issues 


7.1 No equality issues that needed to be considered by the Appraisal 


Committee were identified during the scoping process or in any of 


the submissions. 


8 Innovation 


8.1 The manufacturer stated that canagliflozin is an innovative product 


because its insulin-independent mode of action shows some 


evidence of β-cell protection, which limits the risk of 


hypoglycaemia. Moreover, it reduces blood pressure and promotes 


weight loss, which is beneficial when treating multiple comorbidities 


in people with type 2 diabetes. Canagliflozin 300 mg has 


demonstrated some degree of local inhibition of intestinal SGLT-1, 


which helps to limit increased glucose levels after a meal, without 


evidence of gastrointestinal side effects. This SGLT-1 effect is 


currently under investigation. The manufacturer indicated that it 


was unlikely that any potential significant and substantial health-


related benefits had been excluded from the quality-adjusted life 


year (QALY) calculation. 
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Appendix A: Supporting evidence 


Related NICE guidance 


Published 


 Dapagliflozin in combination therapy for treating type 2 diabetes. NICE 


technology appraisal guidance 288 (2013). Available from 


http://www.nice.org.uk/guidance/TA288 


 Exenatide prolonged-release suspension for injection in combination with 


oral antidiabetic therapy for the treatment of type 2 diabetes. NICE 


technology appraisal guidance 248 (2012). Available from 


http://www.nice.org.uk/guidance/TA248 


 Liraglutide for the treatment of type 2 diabetes. NICE technology appraisal 


guidance 203 (2010). Available from www.nice.org.uk/guidance/TA203 


 Type 2 diabetes: newer agents for blood glucose control in type 2 diabetes 


(partial update of CG66) NICE clinical guideline 87 (2009) Available from 


www.nice.org.uk/guidance/CG87 


 Type 2 diabetes: the management of type 2 diabetes (partially updated by 


CG87). NICE clinical guideline 66 (2008). Available from 


www.nice.org.uk/guidance/CG66 


 Diabetes in pregnancy: management of diabetes and its complications from 


pre-conception to the postnatal period. NICE clinical guideline 63 (2008). 


Available from www.nice.org.uk/guidance/CG63 


 Continuous subcutaneous insulin infusion for the treatment of diabetes 


(review). NICE technology appraisal guidance 151 (2008). Available from 


www.nice.org.uk/guidance/TA151 


 Type 2 diabetes: prevention and management of foot problems. NICE 


clinical guideline 10 (2004). Available from 


www.nice.org.uk/guidance/CG10 


NICE pathways 


 There is a NICE pathway on diabetes, which is available from 


http://pathways.nice.org.uk/pathways/diabetes 



http://www.nice.org.uk/guidance/TA288

http://www.nice.org.uk/guidance/TA248

http://www.nice.org.uk/guidance/TA203

http://www.nice.org.uk/guidance/CG87

http://www.nice.org.uk/guidance/CG66

http://www.nice.org.uk/guidance/CG63

http://www.nice.org.uk/guidance/TA151

http://www.nice.org.uk/guidance/CG10

http://pathways.nice.org.uk/pathways/diabetes
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Appendix B: Previous NICE recommendations 


Type 2 diabetes: the management of type 2 diabetes 


NICE clinical guideline 87 (partial update of CG 66) 


1.5 Oral glucose control therapies (1): metformin, insulin 


secretagogues and acarbose 


1.5.1 Metformin 


1.5.1.1 Start metformin treatment in a person who is overweight or obese 


(tailoring the assessment of body-weight-associated risk according 


to ethnic group5) and whose blood glucose is inadequately 


controlled (see 1.3.1) by lifestyle interventions (nutrition and 


exercise) alone. 


1.5.1.2 Consider metformin as an option for first-line glucose-lowering 


therapy for a person who is not overweight.   


1.5.1.3 Continue with metformin if blood glucose control remains or 


becomes inadequate (see 1.3.1) and another oral glucose-lowering 


medication (usually a sulfonylurea) is added. 


1.5.1.4 Step up metformin therapy gradually over weeks to minimise risk of 


gastrointestinal side effects. Consider a trial of extended-absorption 


metformin tablets where gastrointestinal tolerability prevents 


continuation of metformin therapy. 


1.5.1.5 Review the dose of metformin if the serum creatinine exceeds 


130 micromol/litre or the estimated glomerular filtration rate (eGFR) 


is below 45 ml/minute/1.73-m2. 


 Stop the metformin if the serum creatinine exceeds 


150 micromol/litre or the eGFR is below 30 ml/minute/1.73-m2.  


                                                 
5
 See ‘Obesity: the prevention, identification, assessment and management of overweight and 


obesity in adults and children’ (NICE clinical guideline 43) (www.nice.org.uk/guidance/CG43).   



http://www.nice.org.uk/guidance/CG43
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 Prescribe metformin with caution for those at risk of a sudden 


deterioration in kidney function and those at risk of eGFR falling 


below 45 ml/minute/1.73-m2.  


1.5.1.6 The benefits of metformin therapy should be discussed with a 


person with mild to moderate liver dysfunction or cardiac 


impairment so that: 


 due consideration can be given to the cardiovascular-protective 


effects of the drug 


 an informed decision can be made on whether to continue or 


stop the metformin. 


1.5.2 Insulin secretagogues  


1.5.2.1 Consider a sulfonylurea as an option for first-line glucose-lowering 


therapy if:  


 the person is not overweight 


 the person does not tolerate metformin (or it is contraindicated) 


or  


 a rapid response to therapy is required because of 


hyperglycaemic symptoms.  


1.5.2.2 Add a sulfonylurea as second-line therapy when blood glucose 


control remains or becomes inadequate (see 1.3.1) with metformin.  


1.5.2.3 Continue with a sulfonylurea if blood glucose control remains or 


becomes inadequate (see 1.3.1) and another oral glucose-lowering 


medication is added. 


1.5.2.4 Prescribe a sulfonylurea with a low acquisition cost (but not 


glibenclamide) when an insulin secretagogue is indicated (see 


1.5.2.1 and 1.5.2.2). 


1.5.2.5 When drug concordance is a problem, offer a once-daily, long-


acting sulfonylurea. 
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1.5.2.6 Educate a person being treated with an insulin secretagogue, 


particularly if renally impaired, about the risk of hypoglycaemia.  


1.5.3 Rapid-acting insulin secretagogues 


1.5.3.1 Consider offering a rapid-acting insulin secretagogue to a person 


with an erratic lifestyle. 


1.5.4 Acarbose 


1.5.4.1 Consider acarbose for a person unable to use other oral glucose-


lowering medications. 
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1.6 Oral glucose control therapies (2): other oral agents 


and exenatide 


The recommendations in this section were updated by the short clinical 


guideline ‘Type 2 diabetes: newer agents for blood glucose control in type 2 


diabetes’ (www.nice.org.uk/CG87shortguideline). The guideline gives details 


of the methods and the evidence used to develop the recommendations. 


1.6.1 DPP-4 inhibitors (sitagliptin, vildagliptin) 


1.6.1.1 Consider adding a DPP-4 inhibitor (sitagliptin, vildagliptin) instead 


of a sulfonylurea as second-line therapy to first-line metformin 


when control of blood glucose remains or becomes inadequate 


(HbA1c ≥ 6.5%, or other higher level agreed with the individual) if: 


 the person is at significant risk of hypoglycaemia or its 


consequences (for example, older people and people in certain 


jobs [for example, those working at heights or with heavy 


machinery] or people in certain social circumstances [for 


example, those living alone]), or 


 the person does not tolerate a sulfonylurea or a sulfonylurea is 


contraindicated. [new 2009] 


1.6.1.2 Consider adding a DPP-4 inhibitor (sitagliptin, vildagliptin) as 


second-line therapy to first-line sulfonylurea monotherapy when 


control of blood glucose remains or becomes inadequate (HbA1c ≥ 


6.5%, or other higher level agreed with the individual) if: 


 the person does not tolerate metformin, or metformin is 


contraindicated. [new 2009] 


1.6.1.3 Consider adding sitagliptin6 as third-line therapy to first-line 


metformin and a second-line sulfonylurea when control of blood 


                                                 
6
 At the time of publication, sitagliptin was the only DPP-4 inhibitor with UK marketing 


authorisation for use in this combination. 
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glucose remains or becomes inadequate (HbA1c ≥ 7.5% or other 


higher level agreed with the individual) and insulin is unacceptable 


or inappropriate7. [new 2009] 


1.6.1.4 Only continue DPP-4 inhibitor therapy (sitagliptin, vildagliptin) if the 


person has had a beneficial metabolic response (a reduction of at 


least 0.5 percentage points in HbA1c in 6 months). [new 2009] 


1.6.1.5 Discuss the potential benefits and risks of treatment with a DPP-4 


inhibitor (sitagliptin, vildagliptin) with the person to enable them to 


make an informed decision. 


A DPP-4 inhibitor (sitagliptin, vildagliptin) may be preferable to a 


thiazolidinedione (pioglitazone) if: 


 further weight gain would cause or exacerbate significant 


problems associated with a high body weight, or 


 a thiazolidinedione (pioglitazone) is contraindicated, or 


 the person has previously had a poor response to, or did not 


tolerate, a thiazolidinedione (pioglitazone).  


There may be some people for whom either a DPP-4 inhibitor 


(sitagliptin, vildagliptin) or a thiazolidinedione (pioglitazone) may be 


suitable and, in this case, the choice of treatment should be based 


on patient preference. [new 2009] 


 


1.6.2 Thiazolidinediones (pioglitazone)8 


1.6.2.1 Consider adding a thiazolidinedione (pioglitazone) instead of a 


sulfonylurea as second-line therapy to first-line metformin when 


                                                 
7
 Because of employment, social or recreational issues related to putative hypoglycaemia, 


injection anxieties, other personal issues or obesity. 


8
 The recommendations in this section replace ‘Guidance on the use of glitazones for the 


treatment of type 2 diabetes’ (NICE technology appraisal guidance 63). 
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control of blood glucose remains or becomes inadequate (HbA1c ≥ 


6.5%, or other higher level agreed with the individual) if: 


 the person is at significant risk of hypoglycaemia or its 


consequences (for example, older people and people in certain 


jobs [for example, those working at heights or with heavy 


machinery] or people in certain social circumstances [for 


example, those living alone]), or 


 a person does not tolerate a sulfonylurea or a sulfonylurea is 


contraindicated. [new 2009] 


1.6.2.2 Consider adding a thiazolidinedione (pioglitazone) as second-line 


therapy to first-line sulfonylurea monotherapy when control of blood 


glucose remains or becomes inadequate (HbA1c ≥ 6.5%, or other 


higher level agreed with the individual) if: 


 the person does not tolerate metformin or metformin is 


contraindicated. [new 2009] 


1.6.2.3 Consider adding a thiazolidinedione (pioglitazone) as third-line 


therapy to first-line metformin and a second-line sulfonylurea when 


control of blood glucose remains or becomes inadequate (HbA1c ≥ 


7.5%, or other higher level agreed with the individual) and insulin is 


unacceptable or inappropriate9. [new 2009] 


1.6.2.4 Do not commence or continue a thiazolidinedione (pioglitazone) in 


people who have heart failure, or who are at higher risk of fracture. 


[new 2009] 


1.6.2.5 When selecting a thiazolidinedione (pioglitazone), take into account 


up-to-date advice from the relevant regulatory bodies (the 


European Medicines Agency and the Medicines and Healthcare 


                                                 
9
 Because of employment, social or recreational issues related to putative hypoglycaemia, 


injection anxieties, other personal issues or obesity. 
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products Regulatory Agency), cost, safety and prescribing issues 


(see 1.6.2.8). [new 2009] 


1.6.2.6 Only continue thiazolidinedione therapy (pioglitazone) if the person 


has had a beneficial metabolic response (a reduction of at least 0.5 


percentage points in HbA1c in 6 months). [new 2009] 


1.6.2.7 Consider combining pioglitazone with insulin therapy10 for a person: 


 who has previously had a marked glucose-lowering response to 


thiazolidinedione therapy (pioglitazone), or  


 who is on high-dose insulin therapy and whose blood glucose is 


inadequately controlled. [new 2009] 


1.6.2.8 Discuss the potential benefits and risks of treatment with a 


thiazolidinedione (pioglitazone) with the person to enable them to 


make an informed decision.  


A thiazolidinedione (pioglitazone) may be preferable to a DPP-4 


inhibitor (sitagliptin, vildagliptin) if: 


 the person has marked insulin insensitivity, or  


 a DPP-4 inhibitor (sitagliptin, vildagliptin) is contraindicated, or 


 the person has previously had a poor response to, or did not 


tolerate, a DPP-4 inhibitor (sitagliptin, vildagliptin). 


There may be some people for whom either a thiazolidinedione 


(pioglitazone) or a DPP-4 inhibitor (sitagliptin, vildagliptin) may be 


suitable and, in this case, the choice of treatment should be based 


on patient preference. [new 2009] 


1.6.3 GLP-1 mimetic (exenatide) 


1.6.3.1 Consider adding a GLP-1 mimetic (exenatide) as third-line therapy 


to first-line metformin and a second-line sulfonylurea when control 


                                                 
10


 At the time of publication pioglitazone was the only thiazolidinedione with UK marketing 


authorisation for use with insulin. 
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of blood glucose remains or becomes inadequate (HbA1c ≥ 7.5%, 


or other higher level agreed with the individual), and the person 


has: 


 a body mass index (BMI) ≥ 35.0 kg/m2 in those of European 


descent (with appropriate adjustment for other ethnic groups) 


and specific psychological or medical problems associated with 


high body weight, or 


 a BMI < 35.0 kg/m2, and therapy with insulin would have 


significant occupational implications or weight loss would benefit 


other significant obesity-related comorbidities. [new 2009] 


1.6.3.2 Only continue GLP-1 mimetic (exenatide) therapy if the person has 


had a beneficial metabolic response (a reduction of at least 1.0 


percentage point in HbA1c and a weight loss of at least 3% of initial 


body weight at 6 months). [new 2009] 


1.6.3.3 Discuss the potential benefits and risks of treatment with a GLP-1 


mimetic (exenatide) with the person to enable them to make an 


informed decision. [new 2009] 


1.7 Glucose control: insulin therapy 


1.7.1 Oral agent combination therapy with insulin 


1.7.1.1 When starting basal insulin therapy:  


 continue with metformin and the sulfonylurea (and acarbose, if 


used) 


 review the use of the sulfonylurea if hypoglycaemia occurs.  


1.7.1.2 When starting pre-mixed insulin therapy (or mealtime plus basal 


insulin regimens):  


 continue with metformin  


 continue the sulfonylurea initially, but review and discontinue if 


hypoglycaemia occurs. 
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1.7.2 Insulin therapy 


The recommendations in this section were updated by the short clinical 


guideline ‘Type 2 diabetes newer agents for blood glucose control in type 2 


diabetes’ (www.nice.org.uk/CG87shortguideline). The guideline gives details 


of the methods and the evidence used to develop the recommendations. 


1.7.2.1 Discuss the benefits and risks of insulin therapy when control of 


blood glucose remains or becomes inadequate (HbA1c ≥ 7.5% or 


other higher level agreed with the individual) with other measures. 


Start insulin therapy if the person agrees. [new 2009] 


1.7.2.2 For a person on dual therapy who is markedly hyperglycaemic, 


consider starting insulin therapy in preference to adding other drugs 


to control blood glucose unless there is strong justification11 not to. 


[new 2009] 


1.7.2.3 When starting insulin therapy, use a structured programme 


employing active insulin dose titration that encompasses:  


 structured education  


 continuing telephone support  


 frequent self-monitoring  


 dose titration to target  


 dietary understanding 


 management of hypoglycaemia  


 management of acute changes in plasma glucose control 


 support from an appropriately trained and experienced 


healthcare professional. 


1.7.2.4 Initiate insulin therapy from a choice of a number of insulin types 


and regimens. 


                                                 
11


 Because of employment, social or recreational issues related to putative hypoglycaemia, 


injection anxieties, other personal issues or obesity. 
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 Begin with human NPH insulin injected at bed-time or twice daily 


according to need. 


 Consider, as an alternative, using a long-acting insulin analogue 


(insulin detemir, insulin glargine) if: 


 


professional to inject insulin, and use of a long-acting insulin 


analogue (insulin detemir, insulin glargine) would reduce the 


frequency of injections from twice to once daily, or 


 yle is restricted by recurrent symptomatic 


hypoglycaemic episodes, or 


 -daily NPH insulin 


injections in combination with oral glucose-lowering drugs, or 


  


 Consider twice-daily pre-mixed (biphasic) human insulin 


(particularly if HbA1c ≥ 9.0%). A once-daily regimen may be an 


option. 


 Consider pre-mixed preparations that include short-acting insulin 


analogues, rather than pre-mixed preparations that include 


short-acting human insulin preparations, if:  


 


or  


  


 [new 2009] 


1.7.2.5 Consider switching to a long-acting insulin analogue (insulin 


detemir, insulin glargine) from NPH insulin in people: 


 who do not reach their target HbA1c because of significant 


hypoglycaemia, or  


 who experience significant hypoglycaemia on NPH insulin 


irrespective of the level of HbA1c reached, or 
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 who cannot use the device needed to inject NPH insulin but who 


could administer their own insulin safely and accurately if a 


switch to a long-acting insulin analogue were made, or  


 who need help from a carer or healthcare professional to 


administer insulin injections and for whom switching to a long-


acting insulin analogue would reduce the number of daily 


injections. [new 2009] 


1.7.2.6 Monitor a person on a basal insulin regimen (NPH insulin or a long-


acting insulin analogue [insulin detemir, insulin glargine]) for the 


need for short-acting insulin before meals (or a pre-mixed insulin 


preparation). [new 2009] 


1.7.2.7 Monitor a person who is using pre-mixed insulin once or twice daily 


for the need for a further injection of short-acting insulin before 


meals or for a change to a regimen of mealtime plus basal insulin, 


based on NPH insulin or long-acting insulin analogues (insulin 


detemir, insulin glargine), if blood glucose control remains 


inadequate. [new 2009] 


1.7.3 Insulin delivery devices 


1.7.3.1 Offer education to a person who requires insulin about using an 


injection device (usually a pen injector and cartridge or a 


disposable pen) that they and/or their carer find easy to use. 


1.7.3.2 Appropriate local arrangements should be in place for the disposal 


of sharps. 


1.7.3.3 If a person has a manual or visual disability and requires insulin, 


offer a device or adaptation that:  


 takes into account his or her individual needs 


 he or she can use successfully. 
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Care pathway from short clinical guideline 87 (page numbers refer to the quick reference guide for 


CG87) 
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Liraglutide for the treatment of type 2 diabetes mellitus 


NICE technology appraisal guidance 203 


1.1  Liraglutide 1.2 mg daily in triple therapy regimens (in combination with 


metformin and a sulphonylurea, or metformin and a thiazolidinedione) is 


recommended as an option for the treatment of people with type 2 


diabetes, only if used as described for exenatide in ‘Type 2 diabetes: the 


management of type 2 diabetes’ (NICE clinical guideline 87); that is, when 


control of blood glucose remains or becomes inadequate (HbA1c ≥ 7.5%, 


or other higher level agreed with the individual), and the person has: 


 a body mass index (BMI) ≥ 35 kg/m2 in those of European descent 


(with appropriate adjustment for other ethnic groups) and specific 


psychological or medical problems associated with high body weight, 


or  


 a BMI < 35 kg/m2, and therapy with insulin would have significant 


occupational implications or weight loss would benefit other significant 


obesity-related comorbidities. 


1.2 Treatment with liraglutide 1.2 mg daily in a triple therapy regimen should 


only be continued as described for exenatide in ‘Type 2 diabetes: the 


management of type 2 diabetes’ (NICE clinical guideline 87); that is, if a 


beneficial metabolic response has been shown (defined as a reduction of 


at least 1 percentage point in HbA1c and a weight loss of at least 3% of 


initial body weight at 6 months).  
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1.3 Liraglutide 1.2 mg daily in dual therapy regimens (in combination with 


metformin or a sulphonylurea) is recommended as an option for the 


treatment of people with type 2 diabetes, only if:  


 the person is intolerant of either metformin or a sulphonylurea, or 


treatment with metformin or a sulphonylurea is contraindicated, and  


 


 the person is intolerant of thiazolidinediones and dipeptidyl peptidase-4 


(DPP-4) inhibitors, or treatment with thiazolidinediones and DPP-4 


inhibitors is contraindicated. 


1.4 Treatment with liraglutide 1.2 mg daily in a dual therapy regimen should 


only be continued if a beneficial metabolic response has been shown 


(defined as a reduction of at least 1 percentage point in HbA1c at 


6 months). 


1.5 Liraglutide 1.8 mg daily is not recommended for the treatment of people 


with type 2 diabetes. 


1.6 People with type 2 diabetes currently receiving liraglutide who do not meet 


the criteria specified in section 1.1 or 1.3, or who are receiving liraglutide 


1.8 mg, should have the option to continue their current treatment until 


they and their clinicians consider it appropriate to stop. 


 


Exenatide prolonged-release suspension for injection in 


combination with oral antidiabetic therapy for the treatment of type 


2 diabetes  


 


NICE technology appraisal guidance 248 


 


1.1  Prolonged-release exenatide in triple therapy regimens (that is, in 


combination with metformin and a sulphonylurea, or metformin and a 


thiazolidinedione) is recommended as a treatment option for people with 
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type 2 diabetes as described in 'Type 2 diabetes: the management of type 


2 diabetes (NICE clinical guideline 87); that is, when control of blood 


glucose remains or becomes inadequate (HbA1c ≥ 7.5% [59 mmol/mol] or 


other higher level agreed with the individual), and the person has:  


 


 a body mass index (BMI) ≥ 35 kg/m2 in those of European family origin 


(with appropriate adjustment for other ethnic groups) and specific 


psychological or medical problems associated with high body weight or  


 a BMI < 35 kg/m2, and therapy with insulin would have significant 


occupational implications or weight loss would benefit other significant 


obesity-related comorbidities. 


 


1.2  Treatment with prolonged-release exenatide in a triple therapy regimen 


should only be continued as described in 'Type 2 diabetes: the 


management of type 2 diabetes' (NICE clinical guideline 87); that is, if a 


beneficial metabolic response has been shown (defined as a reduction of 


at least 1 percentage point in HbA1c [11 mmol/mol] and a weight loss of at 


least 3% of initial body weight at 6 months). 


 


1.3  Prolonged-release exenatide in dual therapy regimens (that is, in 


combination with metformin or a sulphonylurea) is recommended as a 


treatment option for people with type 2 diabetes, as described in 


'Liraglutide for the treatment of type 2 diabetes mellitus' (NICE technology 


appraisal 203); that is, only if:  


 


 the person is intolerant of either metformin or a sulphonylurea, or a 


treatment with metformin or a sulphonylurea is contraindicated, and  


 the person is intolerant of thiazolidinediones and dipeptidyl peptidase-4 


(DPP-4) inhibitors, or a treatment with thiazolidinediones and DPP-4 


inhibitors is contraindicated.  


 


1.4  Treatment with prolonged-release exenatide in a dual therapy regimen 


should only be continued as described in 'Liraglutide for the treatment of 



http://www.nice.org.uk/guidance/CG87

http://www.nice.org.uk/guidance/CG87

http://www.nice.org.uk/guidance/CG87

http://www.nice.org.uk/guidance/CG87

http://www.nice.org.uk/guidance/TA203

http://www.nice.org.uk/guidance/TA203
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type 2 diabetes mellitus' (NICE technology appraisal guidance 203); that 


is, if a beneficial metabolic response has been 


 


Dapagliflozin in combination therapy for treating type 2 diabetes 


 


NICE technology appraisal guidance 288 


 


1.1 Dapagliflozin in a dual therapy regimen in combination with metformin is 


recommended as an option for treating type 2 diabetes, only if it is used 


as described for dipeptidyl peptidase‑4 (DPP‑4) inhibitors in Type 2 


diabetes: the management of type 2 diabetes (NICE clinical guideline 87). 


 


1.2 Dapagliflozin in combination with insulin with or without other antidiabetic 


drugs is recommended as an option for treating type 2 diabetes. 


 


1.3 Dapagliflozin in a triple therapy regimen in combination with metformin 


and a sulfonylurea is not recommended for treating type 2 diabetes, 


except as part of a clinical trial. 


 


1.4 People currently receiving dapagliflozin in a dual or triple therapy regimen 


that is not recommended for them in 1.1 or 1.3 should be able to continue 


treatment until they and their clinician consider it appropriate to stop. 



http://www.nice.org.uk/guidance/TA203

http://www.nice.org.uk/guidance/CG87

http://www.nice.org.uk/guidance/CG87
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Appendix C: Clinical efficacy section of the European 


public assessment report 


The European public assessment report contains a summary of the 9 pivotal clinical 


trials (pages 41–76) followed by discussion and conclusions (pages 76–81). 



http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/002649/WC500156457.pdf
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Executive summary 


Please provide an executive summary that summarises the key sections 
of the submission. All statements should be directly relevant to the 
decision problem, be evidence-based when possible and clearly 
reference the relevant section of the submission. The summary should 
cover the following items. 


 
Type 2 diabetes mellitus (T2DM) is a common condition affecting nearly three million 
people living in the UK.  It is caused by a combination of insulin resistance and 
insulin deficiency and is an incurable, progressive condition.  T2DM is characterised 
by elevated blood sugar levels which are measured using the surrogate marker 
glycosolated haemoglobin A1c (HbA1c).  Long term exposure to elevated blood 
sugar levels is known to cause damage to small blood vessels (microvasculature) in 
the body leading to blindness, kidney failure, peripheral neuropathy and vascular 
disease.  T2DM is also a risk factor for cardiovascular disease (CVD).  A 
compounding risk factor for T2DM is being overweight as this increases insulin 
resistance.  Consequently, the  management of T2DM is multifactorial and involves 
diet and lifestyle advice and intervention, the lowering the blood sugar levels by 
medication and the management of cardiovascular (CV) risk factors such as blood 
pressure and lipids.  Despite the number of management programmes and agents 
available to manage T2DM many patients do not reach their HbA1c targets. 


 
Canagliflozin (Invokana®) is a sodium glucose co-transporter 2 inhibitor (SGLT-2-i) 
available in 100mg and 300mg strengths that will be indicated for the treatment of 
adults aged 18 years and older with T2DM to improve glycaemic control (See 
Appendix 1) as: 


 Monotherapy when diet and exercise alone do not provide adequate 
glycaemic control in patients for whom the use of metformin is considered 
inappropriate due to intolerance or contraindications; 


 Add-on therapy with other anti-hyperglycaemic medicinal products including 
insulin, when these, together with diet and exercise, do not provide adequate 
glycaemic control.  


Canagliflozin has an insulin-independent mode of action (MoA) which complements 
those of other anti-hyperglycaemic agents (AHAs; see Section 1.2). Canagliflozin 
inhibits the activity of SGLT-2, blocking glucose re-absorption in the kidney and 
increasing the amount of glucose excreted in the urine. As a consequence, 
canagliflozin has a range of important metabolic effects on patients with diabetes. As 
well as lowering blood glucose as measured by HbA1c, it induces a loss of 60-80g of 
sugar in the urine every day, calorific loss of approximately 300 calories/day which 
manifests as weight reduction predominantly due to fat loss and has a mild osmotic 
diuresis which results in blood pressure [BP] reduction. (1-4)  


As determined by the SmPC, patients receiving canagliflozin commence treatment at 
100mg per day, and are permitted to increase onto a dose of canagliflozin 300mg per 
day if there is a need for tighter glycaemic control (i.e. HbA1c ≥7.5% [≥59mmol/mol]). 
This is expected to occur after 6 months on canagliflozin 100mg if the patient is 
tolerating the medication. (5)  This provides clinicians with dose flexibility to achieve 
tighter glycaemic control without needing to switch to alternative treatments. This is 
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an advantage over other novel oral agents (such as the DPP-4 inhibitors [DPP-4-i] 
and dapagliflozin) which are only licensed as a single effective therapeutic dose. 


It is expected that the majority of T2DM patients receiving canagliflozin 100mg as 
part of a dual therapy will not require a dose increase, however it is likely that a 
higher proportion of patients receiving canagliflozin 100mg as part of a triple therapy 
or as an add-on to insulin therapy would require tighter glycaemic control and would 
therefore be switched to canagliflozin 300mg. Canagliflozin is expected to be used in 
T2DM patients for glycaemic control if weight gain, and/or high BP and/or 
hypoglycaemia are of concern (see Section 2.5).  


Canagliflozin is expected to be used: 


 In combination with metformin (MET),  


 In combination with MET+SU in triple therapy 


 In combination with insulin plus SoC. 


The expected annual cost of canagliflozin, £477.26 for canagliflozin 100mg, and 
£608.63 for canagliflozin 300mg. 


Clinical evidence 


Canagliflozin has been studied in the largest pre-licence Phase 3 programme for 
T2DM to date, involving 12 randomised clinical trials (RCTs) and over 10,000 
subjects enrolled in multiple centres across the globe, including the UK (see Section 
6.2.4).  As well as a number of trials versus placebo, and in specific populations, the 
Phase 3 programme included three randomised active comparator studies that 
compared canagliflozin regimens with regimens that are standard of care in the UK in 
both dual and triple therapy: 


 Dual therapy: DIA3009: CANA + Met vs. SU + Met. 
DIA3006: CANA + Met vs. DPP-4-i + Met.   


 Triple therapy: DIA3015: CANA + Met + SU vs. DPP-4-i + Met + SU.   


The primary end-point in all Phase 3 studies (except DIA3008) was change in HbA1c 
from baseline (see Section 6.3.5).  In the head- to-head studies, canagliflozin 300mg 
demonstrated superiority in glycaemic control (lowering of HbA1c) to glimepiride 
titrated to maximal dose in dual therapy (in combination with metformin) up to 2 years 
and to sitagliptin 100mg in triple therapy up to approximately 1 year (see Table 1 and 
Section 6.5.3). Canagliflozin 100mg demonstrated similar reduction in HbA1c to 
sitagliptin in dual therapy (in combination with metformin). Both doses of canagliflozin 
demonstrated consistent and sustained reductions in HbA1c across all trials including 
placebo-controlled studies; the reduction inHbA1c was greater with canagliflozin 
300mg than with canagliflozin 100mg (see Section 6.5.3).  When added to insulin a 
consistent pattern was observed with significant HbA1c reductions, weight loss and 
SBP reduction vs. placebo + SoC at 18 weeks (see Section 6.5.3). 


Both doses of canagliflozin demonstrated statistically significant reductions in weight 
and systolic blood pressure (SBP) vs. sitagliptin and glimepiride (see Section 6.5.3). 
Weight loss with canagliflozin is primarily related to fat loss rather than to fluid loss 
from a diuretic effect.  Obesity and hypertension are known co-morbidities of T2DM 
and risk factors for CVD in their own right, and thus BP reduction and weight loss 
effects are treatment benefits from the perspective of patients and clinicians. 
Conversely, many other commonly used AHAs, such as SUs, are associated with 
weight gain, whilst others are weight neutral.  Such treatments also fail to 
demonstrate positive effects on BP.   


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXX As observed in studies of other AHAs, patients with higher baseline 
HbA1c achieve greater reductions in HbA1c with canagliflozin than those with lower 
baseline HbA1c. Pre-specified sub-group analyses revealed that baseline HbA1c 
was the only consistent factor affecting change in HbA1c over time. Other factors 
such as age, sex, race, ethnicity, BMI and β-cell function did not have a significant 
impact on the change in HbA1c across studies. 


 


Table 1. Primary endpoint results in active comparator RCTs presented in this 
submission (2;6;7) 


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


Dual therapy: treatment on a background of metformin 


DIA3009  (n = 483) (n = 485) 
 


Glimepiride 
(n = 482) 


N 478 474 
 


473 
HbA1c at baseline (%), mean (SD) 7.78 (0.787) 7.79 (0.779) 


 
7.83 (0.795) 


LS Mean change at week 52 (SE) -0.82 (0.039) -0.93 (0.039) 
 


-0.81 (0.039) 
Diff. of LS Means (SE) (- Glimepiride) -0.01 (0.050) -0.12 (0.050) 


  
(95% CI) (-0.109;0.085) (-0.217;-0.023) 


  


DIA3006  (n = 368) (n = 367) (n = 181) 
Sitagliptin 
(n = 366) 


N 365 360 181 354 
HbA1c at baseline (%), mean (SD) 7.94 (0.879) 7.95 (0.931) 7.96 (0.896) 7.92 (0.875) 
LS Mean change at week 26 (SE) -0.79 (0.044) -0.94 (0.044) -0.17 (0.060) -0.82 (0.044) 
Diff. of LS Means (SE) (- placebo)) -0.62 (0.071) -0.77 (0.071) 


 
-0.66 (0.071) 


P-Value <0.001 <0.001 
 


N/A 


95%CI (-0.758;-0.481) (-0.914;-0.636) 
 


(-0.795;-0.516) 


Triple therapy: treatment on a background of MET+SU 


DIA3015 


 


(n = 377) 


 


Sitagliptin 
(n = 378) 


N 377 378 
HbA1c at baseline (%), mean (SD) 8.1% (0.9) 8.1% (0.9) 
LS Mean change at week 52 (SE) 


 
-3.04 (0.407) 


 
-0.30 (0.413) 


Diff. of LS Means (SE) (- sitagliptin) 
 


-0.37 (0.064) 
 


N/A 
95%CI (-5.5 to -2.7) N/A 
DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D); DIA3009: CANagliflozin 
Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride trial (CANTATA-SU); DIA3015: 
CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2 ); 


 


During the course of the Phase 3 trials, a modest dose-related increase in lipid 
values was observed.  Increases across the lipid profile including LDL, HDL and 
triglycerides, however the HDL/LDL ratio relatively unchanged. The mean change in 
LDL-C vs. placebo was 0.11 mmol/L and 0.21mmol/L for the 100mg and 300mg 
doses, respectively (see Section 6.5.3). (8)  A meta-analysis of Phase 2 and 3 
studies (n=9,632) revealed a hazard ratio (HR) for CV disease (MACE) of 0.91 (95% 
CI: 0.68, 1.22) in favour of canagliflozin, indicating that no CV risk has emerged from 
the clinical trial programme.(9) 


The complementary metabolic outcomes observed with canagliflozin (i.e. 
improvement in HbA1c, BP and weight) are all important for patients as they are risk 
factors for the development of micro- and macro-vascular complications of the 
disease.  As a result, controlling these parameters are important objectives in the 
effort to prevent long term complications of the disease.  
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The adverse event (AE) profile of canagliflozin is predictable due to its MoA (see 
Section 6.9.2). The most common AEs were genital mycotic infections (GMIs) in 
women (approximately 12% during the first year), which were generally easy to treat 
with topical antifungal therapy.  Recurrence rates were low and rarely led to 
discontinuation of treatment.  The rate of urinary tract infections (UTIs) was slightly 
elevated vs. placebo (the majority being lower UTIs), and were mild and treatable 
with standard therapy.  AEs related to osmotic diuresis, such as hypovolaemia were 
identified, although this risk can be managed by correcting for hypovolaemia prior to 
commencing therapy, keeping the dose to 100mg in those patients at risk, and not 
using canagliflozin in patients whose estimated glomerular filtration rate (eGFR) 
<45mL/min/1.73m2. 


Studies in combination with metformin have demonstrated that canagliflozin has a 
low inherent risk of hypoglycaemia, with similar rates to placebo (see Section 6.9.2).  
This is due to the MoA as the renal threshold for glucose (RTg) re-absorption (see 
Section 1.2) is not decreased below approximately 4mmol/L.  However, like other 
AHAs, when combined with medications known to cause hypoglycaemia, such as 
SUs and insulin, hypoglycaemia rates are naturally higher.  


Overall, canagliflozin demonstrated lower use of rescue therapy up to 52/104 weeks 
than active comparators (sitagliptin and glimepiride) or placebo, demonstrating that 
patients are more likely to remain on canagliflozin than switch to another AHA or add 
another therapy. 


Comparators 


The main comparators in dual therapy (in combination with MET) are SU and DPP-4-
i.  In triple therapy (in combination with MET+SU or MET+TZD), the main comparator 
is DPP-4-i, as it is for add-on therapy to insulin plus SoC.  All other comparators 
listed in the decision problem (see Section 5) were included for completeness as part 
of the clinical systematic literature review (SLR) and the NMA, and economic 
evaluation results are available in Section 7.7. 


Economic evaluation  


The Economics and Health Outcomes Model of T2DM (ECHO-T2DM), a validated 
stochastic (first and second order) micro-simulation model of the long-term costs and 
health outcomes in T2DM, was used to extrapolate the results from the clinical trials 
into long-term health economic outcomes in a large number of possible scenarios for 
the use of canagliflozin in the three lines of therapy investigated (see Section 7.2). 


Economic modelling was intentionally conservative, with many assumptions being 
unfavourable to canagliflozin, including:  


 Low disutility associated with weight gain, immediate weight regain upon 
discontinuation of canagliflozin; 


 High disutilities associated with SGLT2-i-specific AEs; 


 Exclusion of dose adjustment from 100mg  to 300mgdose adjustment from 
the base case (due to lack of clinical data for this dose adjustment posology 
recommended by the CHMP). 


As with all other economic models developed in diabetes, ECHO-T2DM assesses the 
clinical impact of canagliflozin on intermediate bio-markers (HbA1c, SBP, and 
weight), which are known to reduce the relative risks of long-term micro- and macro-
vascular complications. The ECHO-T2DM model uses baseline patient and disease 
characteristics from the clinical trials that are generalisable to the patient population 
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and therapeutic management of T2DM in England and Wales.  For methodological 
consistency, a NMA was used to estimate treatment effects for available parameters 
across each line of therapy versus all relevant comparators defined in the decision 
problem.   


Overall, the results of the economic evaluation show a consistent picture across a 
range of comparisons, demonstrating that canagliflozin as an add-on therapy to other 
AHAs is a cost-effective treatment option. Analyses versus the main comparators of 
interest (SU and DPP-4-i in dual therapy and DDP-4-i in triple therapy) at both the 
100mg and 300mg dose demonstrate incremental cost-effectiveness ratios (ICERs) 
that are all within the range considered cost-effective by NICE (see Table 2).   


For patients inadequately controlled with MET alone, use of canagliflozin in dual 
therapy is cost-effective when compared to SU and DPP-4-i (see section 7.7.1).  The 
base-case ICERs for canagliflozin 100mg are all below £1,600, and for canagliflozin 
300mg plus MET are £4,899/QALY versus SU plus MET, and £18,349/QALY versus 
DPP-4-i plus MET.  In triple therapy (combination with MET+SU), canagliflozin 
100mg is both more effective and cost-saving vs. DPP-4-i; canagliflozin 300mg vs. 
DPP-4-i has an ICER of £13,287/QALY.  In combination with MET+TZD, the ICERS 
vs. DPP-4-i are £1,095 and £21,430/QALY for canagliflozin 100mg and 300mg, 
respectively. 


Clinical data for dose modification of canagliflozin 100mg to 300mg are not available, 
and so the clinical criteria and modelling of this step was discussed with UK 
clinicians. (5) Dose modification allows patients to increase the dose from 100mg to 
300mg if patients tolerate 100mg and there is a need for improved glycaemic control.  
Modelling dose modification, consistent with the anticipated label, suggests that this 
tends to increase the cost-effectiveness of canagliflozin by increasing the number of 
QALYs generated (see section 7.7.9) across different treatment lines. 


Scenario analyses showed that the structural assumptions around the ECHO-T2DM 
modelling are robust and that there are few assumptions that impact the costs and/or 
QALYs (see Sections 7.7.7 to 7.7.9).  Furthermore, scenario results using RCT data 
(where head-to-head data were available) are directionally consistent with the 
modelling results using the NMA. 


Two-way deterministic sensitivity analyses (DSAs) performed on the key 
comparisons confirm that canagliflozin is cost-effective in most analyses.  The key 
driver from a DSA perspective was HbA1c drift.   
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Table 2.  Summary of cost-effectiveness results 


ICER vs. canagliflozin SU DPP-4-i 


Dual therapy (Met) 


Cana 100mg 1,537 97 


Cana 300mg 4,899 18,349 


Triple therapy (Met+SU) 


Cana 100mg N/R Dominates 


Cana 300mg N/R 13,287 


Triple therapy (Met+TZD) 


Cana 100mg N/R 1,095 


Cana 300mg N/R 21,430 


Add-On to insulin + Met 


Cana 100mg N/R Dominated 


Cana 300mg N/R 8,925 
Legend: N/A: not applicable (indirect comparison through NMA not possible); N/R: not relevant to the decision problem;  
cana: canagliflozin 
#  Canagliflozin is cost-saving but less effective vs. GLP-1-a, therefore these ICERs are the cost/QALY for GLP-1-a therapy 
to replace canagliflozin 


 


In conclusion, the economic evidence presented in this submission are a consistent 
set of results demonstrating that canagliflozin is a cost-effective treatment option for 
T2DM patients when combined with metformin in dual therapy and when combined 
with metformin plus SU or TZD in triple therapy. These conclusions are robust to 
changes in assumptions across a range of deterministic sensitivity analyses and 
scenario analyses.  
 
These cost-effectiveness results are consistent with the results observed in the head-
to-head RCTs which showed that canagliflozin 300mg was more effective than SU 
and DPP-4-i in terms of reduction of HbA1c, weight and BP, whilst the 100mg dose 
demonstrated non-inferiority in HbA1c improvement and superiority in weight and BP 
reduction. Canagliflozin is therefore a useful treatment option for these patient 
groups. AEs were generally manageable and there is no evidence from a large 
clinical trial programme of any evidence of increased risk of CVD. 
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Section A – Decision problem 


Manufacturers and sponsors will be requested to submit section A in 
advance of the full submission (for details on timelines, see the NICE 
document ‘Guide to the single technology appraisal (STA) process’ – 
www.nice.org.uk). A (draft) summary of product characteristics (SPC) for 
pharmaceuticals or information for use (IFU) for devices, a (draft) 
assessment report produced by the regulatory authorities (for example, 
the European Public Assessment Report [EPAR]), and a (draft) technical 
manual for devices should be provided (see section 10.1, appendix 1). 


1 Description of technology under assessment  


1.1 Give the brand name, approved name and, when appropriate, 
therapeutic class. For devices, provide details of any different 
versions of the same device. 


Brand name: Invokana®. 


 
Approved name: canagliflozin. 
 
Therapeutic class: canagliflozin is a SGLT-2-i. 
 
Pharmaco-therapeutic group: Drugs used in diabetes; other blood glucose lowering 
drugs, excluding insulins. 
 
ATC code: A10BX11. 
 
 


1.2 What is the principal mechanism of action of the technology? 


Most currently available medications to treat hyperglycaemia in T2DM increase 
sensitisation to, or secretion of insulin. Canagliflozin is an SGLT-2-i, and has an 
insulin-independent mechanism of action, complementary to the majority of 
medications used in T2DM.  
 
Glucose re-absorption and SGLT-2 inhibition 
 
Patients with diabetes have elevated threshold for renal glucose re-absorption which 
may contribute to persistent high blood glucose. (10;11) SGLT2- is responsible for 
approximately 90% of glucose re-absorption from urinary filtrate in the proximal 
tubule of the nephron (Figure 1). (12)  The remaining 10% of the filtered glucose is 
reabsorbed by SGLT-1 in the distal segment of the proximal tubule. 
 



http://www.nice.org.uk/
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Figure 1.  Renal glucose re-absorption regulated by SGLT2 and SGLT1 (13) 


 


Legend: SGLT: sodium glucose co-transporter. 


 
When the capacity of SGLT-2 is exceeded, glucose spills into the urine and is 
excreted.  At this point, the RTg has been reached.  In people without T2DM the RTg 
is reached at a blood sugar level of approximately 10mmol/L. When blood sugar 
levels rise above this, glucosuria can occur. However, in people with T2DM the RTg 
can be as high 13-14mmol/L, due to up-regulation of the SGLT-2 receptors. (14) 
 
SGLT-2-i block the activity of SGLT-2, leading to inhibition of glucose reabsorption 
and urinary glucose excretion (UGE).  Typically, treatment with SGLT-2-i results in 
excretion of approximately 70-80g of glucose in the urine during a 24 hour period. 
(1;3)  
 
The physiological consequences of treatment with SGLT-2-i are a lowering of blood 
glucose as measured by HbA1c, loss of approximately 300 calories/day, which 
manifests as weight reduction predominantly due to fat loss, and a mild osmotic 
diuresis causing BP reduction. (2)  The RTg is reduced to approximately 4.4-
5.0mmol/L, and therefore SGLT-2-i exhibit a low inherent risk for hypoglycaemia 
when used as monotherapy of add-on to metformin.  However, an increased 
frequency of GMIs and urinary tract infections (UTI) are expected, as a consequence 
of glucose in the urine. 
 
A model for SGLT2 inhibition exists in individuals with the genetic condition, familial 
renal glucosuria (FRG).  In FRG, SGLT2 mutations can cause high levels of glucose 
(up to 100g/day) to be excreted in the urine, although plasma volume, renal function, 
and electrolyte balance have not been reported to be abnormal in these individuals, 
nor has hypoglycaemia been reported.  Further, individuals with FRG are not known 
to have clinical sequelae as a result of this condition. (10;15-17) 







NICE Submission  Page 21 of 310 


 
 
Canagliflozin mode of action 
 
Canagliflozin confirms the MoA of SGLT-2, with the monotherapy study (DIA3005), 
which demonstrates that HbA1c was reduced by approximately 1% over 26 weeks, 
with additional benefit of weight loss and BP reduction, and hypoglycaemia rates 
comparable to placebo (3.6%, 3.0% and 2.6% for canagliflozin 100mg and 300mg 
and placebo, respectively). (18) 
 
In Phase 3 studies, canagliflozin 300mg provided a greater reduction in postprandial 
glucose excursion than observed with the 100mg dose. This additional effect may be 
attributed partially to local inhibition of intestinal SGLT1 (an important intestinal 
glucose transporter) related to transient high concentrations of canagliflozin in the 
intestinal lumen prior to medicinal product absorption (canagliflozin is a low potency 
inhibitor of SGLT1). (19)  Studies have shown no glucose or galactose malabsorption 
with canagliflozin, and clinical studies have shown no excess incidence of gastro-
intestinal (GI) side-effects associated with the use of canagliflozin.  
 
By promoting glucosuria through inhibition of SGLT2, canagliflozin treatment reduces 
hyperglycaemia through an insulin-independent mechanism. Therefore, canagliflozin 
is expected to be effective in a wide range of patients irrespective of β-cell function. 
Clinically meaningful glycaemic improvements can be expected for patients with new-
onset T2DM with only moderate impairment of β-cell function, in addition to 
improvements in patients with greater β-cell functional loss, such as those with long-
standing T2DM who require insulin. This has been demonstrated in the phase III 
clinical trial programme. (20-22) 
 
An improvement in the homeostasis model assessment for beta-cell function (HOMA 
β-cell) and in β-cell insulin secretion response to a mixed-meal challenge has been 
observed in clinical studies with canagliflozin. These results support the hypothesis 
that this pathway may also contribute to the glucose lowering observed in the clinical 
program. (20;23)   
 
 


1.3 Does the technology have a UK marketing authorisation/CE 
marking for the indications detailed in this submission? If so, 
give the date on which authorisation was received. If not, state 
current UK regulatory status, with relevant dates (for example, 
date of application and/or expected approval dates).  


Central marketing authorisation is still pending. The marketing authorisation 
application (MAA) was submitted to the European Medicines Agency (EMA) 
on 26th June 2012. Positive Committee for Medicinal Products for Human Use 


Committee for Medicinal Products for Human Use (CHMP) opinion for INVOKANA 
(canagliflozin) was obtained on 19th September 2013, and a final European decision 
was received on 25th November 2013. (24)  
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1.4 Describe the main issues discussed by the regulatory 
organisation (preferably by referring to the [draft] assessment 
report [for example, the EPAR]). If appropriate, state any 
special conditions attached to the marketing authorisation (for 
example, exceptional circumstances/conditions to the 
marketing authorisation).  


The EPAR and final version of the summary of product characteristics (SmPC) will 
not be available until regulatory approval. A draft version of the SmPC is provided in 
Appendix 1. (25)    
 
 


1.5 What are the (anticipated) indication(s) in the UK? For devices, 
provide the (anticipated) CE marking, including the indication 
for use.  


Canagliflozin is expected to receive the following indication (see Appendix 1): 
 
Canagliflozin is indicated in adults aged 18 years and older with T2DM to improve 
glycaemic control as: 


 Monotherapy 
When diet and exercise alone do not provide adequate glycaemic control in 
patients for whom the use of metformin is considered inappropriate due to 
intolerance or contraindications. 


 Add-on Therapy 
Add-on therapy with other anti-hyperglycaemic medicinal products including 
insulin, when these, together with diet and exercise, do not provide adequate 
glycaemic control. 


 
 


1.6 Please provide details of all completed and ongoing studies 
from which additional evidence is likely to be available in the 
next 12 months for the indication being appraised. 


The efficacy and safety of canagliflozin has been studied in the biggest pre-licence 
Phase 3 programme for T2DM to date, including 12 Phase 3 clinical trials (which 
include 2 sub-studies of DIA3008) in over 10,000 patients enrolled in multiple centres 


across the globe, including the UK. These studies spanned a range of clinical uses 
to treat T2DM:  


 As monotherapy (trial DA3005);  


 As dual therapy, in combination with metformin (trials DIA3006 and DIA3009), 
or a SU (trial DIA3008 SU sub-study),  


 As triple therapy, in combination with MET+SU (Trials DIA3002 and DIA3015) 
or MET+TZD (trial DIA3012);  


 And as add-on to insulin therapy, in combination with insulin (with or without 
other AHAs (trial DIA3008 insulin sub-study).  
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Three of these studies were head-to-head RCTs investigating the efficacy of 
canagliflozin compared to the “gold standard” active comparators: the DPP-4-i 
sitagliptin and the SU glimepiride.  
 
Canagliflozin was also evaluated in four more trials, covering its use across all line of 
therapy in specific patient populations:  


 DIA3010 was conducted in older patients,  


 DIA3004 was conducted in patients with moderate renal impairment,  


 DIA3014 was conducted in T2DM Asian patients,  


 DIA3008 is on-going in patients at high risk for CV diseases.  
 
Table 3 below details the completed studies of canagliflozin in T2DM, from which 
evidence is available. There are currently no ongoing other studies investigating 
canagliflozin for the treatment of T2DM. 
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Table 3. Completed and ongoing Phase II and III studies of canagliflozin for the treatment of T2DM 


Positioning and combinations Trial no. 
(acronym) 


Design/duration Study population Treatment group (n=) 


Phase II study 


Dual therapy Met+ DIA 2001 - Dose-
ranging study 
NCT00642278 
(26) 


Phase 2b double-blind, placebo-
controlled, parallel-group, multicentre, 
dose-ranging study 
 
Total duration of 12 weeks. 


Patients with a diagnosis of T2DM: 
- who must have been on stable dose 
of metformin for at least 3 months 
- with HbA1c level ≥7% and ≤10.5% 
- and who met all other enrolment 
criteria. 


Canagliflozin 50, 100, 200, or 300mg once 
daily (QD) or 300mg twice daily (BID), versus 
sitagliptin 100mg QD or placebo: 
 
Canagliflozin 50mg (n=64) 
Canagliflozin 100mg (n=64) 
Canagliflozin 200mg (n=65) 
Canagliflozin 300mg QD (n=64) 
Canagliflozin 300mg BID (n=64) 
Sitagliptin 100mg (n=65) 
Placebo (n=65)  
 


Phase 3 Studies 


Mono-therapy DIA3005 
NCT01081834 
(18) 


Phase 3 randomised, double-blind, 3-
arm, parallel-group, active-controlled, 
multicentre study. 
 
Total duration of 52 weeks split into 26-
week core double blind & 26-week 
extension double blind periods. 


Patients with a diagnosis of T2DM: 
- who met one of the two following 
criteria: (i) not on an AHA at 
screening or (ii) on AHA monotherapy 
or MET+SU combination therapy 
- with HbA1c ≥7.0 and ≤10.0%  
- and who met all other enrolment 
criteria. 
 


Canagliflozin 100mg and 300mg QD versus 
placebo QD: 
 
Canagliflozin 300mg (n= 197) 
Canagliflozin 100mg (n= 195) 
Placebo (n= 192)  
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Positioning and combinations Trial no. 
(acronym) 


Design/duration Study population Treatment group (n=) 


Dual therapy Met+ DIA3009 
NCT00968812 (2) 


Phase 3 randomised, double-blind, 3-
arm, parallel-group, active-controlled, 
multicentre study. 
 
Total duration of 104 weeks split into 52-
week core double blind & 52-week 
extension double blind periods 


Patients with a diagnosis of T2DM: 
- who must have been taking a stable 
dosage of metformin as monotherapy 
at screening. 
- with HbA1c between ≥7% and 
≤9.5%  
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD in 
combination with metformin versus 
Glimepiride 1, 2 or 4mg per day (titrated to 
maximal effect up to 6-8mg per day) in 
combination with metformin: 
 
Canagliflozin 100mg (n=483) 
Canagliflozin 300mg (n=485) 
Glimepiride (n=484) 


DIA3006 
NCT01106677 
(6) 


Phase 3 randomised, double-blind, 4-
arm, parallel-group, placebo and active-
controlled, multicentre study. 
 
Total duration of 52 weeks split into 26-
week core double blind & 26-week 
extension double blind periods 


Patients with a diagnosis of T2DM: 
- who must have been treated with 
metformin IR.  
- With HbA1c between ≥7% and 
≤10.5% at Week -2  
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD in 
combination with protocol-specified dose of 
metformin Immediate release (IR) versus 
Sitagliptin 100mg QD with metformin IR, and 
versus placebo QD/sitagliptin with metformin 
IR: 
 
Canagliflozin 100mg (n=368)  
Canagliflozin 300mg (n=367) 
Sitagliptin 100mg (n=366) 
Placebo/sitagliptin (n=183) 


SU+ DIA3008  SU sub-
study  
NCT01032629 
(27) 


Sub-study of CANVAS, phase 3, 
randomised, double-blind, placebo-
controlled, 3 parallel-group, multicentre 
study to evaluate the safety, tolerability, 
and CV risk with canagliflozin plus SoC 
compared with placebo plus SoC.  
 
Total duration of this sub-study was18 
weeks. All analyses conducted for 
endpoints after this time point were not 
pre-defined in the clinical study protocol. 


Patients with a diagnosis of T2DM:  
- who had an elevated risk of CV 
disease 
-  who were on SU monotherapy at 
study entry 
- with HbA1c ≥7.0 and ≤10.5% 
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD versus 
placebo QD as an add-on to SU therapy with 
or without other AHAs: 
 
Canagliflozin 100mg (n=74) 
Canagliflozin 300mg (n=72) 
Placebo (n=69) 







NICE Submission  Page 26 of 310 


Positioning and combinations Trial no. 
(acronym) 


Design/duration Study population Treatment group (n=) 


Triple therapy Met+SU+ DIA3015 
NCT01137812 (7) 


Phase 3 randomised, double-blind, 2-
arm, parallel-group, active-controlled, 
multicentre study. 
 
Total duration of 52 weeks. 


Patients with a diagnosis of T2DM: 
-  who have received stable MET+SU 
therapy at maximally or near-
maximally doses  
- with HbA1c between ≥7% and 
10.5%  
- and who met all other enrolment 
criteria. 


Canagliflozin 300mg QD in combination with 
MET+SU versus Sitagliptin 100mg QD in 
combination with MET+SU: 
 
Canagliflozin 300mg  (n=378) 
Sitagliptin 100mg (n=378) 


DIA3002 
NCT01106625 
(28) 


Phase 3 randomised, double-blind, 3-
arm, parallel-group, placebo-controlled, 
multicentre study. 
 
Total duration of 52 weeks split into 26-
week core double blind & 26-week 
extension double blind periods 


Patients with a diagnosis of T2DM: 
- who must had previously been 
received stable MET+SU therapy at 
maximally or near-maximally doses 
- HbA1c between ≥7% and 10.5%  
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg and 300mg QD in 
combination with MET+SU vs. placebo QD in 
combination with MET+SU: 
 
Canagliflozin 300mg (n= 156) 
Canagliflozin 100mg (n= 157) 
Placebo (n= 156) 


Met+TZD+ DIA3012 
NCT01106690 
 (29) 


Phase 3 randomised, double-blind, 3-
arm, parallel-group, placebo-controlled, 
multicentre study. 
 
Total duration of 52 weeks split into 26-
week core double blind & 26-week 
extension double blind periods. 


Patients with a diagnosis of T2DM: 
- who must have previously received 
AHAs and metformin 
- with HbA1c between ≥7% and 
10.5%  
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD in 
combination with MET+TZD vs. placebo QD 
(cross-over to sitagliptin at 26 weeks) in 
combination with MET+TZD: 
 
Canagliflozin 100mg (n=115) 
Canagliflozin 300mg (n=114) 
Placebo (n=115) 
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Positioning and combinations Trial no. 
(acronym) 


Design/duration Study population Treatment group (n=) 


Add-on to 
insulin 


Ins±AHA+ DIA3008 insulin  
sub-study 
NCT01032629 
(30) 


Sub-study of CANVAS, phase 3, 
randomised, double-blind, placebo-
controlled, 3 parallel-group, multicentre 
study to evaluate the safety, tolerability 
and CV risk with canagliflozin plus SoC 
compared with placebo plus SoC in 
subjects with T2DM. 
 
Total duration of this sub-study was18 
weeks. All analyses conducted after this 
time point were not pre-defined in the 
clinical study protocol. 


Patients with a diagnosis of T2DM:  
- who were at an elevated risk of CV 
disease 
- who were not on AHA therapy or on 
AHA monotherapy or combination 
therapy with any approved agents  
- with HbA1c ≥7% and 10.5%  
- and who met all other enrolment 
criteria. 
A subpopulation in this trial was 
deemed  the most relevant for the 
UK: Population 2 (subjects taking 
insulin ≥30 units per day at study 
entry). 
 


Canagliflozin 100mg & 300mg QD versus 
placebo QD as an add-on to insulin therapy 
with or without other AHAs: 
 
Canagliflozin 100mg (n=566) 
Canagliflozin 300mg (n=587) 
Placebo (n=565) 


Special 
population 
Studies 


Older patients 
(all line of 
therapies) 


DIA3010 
Older patient 
study 
NCT01106651 
(31;32) 


Phase 3, randomised, double-blind, 
placebo-controlled, 3 parallel-group, 
multicentre study. 
 
Total duration of this trial was 104 weeks 
split into a 26-week core treatment period 
followed by a 78-week extension period. 


Older patients (≥55 to ≤80 years of 
age) with diagnosis of T2DM: 
- who were either not on AHA 
therapy or were on a stable AHA 
regimen  
- with HbA1c ≥7.0% and ≤10.0% 
- and who met all other enrolment 
criteria. 
 


Canagliflozin 100mg & 300mg QD versus 
placebo QD with or without other AHAs: 
 
Canagliflozin 100mg (n=241) 
Canagliflozin 300mg (n=236) 
Placebo (n=237) 


Special 
population 
Studies 


Renal 
impaired 
patients (all 
line of 
therapies) 


DIA3004 Renal 
Impairment study 
NCT01064414 
(33;34) 


Phase 3, randomised, double-blind, 
placebo-controlled, 3 parallel-group, 
multicentre study. 
 
Total duration of 52 weeks split into 26-
week core double blind & 26-week 
extension double blind periods. 
 
 


Patients with a diagnosis of T2DM:  
- who had moderate renal impairment 
[eGFR ≥30 and <50 mL/min/1.73 m2] 
- with HbA1c ≥7.0% and ≤10.5% 
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD versus 
placebo QD with or without other AHAs: 
 
Canagliflozin 100mg (n=90) 
Canagliflozin 300mg (n=89) 
Placebo (n=90) 
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Positioning and combinations Trial no. 
(acronym) 


Design/duration Study population Treatment group (n=) 


Asian 
population 
study (all line 
of therapies) 


DIA3014 
South-Asian study  
NCT01381900 
 (35) 


Phase 3, randomised, double-blind, 
placebo-controlled, 3 parallel-group, 
multicentre, 18-week study to evaluate 
the efficacy, safety and tolerability of 
canagliflozin in T2DM Asian patients 
inadequately controlled on metformin 
alone or in combination with a SU. 
Total duration of 18-weeks double-blind 
period.  


Patients with a diagnosis of T2DM:  
- who were on metformin 
monotherapy or metformin + SU 
therapy 
- with HbA1c ≥7.0% and ≤10.5% 
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD versus 
placebo QD with or without other AHAs: 
 
Canagliflozin 100mg (n=225) 
Canagliflozin 300mg (n=227) 
Placebo (n=226) 


CV risk assessment Study DIA3008 
NCT01032629 (9) 


Phase 3, randomised, double-blind, 
placebo-controlled, 3 parallel-group, 
multicentre study to evaluate the safety, 
tolerability and CV risk with canagliflozin 
plus SoC compared with placebo plus 
SoC in subjects with T2DM.  
 
Total duration of this trial is expected to 
be approximately 4 years, depending on 
the occurrence of sufficient events to 
evaluate the study hypothesis and 
objectives (i.e. assess the effect of 
canagliflozin on CV risk in subjects with 
T2DM, with inadequate glycaemic 
control, who have a history or high risk of 
CV disease). The current cohort of 
patients (4,330) will continue to be 
followed and the study will report in 2017. 


Patients with a diagnosis of T2DM:  
- who had elevated CV risk  
- with HbA1c ≥7.0 and ≤10.5% 
- and who met all other enrolment 
criteria. 


Canagliflozin 100mg & 300mg QD versus 
placebo QD with or without other AHAs: 
 
Canagliflozin 100mg (n=1,445) 
Canagliflozin 300mg (n=1,441) 
Placebo (n=1,441) 


AHA: Anti-hyperglycaemic agent; DIA3006Trial: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial; DIA3015 Trial: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second 
Comparator Trial; DIA3012 Trial: CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone;  DIA3002 Trial: CANagliflozin Treatment And Trial Analysis - Metformin and SUlphonylurea; DIA3009: 
CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT-2 Add-on to Metformin Versus Glimepiride; DIA3008 Trial: CANagliflozin cardioVascular Assessment Study; CV: Cardiovascular; Met+: in 
combination with metformin; SU+: in combination with sulfonylurea: Met+SU+: in combination with metformin and sulfonylurea; Met+TZD+: in combination with metformin and a thiazolidinedione; CV: 
cardiovascular; BID: twice daily; HbA1c: Haemoglobin A1c; QD: once daily; T2DM: type 2 diabetes. 
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1.7 If the technology has not been launched, please supply the 
anticipated date of availability in the UK. 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
 


1.8 Does the technology have regulatory approval outside the 
UK? If so, please provide details. 


Canagliflozin was launched in the USA in April 2013 (following FDA approval in 
March 2013), as well as in Australia on 6th September 2013 (TGA approval).   
 
 


1.9 Is the technology subject to any other form of health 
technology assessment in the UK? If so, what is the timescale 
for completion? 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
 


1.10 For pharmaceuticals, please complete the table below. If the 
unit cost of the pharmaceutical is not yet known, provide 
details of the anticipated unit cost, including the range of 
possible unit costs. 
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Table 4. Unit costs of technology being appraised 


Pharmaceutical formulation  Film-coated tablet 


Acquisition cost (excluding VAT) Expected prices: 


Canagliflozin 100mg (30 tablets): £39.20 


Canagliflozin 300mg (30 tablets): £49.99 


Method of administration Oral 


Doses  The recommended starting dose of canagliflozin is 100mg once daily. In patients tolerating canagliflozin 100mg once daily who 
have an eGFR ≥ 60mL/min/1.73 m2 or CrCl ≥ 60mL/min and need tighter glycaemic control, the dose can be increased to 
300mg once daily. (25) 


Dosing frequency Once daily 


Average length of a course of treatment T2DM is a chronic disease with subsequent treatments often being additive to the existing therapy, thus moving from 
monotherapy to dual and then triple therapy.  Treatment duration depends upon the reduction in HbA1c experienced after the 
start of each newly added therapy experienced by patients.  Patients remain on treatment whilst their disease is controlled, as 
determined by HbA1c monitoring.  Current clinical guidelines recommend an add-on therapy when HbA1c rises back above 
7.5% (58.5mmol/mol). (38;39) 


 


Canagliflozin, treatment should be discontinued when eGFR is persistently below 45mL/min/1.73 m2 or CrCl persistently below 
45mL/min as it is not expected to be sufficiently effective in these patients. (25) 


Average cost of a course of treatment The expected annual costs for canagliflozin is: 


Canagliflozin 100mg: £477.26 


Canagliflozin 300mg: £608.63 


Anticipated average interval between courses of treatments Not applicable 


Anticipated number of repeat courses of treatments Not applicable 


Dose adjustments (25) Patients requiring tighter glycaemic control 


In patients tolerating canagliflozin 100mg once daily who have an eGFR ≥ 60mL/min/1.73 m2 or CrCl ≥ 60mL/min and need 
tighter glycaemic control, the dose can be increased to 300mg once daily. 
 


Care should be taken when increasing the dose in patients ≥75 years of age, patients with known CVD, or other patients for 
whom the initial canagliflozin-induced diuresis poses a risk. In patients with evidence of volume depletion, correcting this 
condition prior to initiation of canagliflozin is recommended. 
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Use as add-on therapy to insulin 
When canagliflozin is used as add-on therapy with insulin or an insulin secretagogue (e.g., SU), a lower dose of insulin or the 
insulin secretagogue may be considered to reduce the risk of hypoglycaemia. 


 


Patients with renal impairment 
For patients with an eGFR 60mL/min/1.73 m2 to < 90mL/min/1.73 m2 or CrCl 60mL/min to < 90mL/min and who have a low 
risk of adverse reactions associated with reduced intravascular volume, no dose adjustment is needed. 
 
Canagliflozin should not be initiated in patients with an eGFR < 60mL/min/1.73 m2 or CrCl < 60mL/min. In patients tolerating 
canagliflozin whose eGFR falls below 60mL/min/1.73 m2 or CrCl 60mL/min, the dose of canagliflozin should be adjusted to or 
maintained at 100mg once daily. Canagliflozin should be discontinued when eGFR is persistently below 45mL/min/1.73 m2 or 
CrCl persistently below 45mL/min as it is not expected to be sufficiently effective in these patients.  
 
Canagliflozin should also not be used in patients with end stage renal disease (ESRD) or in patients on dialysis as it is not 
expected to be effective in such populations. 
 
It should be noted that this expected wording in section of 4.4 (special warnings and precaution for use) defers form the renal 
precautions from the currently licenses SGLT-2-i (dapagliflozin).  
 
Patients with hepatic impairment 
For patients with mild or moderate hepatic impairment, no dose adjustment is required.  
 
Canagliflozin has not been studied in patients with severe hepatic impairment and is not recommended for use in these 
patients. 
 
Older patients 
Renal function and risk of volume depletion should be taken into account. 
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1.11 For devices, please provide the list price and average selling 
price. If the unit cost of the device is not yet known, provide 
details of the anticipated unit cost, including the range of 
possible unit costs.  


Not applicable. 
 
 


1.12 Are there additional tests or investigations needed for 
selection, or particular administration requirements for this 
technology? 


No additional tests or investigations are required to select patients for treatment with 
canagliflozin. Canagliflozin is taken orally with or without food, preferably before the 
first meal of the day.  Tablets should be swallowed whole. 
 
 


1.13 Is there a need for monitoring of patients over and above 
usual clinical practice for this technology?  


Monitoring of renal function is recommended as follows: 


 Prior to initiation of canagliflozin and at least annually, thereafter  


 Prior to initiation of concomitant medicinal products that may reduce renal 
function and periodically, thereafter 


 For renal function approaching moderate renal impairment, at least 2 to 4 
times per year. 


 
The monitoring of change in eGFR is, aligned with the NICE recommended 
monitoring of diabetes patients with chronic kidney disease (CKD). (38)  
 
 


1.14 What other therapies, if any, are likely to be administered at 
the same time as the intervention as part of a course of 
treatment? 


For patients not receiving adequate glycaemic control on their current pharmaco-
therapies together with diet and exercise, (25)  canagliflozin is expected to be used in 
combination with metformin as dual therapy,  and is also expected to be used in 
combination with MET+SU or MET+TZD, as well as in combination with insulin + 
SoC,   
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2 Context  


In this background section the manufacturer or sponsor should contextualise 


the evidence relating to the decision problem.  


2.1 Please provide a brief overview of the disease or condition for 
which the technology is being used. Include details of the 
underlying course of the disease. 


Diabetes mellitus is a metabolic disease associated with two major defects: 1) 
decreased insulin secretion by the pancreas (insulin deficiency), and 2) resistance to 
the action of insulin in various tissues, such as the liver and muscles (insulin 
resistance). (39) Failure to produce insulin, or of insulin to act properly, or both, leads 
to raised glucose (sugar) levels in the blood (hyperglycaemia). 
 
The two most common types of diabetes are (39):  


 Type 1 diabetes mellitus (T1DM); 


 Type 2 diabetes mellitus (T2DM). 


 


Only T2DM is being considered for this technology appraisal. 
 
Diabetes mellitus is one of the most common non-communicable diseases, with a 
prevalence of 4.57% which equates to 2.8 million people living with a diagnosis of 
diabetes in the UK, based on figures collected in 2011. (40) The majority of these 
(almost 90%) have adult-onset T2DM. (40) The prevalence of diabetes is projected to 
increase by about 20,000 people in the UK every year over the next 20 years. (41)  A 
recent UK focused study estimated that the cost of treating T2DM in 2035/2036 
would be £15.1bn in direct costs and £20.5bn in indirect costs, in real terms. 
Diabetes currently accounts for around 10% of the total health spend but is projected 
that it will account for around 17% in 2035/2036. (42) 
 
The cause of T2DM has been linked to genetic and lifestyle factors, such as being 
overweight or obese with physical inactivity. (39) Although T2DM symptoms are 
similar to those of T1DM, they are often less marked (e.g. frequent urination, 
increased thirst, hunger, weight loss, blurred vision, and/or extreme fatigue and 
irritability) and most patients are asymptomatic. T2DM can remain undetected for 
many years, and its diagnosis is often made from associated complications or 
incidentally through an abnormal blood or urine glucose test. It is thought that as 
many as 850,000 people may have undiagnosed T2DM in the UK. (43) 
 


Diabetes-related complications 
 
Uncontrolled hyperglycaemia associated with T2DM increases the risk of micro-
vascular (such as retinopathy, nephropathy or neuropathy) and macro-vascular (such 
as stroke, Myocardial infarction [MI], Congestive Heart Failure [CHF], or ischaemic 
Heart Disease [IHD]) complications over the long term. (39;44-46) For example, 
patients with diabetes are at a significantly increased risk of retinopathy compared to 
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the general population. (47) Other complications, such as CKD, UTIs and GMIs are 
also higher in this group than the general population. (48;49) 
 
A range of other complications that are also more common in diabetes compared to 
the general population and are summarised in Table 5.  
 
 
Table 5. Additional risk of complication among people with diabetes (50) 


Complication Country 
Additional risk of complications 


among people with diabetes 


Angina England and Wales +71.3% 


MI England and Wales +48.0% 


CHF England and Wales +64.9% 


Stroke England and Wales +24.9% 


Renal Replacement therapy (ESKD) England and Wales +144% 


Minor amputation (below the ankle) England and Wales +331% 


Major amputation (above the ankle) England and Wales +210% 
Adapted from Table 2 of the National Diabetic Audit 2010-11– Report 2: Complications and Mortality. 
Note: Retinopathy has not been included as it only affects people with diabetes 


 
Diabetes complications generally arise after many years of exposure to high blood 
glucose, high BP and high cholesterol and are compounded by factors such as 
increasing age, inactivity, obesity and smoking. (50)  
 
The Global Burden of Disease Study 2010 estimated that the number of deaths 
attributable to diabetes in 2010 has doubled over the last 20 years. (51) T2DM is now 
ranked thirteenth in the list of leading causes of years of life lost (YLL) in Western 


Europe, with a global rank of 19.  It should be noted that the UK has dramatically 
improved their ranking in diabetes-associated YLL over the past 20 years to become 
the country with the lowest rates of age-standardised YLLs for diabetes in Europe. 
(51)  
 
Management of T2DM  
 
The overall goal of T2DM management is prevention of long-term complications 


while avoiding hypoglycaemic events. Each 1% reduction in mean HbA1c has been 
shown to be associated with reductions in risk for any end point related to 
diabetes. This includes a 21% reduction in for deaths, a 14% reduction for 
myocardial infarction and a 37% reduction for micro-vascular complications. (52) 
One of the most utilised agents for lowering HbA1c are the SUs.  Whilst they are 
effective lowering HbA1c, particularly rapidly, they are associated with both 
weight gain and hypoglycaemia; two side effects clinicians are actively trying to 
manage against.  Hypoglycaemia is often unacceptable to the patient and costly 
to the health service.  Insulin therapy presents a similar issue, as well as being 
administered by injection. 
 
The management of T2DM is multi-factorial and involves the use of AHAs, alongside 
treatment of co-morbidities such as hypertension and dyslipidaemia with a focus on 
weight control, dietary and exercise advice and lifestyle management. (53)  
 
The primary aim of AHAs is to achieve long-term control of blood glucose levels, as 
recommended by the American Diabetes Association (ADA) and European 
Association for the Study of Diabetes (EASD) guidelines. (45)  The benefit of 
glycaemic control in T2DM patients has been demonstrated in various studies 
including the United Kingdom Prospective Diabetes Study (UKPDS) which showed a 
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three-fold increase in diabetes-related complications in subjects with mean HbA1c 
levels >10% (median 10.6%) compared to those with HbA1c <6% (median 5.6%). 
(52)  Meta-analyses have confirmed the role of intensive glucose lowering on CV 
death (i.e. fatal MI or stroke), all-cause mortality and micro-vascular complications 
such as micro-albuminuria in T2DM patients. (54)  
 
Current clinical guidelines recommend setting individualised treatment goals for 
patients, and NICE guidelines recommend a HbA1c target level of less than 7.5% 
(59mmol/mol) in T2DM patients on two or more oral glucose-lowering drugs or 
patients requiring insulin. (37) 
 
Weight loss after T2DM diagnosis improves insulin sensitivity and can contribute to 
the achievement of glycaemic and BP goals, improve CV risk factors, and may have 
a positive impact on the health-related quality of life (HRQL) of T2DM patients. 
Weight control is an important component of T2DM management, although no 
specific treatment targets are recommended in the clinical guidelines.  
 
The importance of controlling glycaemia, BP and weight in patients with T2DM has 
been confirmed by several long-term studies such as UKPDS study. (52;55)  Based 
on these results, clinical guidelines currently recommend that physicians monitor BP 
closely and set a target of <130/80mmHg for people with kidney, eye or CV damage 
and <140/80mmHg for other T2DM patients. (37) 
 
 


2.2 Please provide the number of patients covered by this 
particular therapeutic indication in the marketing authorisation 
and also including all therapeutic indications for the 
technology, or for which the technology is otherwise 
indicated, in England and Wales and provide the source of the 
data. 


The following patient number estimates are derived from data within the National 
Diabetic Audit report. The marketing authorisation would cover all of these groups: 


 There are 2,323,150 individuals diagnosed with diabetes in England and 
Wales (2,177,450 and 145,700 respectively), based on a prevalence of 4.57% 
in England and 4.70% in Wales) (40) and mid-2012 population estimate (56). 


 A total of 2,090,835 people have T2DM in England and Wales, assuming 
90% of people with diabetes have T2DM (43)., 


 1,672,668 of which are receiving a pharmacological therapy (i.e. patients who 
have failed on diet and exercise and are treated with pharmacological 
intervention). 


 An estimated 1,166,650 people with T2DM receive a monotherapy of which 
84% receive metformin and 14% receive a SU. (55) 


 An estimated 384,714 receive dual therapy after failure on metformin 
monotherapy (23%). (57) 


o Of which 357,784 (93%) receive an add-on to metformin therapy. (57) 


 An estimated 150,534 receive a triple therapy after failure on a dual therapy 
(9%). (57) 


o Of which 135,486 (90%) receive an add-on to MET+SU therapy, and 
9,484 (7%) an add-on to MET+TZD therapy. (57) 
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 An estimated 334,534 receive an add-on to insulin therapy after failure on 
either a dual or a triple therapy (20%). (57) 


 
 


2.3 Please provide information about the life expectancy of people 
with the disease in England and Wales and provide the source 
of the data. 


Although YLLs due to diabetes reduced significantly in the UK between 1990 and 
2010 (51), the life expectancy of someone with T2DM still remains 10 years lower 
than the general population (43). The additional risk of death among people with 
diabetes was +36.4% in England in 2011. (50)  The number of diabetes-associated 
deaths may be under-estimated as causes of death may be classified as CV disease, 
renal failure or stroke, even when diabetes may have been an underlying cause. (58)  
 


2.4 Please give details of any relevant NICE guidance or protocols 
for the condition for which the technology is being used. 
Specify whether any specific sub-groups were addressed. 


NICE has completed four previous appraisals in diabetes, three of which were single 
technology appraisals of AHAs, and one technology appraisal of insulin pumps: 


 Technology Appraisal No. 288, June 2013. ‘Dapagliflozin in combination 
therapy for treating T2DM’. Proposed review date: December 2014. (59) 


 Technology Appraisal No. 248, February 2012. ‘Diabetes (type 2) – exenatide 
(prolonged release)’. Guidance on static list. (60)   


 Technology Appraisal No. 203, October 2010, ‘Liraglutide for the treatment of 
T2DM. Under consideration for review. (61)   


 Technology Appraisal No.151, July 2008, ‘Continuous subcutaneous insulin 
infusion for the treatment of diabetes (review)’. Guidance on static list. (62) 


Relevant clinical guidelines are: 


 Clinical Guideline No. 87 (partial update of Clinical Guideline No. 66), May 
2009 ‘T2DM- newer agents’ Review in preparation. Publication date May 
2009. (36)  


 Clinical Guideline No. 66 (partially updated by Clinical Guideline No. 87), May 
2008 ‘T2DM: full guideline’ Review in preparation. Publication date 2008. (37) 


 
These documents were used to develop the clinical pathways presented in Figure 2 
and Figure 3 presented below. 
 


2.5 Please present the clinical pathway of care that depicts the 
context of the proposed use of the technology. Explain how 
the new technology may change the existing pathway. If a 
relevant NICE clinical guideline has been published, the 
response to this question should be consistent with the 
guideline and any differences should be explained.  


Robust clinical treatment pathways have recently been developed by NICE. Figure 2 
and Figure 3, adapted from NICE Pathways in Diabetes, present the current clinical 
pathways for T2DM patients considered for dual, triple and add-on to insulin therapy. 
First-line therapy currently involves monotherapy with either metformin or SU. (63)   
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Figure 2. Current clinical pathway for the management of blood-glucose-lowering therapy (except insulin) for T2DM (63) 


. 


1st LINE OPTIONS in addition to lifestyle measures: START ONE OF


2nd LINE OPTIONS in addition to lifestyle measures, adherence to medication and dose optimisation; ADD ONE OR SUBTITUTE WITH ONE OF


INJECTABLES (if willing to self inject;)


SGLT-2 inhibitors* DPP-IV inhibitors* Thiazolidinedione* (TZD) GLP-1 agonists**


- if intolerant to SU, and - if intolerant to SU, and - if intolerant to SU, and - If intolerant to MF or  SU, and


- If intolerant to TZD  or DPP-IV, and


- If desire to lose weight


- If weight gain is a concern - If weight gain is a concern - If no congestive heart failure  or is 


at higher risk of fracture


Thiazolidinedione* GLP-1 agonists**


- If insulin is unacceptable, and - If insulin is unaceptable, and


- If no congestive heart failure - BMI > 35kg/m2


- If desire to lose weight


*


**


3rd  LINE OPTIONS in addition to lifestyle measures, adherence to medication and dose optimisation; ADD OR SUBSTITUTE WITH ONE OF


Continue medication if either individualised target is achieved OR HbA1c falls  ≥ 0.5% / 5.5 mmol/mol in 6 months 


Continue medication if either individualised target is achieved OR HbA1c falls ≥ 1% / 11 mmol/mol   AND weight reduces by  ≥ 3% in the first 6 months


- Especially if marked hyperglycaemia


Usual recommended approach


Alternative approach - special considerations recommended in Guidelines


- If insulin is unacceptable, and


- If weight gain is a concern - If osmotic symptoms or rising HbA1c; NPH insulin initially


- If hypoglycaemia is a concern; use basal analogue insulin as an alternative


- Add prandial insulin with time if/when required


ORAL (continue MF/SU if tolerated) INJECTABLES (if willing to self inject; continue MF/SU if tolerated)


DPP-IV inhibitors* Insulin* (inject before bed)


Glycaemic Target:  HbA1c < 7.5% (59 mmol/mol) 


Sulfonylurea* (SU)


ORAL (continue MF if tolerated)


- If hypoglycaemia is a concern (e.g. 


Driving, occupational hazards, at risk 


of falls) and


- If hypoglycaemia is a concern (e.g. 


Driving, occupational hazards, at risk 


of falls) and


- If hypoglycaemia is a concern (e.g. 


Driving, occupational hazards, at risk 


of falls), and


Glycaemic Target:  HbA1c < 6.5% (48 mmol/mol) 


Metformin (MF)


Sulfonylurea* (SU)


- If intolerant to metformin or


- if weight loss/osmotic symptoms


Review if not reaching 


target move to 2nd 


Review if not reaching 


target move to 3rd line


Usually initiated after consultation with specialists


Usually initiated after consultation with 
specialists
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Dual therapy 


The recommended treatment option in adults with T2DM who are inadequately 
controlled on monotherapy with metformin (see Figure 2), is to start a combined 
therapy with metformin and a SU. However, for patients intolerant to SU alternative 
options are recommended: 


 Combined therapy of metformin and a SGLT-2-i or a DPP-4-i  when 
hypoglycaemia and weight gain is a concern, 


 Combined therapy of metformin and a TZD when hypoglycaemia is a concern 
and the patient does not suffer from CHF, 


 Combined therapy of metformin and a GLP-1 agonist (GLP-1-a) when weight 
is a concern and patients have a body mass index (BMI) > 35kg/m2. 


 
As part of its licensed indication, canagliflozin can be used as part of a dual therapy 
either in a combination with metformin or a SU (note that only its indication as dual 
therapy in combination with metformin is covered by this submission). The proposed 
place in the treatment pathway for canagliflozin as dual therapy in combination with 
metformin, is as an alternative to a SU or other add-on agents. 
 
Triple therapy 


The recommended treatment option in adults with T2DM, who are inadequately 
controlled on dual therapy with a combination of metformin and another AHA (see 
Figure 2), is to start a combined triple therapy of metformin, a SU and insulin.  


However, this recommendation is not favoured in clinical practice as many patients 
prefer not to start an injectable medication. In addition, insulin is known to cause 
weight gain and hypoglycaemia and is therefore often unacceptable (because of 
employment, social, recreational personal issues, or obesity) (64), alternative AHA 
options are recommended (oral therapies are often preferred): 


 A triple therapy of metformin, a SU and a DPP-4-i when hypoglycaemia and 
weight gain is a concern, 


 A triple therapy of metformin, a SU and a TZD when hypoglycaemia is a 
concern and the patient has heart failure or is at higher risk of fracture, 


 A triple therapy of metformin, a SU and a GLP-1-a when weight is a concern 
and patients have a BMI > 35 kg/m2, or weight loss would benefit other 
comorbidities. 


 
The licensed indication of canagliflozin covers its use as triple therapy either in 
combination with MET+SU or in combination with MET+TZD; both triple 
combinations are covered by the current submission. The proposed place in therapy 
for canagliflozin as triple therapy is in T2DM patients inadequately controlled on dual 
therapy with a combination of metformin and another AHA. 
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Figure 3. Current clinical pathway for the management of insulin-based therapy for T2DM (61) 


INTENSIFYINSULIN REGIMEN OR CONSIDER ADDING OTHER DRUGS:


INSULIN INTENSIFICATION  (continue 


MF/SU if tolerated)


Thiazolidinedione* (TZD) SGLT-2 inhibitors


*


Glycaemic Target:  HbA1c < 7.5% (59 mmol/mol)


Usual recommended approach


Alternative approach - special considerations recommended in Guidelines


Continue medication if either individualised target is achieved OR HbA1c falls  ≥ 0.5% 


/ 5.5 mmol/mol in 6 months 


ADD-ON TO INSULIN OPTIONS (in addition to lifestyle measures, adherence to medication and dose optimisation)


Insulin* (inject before bed)


- Especially if marked hyperglycaemia


- If osmotic symptoms or rising HbA1c; NPH insulin initially


- If hypoglycaemia is a concern; use basal analogue insulin as an alternative


- Begin with human NPH insulin taken at bedtime or twice daily according to need 


- Alternatively, consider a once-daily long-acting insulin analogue (insulin detemir, insulin glargine)


- Consider twice-daily biphasic human insulin (pre-mixed) (particularly if HbA1c ≥ 9.0%)


- Consider pre-mixed preparations of insulin analogues (including short-acting insulin analogues) rather than pre-mixed human 


insulin preparations


ORAL (continue MF/SU if tolerated)


- Dapagliflozin in combination with 


insulin with or without other antidiabetic 


drugs is recommended as an option for 


treating type 2 diabetes


- Increase insulin dose and intensify regimen 


over time.
- If a thiazolidenedione has previously 


had a marked glucose-lowering effect, or


- blood glucose control is inadequate 


with high-dose insulin


- Do not start or continue a 


thiazolidinedione if the person has heart 


failure or is at higher risk of fracture


- Monitor those using basal insulin regimens 


(NPH or a long-acting analogue [insulin 


detemir, insulin glargine]) for need for short-


acting insulin before meals or pre-mixed 


insulin.


- Monitor those using pre-mixed insulin 


once or twice daily for need for further 


injection of short-acting insulin before 


meals or change to mealtime plus basal 


regimen.


Review if not reaching 
target 
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Add-on to insulin therapy 


The recommended treatment option in adults with T2DM (see Figure 3), when 
hyperglycaemia remains particularly marked, and when an insulin-based regimen 
does not maintain HbA1c <7.5% (or other agreed individualised target), is to intensify 
the insulin regimen with or without another AHA. Two options are available: 


 Increase the insulin dose, 


 Add another OAD to the insulin-based combination already used:  


o Pioglitazone can be added when a TZD has previously had a marked 
glucose-lowering effect. 


o Dapagliflozin can be added. 


 
Canagliflozin’s licensed indication covers its use as part of an insulin-based therapy 


with or without OAD. The proposed place in therapy is for canagliflozin to be used 
as an adjunct to an insulin-based regimen that has failed to maintain blood 
glucose below the target level. 
 


2.6 Please describe any issues relating to current clinical practice, 
including any variations or uncertainty about best practice. 


Maintaining appropriate levels of blood glucose, BP, weight and cholesterol for the 
longest duration possible, whilst avoiding side effects such as hypoglycaemia are key 
objectives for most physicians. While the main efficacy of AHAs is to control 
glycaemia, most agents, through insulin-dependent mechanisms, can lose their 
effectiveness as pancreatic β-cell function declines. (13) In addition, SUs, the most 
commonly prescribed AHA as add-on to metformin are known to induce weight gain 
and hypoglycaemia.  Insulin has similar side effects associated with it. New classes 
of drugs such as the SGLT-2-i, which work via insulin-independent mechanisms, 
provide a complementary mode of action and may help maintain glycaemic control, 
delaying disease progression, delaying the use of injectable AHA therapies such as 
insulins or GLP-1-a, and providing added benefits in terms of weight loss and 
reduction in BP. 
 


It should also be noted that AHAs vary in their side-effect profiles which also impact 
patient experience and HRQL.   
 


New therapies for T2DM continue to be needed, given that a key finding from the 
National Diabetic Audit was that more than 80% of patients are still not managed 
adequately, with HbA1c, cholesterol and BP outside of their target ranges. (40) 
 
 


2.7 Please identify the main comparator(s) and justify their 
selection. 


The comparators for canagliflozin that are presented in this submission are 
detailed in the decision problem. They are the SoC therapies that have been 
recommended by either UK clinical guidelines or NICE guidance. (36;37;59-
61;63)  
 
All comparators covered by the Final Scope have been considered and Table 6 
below details for which of these comparators, adequate data is available to allow 
indirect comparison as part of the economic section. (65)  
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Table 6. List of comparators  


Line of therapy Final scope Comparator covered in this submission Justification Source 


Dual therapy For the combination of canagliflozin and 
metformin, the comparators are:  
 


 SU (with metformin)  


 TZD (with metformin)  


 DPP-4-i (with metformin) 


 GLP-1-a (with metformin)  


 Dapagliflozin (with metformin).  


All comparators will be covered as part of this 
submission. 


Consistent with NICE Guidelines and the 
final scope. 
 
Efficacy data available through either head-
to-head (H2H) trials, literature review 
allowing a network meta-analysis (NMA) to 
be conducted when no H2H data were 
available. 


(36;37;60;61) 


For the combination of canagliflozin and SU, the 
comparators are:  
 


 TZD (with a SU)  


 DPP-4-i (with a SU)  


 GLP-1-a (with a SU).  
 


Dual therapy in combination with a SU will 
not be covered as part of this submission. 


DIA3008 SU sub-study was designed to 
examine the efficacy of canagliflozin plus 
SU over 18 weeks in patients with high CV 
risk.  This combination demonstrated the 


primary endpoint of HbA1c reduction; 
however, rate of hypoglycaemia was high.  
This is expected when subjects are treated 
with therapies known to be associated with 
hypoglycaemia such as SUs, as the 
hypoglycaemia rate would reflect the action 
of these agents.  
Furthermore, many patients would be on 
SU monotherapy due to restriction on the 
use of metformin patients with Cr/Cl <45 
ml/min ) and  would therefore a proportion 
would not be eligible for initiation on dual 
therapy with canagliflozin plus SU. (66) 


Triple therapy For the combination of canagliflozin, metformin 
and a SU, the comparators are:  
 


 TZD (with MET+SU)  


 DPP-4-i (with MET+SU U)  


 GLP-1-a (with MET+SU)  


 Insulin (with MET+SU)  


The comparators considered in this 
submission for canagliflozin in combination 
with MET+SU are: 
 


 DPP-4-i  (with MET+SU) 


 GLP-1-a  (with MET+SU) 


A comparison of canagliflozin with TZD or 
insulin (with MET+SU) will not be 
conducted as insufficient clinical data were 
found to populate the NMA, and therefore 
no indirect estimate of the comparative 
efficacy of these combinations can be 
provided. 


(36;37;60;61) 
 
Section 6.6. 
relative to NMA 
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Line of therapy Final scope Comparator covered in this submission Justification Source 


Triple therapy 
(Con’t) 


For the combination of canagliflozin, metformin 
and TZD, the comparators are:  
 


 DPP-4-i (with MET+TZD)  


 GLP-1-a (with MET+TZD)  


 Insulin (with MET+TZD).  
 


DPP-4-i (with MET+TZD) are the only 
comparator considered in this submission for 
canagliflozin in combination with MET+TZD.. 


A comparison of canagliflozin with GLP-1-a 
and insulins (with MET+TZD) will not be 
conducted as insufficient clinical data were 
found to populate the NMA, and therefore 
no indirect estimate of the comparative 
efficacy of these combinations can be 
provided. 


For the use of canagliflozin in any other triple 
therapy regimen, the comparator is:  
 


 Insulin (alone or in combination with one or 
more oral anti-diabetic (OAD) agents).  


All comparators were considered as part of 
the SRL and the NMA. However, it was not 
possible to conduct any comparative 
economic evaluation.   


XXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXX 


(67) 


Add-on to insulin  One or more OAD agents (in combination with 
insulin). 
 


Canagliflozin in combination with insulin with 
or without metformin, will be compared to: 


 


• DPP-4-i (with insulin with or without 
metformin)  
• GLP-1-a (with insulin with or without 
metformin) 
• Dapagliflozin (with insulin with or without 
metformin) 


Although the use of DPP-4-i  and GLP-1-a 
in combination with insulin are not 
recommended by NICE or the clinical 
guidelines, these comparators are used in 
UK clinical practice.  
There are no efficacy data currently 
available to allow an indirect comparison 
with TZD which are recommended as part 
of the clinical guidelines. This comparison 
will therefore not be covered by this 
submission. 


(36;37;67) 
 
Section 6.6. 
relative to NMA  
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2.8 Please list therapies that may be prescribed to manage 
adverse reactions associated with the technology being 
appraised.  


As highlighted in section 1.2, UTIs and GMIs are considered to be the most clinically 
important AEs associated with canagliflozin. The management of these AEs is 
covered by existing clinical guidelines: 
 


• GMIs: The NHS recommends that in case of balanitis due to a fungal infection, 
an antifungal cream or an antifungal medication such as fluconazole should be 
prescribed. In women experiencing acute vulvo-vaginal candidiasis, topical 
treatment with an oral antifungal such as clotrimazole is recommended. (68;69) 


 


• UTIs: A lower UTI and a mild-to-moderate upper UTI infection can usually be 
treated at home using antibiotics. If an upper UTI is more serious, hospital 
treatment might be required. Antibiotics such as co-amoxiclav or ciprofloxacin 
are usually prescribed for 7 to 14 days (depending on the risk of developing 
complications). (70) 


 
 


2.9 Please identify the main resource use to the NHS associated 
with the technology being appraised. Describe the location of 
care, staff usage, administration costs, monitoring and tests. 
Provide details of data sources used to inform resource 
estimates and values. 


As canagliflozin is an oral therapy, there are no anticipated costs due to location of 
care, staff and administration.  Patient monitoring is expected to follow largely the 
same schedule and in the same setting as for patients treated with other AHAs, 
including the monitoring of change in eGFR in T2DM patients. (38) 
 
However a clinician advisory board indicated that there may be a small amount of 
additional resource use required to assess and manage patients with UTIs or GMIs: 
 


• For GMIs, this amounts to one General Practice (GP) visit for male patients, 
but none for female patients who can obtain topical and oral azole therapies 
over the counter.   


 
• For UTIs, this amounts to two GP appointments for male patients and one for 


female patient.  
 
 


2.10 Does the technology require additional infrastructure to be put 
in place?  


Not applicable 
 



http://www.nhs.uk/medicine-guides/pages/MedicineOverview.aspx?condition=Bacterial%20infections&medicine=Ciprofloxacin&preparationCiprofloxacin%20250mg/5ml%20oral%20suspension
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3 Equality  


NICE is committed to promoting equality of opportunity, eliminating unlawful 


discrimination and fostering good relations between people with particular 


protected characteristics and others. For further information, please see the 


NICE website 


(www.nice.org.uk/aboutnice/howwework/NICEEqualityScheme.jsp). 


3.1 Identification of equality issues 


3.1.1 Please let us know if you think that this appraisal:   


 could exclude from full consideration any people 
protected by the equality legislation who fall within 
the patient population for which [the treatment(s)] 
is/are/will be licensed;  


 could lead to recommendations that have a different 
impact on people protected by the equality legislation 
than on the wider population, e.g. by making it more 
difficult in practice for a specific group to access the 
technology  


 could lead to recommendations that have any 
adverse impact on people with a particular disability 
or disabilities 


Please provide us with any evidence that would enable the 
Committee to identify and consider such impacts.  


Canagliflozin is expected to be used across the broad population of T2DM patients, 
and therefore no equality issues are expected. 
 


3.1.2 How has the analysis addressed these issues? 


Not applicable 
 


4 Innovation 


4.1.1 Discuss whether and how you consider the technology to be 
innovative in its potential to make a significant and substantial 
impact on health-related benefits, and whether and how the 
technology is a ‘step-change’ in the management of the 
condition. 


Canagliflozin is an innovative product due to its insulin-independent mode of action 
which shows some evidence of β-cell protection.  
 



http://www.nice.org.uk/aboutnice/howwework/NICEEqualityScheme.jsp
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In addition, SGLT-2-i such as canagliflozin possess limited inherent risk of 
hypoglycaemia due to their capacity to reduce the RTg to approximately 5mmol/L, 
but typically not lower. (14)  Hypoglycaemia is generally a concern when glucose 
levels fall below 4mmol/L. (71) 
 
BP and weight management present challenges when treating T2DM. The additional 
efficacy benefits (i.e. of glycaemic control plus weight loss, and BP reduction) 
associated with canagliflozin makes it suitable when considering an holistic view for 
managing T2DM patients with multiple co-morbidities.  
 
Furthermore, canagliflozin 300mg has demonstrated some degree of local inhibition 
of intestinal SGLT1 as a result of transient high concentrations in the intestinal lumen 
prior to medicinal product absorption. This helps limit the postprandial excursion of 
glucose from the meal digestion at which canagliflozin is taken, without evidence of 
GI side effects. This SGLT1 effect is new for this class of agent and is currently under 
further investigation. (19) 
 
 


4.1.2 Discuss whether and how you consider that the use of the 
technology can result in any potential significant and 
substantial health-related benefits that are unlikely to be 
included in the quality-adjusted life year (QALY) calculation.  


Not applicable 
 


4.1.3 Please identify the data you have used to make these 
judgements, to enable the Appraisal Committee to take 
account of these benefits. 


Not applicable 
 


5 Statement of the decision problem  


In this section the manufacturer or sponsor should specify the decision 
problem that the submission addresses. The decision problem should be 
derived from the final scope issued by NICE and should state the key 
parameters that the information in the evidence submission will address.  
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Table 7. Decision problem  


 


 
Final scope issued by NICE 


Decision problem addressed in the 
submission 


Rationale if different from the scope 


Population  Dual therapy  


Adults with T2DM that are inadequately controlled on 
monotherapy with either metformin or a SU.  


Dual therapy 


Adults with T2DM that are inadequately 
controlled with metformin. 


Dual therapy 


Adults with T2DM that are inadequately controlled with a 
SU will not be considered.   


Although the results from the DIA3008 SU sub-study trial 
are positive the rate of hypoglycaemia events using a 
combination of canagliflozin + SU are relatively high, and 
are seen as limiting when due to the need to control 
hypoglycaemia in T2DM. This is expected when subjects 
receive therapies known to be associated with 
hypoglycaemia such as SUs or insulin, as the 
hypoglycaemia rate would reflect the action of these 
agents.  
Furthermore, due to restriction of use of metformin in 
T2DM patients with impaired renal function, a high 
proportion of patients on a SU-based dual therapy would 
not be eligible for treatment initiation with canagliflozin.   


Triple therapy  


Adults with T2DM that are inadequately controlled on dual 
therapy with either of the following:  


• MET+SU.  
• Metformin or a SU in combination with a TZD, a DPP-4-i, 
or a GLP-1-a.  


Triple therapy  


Adults with T2DM that are inadequately 
controlled on dual therapy with either: 


•  MET+ SU. 
•  MET+TZD. 


Triple therapy 


Combination of canagliflozin with metformin and a DPP-4i 
or a GLP-1-a will not be considered. XXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXX  


Add-on therapy to insulin  


Adults with T2DM that are inadequately controlled on 
monotherapy with insulin or on therapy with insulin and up to 
two other oral agents. 


Add-on therapy to insulin  


Adults with T2DM that are inadequately 
controlled on monotherapy with insulin + 
SoC. 


No change 


Intervention Canagliflozin (in combination with OADs and/or insulin)  Canagliflozin 100mg or 300mg once daily 
(in combination with OAD agents and/or 
insulin) 


No change 







 


NICE Submission - Canagliflozin Page 47 of 310 


 


 
Final scope issued by NICE 


Decision problem addressed in the 
submission 


Rationale if different from the scope 


Comparator(s) Dual therapy  


For the combination of canagliflozin and metformin, the 
comparators are:  


• SU (with metformin)  
• TZD (with metformin)  
• DPP-4-i (with metformin)  
• GLP-1-a (with metformin)  
• Dapagliflozin (with metformin).  


For the combination of canagliflozin and SU, the 
comparators are:  


• TZD (with a SU)  
• DPP-4-i (with a SU)  
• GLP-1-a (with a SU).  


Dual therapy 


For the combination of canagliflozin and 
metformin, the comparators are:  


• SU (with metformin)  
• TZD (with metformin)  
• DPP-4-i (with metformin)  
• GLP-1-a (with metformin)  
• Dapagliflozin (with metformin).  


Dual therapy 


A comparison of the combination of canagliflozin and SU 
with TZD and SU, DPP-4-i and SU, and GLP-1-a and SU 
will not be presented due to the reasons stated above in 
Population. 


 


Triple therapy  


For the combination of canagliflozin, metformin and a SU, 
the comparators are:  


• TZD (with MET+SU)  
• DPP-4-i (with MET+SU)  
• GLP-1-a (with MET+SU)  
• Insulin (with MET+SU)  


For the combination of canagliflozin, MET+TZD, the 
comparators are:  


• DPP-4-i (with MET+TZD)  
• GLP-1-a (with MET+TZD)  
• insulin (with MET+TZD).  


For the use of canagliflozin in any other triple therapy 
regimen, the comparator is:  


• Insulin (alone or in combination with one or more OAD 
agents). 


Triple therapy 


For the combination of canagliflozin, 
metformin and a SU, the comparators are:  


• DPP-4-i (with MET+SU)  
• GLP-1-a (with MET+SU)  
• Insulin (with MET+SU)  
 


For the combination of canagliflozin, 
MET+TZD, the comparator is:  


• DPP-4-i (with MET+TZD)  
 
 


Triple therapy 


A comparison of the combination of canagliflozin, 
metformin and a SU with pioglitazone or insulin (with 
MET+SU) will not be conducted as insufficient clinical data 
were found to populate the NMA, and therefore no indirect 
estimate of the comparative efficacy of these combinations 
can be provided. 
 
For the comparison of canagliflozin, MET+TZD, GLP-1-a 
and insulins will not be used as comparator, due to 
insufficient clinical data to populate the NMA, and therefore 
no indirect estimate of the comparative efficacy of these 
combinations can be provided 
 


The use of canagliflozin in any other triple therapy regimen 
will not be assessed, for reasons stated above in 
Population. 
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Final scope issued by NICE 


Decision problem addressed in the 
submission 


Rationale if different from the scope 


Comparator(s) Add-on therapy to insulin  


• One or more OAD agents (in combination with insulin). 


Add-on therapy to insulin  


Canagliflozin in combination with insulin 
with or without metformin, will be compared 
to: 


 


• DPP-4-i (with insulin with or without 
metformin)  
• GLP-1-a (with insulin with or without 
metformin) 
• Dapagliflozin (with insulin with or without 
metformin) 


Add-on therapy to insulin  


Although use of DPP-4-i and GLP-1-a in combination with 
insulin are not recommended by NICE or the clinical 
guidelines, these comparators are used in clinical practice.  
 
There are no efficacy data currently available to allow an 
indirect comparison with TZD which are recommended as 
part of the clinical guidelines. This comparison will 
therefore not be covered by this submission. 


Outcomes The outcome measures that have been considered include: 


• HbA1c control  
• Frequency and severity of episodes of hypoglycaemia  
• Change in CV risk factors (including BP and serum lipids)  
• Weight change  
• Complications of diabetes (for example, CV, renal and eye)  
• Mortality  
• Adverse effects of treatment (including GMI and UTI)  
• HRQL.  


The outcome measures that have been 
considered include: 


• HbA1c control  
• frequency and severity of episodes of 
hypoglycaemia  
• Change in CV risk factors (including BP 
and serum lipids)  
• Weight change  
• Complications of diabetes (for example, 
CV, renal and eye)  
• Mortality  
• Adverse effects of treatment (including 
GMI and UTI)  
• HRQL.  


No change 


 


Economic 
analysis 


The reference case stipulates that the cost effectiveness of 
treatments should be expressed in terms of incremental cost 
per quality-adjusted life year.  


The reference case stipulates that the time horizon for 
estimating clinical and cost effectiveness should be 
sufficiently long to reflect any differences in costs or 


Cost-effectiveness will be expressed in 
terms of incremental cost per quality-
adjusted life year. 


A time horizon of 40 years will be used to 
estimate clinical and cost-effectiveness in 
the base case. A shorter time horizon will 


No change 
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Final scope issued by NICE 


Decision problem addressed in the 
submission 


Rationale if different from the scope 


outcomes between the technologies being compared.  


Costs will be considered from an NHS and Personal Social 
Services perspective.  


also be assessed in sensitivity analyses. 


Costs will be considered from an NHS and 
Personal Social Services perspective. 


Sub-groups to 
be considered 


If evidence allows, sub-groups based on the following 
criteria will be considered:  


• BMI 
• baseline HbA1c 


Sensitivity analyses will be conducted for 
patient with baseline HbA1c≥9% as pre-
defined in some of the trials. 


Sub-group analyses for BMI will not be conducted as the 
efficacy of canagliflozin in terms of change in HbA1c and 
secondary endpoints was not impacted by baseline BMI 
levels.  


It should also be noted that the economic model used in 
this submission (ECHO-T2DM) while being sensitive to 
change in BMI over time, does not differentiate between 
patients based on their baseline BMI level. 


Special 
considerations, 
including 
issues related 
to equity or 
equality  


(None stated) None No change 
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Section B – Clinical and cost effectiveness 


When estimating clinical and cost effectiveness, particular emphasis 
should be given to adhering to the ‘reference case’ (see the NICE 
document ‘Guide to the methods of technology appraisal’ – 
www.nice.org.uk). Reasons for deviating from the reference case should 
be clearly explained. Particularly important features of the reference 
case include those listed in the table below. 


Element of health 
technology 
assessment 


Reference case Section in ‘Guide to 
the methods of 
technology appraisal’ 


Defining the decision 
problem 


The scope developed by NICE  5.2.5 and 5.2.6 


Comparator(s) Therapies routinely used in the 
NHS, including technologies 
regarded as current best practice  


5.2.5 and 5.2.6 


Perspective costs NHS and PSS 5.2.7 to 5.2.10 


Perspective benefits All health effects on individuals 5.2.7 to 5.2.10 


Type of economic 
evaluation 


Cost-effectiveness analysis 5.2.11 and 5.2.12 


Synthesis of 
evidence on 
outcomes 


Based on a systematic review 5.3 


Measure of health 
effects 


QALYs 5.4 


Source of data for 
measurement of 
HRQL 


Reported directly by patients and 
carers 


5.4 


Source of preference 
data for valuation of 
changes in HRQL  


Representative sample of the 
public 


5.4 


Discount rate An annual rate of 3.5% on both 
costs and health effects  


5.6 


Equity weighting An additional QALY has the same 
weight regardless of the other 
characteristics of the individuals 
receiving the health benefit  


5.12 


HRQL, health-related quality of life; NHS, National Health Service; PSS, personal social services; 
QALY(s), quality-adjusted life year(s) 


 



http://www.nice.org.uk/
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6 Clinical evidence 


Manufacturers and sponsors are requested to present clinical evidence 
for their technology in the following sections. This section should be 
read in conjunction with NICE’s ‘Guide to the methods of technology 
appraisal’, sections 3 and 5.3.1 to 5.3.8.  


Please note that a considerable amount of data has been extracted to the 
appendices from this section to ensure that the section is easily readable and 
contains the most pertinent information. All tables requested by NICE in Section 6 
have been included, although many will be found in Appendix 2 (Search strategy for 
section 6.1.), Appendix 3 (complete list of studies for section 6.2.5), Appendix 4 
(description of RCT methodology for section 6.3.), Appendix 5 (Quality assessment 
of RCT(s) –section 6.4), Appendix 6 (tables relative to results of the relevant trials for 
section 6.5.), Appendix 7(Meta-analysis for Section 6.6.), and Appendix 8 (Adverse 
events -Section 6.9.). 
 
 


6.1 Identification of studies 


6.1.1 Describe the strategies used to retrieve relevant clinical data, 
both from the published literature and from unpublished data 
that may be held by the manufacturer or sponsor. The 
methods used should be justified with reference to the 
decision problem. Sufficient detail should be provided to 
enable the methods to be reproduced, and the rationale for 
any inclusion and exclusion criteria used should be provided. 
Exact details of the search strategy used should be provided 
in section 10.2, appendix 2. 


A systematic literature review has been carried out to identify all RCTs comparing 
canagliflozin as part of an add-on to metformin, MET+SU, MET+TZD or Insulin + 
OAD regimen vs. relevant comparators in adult patients with T2DM.  Exact details of 
the search strategies are provided in Appendix 2. 
 
A comprehensive literature search of the following electronic databases has been 
conducted: 


 MEDLINE® (including MEDLINE® In-Process) 


 Excerpta Medica Database (EMBASE®) 


 Cochrane Central Register of Controlled Trials (CENTRAL) 
 
MEDLINE and EMBASE were searched using the Embase.com interface.  
MEDLINE® In-process was searched using the Pubmed.com interface.  CENTRAL 
was searched using the Cochrane library interface. 
 
Databases were searched on the following dates (See Table 8).  







 


NICE Submission - Canagliflozin Page 52 of 310 


 
Table 8. Search of electronic databases 
 


Database Service provider Date of the search Time span of the search 
 


MEDLINE Ovid 
February 20, 2013, updated 
August 5, 2013 


1949 - August 5, 2013 
 


MEDLINE-IN-
PROCESS 


Ovid 
February 20, 2013, updated 
August 5, 2013 


Until August 5, 2013 
 


EMBASE Ovid 
February 20, 2013, updated 
August 5, 2013 


1947- August 5, 2013 
 


The Cochrane 
CENTRAL Register 


The Cochrane 
library 


February 20, 2013, updated 
August 7, 2013 


Until August 7, 2013 
 


 
 
The following conference proceedings/publications and HTA sites were searched 
from 1st January 2010 onwards (as studies were assumed to be published within 
three years of a presentation at a congress): 


 ADA (American Diabetes Association) scientific sessions 


 IDF (International Diabetes Federation) - World diabetes congress 


 CoDHY (Consensus in Diabetes, Obesity, and Hypertension) 


 DUK (Diabetes UK) 


 PDMS (Prediabetes and the Metabolic Syndrome Congress) 


 PCDS (Primary Care Diabetes Society) 


 ABCD (Association of British Clinical Diabetologists) 


 EASD (European Association for the Study of Diabetes) annual meetings 


 ClinicalTrial.gov 


 National Institute for Health and Clinical Excellence (NICE), England 


 Scottish Medicines Consortium (SMC), Scotland 


 All Wales Medicines Strategy Group (AWMSG), Wales 
 
Search terms were combined to capture three components of the study question: the 
disease of interest (T2DM), the interventions of interest and the study type of interest. 
Included in the review, were RCTs that had to meet pre-defined eligibility criteria 
related to the population characteristics, interventions, outcomes measures, relevant 
comparators, publication type (full-text publication/poster to be included), and the 
language of publication (English). In addition studies shorter than 12 weeks were 
excluded based on clinical expert opinion, as this is the minimum time thought to 
observe valid changes for the primary endpoint HbA1c (essentially a measure of 
average glucose of the past 2.5-3 months). The full inclusion criteria are listed in 
Section 6.2.   
 
Implementation and reporting of the systematic review followed the 
recommendations and standards required by NICE and the Preferred Reporting 
Items for Systematic Reviews and Meta- Analyses (PRISMA) statement. 
 
Citations were first screened based on the title and abstract by a first reviewer 
according to the pre-specified inclusion/exclusion. A second reviewer quality checked 
the assessment and any discrepancies were resolved by discussion or by a third 
independent reviewer. Citations that did not match the eligibility criteria were 
excluded at this stage. Duplicates of citations (due to overlap in the coverage of the 
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databases) were also excluded and full-text copies of all references that could 
potentially meet the eligibility criteria were ordered at this stage. 
 
Following this the eligibility criteria were applied to full-text citations. Data presented 
in the studies included at this stage were extracted in parallel by one reviewer, a 
second reviewer then performed the quality check on 20% of the publications. In 
addition, all data included in the meta-analysis were checked by a second analyst. 
Where more than one publication describing a single trial was identified, the data was 
compiled into a single entry in the data extraction table to avoid double counting of 
patients. 
 


6.2 Study selection  


6.2.1 Describe the inclusion and exclusion selection criteria, 
language restrictions and the study selection process. A 
justification should be provided to ensure that the rationale is 
transparent. A suggested format is provided below. 


 


Table 9. Eligibility criteria used in search strategy 


 Clinical effectiveness Rationale 


Inclusion 
criteria 
 


1. RCTs; The review includes RCTs, as these are the gold 
standard of clinical evidence, minimising the risk of 
confounding factors besides allowing a comparison of 
the efficacy of the interventions 


2. In the treatment of inadequately 
controlled T2DM; 


The population has been restricted to match the stated 
decision problem for the treatment of T2DM. 


3. At least one treatment of interest; The interventions have been restricted to provide an 
indirect comparison between the canagliflozin and the 
comparators listed in the NICE scope. 


4. Study duration of 12 weeks or more. The studies identified should at least be of 12 weeks 
duration to allow potential indirect comparison with 
canagliflozin.  


5. Outcomes: 


 HbA1c 


 FPG 


 BP 


 Body weight / BMI 


 Incidence of hypoglycaemia 


These outcomes were chosen as these are frequently 
measured and reported in the trials involving T2DM 
patients; and are relevant to the interventions 
considered in this SLR and the scope. 


Exclusion 
criteria 


1. Studies in:  


 children,  


 animals or in vitro studies,  


 Dose ranging and Phase 1 studies 


These studies were excluded as they are not relevant 
to the decision problem.  


2. Other type of studies: 


 Comparative observational 


 Editorial, letter, or comment 


 Case control studies 


 Cohort studies 


 Registries 


These studies were not included as they are generally 
smaller, non-comparative studies. Other comparative 
studies which were not RCTs were also excluded due 
to the risk of confounding factors. 


3. Studies on other OAD which were not 
listed in NICE Scope 


The interventions have been restricted to provide an 
indirect comparison between canagliflozin and the 
comparators listed in the NICE scope. 


4. Studies not in English The restriction would not limit results substantially due 
to data availability in English language. 
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6.2.2 A flow diagram of the numbers of studies included and 
excluded at each stage should be provided using a validated 
statement for reporting systematic reviews and meta-analyses 
such as the QUOROM statement flow diagram (www.consort-
statement.org/?o=1065). The total number of studies in the 
statement should equal the total number of studies listed in 
section 6.2.4. 


The search of literature databases and conference abstracts yielded 19,176 separate 
reference citations. Due to the overlap of coverage between the databases, 7,477 
citations were found to be duplicates, leaving a total of 11,699 citations. Following 
screening of these citations, 648 potentially relevant references were identified and 
11,051 were disregarded for various reasons (see Appendix 2). Full-text reports of 
these citations were obtained for more detailed evaluation. Following detailed 
examination of the 648 references, 440 references were disregarded as they did not 
meet the inclusion criteria, leaving 208 citations for data extraction and use in the 
SRL (also called narrative review. (72)  


 


6.2.3 When data from a single RCT have been drawn from more than 
one source (for example, a poster and a published report) 
and/or when trials are linked (for example, an open-label 
extension to an RCT), this should be made clear.  



http://www.consort-statement.org/?o=1065

http://www.consort-statement.org/?o=1065
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Table 10. List of relevant included RCTs related to Canagliflozin 


Study Primary study 
Linked publications from  


|Janssen internal database 
Linked publications from 
conference proceedings 


DIA3009  Cefalu et al. The 
Lancet 2013  (2) 


Clinical Study report (CSR) - 
JNJ-28431754 DIA3009 - 52-
Week Core Double-Blind Period 
(2012) (73) 


CSR - JNJ-28431754 DIA3009 
- 104-Week extension Double-
Blind phase (2013) (74) 


Niskanen et al. EASD 2012 (75) 


Toubro et al. EASD 2012 (76) 


Niskanen et al. CODhy 2012 (77) 


Toubro et al. CODhy 2012 (78) 


Cefalu et al. ADA 2012 (79) 


Cefalu et al. ADA 2013 (80) 


DIA3006 Lavalle-Gonzalez 
et al. Diabetologia 
2013 (6) 


CSR - JNJ-28431754 DIA3006 
- 26-Week Core Double-Blind 
Period (2012) (81) 


- 52-Week extension Double-
Blind Period (2012)  (82) 


Lavalle-Gonzalez et al. ADA 2013 
(83) 


DIA3008 SU 
sub-study 


N/P CSR - JNJ-28431754 DIA3008 
SU sub-study - 18-Week Core 
Double-Blind Period (2012) (84) 


Fulcher et al.  ADA 2013 (27) 


DIA3015 Schernthaner et 
al. Diabetes Care 
2013  (7) 


CSR - JNJ-28431754 DIA3015 
- 52-Week Core Double-Blind 
Period (2012) (85) 


Schernthaner et al. CODhy 2012 
(86) 


Gross et al. ADA 2012 (87) 


Schernthaner et al. EASD 2013 
(88) 


DIA3002 N/P CSR - JNJ-28431754 DIA3002 
- 26-Week Core Double-Blind 
Period (2012)  (89) 


- 52-Week Extension Double-
Blind Period (2013) (90) 


Wilding et al. CODhy 2012 (91) 


Wilding et al. EASD 2012 (28) 


Wilding et al. ADA 2012 (28) 


Vercruysse et al. EASD 2013 (92) 


DIA3012 N/P CSR - JNJ-28431754 DIA3012 
- 26-Week Core Double-Blind 
Period (2012)  (93) 


- 52-Week Extension Double-
Blind Period (2013) (94) 


Forst et al. CODhy 2012 (95) 


Forst et al. ADA 2013 (29) 


DIA3008 Insulin 
sub-study 


N/P CSR - JNJ-28431754 DIA3008 
insulin sub-study - 18-Week 
Core Double-Blind Period 
(2012) (84) 


Matthews et al. EASD 2012 (30) 


Rosenstock et al. ADA 2013 (96) 


DIA3010 - Older 
patient study 


Bode et al. 
Hospital Practice 
2013 (32) 


N/R  Bode et al. EASD 2012 (31) 


Toubro et al. EASD 2012 (76) 


Toubro et al. CODhy 2012 (78) 


DIA3004 - 
Renal 
Impairment 
study 


Yale et al. 
Diabetes Obes 
Metab 2013 (34) 


N/R  Yale et al. EASD 2012 (33) 


Woo et al. CODhy 2012 (97) 


Yale et al.  ADA 2012 (98) 


Yale et al. ADA 2013 (99) 


Woo et al. ADA 2013 (100) 


Nieto et al. EASD 2013 (101) 


DIA3014 – 
Asian study 


N/P CSR - JNJ-28431754 DIA3014 
- 18-Week Core Double-Blind 
Period (2018) (35) 


N/P 


DIA3008 Neal et al. Am 
Heart J 2013 (9) 


N/R Wysham et al. Poster presented at 
ADA 2013 (102) 


Legend: N/P: not published; N/R: not relevant to the decision problem 
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Complete list of relevant RCTs 


6.2.4 Provide details of all RCTs that compare the intervention with 
other therapies (including placebo) in the relevant patient 
group. The list must be complete and will be validated by 
independent searches conducted by the Evidence Review 
Group. This should be presented in tabular form. A suggested 
format is presented below. 


Canagliflozin has been studied in the largest pre-licence Phase 3 programme for 
T2DM to date, with over 10,000 subjects enrolled in multiple centres across the globe 
(including the UK) and over 8,000 subject/years of exposure on canagliflozin. There 
are 12 potentially relevant Phase 3 RCTs (including two sub-studies of trial 
DIA3008). 
 
Monotherapy 
One of these twelve studies evaluated canagliflozin as a  monotherapy 
(DIA3005).(18)  It should be noted that the SRL did not cover studies related to use 
of OAD as monotherapy as they are considered as not relevant to the decision 
problem.  
 
Dual therapy 
Three studies are in dual therapy, two of which are on a background of metformin 
and one of which is on a background of SU.  


 DIA3009 (NCT00968812): canagliflozin 300mg and 100mg versus SU 
(glimepiride) on a background of metformin. (2) 


 DIA3006 (NCT01106677): canagliflozin 300mg and 100mg versus placebo or 
sitagliptin on a background of metformin. (6) 


 DIA3008 SU sub-study (NCT01032629): canagliflozin 300mg and 100mg versus 
placebo. (27) 


 
Triple therapy 
Three studies are in triple therapy, two of which are on a background of metformin 
plus SU and one of which is on a background of MET+TZD. 


 DIA3015 (NCT01137812): canagliflozin 300 mg versus sitagliptin 100 mg on a 
background of MET+SU.  (7) 


 DIA3002 (NCT01106625): canagliflozin 300 mg and 100 mg versus placebo on a 
background of MET+SU. (28;91) 


 DIA3012 (NCT01106690): canagliflozin 300mg and 100mg versus 
placebo/sitagliptin on a background of MET+TZD. (29;95) 


 
Add-on to insulin therapy 
One study is as add-on to insulin (with or without OAD). 


 DIA3008 insulin sub-study (NCT01032629): canagliflozin 300mg and 100mg 
versus placebo on a background of Insulin + SoC. (30;96) 


 
Four more studies have evaluated canagliflozin in various patient populations: 
DIA3010 was conducted in older T2DM patients (32), DIA3004 was conducted in 
T2DM patients with moderate renal impairment (34), DIA3014 was conducted in 
T2DM Asian patients (35) and DIA3008 was conducted in T2DM patients at high risk 
for CVD(9). 
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A table detailing the list of relevant RCTs can be found in Table 1 of Appendix 4. 
Note that this table does not include any information regarding study DIA3005 (use of 
canagliflozin as monotherapy), leaving a total of 11 studies to evaluate. 
 
 


6.2.5 Please highlight which of the RCTs identified above compares 
the intervention directly with the appropriate comparator(s) 
with reference to the decision problem. If there are none, 
please state this. 


As presented in table 6 of Appendix 3, 11 studies (including two sub-studies of trial 
DIA3008) comparing canagliflozin with a relevant comparator were identified. Within 
these 11 studies, canagliflozin was compared to sitagliptin, SU and placebo as 
illustrated below. 
 
Comparison with sitagliptin 


 Dual therapy as add-on to metformin: DIA3006 


 Triple therapy as add-on to MET+SU: DIA3015 
 
Comparison with SU 


 Dual therapy as add-on to metformin: DIA3009 
 
Comparison with placebo 


 Dual therapy as add-on to metformin: DIA3006 


 Dual therapy as add-on to SU: DIA3008 SU sub-study 


 Triple therapy as add-on to MET+SU: DIA3002 


 Triple therapy as add-on to MET+TZD: DIA3012 


 Add-on to insulin: DIA3008 insulin sub-study 


 Older patients: DIA3010 (all lines of therapy) 


 Renal impaired patients: DIA3004 (all line of therapy) 


 Asian T2DM patients: DIA3014  


 All T2DM patients with an elevated risk of CV disease: DIA3008 
 
 


6.2.6 When studies identified above have been excluded from 
further discussion, a justification should be provided to 
ensure that the rationale for doing so is transparent. For 
example, when studies have been identified but there is no 
access to the level of trial data required, this should be 
indicated. 


A number of the phase 3 studies are not considered in detail in this submission for 
the reasons given below: 
 
DIA3008 SU sub-study  - Dual therapy with canagliflozin+SU vs. placebo+SU  (27) 


NICE guideline 87 (The management of T2DM) recommends metformin 
as the preferred first-line treatment. (37)  However, a proportion of 
patients receive SU first-line because metformin is contra-indicated in 
patients with renal impairment (CrCL < 60 ml/min). The canagliflozin 
SmPC does not recommend starting patients whose CrCL < 60mls/min 
on canagliflozin therefore this population of patients on SU monotherapy 
would not be eligible for canagliflozin treatment. (Appendix 1). 
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DIA3010 Study in older subjects – all lines of therapies (31;32)  
Data from this study is excluded as the background therapy could 
include any approved oral or injectable treatment. Patients were 
randomised to the addition of placebo or canagliflozin (100mg or 
300mg) to their existing treatment and the results were not provided by 
line of therapy. 


 
DIA3004 Study in patients with renal impairment (33;34) 


Data from this study is excluded as the background therapy could 
include any approved oral or injectable treatment. Patients were 
randomised to the addition of placebo or canagliflozin (100mg or 
300mg) to their existing treatment and the results were not provided by 
line of therapy. Furthermore, these patients had a stage 3 chronic 
kidney disease (CKD, eGFR ≥30 and <50 ml/min/1.73 m2), outside of 
the expected license for canagliflozin. (25) 
 


DIA3014 Asian study (35) 
This study included T2DM patients with all lines of therapy and no sub-
analyses by background regimen was conducted. Furthermore, the 
duration of the double-blind period was relatively short in duration at 
only 18 weeks.  


 
DIA3008 CV safety study - CANVAS (9) 


CANVAS is a safety study carried out in 4,330 patients which will report 
in 2017. DIA3008 will not report on efficacy with the exception of two 18-
week sub-studies. One sub-study considered dual therapy with SU plus 
canagliflozin versus placebo and has been excluded from this 
submission (see above rationale in Table 7 of Section 5). The other 
DIA3008 sub-study considered insulin therapy plus canagliflozin versus 
insulin therapy plus placebo.  The add-on to insulin sub-study was 
carried out over 18 weeks and efficacy data is available in poster 
format. This sub-study was included in the submission. (30;96) 


 
The list of trials that will be detailed as part of this submission is presented in Figure 
4 (see studies indicated as darker boxes). 
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Figure 4. Phase 3 clinical development programme for canagliflozin, studies included 
in this NICE submission (indicated as navy boxes).  


 
Legend: PBO: Placebo, MET: Metformin, SITA: Sitagliptin, SU: Sulphonylurea, TZD: Thiazolidinedione, CANVAS: Canagliflozin 
Cardiovascular Assessment Study. 


 
 
6.2.7 Please provide details of any non-RCTs (for example 


experimental and observational data) that are considered 
relevant to the decision problem and a justification for their 
inclusion. Full details should be provided in section 6.8 and 
key details should be presented in a table; the following is a 
suggested format. 


There are no relevant non-RCTs. 
 


6.3 Summary of methodology of relevant RCTs 


6.3.1 As a minimum, the summary should include information on 
the RCT(s) under the subheadings listed in this section. Items 
2 to 14 of the CONSORT checklist should be provided, as well 
as a CONSORT flow diagram of patient numbers 
(www.consort-statement.org). It is expected that all key 
aspects of methodology will be in the public domain; if a 
manufacturer or sponsor wishes to submit aspects of the 
methodology in confidence, prior agreement must be 
requested from NICE. When there is more than one RCT, the 
information should be tabulated. 



http://www.consort-statement.org/
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Methods 


6.3.2 Describe the RCT(s) design (for example, duration, degree and 
method of blinding, and randomisation) and interventions. 
Include details of length of follow-up and timing of 
assessments. The following tables provide a suggested format 
for when there is more than one RCT.  


All studies included in this submission, except for DIA3008 insulin sub-study, follow 
the same broad study design and the same primary end-point. Therefore, study 
designs for DIA3006, DIA3009, DIA3012, DIA3002 and DIA3015 will be presented 
together (see Figure 5).  
 
Table 2 of Appendix 4 illustrates the study methodology for the dual therapy studies 
(DIA3006 and DIA3009), Table 3 illustrates the study methodology for the triple 
therapy studies (DIA3012, DIA3002 and DIA3015) and Table 4 for the insulin sub-
study (DIA3008 insulin sub-study). 
 
 
Dual therapy and triple therapy studies  
 
Studies DIA3009, DIA3006, DIA3015, DIA3002 and DIA3012 randomised patients 
uncontrolled on baseline therapy (one or two baseline therapies) to the addition of 
treatment with canagliflozin, active comparator, placebo or both. The studies all 
consisted of a pre-treatment period, a core double-blind treatment period and in all 
cases, except DIA3015, an extension period.  
 
Figure 5. Schematic of study design for canagliflozin Phase 3 studies in dual and triple 
therapy 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
During the pre-treatment period, there was a 12-week run-in period where baseline 
treatment was titrated and stabilised to the dose specified in the protocol. This was 
followed by a 2-week single-blind placebo run-in period. At randomisation patients 


Phase 3 Study design


Pretreatment  Period Double-blind Treatment Period


Screening 
Visit


Week -2
Run-in Start


Day 1
Baseline


AHA 
Adjustment 
Period Start


• On protocol-specified doses of back 
ground therapy


• Protocol specified HbA1c


Week 52
Primary 
Endpoint
•DIA3009
•DIA3015


Continue stable protocol-specified dose of background


CANA 300 mg


CANA 100 mg (except DIA3015)


Comparator arm (except DIA3006 (2arms))


Not on protocol-
specified doses of 
background 


1.Titrate b/g
(2-4 wks)


2.Stable b/g
dose (8-
10wks)


HbA1C
≥7% and ≤9.5%


2-week 
single-
blind 


placebo 
run-in


R


Week 26
Primary 
Endpoint
•DIA3002
•DIA3012
•DIA3006


52
 w


ee
k 


ex
te


n
si


o
n


 D
IA


30
09


 







 


NICE Submission - Canagliflozin Page 61 of 310 


entered the canagliflozin arm (100mg or 300mg) and the control arm (placebo and/or 
active treatment) for the double-blind treatment period. At the end of this period the 
primary efficacy end-point (change in HbA1c from baseline to end of the double-blind 
treatment period) was determined. Patients continued in the study for an extension 
period of varying duration. 
 
Diagrams of the design for each study are shown in Figures 1 to 6 in Section 10.4.2 
(Appendix 4). 
 
The main differences in the studies are in terms of the comparator and length of the 
study period and their background therapy:  


 Comparator:  


o DIA3006 has both placebo and active (sitagliptin) control arms. Placebo 
comparison was made after the first 26-week core period of the study, 
patients in the placebo arm then crossed-over to sitagliptin to maintain the 
blind on the control for 52 weeks.  However no further analyses were 
conducted on this arm after week 26.  The active control arm of sitagliptin 
100mg was assessed only at 52 weeks for non-inferiority.  


o DIA3009 and DIA3015 trials are active (SU and sitagliptin respectively) 
controlled.  


o DIA3012 and DIA3002 trials are placebo-controlled. 


o DIA3012 trial is placebo-controlled during the first 26-week core period of 
the study and assessment was done at this point. Patients in the placebo 
arm then cross-over to sitagliptin after 26 weeks to maintain a control arm 
for 52 weeks.  However, no further assessment vs. the comparator is 
conducted.  


 Length of the study period:  DIA3006, DIA3012 and DIA3002 trials have a 26-
week double-blind period followed up by a 26-week extension period (26/26), 
DIA3009 has a 52-week double-blind period followed up by a 52-week extension 
period (52/52) and DIA3015 has a 52-week double-blind period without an 
extension period (see Figure 5). 


 There are slight differences in the secondary end-points, although all studies 
share the same primary end-point. 


 
 
DIA3008 (CANVAS) insulin sub-study- Add-on to insulin study 
 
The study comparing the addition of canagliflozin to placebo added to INS+SoC had 
a different study design to the studies outlined above. DIA3008 insulin sub-study is a 
prospective sub-study of the much larger CANVAS study.  All patients enrolled into 
CANVAS had a history of CVD or were at high risk of CV disease. (30;96) 
 
Patients enrolled into CANVAS were either not on anti-diabetic treatment or on 
monotherapy or combination with any approved treatment, including insulin. The 
patients included in the insulin sub-study were on insulin alone or INS+SoC. The 
dose of insulin was 30 IU/day or higher in patients included in the sub-study.(30;96)  
The DIA3008 insulin sub-study was 18 weeks in duration, although patients continue 
to be followed as per the specification of the overall CANVAS study. 
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Participants 


6.3.3 Provide details of the eligibility criteria (inclusion and 
exclusion) for the trial. The following table provides a 
suggested format for the eligibility criteria for when there is 
more than one RCT.  Highlight any differences between the 
trials. 


We have presented the dual therapy, triple therapy and add-on to insulin studies as 
three separate tables due to differences in study population by treatment line (see 
Table 11 and Table 12). In the tables relevant to dual therapy as add-on to 
metformin, and triple therapy as add-on to metformin and SU, common eligibility 
criteria between studies are listed first, followed by the criteria which differ between 
trials.  
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Table 11. Eligibility criteria in the RCTs – dual therapy 
 


Trial no. 
(acronym) 


Inclusion criteria  Exclusion criteria  


Dual therapy: patients on baseline metformin  


Common criteria  Man or woman ≥18 and ≤80 years of age with T2DM  History of diabetic ketoacidosis, T1DM, pancreas or beta-cell transplantation, or diabetes 
secondary to pancreatitis or pancreatectomy 


 Repeated FPG and/or fasting SMBG glucose measurements ≥270 mg/dL (15 mmol/L) during the 
pre-treatment phase 


 Myocardial infarction, unstable angina, revascularization procedure, or cerebro-vascular accident 
within 3 months before screening, or planned revascularization procedure i, or subject has a 
history of New York Heart Association (NYHA) Class III-IV cardiac disease 


 Serum creatinine ≥1.4 mg/dL (124 μmol/L) for men and ≥1.3 mg/dL (115 μmol/L) for - women; or 
eGFR <55 mL/min/1.73m2 (or <60 mL/min/1.73m2 if based upon restriction of metformin use in the 
metformin local label) 


CANTATA-SU 
Trial 
NCT00968812 
(DIA3009) 
 


Different criteria 


 On metformin monotherapy at stable protocol-specified doses a 
for at least 12 weeks prior to screening, with an HbA1c of ≥7% 
and ≤9.5% at screening 


 On metformin monotherapy at a dose <2,000 mg/day with an 
HbA1c of ≥7.5%  and ≤10% at screening and an HbA1c of 
≥7.0% and ≤9.5% after at least 10 weeks on a stable protocol-
specified dose of metformin 


 On metformin at a stable protocol specified dose in combination 
with one other oral non-thiazolidinedione (TZD) AHA with an 
HbA1c of ≥6.5% and ≤9.0% at screening and has a Week -2 
visit HbA1c of ≥7.0% and ≤9.5%, after discontinuing the AHA 
and on a stable protocol-specified dose* of metformin at least 10 
weeks 


 On metformin at a dose <2,000 mg/day in combination with one 
other oral non-TZD AHA with an HbA1c of ≥6.5% and ≤9.0% at 
screening and had a Week -2 visit HbA1c 
of ≥7.0% and ≤9.5%, after discontinuing the AHA and on a 
stable protocol-specified dose* of metformin at least 10 weeks 


Different criteria 


 History of >1 severe hypoglycaemic episode, defined as an episode that requires the help of 
another person, or resulting in seizure, or loss of consciousness, within 6 months before 
screening. 


 History of an ongoing eating disorder or significant weight loss or weight gain, defined as an 
increase or decrease of 5% in body weight (based on subject report) within 3 months before 
screening 


 History of prior bariatric surgical procedures 


 Alanine aminotransferase level >2.0 times the ULN or total bilirubin >1.5 times the ULN at 
screening 


 Have taken TZD therapy in the past 16 weeks before screening 
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Trial no. 
(acronym) 


Inclusion criteria  Exclusion criteria  


CANTATA-D 
Trial 
NCT01106677 
(DIA3006) 
 
 


Different criteria 


 On metformin IR monotherapy at a stable protocol-specified 
dose* for at least 8 weeks before screening and had an HbA1c 
of ≥7.0% and ≤10.5% at screening 


 On metformin XR monotherapy at a protocol-specified dose* 
with an HbA1c of ≥7.0% and ≤10.5% at screening 


 On metformin monotherapy (IR or XR) at a dose <2,000 mg/day 
with an HbA1c of ≥7.0% and ≤11.0% at screening 


 On metformin (IR or XR) in combination with an SU with an 
HbA1c of ≥6.5% and ≤9.5% at screening  


 With an HbA1c of ≥7.0% and ≤10.5% at week -2 


 FPG <270 mg/dL (15 mmol/L) at Week -2. 


 Centre fasting fingerstick glucose of ≥110 mg/dL (6.1 mmol/L) 
and <270 mg/dL (15 mmol/L) on Day 1 


Different criteria 


 On either a thiazolidinedione (pioglitazone or rosiglitazone), ongoing insulin therapy, another 
SGLT-2 inhibitor, or any other AHA (including agents such as colesevelam and bromocriptine 
within 12 weeks before the screening visit 


 Findings on 12-lead ECG that required urgent diagnostic evaluation or intervention (e.g., new 
clinically important arrhythmia or conduction disturbance) 


 Uncontrolled hypertension at Week -2 
 


DIA3009: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride (CANTATA-SU); DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator 
Trial (CANTATA-D) 
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Table 12.  Eligibility criteria in the RCTs – triple therapy and add-on to insulin therapy 
 


Trial no. 
(acronym) 


Inclusion criteria  Exclusion criteria  


Triple therapy: patients on baseline metformin plus SU 


Common criteria  Man or woman ≥18 and ≤80 years of age with T2DM 


 On metformin and an SU at protocol-specified doses for at 
least 8 weeks prior to screening, with an HbA1c of ≥7.5% 
and ≤10.5% at screening 


On metformin and an SU, either or both at doses below protocol-
specified, with an HbA1c of ≥7.5%  at screening and of  and 
HbA1c of ≥7.0% and ≤10.5% at Week -2 


 History of diabetic ketoacidosis, T1DM, pancreas or beta-cell transplantation, or diabetes 
secondary to pancreatitis or pancreatectomy 


 Myocardial infarction, unstable angina, revascularization procedure, or cerebrovascular accident 
within 3 months before screening, or planned revascularization procedure i, or subject has a 
history of New York Heart Association (NYHA) Class III-IV cardiac disease 


 Serum creatinine ≥1.4 mg/dL (124 μmol/L) for men and ≥1.3 mg/dL (115 μmol/L) for - women; or 
eGFR <55 mL/min/1.73m2 (or <60 mL/min/1.73m2 if based upon restriction of metformin use in 
the metformin local label) 


 Uncontrolled hypertension at Week -2 


 Findings on 12-lead ECG that required urgent diagnostic evaluation or intervention (e.g., new 
clinically important arrhythmia or conduction disturbance) 


CANTATA-D2 
Trial  
NCT01137812 
(DIA3015) 
 
Met+SU+ 


N/A Different criteria  


 Repeated FPG and/or fasting SMBG glucose measurements ≥300 mg/dL (15 mmol/L) during the 
pre-treatment phase. Note ≥270 mg/dL (16.75 mmol/L) in all other studies. 


 On either a thiazolidinedione (pioglitazone or rosiglitazone), ongoing insulin therapy, another 
SGLT-2 inhibitor, or any other AHA (including agents such as colesevelam and bromocriptine 
within 12 weeks before the screening visit 


CANTATA-MSU 
Trial  
NCT01106625 
(DIA3002) 


N/A Different criteria 


 Treatment with either a PPARγ agonist, ongoing insulin therapy, another SGLT2-i, or any other 
AHA (other than specified in inclusion criteria) within 12 weeks before screening 


Triple therapy: patients on baseline metformin plus pioglitazone 


CANTATA-MP 
Trial  
NCT01106690 
(DIA3012) 


 Man or woman ≥18 and ≤80 years of age with T2DM  


 FPG <270 mg/dL (15 mmol/L) at Week -2 


 History of diabetic ketoacidosis, T1DM, pancreas or beta-cell transplantation, or diabetes 
secondary to pancreatitis or pancreatectomy 
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Trial no. 
(acronym) 


Inclusion criteria  Exclusion criteria  


CANTATA-MP 
Trial  
NCT01106690 
(DIA3012) 


 Fasting fingerstick glucose of ≥110 mg/dL (6.1 mmol/L) and 
<270 mg/dL (15 mmol/L) on Day 1 


 On either a dual combination of metformin and pioglitazone, 
a  dual combination of metformin and a TZD (pioglitazone 
or rosiglitazone), a  dual combination of  a TZD and another 
oral AHA , or a triple combination of metformin, a TZD and 
an SU (or meglitinide) or a DPP-4-i  


 With an HbA1c of ≥7.5% and ≤10.5% at screening (stable 
doses for at least 8 weeks prior to screening), and/or HbA1c 
of  ≥7.0% and ≤10.5% at Week -2, after at least 8 weeks on 
stable 
protocol-specified doses of metformin and pioglitazone 


 Myocardial infarction, unstable angina, revascularization procedure, or cerebrovascular accident 
within 3 months before screening, or planned revascularization procedure i, or subject has a 
history of New York Heart Association (NYHA) Class III-IV cardiac disease 


 Serum creatinine ≥1.4 mg/dL (124 μmol/L) for men and ≥1.3 mg/dL (115 μmol/L) for - women; or 
eGFR <55 mL/min/1.73m2 (or <60 mL/min/1.73m2 if based upon restriction of metformin use in 
the metformin local label) 


 Uncontrolled hypertension at Week -2 


 Alanine aminotransferase level >2.0 times the ULN or total bilirubin >1.5 times the ULN at 
screening 


 Ongoing eating disorder or significant weight loss or weight gain (±5%) within 12 weeks 


 Contraindication to the use of metformin or pioglitazone or sitagliptin 


Add-on to insulin therapy: Patients on insulin ± OAD 


CANVAS  Add-on 
to insulin  sub-
study  
NCT01032629 
(DIA3008) 


 Man or woman ≥18 and ≤80 years of age with T2DM  


 HbA1c level ≥7.0% to ≤10.5% at screening and be either 
not on AHA therapy or on AHA monotherapy or combination 
therapy with any approved agent; e.g., sulphonylurea, 
metformin, pioglitazone, alpha-glucosidase inhibitor, GLP-1-
a, dipeptidyl peptidase-4 inhibitor, or insulin at screening 


 History or high risk of CV disease  


 History of diabetic ketoacidosis, T1DM, pancreas or beta-cell transplantation, or diabetes 
secondary to pancreatitis or pancreatectomy 


 Serum creatinine ≥1.4 mg/dL (124 μmol/L) for men and ≥1.3 mg/dL (115 μmol/L) for 
women 


 Alanine aminotransferase level >2.0 times the ULN or total bilirubin >1.5 times the ULN at 
screening 


 Fasting fingerstick glucose of ≥270 mg/dL (15 mmol/L) on Day 1 (and for subjects on a 
sulphonylurea agent or on insulin: fasting fingerstick glucose <110 mg/dL (<6 mmol/L) on Day 1) 


 On an AHA and not on a stable regimen for at least 8 weeks before the screening visit and 
through the screening/run-in period 


 eGFR <30 mL/min/1.73m2 at screening 
DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-
MSU); DIA3012: CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);  DIA3008 insulin sub-study: CANagliflozin cardioVascular Assessment Study (CANVAS insulin sub-study); 
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6.3.4 Describe the patient characteristics at baseline. Highlight any 
differences between study groups. The following table 
provides a suggested format for the presentation of baseline 
patient characteristics for when there is more than one RCT. 


We have presented the patient characteristics of the RCTs in dual, triple and add-on 
to insulin therapy in three separate tables (see Tables 10 to 12 in Section 10.4.3. - 
Appendix 4). 
 
Overall, patients were well matched across arms within studies and were 
representative of the T2DM population in terms of demographics, baseline 
characteristics and duration of T2DM for each line of therapy 
 
Patients in the dual therapy studies (DIA3009 and DIA3006) all received baseline 
metformin. Patients were well matched across the two studies.  Aged in their mid-
50s, around one-half of patients were men, 70% white and mean baseline HbA1c 
7.8% to 8% (62 to 64mmol/mol). The duration of diabetes ranged from 6.5 years to 
7.1 years and was slightly higher in DIA3006 compared with DIA3009.  
 
Patients in the triple therapy studies were also aged in their mid-50s and around one-
half were men, most were white, although the percentages varied by study (around 
64% in DIA3015, 82% in DIA3002 and 63% in DIA3012) and mean baseline HbA1c 
was approximately 8% (64mmol/mol).  The duration of diabetes was similar in the 
two studies in patients on baseline metformin and SU (DIA3015 and DIA3002) at 9-
10 years and slightly higher in the study in patients on baseline metformin and 
pioglitazone (DIA3012).  
 
As would be expected, patients in the add-on to insulin sub-study were older, in their 
early 60s, with a duration of diabetes of 16 years and mean baseline HbA1c of 8.3% 
(67mmol/mol). Around two-thirds of patients were men (67%) and most were white 
(78%). This patient group also had a high risk for CVD and were therefore different 
from the populations in the other lines of therapy study 
 
 


Outcomes 


6.3.5 Provide details of the outcomes investigated and the 
measures used to assess those outcomes. Indicate which 
outcomes were specified in the trial protocol as primary or 
secondary, and whether they are relevant with reference to the 
decision problem. This should include therapeutic outcomes, 
as well as patient-related outcomes such as assessment of 
health-related quality of life (HRQL), and any arrangements to 
measure compliance. Data provided should be from pre-
specified outcomes rather than post-hoc analyses. When 
appropriate, also provide evidence of reliability or validity, and 
current status of the measure (such as use within UK clinical 
practice). The following table provides a suggested format for 
presenting primary and secondary outcomes when there is 
more than one RCT. 


The primary end-point of all efficacy studies is the change from baseline in HbA1c 
(%), defined as LS mean changes in HbA1c. Change in HbA1c is the primary aim of 
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treating T2DM patients with AHAs and is used in clinical practice to determine if a 
treatment should be continued. 
 
The secondary outcomes are listed below in Table 13. A more detailed table 
specifying the end-points for each trial may be found in Table 8 of Appendix 4. 
 
Table 13. Secondary outcomes and reliability/validity/current use in clinical practice. 


Secondary outcome(s) and measures Reliability/validity/current use in clinical practice 


 Change in HbA1c from baseline to week X* 
post primary analysis 


 Durability of glycaemic control 


Change in HbA1c is the primary aim of treating T2DM 
patients with AHA and is used in clinical practice to 
determine if a treatment should be continued.  


 Proportion of subjects with HbA1c <7.0% and 
<6.5% at week X* 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXX  


 Change in FBG from baseline to week X* FBG is a one-off measure of blood glucose and is a limited 
indication of outcomes relevant for the management of 
T2DM patients.  This secondary end-point was not 
presented in this submission but information can be found 
in the clinical trial reports (CSRs).  


 Change in body weight from baseline to week 
X* 


 Change in body composition from baseline to 
week X* 


 The proportion of subjects with at least 5% or 
10% body weight reduction from baseline was 
also evaluated. 


People with T2DM tend to be overweight, increase weight 
over time and welcome support to induce a weight 
reduction, especially when related to fat loss rather than a 
reduction in lean mass. 


 Incidence of hypoglycaemia between baseline 
to week X* 


Major side-effects associated with AHAs, which can 
generate high level of non-elective admissions in clinical 
practice 


 Change in SBP and DBP from baseline to 
week X* 


 Change in fasting triglycerides, fasting HDL-C, 
and other fasting lipid levels  from baseline to 
week X* 


 


BP and fasting lipid levels are indicators of risk of 
developing longer term CV diseases and are important 
outcomes for T2DM patients in clinical practice  


Use (and time to initiation) of rescue medication 
prior to week X* 


Reflects treatment stopping rule due to glycaemic failure 


Discontinuation rates Reflects  AEs leading to discontinuation 
* Week X is used in this table as duration varied by study 


 
 


Statistical analysis and definition of study groups 
6.3.6 State the primary hypothesis or hypotheses under 


consideration and the statistical analysis used for testing 
hypotheses. Also provide details of the power of the study and 
a description of sample size calculation, including rationale 
and assumptions. Provide details of how the analysis took 
account of patients who withdrew (for example, a description 
of the intention-to-treat analysis undertaken, including 
censoring methods; whether a per-protocol analysis was 
undertaken). The following table provides a suggested format 
for presenting the statistical analyses in the trials when there 
is more than one RCT.  
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Table 14. Summary of statistical analyses in RCTs 


Trial no. (acronym) Hypothesis objective Statistical analysis Sample size, power 
calculation  


Data management, patient 
withdrawals 


Dual therapy: patients on baseline metformin 


DIA3009 Primary objective was to demonstrate the 
non-inferiority of canagliflozin versus 
glimepiride.  If this was shown then 
canagliflozin potential superiority to 
glimepiride was examined. 
 
The primary efficacy variable was the 
treatment difference in HbA1c LS means 
between canagliflozin minus glimepiride 
at week 52. 


The analysis of the primary end-point was 
based on an ANCOVA model with treatment 
and stratification factors as fixed effects and 
HbA1c baseline value as covariate, based on 
the mITT analysis set using LOCF approach.  
 
The upper bound of the 95% CI of the 
treatment difference in LS means was used 
in the non-inferiority testing of the 
comparison with the non-inferiority margin 
0.3%.  Superiority of canagliflozin versus 
glimepiride was concluded when the upper 
bound of the 2-sided 95% CI of the treatment 
difference in LS means between canagliflozin 
minus glimepiride from the ANCOVA model 
was less than 0. The p-values for the testing 
of superiority in terms of HbA1c were 
calculated by comparing the LS means. 


The planned sample size of 427 
patients in each treatment 
group provided a power of 90% 
to demonstrate a group 
difference of 0.0% and a 
common standard deviation of 
1.0% with respect to change in 
HbA1c, and using a 2-sample, 
1-sided t-test with Type I error 
rate of 0.0125 for the 
comparison of each 
canagliflozin dose with 
glimepiride. 


Analyses were carried out using mITT 
principles and included randomised 
subjects who took at least 1 dose of 
double-blind study drug 
 
The primary analysis and the analysis 
of major secondary efficacy end-points 
was performed using the mITT 
analysis set. 
 
Analyses based on the PP analysis set 
were performed as supportive 
analyses. 
 
Only mITT results are reported in the 
submission. 
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Trial no. (acronym) Hypothesis objective Statistical analysis Sample size, power 
calculation  


Data management, patient 
withdrawals 


DIA3006 Primary objective was to demonstrate the 
superiority of canagliflozin to placebo on 
the reduction of HbA1c from baseline. 
The primary efficacy variable as the 
treatment difference in HbA1c LS means 
between canagliflozin minus placebo at 
week 26. 
Secondary endpoint of non-inferiority to 
sitagliptin 100mg based on difference of 
LS mean HbA1c at 52 weeks 


The analysis of the primary end-point was 
based on an ANCOVA model with treatment 
and stratification factors as fixed effects and 
HbA1c baseline value as covariate, based on 
the mITT analysis set using LOCF approach.  
 
The upper bound of the 95% CI of the 
treatment difference in LS means was used 
in the non-inferiority testing of the 
comparison with the non-inferiority margin 
0.3% of canagliflozin vs. sitagliptin at 52 
weeks. 


The planned sample size of 360 
patients in each treatment 
group provided a power of 90% 
to demonstrate a group 
difference of 0.5% between 
canagliflozin and placebo 
group, and a common standard 
deviation of 1.0% with respect 
to the change in HbA1c, and 
using a 2-sample, 2-sided t-test 
with type I error rate of 0.05. 


As per DIA3009 


Triple therapy: patients on baseline metformin plus SU 


DIA3015 Primary objective was to demonstrate the 
non-inferiority of canagliflozin 300mg 
versus sitagliptin and then potential 
superiority. 
The primary efficacy variable as the 
treatment difference in HbA1c LS means 
between canagliflozin minus sitagliptin at 
week 52. 
Secondary objectives were to 
demonstrate a reduction in body weight, 
SBP, triglycerides and HDL-C of 
canagliflozin versus sitagliptin. 


The analysis of the primary end-point was 
based on an ANCOVA model with treatment 
and stratification factors as fixed effects and 
HbA1c baseline value as covariate, based on 
the mITT analysis set using LOCF approach.  
 
The upper bound of the 95% CI of the 
treatment difference in LS means was used 
in the non-inferiority testing of the 
comparison with the non-inferiority margin 
0.3%.  


The planned sample size of 360 
patients in each treatment 
group provided a power of 90% 
to demonstrate a group 
difference of 0.0% and a 
common standard deviation of 
1.0% with respect to change in 
HbA1c, and using a 2-sample, 
1-sided t-test with Type I error 
rate of 0.025 for the comparison 
of  canagliflozin  with sitagliptin. 


Analyses were carried out using mITT 
principles and included randomised 
subjects who took at least 1 dose of 
double-blind study drug 
 
The primary analysis and the analysis 
of major secondary efficacy end-points 
was performed using the mITT 
analysis set. 
 
Analyses based on the PP analysis set 
and analyses using MMRM were 
performed as supportive analyses. 
 
Only mITT results are reported in the 
submission. 
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Trial no. (acronym) Hypothesis objective Statistical analysis Sample size, power 
calculation  


Data management, patient 
withdrawals 


DIA3002 Primary objective was to demonstrate 
that canagliflozin 300mg reduces HbA1c 
relative to placebo at week 26. The 
primary efficacy variable as the treatment 
difference in HbA1c LS means between 
canagliflozin minus placebo at week 26. 
 
Secondary objectives were: 


 Demonstrate that canagliflozin 100mg 
reduces HbA1c relative to placebo at  
week 26 


 Demonstrate that both doses of 
canagliflozin reduce the secondary 
efficacy end-points relative to placebo 


The analysis of the primary end-point was 
based on an ANCOVA model with treatment 
and stratification factors as fixed effects and 
HbA1c baseline value as covariate, based on 
the mITT analysis set using LOCF approach.  
 
The treatment differences (between each 
canagliflozin group minus placebo) in the LS 
means and their 2-sided 95% CIs will be 
estimated based on this ANCOVA model. 
The p-values for testing the superiority will be 
calculated by comparing the LS means. 


The planned sample size of 150 
patients in each treatment 
group provided a power of 90% 
to demonstrate a group 
difference of 0.5% between 
canagliflozin and placebo 
group, and a common standard 
deviation of 1.0% with respect 
to the change in HbA1c, and 
using a 2-sample, 2-sided t-test 
with type I error rate of 0.05. 
 


As per DIA3015 


Triple therapy: patients on baseline metformin plus TZD 


DIA3012 Primary objective was to demonstrate 
that canagliflozin 300mg reduces HbA1c 
relative to placebo at week 26. The 
primary efficacy variable as the treatment 
difference in HbA1c LS means between 
canagliflozin minus placebo at week 26. 
 
Secondary objectives were: 


 Demonstrate that canagliflozin 100mg 
reduces HbA1c relative to placebo at  
week 26 


 Demonstrate that both doses of 
canagliflozin reduce the secondary 
efficacy end-points relative to placebo 


 


The analysis of the primary end-point was 
based on an ANCOVA model with treatment 
and stratification factors as fixed effects and 
HbA1c baseline value as covariate, based on 
the mITT analysis set using LOCF approach.  
 
The treatment differences (between each 
canagliflozin group minus placebo) in the LS 
means and their 2-sided 95% CIs will be 
estimated based on this ANCOVA model. 
The p-values for testing the superiority will be 
calculated by comparing the LS means. 


The planned sample size of 
120 patients in each treatment 
group provided a power of 90% 
to demonstrate  a group 
difference of 0.5% between 
canagliflozin and placebo 
group, and a common standard 
deviation of 1.0% with respect 
to the change in HbA1c, using 
a 2-sample, 2-sided t-test with 
type I error rate of 0.05. 


As per DIA3009 
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Trial no. (acronym) Hypothesis objective Statistical analysis Sample size, power 
calculation  


Data management, patient 
withdrawals 


Add-on to insulin: patients on baseline insulin ± OAD  


DIA3008 (add on to 
insulin sub-study) 


Primary objective was to assess the 
lowering efficacy on HbA1c (change from 
baseline in HbA1c) of canagliflozin 
100mg and 300mg relative to placebo 
after 18 weeks of treatment, and to 
assess the safety and tolerability of 
canagliflozin.   


The treatment differences (between each 
canagliflozin group minus placebo) in the LS 
means and their 2-sided 95% CIs will be 
estimated based on an ANCOVA model with 
treatment and stratification factors as fixed 
effects and HbA1c baseline value as 
covariate, based on the mITT analysis set  
using LOCF approach. P values for testing 
the superiority will be calculated by 
comparing the LS means. 
 
A sequential testing procedure was applied 
in testing the treatment differences of the 
primary and secondary end-points such that 
the family-wise error rate can be strongly-
controlled at the 5% significance level. 


The planned sample size of 86 
patients in each of the three 
treatment group provided a 
power of 90% to demonstrate a 
group difference of 0.5% 
between canagliflozin and 
placebo group, and a common 
standard deviation of 0.75% 
with respect to the change in 
HbA1c. 


Analyses were carried out using mITT 
principles and included randomised 
subjects who took at least 1 dose of 
double-blind study drug 
 
The primary analysis and the analysis 
of major secondary efficacy end-points 
was performed using the mITT 
analysis set. 
 
Analyses based on the PP analysis set 
and completers' analysis set were 
performed as supportive analyses. 
 
Only mITT results are reported in the 
submission. 


DIA3009: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride (CANTATA-SU); DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor 
Comparator Trial (CANTATA-D); DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin 
and Sulphonylurea (CANTATA-MSU); DIA3012: CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);  DIA3008 insulin sub-study: CANagliflozin cardioVascular Assessment 
Study (CANVAS insulin sub-study); 
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6.3.7 Provide details of any sub-group analyses that were 
undertaken and specify the rationale and whether they were 
pre-planned or post-hoc. 


Pre-specified sub-group analyses were undertaken to assess the differences in 
change in HbA1c between canagliflozin 300mg and 100mg and comparators 
(sitagliptin and glimepiride) or placebo according to different baseline patient and 
disease characteristics (see Table 15 below).  
 
Post-hoc analyses of change in HbA1c between baseline and week 52 according to 
baseline HbA1c (> 9%; 75mmol/mol), have been completed for all trials which did not 
specify this sub-group analysis.  
 
The results of the sub-group analyses based on baseline HbA1c are reported in 
Section 7.9.4.   
 
To assess whether or not the treatment effect was consistent across various sub-
groups, descriptive statistics, including the 95% CI for the change from baseline, 
were presented by treatment group for each subgroup (if the number of subjects was 
at least 60 subjects or more per subgroup). 
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Table 15. Sub-group analyses for each study presented in this submission. 
 


 DIA3009 DIA3006 DIA3015 DIA3002 DIA3012 DIA3008 


Analysis carried out Week 52 Week 52 Week 52 Week 26 Week 26 Week 18 


Sex: male or female       


Age: <65, >65 years old       


Race: white, black or African-American, Asian, 
other  


      


Ethnicity: Hispanic or Latino, not Hispanic or 
Latino, not reported 


      


Baseline HbA1c: <8.0%, ≥8.0 or <9.0%, >9.0% *       


Undergoing the AHA adjustment period : yes or 
no 


      


Baseline BMI: <30, ≥30 kg/m2**       


Baseline HOMA2-%B: ≤the overall median, >the 
overall median 


      


Baseline HOMA2-IR: ≤the overall median, >the 
overall median 


      


Baseline eGFR: <90, ≥90 ml/min/1.73m2       


Dose of pioglitazone at randomisation       


Baseline eGFR: <60, 60 to <90 , ≥90 
ml/min/1.73m2 


      


Insulin randomisation stratum       


Baseline insulin type: subjects on basal insulin 
alone,  bolus insulin alone, or combination basal 
+ bolus insulin 


      


DIA3009: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride (CANTATA-SU); DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor 
Comparator Trial (CANTATA-D); DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); DIA3002: CANagliflozin Treatment And Trial Analysis - 
Metformin and Sulphonylurea (CANTATA-MSU); DIA3012: CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);  DIA3008 insulin sub-study: CANagliflozin cardioVascular 
Assessment Study (CANVAS insulin sub-study); 
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Participant flow  


6.3.8 Provide details of the numbers of patients who were eligible to 
enter the RCT(s), randomised, and allocated to each treatment. 
Provide details of, and the rationale for, patients who crossed 
over treatment groups and/or were lost to follow-up or 
withdrew from the RCT. This information should be presented 
as a CONSORT flow chart.  


Consort flow charts for the six studies of interest for this appraisal are presented in 
Figures 7 to 12 and tables 9 to 11 in Section 10.4.5 - Appendix 4. 
 


6.4 Critical appraisal of relevant RCTs 


6.4.1 The validity of the results of an individual study will depend on 
the robustness of its overall design and execution, and its 
relevance to the decision problem. Each study that meets the 
criteria for inclusion should therefore be critically appraised. 
Whenever possible, the criteria for assessing published 
studies should be used to assess the validity of unpublished 
and part-published studies. The critical appraisal will be 
validated by the ERG. The following are the minimum criteria 
for assessment of risk of bias in RCTs, but the list is not 
exhaustive.  


 Was the method used to generate random allocations 
adequate? 


 Was the allocation adequately concealed? 


 Were the groups similar at the outset of the study in terms 
of prognostic factors, for example, severity of disease? 


 Were the care providers, participants and outcome 
assessors blind to treatment allocation? If any of these 
people were not blinded, what might be the likely impact on 
the risk of bias (for each outcome)? 


 Were there any unexpected imbalances in drop-outs 
between groups? If so, were they explained or adjusted for? 


 Is there any evidence to suggest that the authors measured 
more outcomes than they reported? 


 Did the analysis include an intention-to-treat analysis? If so, 
was this appropriate and were appropriate methods used to 
account for missing data? 


 
6.4.2 Please provide as an appendix a complete quality assessment 


for each RCT. See section 10.3, appendix 3 for a suggested 
format. 


The complete quality assessment for each of the six RCTs used as part of this 
submission is presented in Table 16 below. 
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6.4.3 If there is more than one RCT, tabulate a summary of the 
responses applied to each of the critical appraisal criteria. A 
suggested format for the quality assessment results is shown 
below. 


All studies meet the quality appraisal standards. Table 16 contains the results of 
critical appraisal of all included studies. 
 


 







 


NICE Submission - Canagliflozin Page 77 of 310 


Table 16.  Quality assessment results for relevant RCTs: dual therapy, triple therapy, and add-on to insulin studies 


 
Line of therapy 


Dual Therapy Triple therapy 
Add-on to 


insulin 


Background therapy Met Met+SU Met+TZD Ins ± SoC 


Trial no. (acronym) 
DIA3009 DIA3006 DIA3015 DIA3002 DIA3012 


DIA3008 insulin  
sub-study 


Was randomisation carried out appropriately? Yes Yes Yes Yes Yes Yes 


Was the concealment of treatment allocation 
adequate? 


Yes Yes Yes Yes Yes Yes 


Were the groups similar at the outset of the 
study in terms of prognostic factors?  


Yes Yes Yes Yes Yes Yes 


Were the care providers, participants and 
outcome assessors blind to treatment 
allocation? 


Yes Yes Yes Yes Yes Yes 


Were there any unexpected imbalances in 
drop-outs between groups? 


No No No No No No 


Is there any evidence to suggest that the 
authors measured more outcomes than they 
reported? 


No No No No No No 


Did the analysis include an intention-to-treat 
analysis? If so, was this appropriate and were 
appropriate methods used to account for 
missing data? 


Yes Yes Yes Yes Yes Yes 


DIA3009: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride (CANTATA-SU trial); DIA3006: CANagliflozin Treatment and Trial 
Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D Trial); DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2 Trial); 
DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-MSU Trial); DIA3012: CANagliflozin Treatment and Trial Analysis - Metformin and 
Pioglitazone (CANTATA-MP Trial);  DIA3008 insulin sub-study: CANagliflozin cardioVascular Assessment Study (CANVAS insulin sub-study); Met+: in combination with metformin; SU+: in 
combination with sulfonylurea: Met+SU+: in combination with metformin and sulfonylurea; Met+TZD+: in combination with metformin and a thiazolidinedione; Ins±SoC+: in combination with 
insulin other and potentially other anti-diabetics. 
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6.5 Results of the relevant RCTs 


6.5.1 Provide the results for all relevant outcome measure(s) 
pertinent to the decision problem. Data from intention-to-treat 
analyses should be presented whenever possible and a 
definition of the included patients provided. If patients have 
been excluded from the analysis, the rationale for this should 
be given. If there is more than one RCT, tabulate the 
responses. 


6.5.2 The information may be presented graphically to supplement 
text and tabulated data. If appropriate, please present graphs 
such as Kaplan–Meier plots. 


6.5.3 For each outcome for each included RCT, the following 
information should be provided.  


 The unit of measurement. 


 The size of the effect; for dichotomous outcomes, the 
results ideally should be expressed as both relative risks 
(or odds ratios) and risk (or rate) differences. For time-to-
event analysis, the hazard ratio is an equivalent statistic. 
Both absolute and relative data should be presented. 


 A 95% confidence interval. 


 Number of participants in each group included in each 
analysis and whether the analysis was by ‘intention to 
treat’. State the results in absolute numbers when feasible. 


 When interim RCT data are quoted, this should be clearly 
stated, along with the point at which data were taken and 
the time remaining until completion of that RCT. Analytical 
adjustments should be described to cater for the interim 
nature of the data.  


 Other relevant data that may assist in interpretation of the 
results may be included, such as adherence to medication 
and/or study protocol. 


 Discuss and justify definitions of any clinically important 
differences.  


 Report any other analyses performed, including subgroup 
analysis and adjusted analyses, indicating those pre-
specified and those exploratory.  
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6.5.3.1.  Dual therapy in combination with metformin 
 
In this submission, two dual therapy studies in combination with MET (DIA 3006 and 
DIA3009) provided evidence the efficacy of canagliflozin compared to an active 
comparator. A consistent reduction in HbA1c was observed with both canagliflozin 
doses in dual therapy studies and a dose-dependent effect was generally observed.  
 
In summary the studies in dual therapy demonstrate that canagliflozin 300mg 
resulted in significantly improved glycaemic control compared to glimepiride and 
sitagliptin, and that canagliflozin 100mg was non-inferior to these comparators. 
 
Canagliflozin at both doses was superior to sitagliptin and glimepiride in terms of the 
key secondary metabolic endpoints of change in BP and weight. The details of these 
results are presented below. 
 
Detailed results of all secondary endpoints can be found in Section 10.6 - Appendix 6 
(Tables relative to the Results of the relevant RCTs - Section 6.5.). 
 
 


6.5.3.1.1.  Dual therapy – primary outcome  
 
DIA3009 demonstrates that canagliflozin 300mg (in combination with MET) resulted 
in statistically superior reduction in HbA1c than glimepiride+ MET at Week 52: with a 
difference of mean change in HbA1c at week 52 for canagliflozin 300mg (minus 
glimepiride) of -0.12% (-24.8mmol/mol) [95% CI: -0.217;-0.023, p<0.001. (2)  
Canagliflozin 100mg (+ MET) was non-inferior to glimepiride (+ MET) at week 52 in 
terms of mean change in HbA1c: -0.01% (-0.1mmol/mol) [95% CI: -0.217;-0.023].  
 
DIA3006 demonstrates that canagliflozin 300mg and 100mg resulted in improved 
glycaemic control compared to sitagliptin at week 26. Canagliflozin 100mg and 
300mg (in combination with MET) reduced HbA1c (difference in mean change minus 
placebo) by −0.627% (-6.8mmol/mol) and –−0.77% (-8.4mmol/mol) respectively, 
compared with -0.66% (-7.4mmol/mol) for sitagliptin; p < 0.001 versus placebo for all 
active treatment arms.  
 
The details of these results are presented in Table 17. 
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Table 17. Change in HbA1c in the dual therapy trials (DIA3006 and DIA3009) at the primary time point, mITT – LOCF. (2;6;73;81)  


Trial no. (acronym) Canagliflozin 100mg Canagliflozin 300mg Placebo Active comparator 


DIA3009 (n = 483) (n = 485) 
 


Glimepiride (n = 482) 


HbA1c value at baseline (%)     
 


  


N 478 474 
 


473 


Mean (SD) 7.78 (0.787) 7.79 (0.779) 
 


7.83 (0.795) 


Value at Week 52 LOCF     
 


  


Mean (SD) 7.00 (0.769) 6.90 (0.806) 
 


7.04 (0.984) 


Change from baseline     
 


  


LS Mean (SE) -0.82 (0.039) -0.93 (0.039) 
 


-0.81 (0.039) 


Diff. of LS Means (SE) (minus glimepiride at week 52) -0.01 (0.050) -0.12 (0.050) 
  


(95% CI) (-0.109;0.085) (-0.217;-0.023) 
  


DIA3006 (n = 368) (n = 367) (n = 181) Sitagliptin (n = 366)  


HbA1c value at baseline (%)         


N 365 360 181 354 


Mean (SD) 7.94 (0.879) 7.95 (0.931) 7.96 (0.896) 7.92 (0.875) 


Value at Week 26 / 52 LOCF         


Mean (SD) 7.13 (0.861) 6.98 (0.819) 7.76 (1.216) 7.08 (0.970) 


Change from baseline         


LS Mean (SE) -0.79 (0.044) -0.94 (0.044) -0.17 (0.060) -0.82 (0.044) 


Diff. of LS Means (SE) (minus placebo at week 26) -0.62 (0.071) -0.77 (0.071) 
 


-0.66 (0.071) 


P-Value <0.001 <0.001 
 


N/A 


95%CI (-0.758;-0.481) (-0.914;-0.636) 
 


(-0.795;-0.516) 
DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D); DIA3009:: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus 
Glimepiride (CANTATA-SU); CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SD: standard deviation; SE: standard error;  
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6.5.3.1.2. Dual therapy – secondary outcomes 
 
Change in HbA1c from baseline to the end of trial 
 
One of the key secondary end-points for both trials was change in HbA1c from 
baseline to the end of the trial (week 52 for DIA3006 and week 104 for DIA3009). 
 
A sustained reduction in HbA1c was observed with both doses of canagliflozin:  
 
In DIA 3006 at week 52, canagliflozin 100mg (+MET) demonstrated non-inferiority, 
and canagliflozin 300mg (+MET) demonstrated statistical superiority to sitagliptin 
100mg (+MET) in lowering HbA1c from baseline (−0.73%, –0.88%, –0.73%, 
respectively); differences in mean change (95% CI) minus sitagliptin were 0% (95% 
CI: −0.12, 0.12) for canagliflozin 100mg and −0.15% (-1.7 mmol/mol) [95% CI: −0.27, 
–0.03] for canagliflozin 300mg (see Figure 6). (81) 
 
In DIA 3009 at 104 weeks, canagliflozin 300mg maintained statistically superior 
reductions in HbA1c versus glimepiride with differences in mean HbA1c change from 
baseline (minus glimepiride) of -0.09% (-24.48mmol/mol), 95% CI: (-0.2;-0.01) for 
canagliflozin 100mg and -0.18% (-25.46mmol/l), 95% CI: (-0.29;-0.08) for 
canagliflozin 300mg. (See Figure 7). Pre-specified hypothesis testing was not 
conducted at week 104 of DIA3009, therefore p values are not reported. (80) 
 
Figure 6. LS mean (±SE) change from baseline in HbA1c (%) to week 52 
(DIA3006), LOCF (mITT). (82;83) 
 


 
Legend; DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error; 
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Figure 7. LS mean (±SE) percentage change in HbA1c from baseline up to week 104 
(DIA3009), LOCF (mITT).  (80) 
 


 
Legend; DIA3009:: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride 
(CANTATA-SU); CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-
treat; SE: standard error; 


 
 
Coefficient of durability in HbA1c change over time (DIA3009 only) 
 
Both doses of canagliflozin demonstrated better durability than glimepiride. 
 
The coefficient of durability represents the rate of rise of HbA1c over time. The 
coefficient of durability (rate of HbA1c increase) is a measure of how well an agent 
controls HbA1c over time. A low coefficient of durability indicates that the agent 
maintains an effect on HbA1c over time and therefore extends the period before 
another add-on agent is required.  
 
In DIA3009, the coefficient of durability (rate of HbA1c rise) was examined from 
Week 26 to Week 104.  
 
The coefficient of durability was lower with canagliflozin 100mg and 300mg than with 
glimepiride (0.16% 0.16% and 0.37% respectively); LS mean differences versus 
glimepiride were -0.21% [-21.2mmol/mol] for both doses of canagliflozin, indicating 
that canagliflozin provided durable control of HbA1c over a two year period and that 
the durability was superior to glimepiride. (80) 
 
 
Change in blood pressure  
 
Tables detailing the changes in SBP (secondary endpoint) and DBP (additional 
secondary endpoint) in the dual therapy studies can be found in Tables 16 and 17 in 
Appendix 6.  
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Both doses of canagliflozin, when used in combination with metformin, consistently 
resulted in a significant reduction in SBP compared with sitagliptin 100mg (DIA3006) 
or glimepiride (DIA 3009).  
 
In DIA3006 at 26 weeks, canagliflozin 300mg and 100mg resulted in improved SBP 
with a difference in mean SBP change from baseline (minus placebo) of -6.58 mmHg 
(95%CI: -8.504;-4.653), and -5.36 mmHg (95%CI: -7.280;-3.439) respectively 
(p<0.001 for both canagliflozin doses versus placebo), compared to -3.54 mmHg (-
5.273;-1.413) in the sitagliptin arm. (81) These reductions in SBP were sustained up 
to week 52 (see Figure 8).  
 
In DIA3009 at 52 weeks, canagliflozin 300mg and 100mg resulted in improved SBP 
vs. glimepiride with a mean difference in SBP reduction minus glimepiride of -4.8 
mmHg (95%CI: -6.2 to -3.4) and -3.5 mmHg (95%CI: -4.9 to -2.1), respectively. (2) 
These reductions in SBP were sustained up to week 104 (see Figure 9).  
 
The effect was dose-dependent, with canagliflozin 300mg resulting in greater 
reductions than canagliflozin 100mg (see Figure 8 and Figure 9). 
 
Figure 8. LS mean change (+SE) in SBP (mmHg) from baseline to week 52 in DIA3006 – 
mITT (LOCF)  (83)  


 
Legend; DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error; 
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Figure 9. LS mean change (+SE) in SBP (mmHg) from baseline to week 104 in DIA3009 
– mITT (LOCF) (80) 


 
Legend; DIA3009:: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride 
(CANTATA-SU); CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-
treat; SE: standard error; 


 
 
Change in body weight  
 
Both doses of canagliflozin, when used in combination with metformin, consistently 
resulted in significant reductions in body weight. Reductions in weight appear dose 
dependent, with canagliflozin 300mg resulting in greater reductions than canagliflozin 
100mg.  
 
In DIA 3009 at week 52, a weight loss of  -4.2kg [SE: 0.2] and -4.7kg [SE: 0.2] was 
observed for canagliflozin 100mg and 300mg respectively, compared with a slight 
increase in weight with glimepiride +1.0kg [SE: 0.2]). Both doses of canagliflozin 
demonstrated statistical superiority to glimepiride with a difference in mean weight 
change (minus glimepiride) of -5.2kg (95% CI: -5.7;-4.7) and -5.7kg (95% CI: -6.2; -
5.1) for canagliflozin 100mg and 300mg respectively.  Weight loss in the canagliflozin 
arms was maintained at 104 weeks (see Figure 11). 
 
In DIA 3006 at week 26, a weight loss of 4.2 kg [SE: 0.2] and -3.7 kg [SE: 0.2] was 
observed with canagliflozin 300mg and 100mg, respectively, compared to a slight 
decrease in weight with sitagliptin (mean change of -1.2kg [SE: 0.2]) at 52 weeks. 
Both doses of canagliflozin demonstrated statistical superiority to sitagliptin in terms 
of weight reduction up to week 52 with a difference in mean weight reduction (minus 
sitagliptin) of -2.4% (-2.1kg) and -2.9% (-2.5kg) for canagliflozin 100mg and 300mg 
respectively, p<0.001 for both doses (See Figure 10).  
 
Detailed results about change in body weight for the dual therapy studies at the 
primary time point are reported in Table 18 of Appendix 6 (section 10.6.)5.  
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Figure 10.  LS mean (±SE) percentage change in body weight from baseline over time 
in DIA3006 trial.(83) 


 
Legend; DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error; 


 
 
Figure 11. LS mean (±SE) percentage change in weight from baseline (DIA3009), LOSF 
(mITT).  (80) 


 
Legend; DIA3009: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride 
(CANTATA-SU); CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-
treat; SE: standard error; 
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Change in body composition (DIA3009 only)  
 
In study DIA3009, body composition was determined in a sub-group of patients by 
using dual-energy X-ray absorptiometry (DXA) to measure total body adiposity and 
Computed Tomography (CT) to measure visceral adiposity. 
 
The sub-group included 96 patients receiving glimepiride, 111 receiving canagliflozin 
100mg and 102 receiving canagliflozin 300mg. Results from DXA are available for 
68, 71 and 69 patients respectively. (2) 
 
In the body composition group, patients had similar baseline characteristics and 
weight changes compared to the main study population.  Greater changes in body 
weight from baseline at Week 52 compared with glimepiride were observed in the 
body composition subgroup with both doses of canagliflozin. Body composition 
results from assessment of DXA show that weight loss observed with canagliflozin is 
due roughly two-thirds from fat mass and one third from lean mass (see Figure 12).  
 
 
Figure 12. Change in body weight composition (DXA Analysis sub-group) at week 52 
(DIA3009), LOCF (mITT). (76)  


 
Legend; DIA3009:: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride 
(CANTATA-SU);  LOCF: last observation carried forward; mITT: modified intent-to-treat;  
 
 


Change in lipid levels  
 
Details regarding change in HDL-cholesterol, triglycerides and LDL-cholesterol from 
baseline to primary time point for DIA3006 and DIA3009 trials are reported in Tables 
19, 20 and 21 of Appendix 6 (Section 10.6.), respectively.  
 
Canagliflozin resulted in changes to the lipid profile over time including moderate 
increases in both HDL-C and LDL-C. The changes in lipid levels were dose 
dependent. 
 
In DIA3006 at 26 weeks, canagliflozin 300mg and 100mg (in combination with 
metformin) resulted in an increase in mean LDL-C change (minus placebo) of 
+12.2mmol/L(95%CI: 6.6;17.8) and +7.9mmol (95%CI: 2.4;13.5) respectively 
compared to +5.5mmol 95%CI: (95% CI: -0.1;11.2) for sitagliptin 100mg, and an 
increase in mean HDL-C change (minus placebo) of +8.4 (95%CI: 5.3;11.5) and +6.6 
(95%CI: 3.6;9.7), respectively compared with +1.3 (95%CI: -1.8;4.3) for sitagliptin 
100mg. (6;81) These changes in lipid levels plateaued between week 26 and week 







 


NICE Submission - Canagliflozin Page 87 of 310 


52 as observed in Figure 13. These simultaneous increases in LDL-C and HDL-C 
have little impact on the overall LDL-C/HDL-C ratio.  
 
In DIA3009 at 52 weeks, canagliflozin 300mg and 100mg resulted in an increase in 
LDL-C (minus glimepiride) of 9.0mmol/L (95%CI: 4.4;13.7) and 4.5mmol/L (95%CI: -
0.0;9.1) and an increase in HDL-C (minus glimepiride) of 8.6 (95%CI: 6.7;10.6) and 
7.5 (95%CI: 5.6;9.5), respectively. (2;73) These changes in lipid levels plateaued 
after 52 weeks (see Figure 14), indicating that canagliflozin’s main effect on lipids is 
observed within the first year of therapy. 


 
Figure 13.  LS mean (±SE) percentage change in LDL-C (top) and HDL-C (bottom) from 
baseline in DIA3006, LOCF (mITT). (83)  


 


 
Legend; DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial (CANTATA-D);CI: confidence 
interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error; 
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Figure 14:  LS mean (±SE) percentage change in LDL-C (top) and HDL-C (bottom) from 
baseline in DIA3009 , LOCF (mITT). (80)  


 
Legend; DIA3009:: CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to Metformin Versus Glimepiride 
(CANTATA-SU); CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-
treat; SE: standard error; 


 
 
Achievement of HbA1c targets 
  
Both DIA 3006 and DIA 3009 had a predefined secondary endpoint of the percentage 
of patients achieving HbA1c of less than 7% (53mmol/mol) and less than 6.5% 
(48mmol/mol) at week 52. These results may be found in the respective CSRs. 
(73;81) 
 
However, due to alternative HbA1c targets being considered relevant by the NHS in 
England, a post-hoc analysis of the percentage of patients achieving HbA1c of less 
than 7.5% (59mmol/mol) at week 52 is reported in this submission (see Table 22 in 
Appendix 6). It should be noted that no statistical tests were conducted as part of 
these post-hoc analyses. This threshold was chosen as they reflect NHS targets in 
the QOF.  
 
Figure 15 below shows the proportion of patients achieving HbA1c of less than 7.5% 
(59mmol/mol) in the dual therapy studies. XXXXXXXXXXXXXXXXXXXXXXXXXXX 
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Figure 15. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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6.5.3.2. Triple therapy in combination with MET+SU or MET+TZD 
 
In this submission, there were three relevant studies that evaluated the efficacy of 
canagliflozin in triple therapy. One triple therapy study in combination with MET+SU 
(DIA3015) provides evidence of the efficacy of canagliflozin compared to an active 
comparator, sitagliptin. The other two placebo-controlled studies assessed the 
efficacy of adding canagliflozin to MET + SU (DIA3002) and MET + TZD (DIA3012). 
Across all there triple therapy studies, a consistent reduction in HbA1c was observed 
with both canagliflozin doses and the magnitude of effect was dose-dependent.  
 
DIA3015 demonstrates that canagliflozin 300mg (in combination with MET+SU) 
resulted in significantly improved glycaemic control compared to sitagliptin. 
Canagliflozin 300mg was also superior to sitagliptin in terms of the key secondary 
metabolic endpoints of change in BP and weight.  
 
Both doses of canagliflozin when used in combination with MET+SU or MET+TZD 
demonstrated superior reduction in HbA1c and improvements in key secondary 
metabolic endpoints (change in weight and SBP) compared to placebo. The details of 
these results are presented below. All of these results were sustained over time, for 
up to two years. 
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6.5.3.2.1. Triple therapy - primary outcome  
 
Detailed results of the triple therapy trials’ primary endpoint can be in Table 18.  
 
In study DIA3015, treatment with canagliflozin 300mg resulted in a significantly 
greater reduction in HbA1c compared with sitagliptin 100mg at Week 52; with a 
difference of mean change in HbA1c for canagliflozin 300mg (minus sitagliptin) of -
0.37% [-4mmol/mol], 95% CI:-0.25 to -0.50. (7) 
 
Studies DIA3002 and DIA3012 were against placebo and also showed a significant 
reduction in HbA1c at the primary endpoint (at 26 weeks for both studies) for both 
doses of canagliflozin. The mean reduction in HbA1c at week 26 with canagliflozin 
100mg (minus placebo) was -0.71% (-7.8mmol/mol), 95% CI:-0.904; -0.524 
(p<0.001), in DIA3002 and -0.62% (-6.8mmol/mol), 95% CI: -0.811;-0.437 (p<0.001), 
in DIA3012. The mean reduction with canagliflozin 300mg was -0.92% (-
10mmol/mol), 95% CI: -1.114; -0.732 (p<0.001), in DIA3012 and -0.76% (-
8.3mmol/mol), 95% CI: -0.951;-0.575 (p<0.001), in DIA3002. (89;93) 
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Table 18. Change in HbA1c in the triple therapy trials (DIA3002, DIA3012, DIA3015) at the primary time point, mITT – LOCF. (7;85;89;93) 
 


Trial no. (acronym) Canagliflozin 100mg Canagliflozin 300mg Placebo Active comparator 


Triple therapy: treatment on a background of metformin and SU 


DIA3015 


 


(n = 377) 


 


Sitagliptin (n = 378) 


HbA1c value at baseline (%), N 374 365 


Mean (SD) 8.1 (0.9) 8.1(0.9) 


Value at Week 52 LOCF - Mean (SD), % 7.12 (0.875) 7.50 (1.083) 


Change from baseline - LS Mean (SE) -1.03 (0.048) -0.66 (0.049) 


Diff. of LS Means (SE) (minus sitagliptin) -0.37 (0.064) 
 95%CI (-5.0 to -2.5) 


DIA3002 (n = 157) (n = 156) (n = 156) 


 


HbA1c value at baseline (%), N 155 152 150 


Mean (SD) 8.13 (0.926) 8.13 (0.942) 8.12 (0.896) 


Value at Week 26 LOCF - Mean (SD) 7.21 (0.922) 7.01 (0.906) 7.93 (1.106) 


Change from baseline - LS Mean (SE) -0.85 (0.075) -1.06 (0.076) -0.13 (0.075) 


Diff. of LS Means (SE) (minus placebo) -0.71 (0.097) -0.92 (0.097) 


 95%CI, P-value (-0.904; -0.524), <0.001 (-1.114; -0.732), <0.001 


Triple therapy: treatment on a background of metformin and TZD 


DIA3012 (n =113) (n = 114) (n =115)  


HbA1c value at baseline (%), N 113 112 114 


Mean (SD) 7.99 (0.940) 7.84 (0.911) 8.00 (1.010) 


Value at Week 26 LOCF - Mean (SD) 7.06 (0.737) 6.84 (0.803) 7.69 (1.146) 


Change from baseline - LS Mean (SE) -0.89 (0.069) -1.03 (0.070) -0.26 (0.069) 


Diff. of LS Means (SE) (minus placebo) -0.62 (0.095) -0.76 (0.096) 


 95%CI, P-Value (-0.811;-0.437), <0.001 (-0.951;-0.575), <0.001 


DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); DIA3012:  CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone 
(CANTATA-MP);  DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-MSU), 
CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SD: standard deviation; SE: standard error 
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6.5.3.2.2. Triple therapy - secondary outcomes  
 
Change in HbA1c from baseline to the end of the trial 
 
When used as triple therapy with either MET+SU (DIA3015 and DIA3002]) or 
MET+TZD (DIA3012),  both doses of canagliflozin resulted in sustained reduction in 
HbA1c after 52 weeks as shown in Figure 16 to Figure 18.  
 
Figure 16. LS mean (±SE) change from baseline in HbA1c (%) to week 52 in DIA3015 
(85) 


 


Legend: DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 


 
Figure 17. LS mean (±SE) change from baseline in HbA1c (%) to week 52 in DIA3002 
(92) 


 
Legend: DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-MSU),; CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 
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Figure 18. LS mean (±SE) change from baseline in HbA1c (%) to week 52 in DIA3012. 
(29) 


 
Legend:  DIA3012:  CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);CI: confidence 
interval;  LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 


 
 
Change in blood pressure  
 
Consistent with the findings from the dual therapy studies, both doses of 
canagliflozin, when used as triple therapy, resulted in a significant reduction in SBP 
compared with sitagliptin or placebo.  
 
Tables detailing the changes in SBP and DBP can be found in Table 23 and Table 24 
of Appendix 6 (Section 10.6.2.). 
 
Generally, the reduction in BP was dose-dependent. However, in DIA3002 (triple 
therapy in combination with MET+TZD) a larger reduction in SBP and DBP was 
observed with the 100mg dose of canagliflozin compared to the 300mg dose.  
 
In DIA3015, canagliflozin 300mg significantly decreased SBP compared with 
sitagliptin 100mg (5.1 and 0.9mmHg respectively), with the difference in mean 
change (minus sitagliptin) in SBP at week 52 of 5.9mmHg, 95% CI:  -7.642;-4.175, 
p<0.001. (7;85) 
 
Figure 19 to Figure 21 below show the change in SBP throughout the duration of the 
studies and demonstrate that the reduction is sustained for one year with 
canagliflozin. 
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Figure 19. LS mean (±SE) change in SBP (mmHg) from baseline to week 52 (DIA3015) – 
mITT (LOCF). (85)   


  
Legend: DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 


 
 
Figure 20. LS mean (±SE) change in SBP (mmHg) from baseline to week 52 in DIA3002) 
– mITT (LOCF). (92) 


 


 
Legend: DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-MSU),; CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 
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Figure 21. LS mean (±SE) change in SBP (mmHg) from baseline to week 26 (A) and 
from baseline to week 52 (B) in DIA3012 – mITT (LOCF). (93;94) 


A 


 
B 


 
Legend:  DIA3012:  CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);  LOCF: last 
observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 


 
 


Change in body weight  
 
Consistent with the results observed in dual therapy studies, both doses of 
canagliflozin, when used in triple therapy, consistently resulted in reductions in body 
weight despite a background of AHA therapies that are known to cause weight gain, 
i.e. SU and TZD. The effect on body weight was dose-dependent, with canagliflozin 
300mg resulting in greater reductions in weight than canagliflozin 100mg.  In all 
studies weight loss was maintained for the 52 week duration of the study 
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In DIA3015 at week 52, canagliflozin 300 mg treatment resulted in significant 
reductions in body weight relative to sitagliptin 100 mg of -2.8kg, 95%CI: -3.3;-2 
(p<0.001). This change in body weight was maintained up to week 104 as reported in  
Figure 22. (7) 
 
In DIA3002 at week 26, canagliflozin 100mg and 300mg (in combination with 
MET+SU) results in a reduction in weight of -2.1kg (SE:0.3)and -2.6kg (SE: 0.3)  
respectively on a baseline of 93.5kg.  The placebo arm saw a reduction in weight of -
0.7kg (SE: 0.3) loss. This changes in body weight were maintained at week 52 with a 
difference in mean weight change (minus placebo) of -1.0kg (95%CI: -1.8;-1.2) and -
2.1kg (95% CI: -2.9;-1.2) for canagliflozin 100mg and 300mg, respectively (see 
Figure 24). (89) 
 
In DIA3012 at week 26, a change in weight of -2.7kg [SE: 0.3] and -3.8kg [SE: 0.3] 
was observed for canagliflozin 100mg and 300mg (in combination with MET+TZD) 
respectively from a baseline of approximately 94kg (see Figure 24). (93) 


 
The mean changes in body weight from baseline for the triple therapy studies at the 
primary time point are reported in Table 25 of Appendix 6 (Section 10.6.2) and can 
be seen in Figure 22  to Figure 24.  
 


 
Figure 22. LS mean (±SE) percentage change in body weight from baseline over time in 
DIA3015. (87) 


 


 
Legend: DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 
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Figure 23. LS mean (±SE) percentage change in body weight from baseline over time in 
DIA3002. (92) 


 
Legend: DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-MSU),; CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 


 
 
Figure 24. LS mean (±SE) percentage change in body weight from baseline over time in 
DIA3012. (29) 
 


 
Legend:  DIA3012:  CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);CI: confidence 
interval;  LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 
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Change in lipid levels  
 
Both doses of canagliflozin resulted in changes to the lipid profile over time; 
increased HDL-C and LDL-C and moderate change in triglycerides. The changes in 
lipid levels appeared to be dose-dependent in most studies and were generally 
consistent across all three studies between baseline and week 52 (see Figure 25, 
Figure 26 and Figure 27, for DIA3015, DIA3002 and DIA3012, respectively).  
 
Change in HDL-C, triglycerides and LDL-C from baseline to the primary time point for 
the triple therapy studies are reported in Table 26, 27 and 28 in Appendix 6 
(Section10.6.2), respectively. 
 
In DIA3015 at week 52, canagliflozin 300mg in combination with MET+SU resulted in 
an increase in LDL-C (minus sitagliptin) of +6.4mmol/L (95%CI: 1.7; 11.2) and an 
increase in HDL-C of +7.0mmol/L (95%CI: 4.6; 9.3). (85) 
 
In DIA3002 at 26 weeks, canagliflozin 300mg and 100mg (in combination with 
MET+SU) resulted in an increase in LDL-C (minus placebo) of +4.6mmol/L (95%CI: -
1.8; 10.9) and +0.5mmol/L (95%CI: -5.8; 6.8) respectively, and an increase in HDL-C 
(minus placebo) of +3.5mmol/L (95%CI: 0.1; 7.0) and 2.6 (95%CI: -0.8; 6.0), 
respectively. (89) 
 
In DIA3012 at 26 weeks, canagliflozin 300mg and 100mg (in combination with 
MET+TZD) resulted in an increase in LDL-C (minus placebo) of 4.6mmol/L (-1.8; 
10.9) and +0.5mmol/L (3.2) (-5.8; 6.8) respectively, and an increase in HDL-C (minus 
placebo) of 6.5mmol/L (95%CI: 2.8;10.2)and 4.8mmol/L (95%CI: 1.1;8.5) 
respectively. (93) 
 
The changes in plasma lipids plateaued at week 26 to week 52. With the exception of 
LDL-C in the DIA3015 and DIA3002 trials which continued to rise after 26 weeks, 
although the gradient was shallower than between baseline and 26 weeks (see 
Figure 26, Figure 27 and Figure 27).  
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Figure 25. LS mean (±SE) percentage change in LDL-C (top) and HDL-C (bottom) from 
baseline in DIA3015 . (85) 


 
Legend: DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial (CANTATA-D2); CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 
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Figure 26. LS mean (±SE) percentage change in LDL-C (top) and HDL-C (bottom) from 
baseline in DIA3002]. (90) 
 
LDL-C 


 
 
HDL-C 


 
Legend: DIA3002: CANagliflozin Treatment And Trial Analysis - Metformin and Sulphonylurea (CANTATA-MSU),; CI: 
confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error 
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Figure 27. LS mean (±SE) percentage change in LDL-C (top) and HDL-C (bottom) from 
baseline in DIA3012. (29) 
LDL-C 


HDL-C 


 
Legend:  DIA3012:  CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone (CANTATA-MP);CI: confidence 
interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SE: standard error. 


 
 
Achievement of HbA1c targets 
 
The studies assessed the percentage of patients achieving HbA1c of less than 7% 
(53mmol/mol) and less than 6.5% (48mmol/mol) at week 52. These are not 
presented in this dossier. 
 
However, due to alternative HbA1c targets being considered by the NHS in England, 
a post-hoc analysis of the percentage of patients achieving HbA1c of less than 7.5% 
(59mmol/mol) at week 52 is reported in this submission (see Table 29 in Section 


6.10.2. for Appendix 6 ). It should be noted that no treatment comparisons were 
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conducted as part of these post-hoc analyses. This threshold was chosen since 
they reflect NHS targets in the QOF.  
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXX 
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXXX 


 
 
6.5.3.3. Add-on to insulin (insulin ± OAD) 
 
DIA3008 insulin sub-study demonstrates that canagliflozin 300mg and 100mg (in 
combination with INS+SoC) resulted in significantly improved glycaemic control and 
key secondary metabolic endpoints of change in BP and weight compared to 
placebo. The details of these results are presented below. 


 
 
6.5.3.3.1.  Add-on to insulin – primary outcome  
 
In DIA3008 insulin sub-study at week 18, treatment with both doses of canagliflozin 
resulted in a significantly greater reduction in HbA1c than placebo at Week 18, 
although this appeared to be dose dependent. (30)  The difference in mean change 
in HbA1c (95% CI) versus placebo was -0.65% [-30.6mmol/mol], 95% CI: -0.73 to -
0.56, in canagliflozin 100mg arm and -0.73% [-31.48mmol/mol], 95% CI: -0.82 to -
0.65, in canagliflozin 300mg arm, p<0.001. (30;84)  It is worth noting that the sub-
study was 18 weeks in duration and therefore maximal effect of canagliflozin may not 
have been realised. (84) 
 
 


Table 19. Change in HbA1c at primary time point in CANVAS Add-on to insulin sub-
study (DIA3008 insulin sub-study) – population 2 (≥30 IU) - mITT (LOCF). (84) 
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Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


DIA3008 Insulin sub-study (n =566) (n =587) (n =565) 


HbA1c value at baseline (%), N 540 562 517 


Mean (SD) 8.33 (0.905) 8.27 (0.894) 8.20 (0.837) 


Value at Week 18 LOCF  
  


Mean (SD) 7.67 (0.860) 7.54 (0.885) 8.23 (0.992) 


Change from baseline  
  


LS Mean (SE) -0.63 (0.031) -0.72 (0.030) 0.01 (0.032) 


Diff. of LS Means (SE) 
(minus placebo at week 18) 


-0.65 (0.044) -0.73 (0.043) 
 


P-Value <0.001 <0.001 
 


95%CI (-0.731;-0.559) (-0.815;-0.645) 
 


DIA3008 insulin sub-study: CANagliflozin cardioVascular Assessment Study; Ins±OAD+: in combination with insulin other 
and potentially other anti-diabetics (CANVAS Insulin sub-study). 
CI: confidence interval; LOCF: last observation carried forward; LS: least square; mITT: modified intent-to-treat; SD: 
standard deviation; SE: standard error 


 
 


6.5.3.3.2.  Add-on to insulin – Secondary outcomes  
 
Both doses of canagliflozin, when used as add-on to insulin resulted in sustained 
reduction in HbA1c after 18 weeks as shown in Figure 28 below. 
 
Figure 28. LS mean (±SE) change from baseline in HbA1c (%) to week 18 CANVAS Add-
on to insulin sub-study (DIA3008 insulin sub-study) – population 2 (≥30 IU) - mITT 
(LOCF)]. (30;96) 


 
Legend: DIA3008 insulin sub-study: CANagliflozin cardioVascular Assessment Study; Ins±OAD+: in combination with insulin 
other and potentially other anti-diabetics (CANVAS Insulin sub-study). LOCF: last observation carried forward; LS: least 
square; mITT: modified intent-to-treat; SE: standard error 


 
 
Change in blood pressure  
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Both doses of canagliflozin resulted in a significant reduction in SBP (p<0.001) 
compared with placebo. The effect was dose-dependent, with canagliflozin 300mg 
resulting in greater reductions than canagliflozin 100mg; difference in mean SBP 
change (minus placebo) of -2.58mmHg (95% CI: -4.060;1.091) and -4.38mmHg (95% 
CI:-5.850; -2.903), respectively  - from a baseline of approximately 137mmHg (see 
Figure 29). (30)   
 
Tables 30 and 31 of Appendix 6 (Section 10.6.3.) provide detailed data regarding 
changes in SBP and DBP for the DIA3008 insulin sub-study. 
 
Figure 29. LS mean change (+SE) in SBP (mmHg) from baseline to week 18 CANVAS 
Add-on to insulin sub-study (DIA3008 insulin sub-study) – population 2 (≥30 IU) - mITT 
(LOCF). (84) 


 


 
 
 
Change in body weight  
 
Both doses of canagliflozin resulted in significant reductions in body weight despite a 
background of insulin which is known to cause weight gain. A reduction in weight 
(minus placebo) of-1.8kg (95%CI: -2.2;-1.6) was reported for canagliflozin 100mg 
and -2.3kg (95%CI: -2.7;-2.1) for canagliflozin 300mg, p<0.001 at week 18 (see 
Figure 30).  As this study was only 18 weeks in duration, maximal weight loss with 
canagliflozin had likely not been achieved. (84) 
 
Table 32 of Appendix 6 (Section 10.6.3.) provides details about the changes in body 
weight, demonstrating that patients in the canagliflozin arms steadily lost weight 
during the study period. (84) 
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Figure 30. LS mean (±SE) percentage change in body weight from baseline over time in 
the CANVAS add-on to insulin trial (DIA3008 insulin sub-study) – population 2 (≥30 IU) - 
mITT (LOCF). (96)  
 


 
 
 
Change in lipid levels  


Change in HDL-cholesterol, triglycerides and LDL-cholesterol from baseline to 
primary time point for add-on to insulin study are shown in Tables 33 to 35 in 
Appendix 6 (Section 10.6.3.).  
 
Both doses of canagliflozin resulted in changes to the lipid profile over time; 
increased HDL-C and LDL-C. The change in HDL-C was dose-dependent, while 
the change in DLD-C was similar for both canagliflozin groups (see Figure 31). 
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Figure 31. LS mean (±SE) percentage change in blood lipids (LDL-C and HDL-C) from 
baseline over time in the CANVAS add-on to insulin trial (DIA3008 insulin sub-study), 
mITT LOCF. (84)  


 


 
 
 
 
Achievement of HbA1c targets 
 
Detailed results of the post-hoc analysis of the percentage of patients achieving 
HbA1c of less than 7.5% (59mmol/mol) at week 18 are reported in this submission.  
 
More patients treated with canagliflozin in combination with INS+SoC achieved their 
HbA1c target than with placebo (see Figure 32) at week 18. 
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Figure 32. XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Sub-groups Analyses 
 
Only the sub-group analyses by baseline BMI and baseline HbA1c thresholds are 
discussed in this submission, as per the decision problem (See Table 7).  
 
While there were no difference in terms of change in mean HbA1c over time by BMI 
groups, change in mean HbA1c was affected by the level of baseline HbA1c. The 
difference between treatments were maintained for each of the trials, but larger 
absolute reductions in HbA1c were observed in patients with baseline HbA1c ≥ 9% 
vs. patients with a baseline HbA1c <8%.These results were expected and are 
comparable to the ones reported by other AHAs.  
 
The results of sub-group analyses by baseline HbA1c thresholds (baseline HbA1c 
<8% [59mmol/mol], 8% to <9% [59mmol/mol to <64mmol/mol] and ≥ 9% 
[≥64mmol/mol]) by study are presented in Table 35 to 37 in Appendix 5. 
 
In DIA3006, sub-group analyses by HbA1c threshold showed a significant difference 
in placebo-subtracted LS mean change (95% CI) from baseline at week 26 (mITT-
LOCF) for canagliflozin 100mg and 300mg and sitagliptin 100mg, with difference in 
mean HbA1c change (minus placebo) of: 


 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
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In DIA3015, numerically greater reductions from baseline in HbA1c were observed in 
the canagliflozin arm versus the sitagliptin arm for subjects with higher baseline 
HbA1c values. (7) 


 For canagliflozin 300mg, mean changes from baseline in HbA1c were -1.99%, -
1.15%, -0.57% in subjects with baseline HbA1c values ≥9.0%, 8.0 to <9.0 %, and 
<8.0%.  


 For sitagliptin 100mg mean changes from baseline in HbA1c were-1.44%, -
0.73%, and -0.31% respectively.  


 The corresponding between-treatment differences were -0.26%, -0.41%, and -
0.54% favouring canagliflozin in patients with baseline HbA1c <8%, between 8% 
and <9%, and ≥ 9%, respectively. 


 
In DIA3002 and DIA3012, substantially greater reductions from baseline HbA1c at 
Week 26 were observed in both canagliflozin groups in subjects with higher baseline 
HbA1c values. Notably, clinically important reductions with canagliflozin doses were 
observed even in subjects with baseline HbA1c values <8%.  
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXX 
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6.6 Meta-analysis  


When more than one study is available and the methodology is 
comparable, a meta-analysis should be undertaken. This section should 
be read in conjunction with NICE’s ‘Guide to the methods of technology 
appraisal’, sections 5.3.9 to 5.3.12.  


6.6.1 The following steps should be used as a minimum when 
presenting a meta-analysis. 


 Perform a statistical assessment of heterogeneity. If the 
visual presentation and/or the statistical test indicate that 
the RCT results are heterogeneous, try to provide an 
explanation for the heterogeneity.  


 Statistically combine (pool) the results for both relative risk 
reduction and absolute risk reduction using both the fixed 
effects and random effects models (giving four 
combinations in all).  


 Provide an adequate description of the methods of 
statistical combination and justify their choice. 


 Undertake sensitivity analysis when appropriate.  


 Tabulate and/or graphically display the individual and 
combined results (such as through the use of forest plots). 


 


6.6.2 If a meta-analysis is not considered appropriate, a rationale 
should be given and a qualitative overview provided. The 
overview should summarise the overall results of the 
individual studies with reference to their critical appraisal.  


Network meta-analyses were conducted as described in section 6.7. 
 
 


6.6.3 If any of the relevant RCTs listed in response to section 6.2.4 
(Complete list of relevant RCTs) are excluded from the meta-
analysis, the reasons for doing so should be explained. The 
impact that each exclusion has on the overall meta-analysis 
should be explored.  


Not appropriate 
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6.7 Indirect and mixed treatment comparisons  


Data from head–to–head RCTs should be presented in the reference-
case analysis, if available. If data from head–to–head RCTs are not 
available, indirect treatment comparison methods should be used. This 
section should be read in conjunction with NICE’s ‘Guide to the methods 
of technology appraisal’, sections 5.3.13 to 5.3.22. 


 
Summary of section 6.7 
 
A SLR was conducted to identify randomised controlled trials in T2DM patients 
inadequately controlled on OAD therapies and/or insulin. NMAs were conducted by 
background therapy, i.e. metformin at 26 weeks +/- 4 weeks and 52 weeks +/- 4 
weeks, and MET+SU, MET+TZD and insulin at 26 weeks +/- 4 weeks. Doses of SUs 
and metformin were pooled as doses are adjusted on a per-patient basis in most 
clinical trials. Other treatments (i.e. SGLT-2-i, TZD, GLP-1-a and DDP-4-i) were 
dose-specific. The NMA was conducted using the Bayesian framework. The selection 
between fixed and random effects models was in line with the NICE 
recommendations (i.e. using the Deviance Information Criterion (DIC) to select the 
model associated with the best goodness of fit).  
 
Results from the network meta-analysis indicated that canagliflozin 300mg was 
associated with similar or higher HbA1c reductions compared to exenatide 10µg, 
sitagliptin 100mg, pioglitazone 30mg and dapagliflozin 10mg across background 
therapies, and performed at least as well as glimepiride and gliclazide in the analysis 
of the metformin background at 52 weeks. Canagliflozin 100mg was associated with 
similar HbA1c reductions compared to dapagliflozin 10mg (metformin and insulin 
background therapies) and glimepiride and gliclazide (metformin background 
therapy). 
 
Canagliflozin 300mg and 100mg were associated with similar or higher weight and/or 
BMI reductions compared to liraglutide 1.2mg, sitagliptin 100mg and pioglitazone 
30mg across all background therapies, and higher weight and BMI reductions 
compared to glimepiride in the analysis of the metformin background. Canagliflozin 
300mg and 100mg performed at least as well as dapagliflozin 10mg in the analysis of 
the metformin and insulin background therapies in terms of weight loss. 
 
Canagliflozin 300mg and 100mg were associated with higher SBP reductions 
compared to liraglutide 1.2mg and glimepiride (metformin background therapy) and 
sitagliptin 100mg (metformin and MET+SU background therapies). Canagliflozin 
300mg and 100mg performed at least as well as exenatide 10µg and dapagliflozin 
10mg in the analysis of the insulin background therapy. 
 
Canagliflozin 300mg and 100mg were associated with a lower risk of hypoglycaemic 
events compared to glimepiride and gliclazide in the analysis of the metformin 
background therapy. Canagliflozin 100mg was associated with a similar risk of 
hypoglycaemic events compared to sitagliptin 100mg in the analyses of MET+SU 
and MET+TZD background therapies. 
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6.7.1 Describe the strategies used to retrieve relevant clinical data 
on the comparators and common references both from the 
published literature and from unpublished data. The methods 
used should be justified with reference to the decision 
problem. Sufficient detail should be provided to enable the 
methods to be reproduced, and the rationale for any inclusion 
and exclusion criteria used should be provided. Exact details 
of the search strategy used should be provided in 
section 10.4, appendix 4. 


 


6.7.1.1.  Study question 
 
A SRL was conducted to identify randomised controlled trials conducted in adults 
with T2DM with inadequate glycaemic control on anti-diabetic therapies and/or insulin 
assessing one intervention of interest versus an active comparator of interest or 
versus placebo on at least one study outcome.  Interventions of interest are reported 
by background therapy in Table 20 below (in line with the NICE scope). 
 
Study outcomes included efficacy estimates (HbA1c/glycaemic control, BMI, changes 
in CV risk factors, including BP and/or serum lipids, weight change, complications of 
diabetes and mortality, safety parameters (adverse effects of treatments, including 
frequency and severity of episodes of hypoglycaemia) and HRQL (in line with the 
NICE scope). 
 
Table 20. Interventions and comparators of interest 


 
Background therapy Comparators 


Dual therapy 
Metformin SUs, TZD, DPP-4-i, GLP-1-a, dapagliflozin 


SU TZD, DPP-4-i, GLP-1-a, dapagliflozin 


Triple therapy 
MET+SU TZD, DPP-4-i, GLP-1–a , dapagliflozin, insulin* 


MET+TZD DPP-4-i, GLP-1-a, insulin* 


Add-on to 
insulin 


Insulin + SoC SUs, TZD, DPP-4-i, GLP-1-a, dapagliflozin, metformin 


* The following classes of insulin were used: NPH insulin (intermediate acting), long acting insulin (glargine, detemir), 
biphasic/pre-mixed insulin and short acting insulin (lispro, aspart). These classes were defined in line with the NICE guidelines 
for the management of type 2 diabetes . 


 
However, it should be noted that only outcomes of relevance to the economic model 
(i.e. change in HbA1c, weight, BMI and SBP, and incidence of hypoglycaemia) and 
the comparators considered in the economic simulations (see Section 7.3) will be 
presented in this submission. The full results of the SRL and the NMA can be found 
in the final report. (72) 
 
 


6.7.1.2.  Search strategy 
 
The search strategy is described in Section 6.1.1.  
 
 


6.7.1.3.  Screening 
 
The selection criteria were pre-specified and related to the population characteristics, 
interventions, outcomes measures, comparators, publication type, and the language 
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of publication. In addition, studies of less than 12 weeks in duration were excluded 
based on clinical expert opinion. More information regarding the screening criteria 
can be found in section 6.2.1. 
 
 


6.7.1.4.  Data abstraction 
 
The methodology followed for data extraction is presented in Section 6.1.1 and in 
Appendix 2 (Section 10.2). In total, 85 RCTs were included for data extraction. 
 
A tabular summary was developed in Microsoft Excel® to extract the data from the 
selected papers. The following information was extracted from the selected 
publications: publication details, study design, study population, study type, baseline 
characteristics, collected outcomes, subgroup analyses. A quality assessment of 
each study was performed in line with the NICE Guide to the methods of technology 
appraisal (103) and is presented in Appendix 7 in Section 10.7.1 (Clinical SRL – 
search strategy).  
 
 


6.7.2 Please follow the instructions specified in sections 6.1 to 6.5 
for the identification, selection and methodology of the trials, 
quality assessment and the presentation of results. Provide in 
section 10.5, appendix 5, a complete quality assessment for 
each comparator RCT identified.  


6.7.2.1. Study selection  
 
Studies were identified using the systematic literature review described in section 
6.1.1 and Appendix 7 in Section 10.7.1 (Clinical SRL – search strategy).  
 
In order to pool data which are comparable across trials, additional criteria were 
defined for the inclusion of trials in the network meta-analysis (NMA): 


 According to clinical experts, background therapies are an important 
treatment effect modifier. Therefore, analyses were conducted by 
background therapy. Trials assessing treatments on top of a “mixed” 
background were therefore excluded from the NMA.  


 Analyses were conducted at 26 weeks (for all background therapies) and 
52 weeks (for the metformin background only) to match the times of 
assessment of the canagliflozin trials. Based on clinical expert opinion, 
trials reporting results at 26 or 52 weeks ± 4 weeks were included in the 
base case analysis and trials reporting results at 26 or 52 weeks ± 10 
weeks were included in a sensitivity analysis. Therefore, trials not 
reporting results within these ranges were excluded from the NMA. 


 Based on clinical expert opinion, nodes of the NMA were treatment- and 
dose-specific except for insulin, metformin and SU.  


 Treatments not recommended in the UK (i.e. by NICE or the SMC) were 
excluded from the NMA (e.g. insulin degludec and liraglutide 1.8 mg). 


 Trials focusing on specific populations (i.e. patients with renal 
impairment, CVD or at risk of CVD) were not included in the NMA to 
reduce heterogeneity between trials in the analysis of metformin, 
MET+SU and MET+PIO background therapies. The only trial assessing 
canagliflozin added to insulin was conducted in patients with or at risk of 
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CVD, this criterion was not applied to the analysis of the insulin 
background. 


 
 


6.7.2.2. Data sources  
 
The list of data sources is reported in Appendix 7 in section 10.7.2. (Clinical SRL – 
data source) 
 
 


6.7.2.3. Complete list of relevant RCTs  
 
The complete list of relevant RCTs is reported in Appendix 7 in section 10.7.3.  
(Clinical SRL – list of relevant RCTs). 
 
 


6.7.2.4. List of relevant non-RCTs 
 
Not applicable (only RCTs were identified). 
 
 


6.7.2.5. Summary of methodology of relevant RCTs  
 
Tables presenting a summary of methodology of trials are reported in Appendix 7 in 
section 10.7.4 (Clinical SRL – Methods) 
 
Thirty-eight trials were included in the base case NMA featuring a metformin 
background therapy. The maximum duration reported in these trials was 
approximately two years (with results reported at six months and/or one year). In the 
base case analysis, a total of 28 trials reported results at 26± 4 weeks and 17 trials 
reported results at 52± 4 weeks. Twenty-eight trials were double blinded and four 
trials were open-label. DPP-4-i were the most common interventions added to a 
background therapy of metformin, with these treatments featured in a total of 22 
trials. GLP-1-a and SU were the next most frequently assessed class of treatments, 
followed by pioglitazone and SGLT-2-i. The primary outcome was change from 
baseline in HbA1c in all but four trials.  
 
Ten trials were included in the base case NMA featuring a background therapy of 
MET+SU. The maximum study duration was approximately one year (with results 
reported at six months). Three trials were open-label and the remaining seven were 
double-blind trials. Insulin was the most frequent treatment class (in five trials) added 
on to the MET+SU background therapies, followed by the GLP-1-a (four trials), DPP-
4-i (three trials) and SGLT-2-i (two trials) treatment classes. The primary outcome in 
all ten trials was change in HbA1c from baseline. 
 
Two trials were included in the base case NMA featuring a background of MET+PIO. 
One trial had a study duration of 26 weeks while the study duration of the other trial 
was approximately one year (with results reported at six months). Both trials were 
double-blinded and both assessed HbA1c change from baseline as the primary 
outcome. One trial assessed an SGLT-2-i and the other a DPP-4-i.  
 
Fourteen trials were included in the base case NMA featuring insulin background 
therapy. Three of these trials had a duration of approximately one year (with results 
reported at six months). All trials were double-blinded except one open-label trial 
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(Jacobs 2007). MET+PIO were the most common interventions added to an insulin 
background therapy, followed by DPP-4-i, SGLT-2-i and GLP-1-a.  
 


6.7.2.6. Participants 
 
The eligibility criteria of each trial are reported in Appendix 7 in section 10.7.5 
(Clinical SRL – Participants). 
 
 
6.7.2.7. Outcomes 
 
Primary and secondary outcomes of each trial are reported in Appendix 7 in section 


10.7.4 (Clinical SRL – Methods) 
 
 
6.7.2.8. Statistical analysis and definition of study groups 
 
A summary of statistical analyses is reported in Appendix 7 in section 10.7.6 (Clinical 
SRL – Statistical Analysis). 
 
 
6.7.2.9. Participant flow 
 
The sample size by treatment arm is reported in Appendix 7 in section 10.7.7 
(Clinical SRL – Summary of data used in the analysis). Any unexpected imbalances 
in drop-outs between groups was assessed as part of the quality assessment, as 
reported in Appendix 7 in section 10.7.8 (Clinical SRL – Quality assessment). 
 
 
6.7.2.10. Critical appraisal of relevant RCTs 
 
The critical appraisal of RCTS is reported in Appendix 7 in section 10.7.8 (Clinical 
SRL – Quality assessment). 
 
 
6.7.2.11. Results of the relevant RCTs 
 
The results of the relevant RCTS are reported in Appendix 7 in section 10.7.9 
(Clinical SRL –Summary of the trials used to conduct the indirect/mixed treatment 
comparison). 
 
Dual therapy 


In trials with a metformin background and results at a time point of 52 weeks ± 4 
weeks included in the base case meta-analysis, the magnitude of the mean change 
in HbA1c from baseline, ranged from -2.10% to -0.30% (both glimepiride treatment 
arms) across treatment arms. The mean weight change ranged from -8.0 kg 
(exenatide) to 4.3 kg (glibenclamide) in these trials. Mean change in BMI ranged from 
-2.1 kg/m2 (vildagliptin) to 1.5 kg/m2 (glibenclamide) and the mean change in SBP 
ranged from -4.65 mmHg (canagliflozin) to 3.24 mmHg (glimepiride) in these trials. 
The proportion of patients experiencing hypoglycaemic events ranged from 2% 
(vildagliptin) to 40% (glipizide).  
 
Triple therapy 
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In trials with a MET+SU background included in the base case meta-analysis, the 
magnitude of the mean change in HbA1c from baseline ranged from -2.76% (Insulin 
Aspart) to +0.30% (placebo) across treatment arms. The mean weight change 
ranged from -2.52 kg (canagliflozin 300mg) to +4.1 kg (Insulin Aspart). Mean change 
in BMI ranged from -0.90 kg/m2 (canagliflozin 300mg) to 0.06 kg/m2 (sitagliptin) and 
the mean change in SBP ranged from -6.21 mmHg (canagliflozin 300mg) to 0.54 
mmHg (insulin glargine). The proportion of patients experiencing any hypoglycaemic 
event ranged from 1% (placebo) to 61% (insulin aspart). 
 
In trials with a MET+TZD background included in the base case meta-analysis, the 
magnitude of the mean change in HbA1c from baseline ranged from -1.10% 
(sitagliptin) to -0.26% (placebo) across treatment arms. The proportion of patients 
experiencing a hypoglycaemic event ranged from 3% (placebo and canagliflozin 
arms) to 5% (canagliflozin). 
 
Add-on to insulin therapy 


In trials with an insulin background included in the base case meta-analysis, the 
magnitude of the mean change in HbA1c from baseline ranged from -4.00% 
(pioglitazone) to 1.82% (placebo) across treatment arms. The proportion of patients 
with HbA1c <7% in these trials ranged from 5.0% (placebo) to 60% (exenatide). The 
mean change in FPG ranged from -3.60mmol/l to +0.68mmol/l (both placebo arms) 
and the mean weight change ranged from -2.56 kg (canagliflozin) to +7.80kg 
(metformin). Mean change in SBP ranged from -7.57 mmHg (canagliflozin) to 1.70 
mmHg (placebo).  
 
 


6.7.3 Provide a summary of the trials used to conduct the indirect 
comparison. A suggested format is presented below. Network 
diagrams may be an additional valuable form of presentation. 


A summary of trials by background therapy used to conduct the indirect/mixed 
treatment comparisons is reported in Appendix 7 in section 10.7.9 (Clinical SRL – 
summary of the trials used to conduct the indirect/mixed treatment comparison).  
 
The networks of evidence for the metformin background at 26 weeks and 52 weeks 
(see Figure 33 and Figure 34) included the following treatment classes: SU, TZD 
(pioglitazone only), DPP-4-i, GLP-1-a, and SGLT-2-i (canagliflozin and dapagliflozin). 
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Figure 33 Network of evidence - metformin background at 26 weeks 
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Figure 34 Network of evidence - metformin background at 52 weeks 
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The network of evidence for the MET+SU background at 26 weeks (See Figure 35) 
included the following treatment classes: DPP-4-i, GLP-1-a, insulin regimens and 
SGLT-2-i (canagliflozin). Pioglitazone was not connected to the network in the base 
case analysis, as there was no direct or indirect link between canagliflozin and 
pioglitazone. However pioglitazone was included in the sensitivity analysis assuming 
class effects and was connected to the network through insulin.  (104) 
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Figure 35 Network of evidence - MET+SU background 
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The network of evidence for the metformin plus pioglitazone background (See Figure 
36) included the DPP-4-i sitagliptin. GLP-1-a and insulin were not included in this 
network of evidence as no trials assessing these treatments combined with 
metformin plus pioglitazone were identified as part of the systematic literature review.  
 


Figure 36 Network of evidence - metformin plus pioglitazone background 
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The network of evidence for the insulin background at 26 weeks (See Figure 37) 
included the following treatment classes: pioglitazone, DPP-4-i, GLP-1-a, SGLT-2-i 
(canagliflozin and dapagliflozin) and metformin. 
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Figure 37 Network of evidence - insulin background 
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On the basis of the outcomes reported in the selected trials (see Appendix 7 in 
section 10.7.6 [Clinical SRL – statistical analyses]), and those used as part of the 
economic modelling,  the following outcomes are reported in this submission for the 
NMA: 


- HbA1c change from baseline (%) 


- Weight change from baseline (kg) 


- BMI change from baseline (kg/m2) 


- SBP change from baseline (mmHg) 


- Proportion of patients with at least one hypoglycaemic event. “Any” 
hypoglycaemic events were pooled, defined as either symptomatic events 
(with or without biochemical confirmation) or asymptomatic events (with 
biochemical confirmation). 


- Proportion of patients with at least one major hypoglycaemic event, defined 
as an event requiring external assistance, or associated with loss of 
consciousness or seizure. 


 
Information relating to the proportion of patients reaching HbA1c <7% and FPG 
change from baseline (mmol/L) are presented in the NMA report only. (72) 
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6.7.4 For the selected trials, provide a summary of the data used in 
the analysis. 


A summary of data used in the analysis is reported in Appendix 7 in section 10.7.9 
(Clinical SRL – Summary of trials used to conduct the indirect/mixed treatment 
comparison). An overview of these results is reported in section 6.7.2. 
 
 


6.7.5 Please provide a clear description of the indirect/mixed 
treatment comparison methodology. Supply any programming 
language in a separate appendix. 


 
6.7.5.1.  Data inputs 
 
For binary outcomes, the number of events and total number of patients in each 
treatment arm were used as inputs for the statistical model. 
 
For continuous outcomes, the mean change from baseline in each treatment arm and 
the standard error were used as inputs for the statistical model.  (105) 
 


 
6.7.5.2.  Handling of missing data 
 
In case of missing data inputs for the meta-analysis, some data were estimated 
based on other results provided in the publications (depending on data availability) as 
follows. 
 
For continuous outcomes, if the mean change from baseline was not reported, it was 
estimated as the difference between the final value and the value at baseline in each 
arm. 
 
The variance of this mean change from baseline was estimated as follows: 
 


 
 


With σ2 the variance reported for the outcome and ρ the within-patient correlation. As 
recommended in the NICE DSU evidence synthesis series, a value of 0.5 was used 
for ρ in the base case analysis (conservative approach) and a different value (0.7) 
was tested as a sensitivity analysis.  (106) 
 
 


6.7.5.3.  Direct comparisons 
 
Meta-analyses based on direct comparisons were carried out between each pair of 
treatments when possible, i.e. when the two treatments have been compared in two 
or more clinical trials. A frequentist model was used as described by Whitehead 
(2002). (107) 
 
The inverse variance-weighted method was used to analyse binary and continuous 
outcomes. (108)  The weights used to pool the different studies were the inverse of 
the variance of the study outcomes. Moreover, the weighted least squares method 
was used to estimate the between study variance in random effect models.  
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In case of binary outcomes, the inverse variance-weighted method cannot be 
implemented if one or more arms in one or more studies reported zero event. The 
presence of zero(s) in the analysis of an outcome was handled using the Mantel-
Haenszel method, as recommended in the Cochrane handbook.. (105) 
 
For each pairwise comparison, the Cochran’s Q test and the I2 statistic were 
calculated. Heterogeneity was suspected if:  
 


- The Cochran’s Q test was significant with a significance level of 10%, or  


- I2 was higher than 50%. (109) 


 
The forest plot was generated to illustrate a suspected heterogeneity (if I2> 50% or p-
value of the Cochran’s Q test < 10%). 
 


 
6.7.5.4.  Network meta-analysis 
 
A Bayesian hierarchical model was used for the network meta-analysis. (110)  
 
For the modelling of binary outcomes, it was assumed that the number of events in 
each treatment arm follow a binomial likelihood where parameters are the probability 
of events under each treatment and the number of patients in each arm. As the 
probabilities can only vary between 0 and 1, a transformation was used to map these 
probabilities into a continuous measure. For a binomial likelihood, a logit function was 
used, which is based on the assumption of the linearity of effects. The logit link 
function is commonly used according to the NICE DSU evidence synthesis series.  
(106) 
 
With continuous outcome data, the meta-analysis was based on the sample means 
which can be assumed as being approximately normally distributed. Moreover, this 
parameter is not constrained in an interval, as consequence identity was used as link 
function. 
 
 


6.7.5.5.  Model selection 
 
The relative goodness of fit of the models was assessed using the Deviance 
Information Criterion (DIC). The fixed effects (FE) and random effects (RE) models 
were developed and the one associated with the lowest DIC was selected (with a 
difference of at least three points in DIC . (111)  The model with the smallest DIC is 
the model with the best compromise between adequacy and complexity: The BUGS 
Project. (112) 
 


 
 


Where  is the posterior mean residual deviance and PD is the effective number of 


parameters. 
 
When a random effects model was selected, results from the corresponding fixed 
effects model were also reported as a sensitivity analysis. 
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6.7.5.6.  Multi-arm trials 
 
In case trials compared more than two treatments of interest, the statistical approach 
was adjusted for the correlation between treatment effects from the same trials. The 
approach recommended by the NICE DSU was used, which is based on a 
conditional distribution formulation of the multivariate normal distribution  (106) 
 
 


6.7.5.7.  Crossover trials 
 
Based on statistical expert opinion, only the first phase of crossover trials was 
included in the meta-analysis due to the potential bias associated with carryover 
effect.  
 
According to the Cochrane handbook for systematic reviews of interventions, (105) 
crossover trials are generally associated with a risk of bias (e.g. carryover effect, risk 
of incorrect analysis, treatment sequences which are not randomised). In addition, 
results from a crossover trial may not be comparable to results from a parallel-group 
study. Therefore, a sensitivity analysis excluding crossover trials was conducted to 
assess the impact on the results.  
 
 


6.7.5.8.  Inconsistency assessment 
 
For each loop of the network, an indirect comparison (based on the Bucher at al. 
approach)  (113) was conducted and compared to the direct evidence from the 
network meta-analysis. (114)  The ratio of the point estimates obtained from indirect 
versus direct evidence was calculated, together with the 95% confidence interval 
(CI). Inconsistency was suspected if the CI excludes 1. 
 
 


6.7.5.9.  Rank probabilities 
 


For each treatment, the probability of ranking first, second, etc was calculated and 
the SUCRA (Surface Under the Cumulative Ranking) was estimated for treatment j 
as follows (“a” being the total number of treatments and “cumj,b” being the probability 
for treatment j to be in the first b treatments). (115)  


 
 


The SUCRA is expressed as a percentage and ranges between 0% and 100%. A 
SUCRA of 100% indicates that the treatment always ranks first, whereas a SUCRA 
of 0% indicates that a treatment always ranks last.  
 
 


6.7.5.10.  Implementation 
 
Non-informative prior distributions were used for unknown parameters to get results 
driven by the data. The following priors were used for the base case analysis:  
 
Normal distributions with a mean of 0 and a variance of 10,000 for treatments effects.  
(106) 
 







 


NICE Submission - Canagliflozin Page 122 of 310 


Uniform distribution for the between-trial standard deviation, with a range of [0,2] for 
binary outcomes.  For continuous outcomes, the range was selected based on the 
scale of the outcome. In case of convergence issues, the posterior distribution of the 
between-trial standard deviation was accounted for to select the appropriate prior 
distribution.  (106)  
 
The network meta-analysis was performed with Winbugs V1.4 using MCMC (Markov 
Chain Monte Carlo) simulation method. Three chains  (106) were simulated and their 
convergence was assessed by examining the history and the Gelman-Rubin plots. 
(116)  When possible, starting values required for the three chains were generated 
automatically by WinBUGS. If not, starting values were arbitrarily selected for each 
chain as widely different. 
 
A total of 20,000 iterations were used as burn-in followed by 20,000 iterations to 
monitor the parameters for fixed effects model, and 100,000 iterations as burn-in and 
100,000 to monitor the parameters for random effects models. The number of 
iterations was increased in case the convergence was not reached. 
 
 


6.7.5.11.  Main assumptions (for the base case analysis) 
 
Based on clinical expert opinion, separate analyses were conducted at 26 weeks +/- 
4 weeks and 52 weeks +/- 4 weeks (for the metformin background) to increase 
comparability between trials and reflect the analyses conducted in the canagliflozin 
trials. 
 
All analyses were conducted by background therapy (metformin, MET+SU, 
MET+TZD, insulin) as background therapies are important treatment effect modifiers 
in T2DM. 
 
Nodes of the NMA were treatment- and dose-specific except for insulin, MET+SU. 
Doses of MET+SU were pooled to reflect dose adjustments on a per-patient basis. In 
addition, class effects were assumed for insulin in line with the NICE guidelines for 
the management of T2DM (NPH insulin, long acting insulin, biphasic/pre-mixed 
insulin, and short acting insulin).  (36) 
 
 


6.7.5.12.  Sensitivity analyses 
 
Sensitivity analyses were conducted to ensure robustness of the results.  
 


 Time of assessment: trials which collected endpoints at 26 weeks +/- 10 
weeks or 52 weeks +/- 10 weeks were included as a sensitivity analysis. 


 Prior distributions: a gamma distribution (0.001, 0.001) was tested for the 
between-trial precision (i.e. inverse variance) in the random effects model.  


 Any trial considered as a potential source of heterogeneity or inconsistency 
was excluded to further explore the validity of the similarity assumption 
between trials  


 Trials of lower quality: trials which were not double-blinded were excluded as 
a sensitivity analysis 


 Class effects were assumed for insulin, GLP-1-a, DDP-4-i, SU and TZD 
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 Handling of missing data: a sensitivity analysis was conducted regarding trials 
with imputed standard error (a correlation of 0.7 between the baseline and the 
final value was assumed). 


 Conference abstracts: results published as conference abstracts only since 
2010 were included as a sensitivity analysis to assess the impact on the 
results 


 For the metformin plus pioglitazone background, due to the limited number of 
trials in the base case analysis, a sensitivity analysis including trials with 
patients receiving a mixed background therapy (i.e. metformin + TZD or TZD 
alone as a background therapy) was conducted. 


 
SAS and WinBUGS programs are reported in Appendix 7 in section 10.7.10 (Clinical 
SRL – Winbugs and SAS programs). 
 
 


6.7.6 Please present the results of the analysis.  


Detailed tables of results can be found in Appendix 7 in Section 10.7.14. (Dual 
therapy at 26 weeks), Section 10.7.15 (Dual therapy at 52 weeks), Section 10.7.16 
(triple therapy in combination with MET+SU), Section 10.7.17 (triple therapy in 
combination with MET+TZD), and Section 10.7.18 (Add-on to insulin). 
 


 
6.7.6.1. Selection of models 
The selection of fixed versus random effects model was based on the DIC as 
reported in Table 21. A random effects (RE) model was selected for the analysis of 
HbA1c change from baseline with the metformin (26 and 52 weeks) and MET+SU 
background therapies, the weight change from baseline with the MET+SU 
background and the BMI change from baseline with the metformin background (52 
weeks). 
 
Table 21 DIC for fixed and random effects models by background therapy and endpoint 


Outcomes Model Met 26wks Met 52wks Met+SU Met+Pio INS 


Hba1c  FE -10.58 -55.41 -18.65 -7.98 -14.80 


(change) RE -81.18 -59.91 -25.78 -7.91 -15.16 


Weight FE 92.69 58.25 29.68 15.36 56.81 


(change) RE 94.08 60.15 19.32 15.40 56.88 


BMI FE 1.45 16.15 -6.10 
** ** 


(change) RE 2.61 8.29 -6.00 


SBP FE 113.13 32.28 26.43 
** 


40.17 


(change) RE 113.99 33.42 26.44 40.11 


All  
hypoglycaemia 
(change) 


FE 
*** 


126.20 133.99 27.01 
** 


RE 127.13 131.39 27.05 


Severe 
hypoglycaemia 
(change) 


FE 
**** **** **** ** **** 


RE 


The selection of model by background therapy and endpoint is reported in bold (i.e. selection of the model 
associated with the lowest DIC with a difference of at least three points) 
*The RE model was the most appropriate based on the DIC, however results from the FE model are presented 
due to convergence issues of the RE model  
** No analysis was conducted for these endpoints due to missing data 
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***Results were not stable and led to abnormal values due to low numbers of hypoglycaemic events in some 
treatments arms 
****Due to the absence of severe hypoglycaemic events in many trials (in one or several treatment arms), the 
analysis of severe hypoglycaemia could not be conducted (models could not run or chains did not converge) 


 
 
Only endpoints used in the cost-effectiveness model are reported in the following 
sections (i.e. change from baseline in HbA1c, weight, BMI and SBP and incidence of 
all hypoglycaemic events. However, network meta-analyses were conducted using all 
treatments among the pre-specified classes of treatments (depending on data 
availability from the literature). Results for other endpoints and comparators are 
reported in the NMA report. (72) 
 


 
6.7.6.2. Dual therapy - Metformin background (52 weeks) 
 


6.7.6.2.1. HbA1c change from baseline (Figure 38) 


Differences in HbA1c change at 52 weeks compared to the different comparators 
with a metformin background are:  


 Sitagliptin 100mg: difference of -0.2% for canagliflozin 300mg and -0.01% for 
canagliflozin 100mg. 


 Dapagliflozin 10mg: difference of -0.27% for canagliflozin 300mg and -0.14% 
for canagliflozin 100mg.  


 SU (Glimepiride and gliclazide): higher HbA1c reductions for canagliflozin 
300mg and similar reduction in HbA1c for canagliflozin 100mg. 


 Pioglitazone 30mg: difference of -0.112% for canagliflozin 300mg and 0.021% 
for canagliflozin 100mg.  


 Liraglutide 1.2mg: difference of 0.27% for canagliflozin 300mg and 0.40 for 
canagliflozin 100mg. 


 Exenatide 10µg: difference of -0.11% for canagliflozin 300mg, and 0.02% for 
canagliflozin 100mg. 
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Figure 38 Mean difference in HbA1c [95%CrI], metformin background at 52 weeks 


 
 
 


6.7.6.2.2. Weight change from baseline (Figure 39) 


Canagliflozin 300mg and 100mg were associated with higher weight reductions 
compared to DDP-4 –i (difference in weight change vs. sitagliptin 100mg:  -2.12kg 
and -2.48kg), SU (difference ranging from -3.97kg to -4.33kg) and pioglitazone 30mg 
(difference ranging from -4.57kg to -4.93kg) for canagliflozin 100mg and 300mg 
respectively. The reduction in weight was at least similar for canagliflozin 300mg and 
100mg compared to dapagliflozin 10mg. When comparing canagliflozin with the GLP-
1-a, exenatide 10µg was associated with a higher reduction in weight whereas 
liraglutide 1.2mg was associated with a lower reduction in weight.  
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Figure 39 Mean difference in weight [95%CrI], metformin background at 52 weeks 


 


 
6.7.6.2.3. BMI change from baseline (Figure 40)  


Canagliflozin 300mg and 100mg were associated with higher reductions in BMI 
compared to SU and pioglitazone 30mg. The reduction in BMI was similar or higher 
for canagliflozin 300mg and 100mg compared to the DDP-4-i. Exenatide 10µg ranked 
first on the basis of the SUCRA and was associated with higher reductions in BMI 
compared to canagliflozin 300mg and 100mg. 
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Figure 40 Mean difference in BMI [95%CrI], metformin background at 52 weeks 


 
 
 


6.7.6.2.4. SBP change from baseline (Figure 41) 


The placebo arm was excluded from the analysis of SBP in the metformin 
background at 52 weeks due to missing data (Appendix 7 in section 10.7.9. [Clinical 
SRL - Summary of the trials used to conduct the indirect/mixed treatment 
comparison]). Only results for canagliflozin versus active treatments are reported 
below. 
 
Canagliflozin 300mg and 100mg were associated with higher reductions in SBP 
compared to glimepiride, liraglutide 1.2mg and sitagliptin 100mg, and smaller 
reductions in SBP compared to pioglitazone 30mg.  
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Figure 41 Mean difference in SBP [95%CrI], metformin background at 52 weeks 


 


 
 
6.7.6.2.5. All hypoglycaemic events (Figure 42) 


 
The network of evidence for the analysis of all hypoglycaemic events was almost 
linear leading to a high number of indirect links between some treatments.  
 
Canagliflozin 300mg and 100mg were associated with a lower risk of hypoglycaemia 
compared to SU (ORs ranging from 0.10 to 0.11) and higher risk of hypoglycaemia 
compared to dapagliflozin 10mg (ORs ranging from 3.43 to 3.65) and the DDP-4-i 
(ORs ranging from 1.19 to 3.62). The difference in risk of hypoglycaemia versus 
dapagliflozin measured in this NMA is likely to be due to study design (i.e. different in 
reporting of hypoglycaemic event) only. 
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Figure 42 Hypoglycaemic events (OR [95%CrI]), metformin background at 52 weeks 


 
 
 
6.7.6.3. Triple therapy - metformin plus SU background 
 
6.7.6.3.1. HbA1c change from baseline (Figure 43) 


 
Canagliflozin 300mg was associated with higher HbA1c reductions compared to 
DDP-4-i (sitagliptin 100mg) with a difference in HbA1c of -0.17%. Canagliflozin 
100mg was associated with similar HbA1c reductions compared to DDP-4-i with a 
difference in HbA1c of 0.07%. 
 
Canagliflozin 300mg was associated with higher HbA1c reductions compared to 
GLP-1-a (exenatide 10µg) with a difference in HbA1c of -0.21%. Canagliflozin 100mg 
was associated with similar HbA1c reductions compared to GLP-1-a with a difference 
in HbA1c of 0.03%. 
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Figure 43 Mean difference in HbA1c [95%CrI], MET+SU background at 26 weeks 


 
 
 
6.7.6.3.2. Weight change from baseline (Figure 44) 


 
Canagliflozin 300mg and 100mg were associated with higher weight reductions 
compared to DDP-4-i (difference of -2.64kg and -2.03kg, respectively). The reduction 
in weight for canagliflozin 100mg and 300mg was similar to GLP-1-a (difference of –
0.14kg and 0.47kg, respectively).  
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Figure 44 Mean difference in weight [95%CrI], MET+SU background at 26 weeks 


 


 
 


6.7.6.3.3. BMI change from baseline (Figure 45) 


Canagliflozin 300mg and 100mg were associated with higher reductions in BMI 
compared to sitagliptin 100mg (difference of -0.92kg/m2 and -0.70 kg/m2, 
respectively). 
 
Figure 45 Mean difference in BMI [95%CrI], MET+SU background at 26 weeks 


 


 
 


6.7.6.3.4. SBP change from baseline (Figure 46) 


Canagliflozin 300mg and 100mg were associated with higher reductions in SBP 
compared to sitagliptin 100mg (difference of -5.16mmHg and -5.76mmHg, 
respectively).  
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Figure 46 Mean difference in SBP [95%CrI], MET+SU background at 26 weeks 


 


 
 


6.7.6.3.5. All hypoglycaemic events (Figure 47) 


Canagliflozin 300mg and 100mg were associated with a similar risk compared to 
sitagliptin 100mg (ORs of 0.96 and 0.75 respectively) and a similar risk of 
hypoglycaemia compared to exenatide 10µg (ORs of 1.23 and 0.96 respectively).  
 
Figure 47 Hypoglycaemic events (OR [95%CrI]), MET+SU background at 26 weeks 


 
 
 


6.7.6.4. Triple therapy - MET+TZD background 
 


6.7.6.4.1.  HbA1c change from baseline (Figure 48) 


Canagliflozin 300mg was associated with a reduction in HbA1c of -0.07% compared 
to sitagliptin 100mg.  
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Figure 48 Mean difference in HbA1c [95%CrI], MET+TZD background at 26 weeks 


 
 
 


6.7.6.4.2.  Weight change from baseline (Figure 49) 


Canagliflozin 300mg and 100mg were associated with weight reductions of -3.65kg 
and -2.70kg respectively compared to sitagliptin 100mg. 
 
Figure 49 Mean difference in weight [95%CrI], MET+TZD background at 26 weeks 


 


 
 
6.7.6.4.3.  BMI change from baseline 


The BMI change from baseline was not reported in the trial by Fonseca (2013), 
therefore the only trial included in the network of evidence was the canagliflozin trial. 
(93)  No statistical analysis was conducted for the analysis of the BMI change from 
baseline. 
 
 
6.7.6.4.4.  SBP change from baseline 


The SBP change from baseline was not reported in the trial by Fonseca (2013), 
therefore the only trial included in the network of evidence was the canagliflozin trial. 
(93) . No statistical analysis was conducted for the analysis of SBP change from 
baseline. 
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6.7.6.4.5.  All hypoglycaemic events (Figure 50) 


Canagliflozin 100mg was associated with a risk of hypoglycaemic events similar to 
sitagliptin 100mg (OR of 0.86 and probability of being better of 55%). Canagliflozin 
300mg was associated with a higher risk of hypoglycaemic events compared to 
sitagliptin 100mg (OR of 1.89 and probability of being better of 25%). Standard 
deviations were high leading to broad credibility intervals (Crl). 
 
Figure 50 Hypoglycaemic events (OR [95%CrI]), MET+TZD background at 26 weeks 


 
 
 
6.7.6.5. Add-on to insulin - Insulin ± OAD background (26 weeks) 
 
6.7.6.5.1.  HbA1c change from baseline (Figure 51) 


Differences in HbA1c change at 26 weeks compared to the different comparators are 
as follows:   


 Sitagliptin 100mg: difference in HbA1c of -0.15% for canagliflozin 300mg and 
-0.01% for canagliflozin 100mg. 


 Dapagliflozin 10mg: difference of -0.15% for canagliflozin 300mg and -0.01% 
for canagliflozin 100mg.  


 Exenatide 10µg: difference of -0.05% for canagliflozin 300mg, and 0.09% for 
canagliflozin 100mg. 


 Pioglitazone 30mg, with a difference of -0.10% for canagliflozin 300mg and 
0.04% for canagliflozin 100mg,  


 
Pioglitazone 45mg ranked first on the basis of the SUCRA and was associated with 
higher HbA1c reduction compared to canagliflozin 100mg and 300mg.  
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Figure 51 Mean difference in HbA1c [95%CrI], insulin background at 26 weeks 


 


 
 


6.7.6.5.2.  Weight change from baseline (Figure 52) 


Canagliflozin 100mg and 300mg were associated with higher reductions in weight 
compared to DDP-4-i (difference of -2.10kg and -2.67kg, respectively), pioglitazone 
30mg (difference of -3.28kg and -3.85kg, respectively) and dapagliflozin 10mg 
(difference of -0.41kg and -0.98kg, respectively). Exenatide 10µg was associated 
with a similar reduction in weight compared to canagliflozin 300mg and with a higher 
reduction in weight compared to canagliflozin 100mg.  
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Figure 52 Mean difference in weight [95%CrI], insulin background at 26 weeks 


 
 
 
6.7.6.5.3.  BMI change from baseline 


Due to the absence of BMI results at 26 weeks for the canagliflozin trial, no analysis 
was conducted.  
 
 


6.7.6.5.4.  SBP change from baseline (Figure 53) 


Canagliflozin 300mg and 100mg were associated with higher reductions in SBP 
compared to dapagliflozin 10mg (difference of -2.62mmHg and -0.92mmHg, 
respectively). When comparing canagliflozin and exenatide 10µg, canagliflozin 
300mg was associated with higher reduction in SBP and canagliflozin 100mg was 
associated with similar reduction in SBP (difference of -1.33mmHg and 0.38mmHg, 
respectively).  
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Figure 53 Mean difference in SBP [95%CrI], insulin background at 26 weeks 


 
 
 


6.7.6.5.5.  All hypoglycaemic events  


Due to the absence of results for all hypoglycaemic events at 26 weeks for the 
canagliflozin trial, no analysis was conducted.  


 
 


6.7.7 Please provide the statistical assessment of heterogeneity 
undertaken. The degree of, and the reasons for, heterogeneity 
should be explored as fully as possible. 


An assessment of heterogeneity was conducted and detailed results are presented 
for each line of therapy in Section 10.7.11 of Appendix 7. 
 
No heterogeneity was identified in the analyses of the metformin, MET+SU and 
MET+TZD background therapies; although a moderate level of heterogeneity was 
detected in the analysis of the insulin background therapy. Some trials included in the 
analysis of the insulin background allowed patients to receive OADs as a background 
therapy. Among the 14 trials included in the base case analysis, five trials enrolled 
patients on insulin monotherapy, and nine trials enrolled patients on insulin ± OAD 
(including metformin, SU, TZD or a combination of two of these OADs). In particular, 
the trial assessing canagliflozin allowed patients to take INS+SoC. As no data were 
available in patients receiving insulin monotherapy as a background therapy in the 
canagliflozin trial, no sensitivity analysis was conducted. The heterogeneity in the 
analysis of the insulin network was acknowledged as a limitation.  
 
In addition, it should be noted that the study population of the CANVAS insulin-sub-
study was slightly different from the population in the other trials. the CANVAS 
insulin-sub-study included T2DM patients with a history of, or a high CVD risk. (84)  
This heterogeneity in the study population between trials could not be addressed as 
part of a sensitivity analysis as the canagliflozin trial was the only trial including 
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patients with a history of, or a high risk for, CVD. It was therefore acknowledged as a 
limitation of the analysis of the insulin background. 
 
 


6.7.8 If there is doubt about the relevance of a particular trial, please 
present separate sensitivity analyses in which these trials are 
excluded.  


Sensitivity analyses excluding trials sources of inconsistency and/or heterogeneity 
were conducted to assess the impact on the results. The assessment of 
inconsistency and heterogeneity was reported in sections 6.7.7 and 6.7.9.   
 
Sensitivity analyses excluding trials which were sources of inconsistency were 
conducted in the analyses of the metformin and MET+SU background therapies.  
 
Conclusions remained unchanged with regards to the analysis of metformin 
background therapy. Conclusions from the analysis of MET+SU background therapy 
were slightly impacted by the sensitivity analyses: canagliflozin 300mg and 100mg 
were associated with similar or lower HbA1c reductions compared to exenatide 10µg 
in the sensitivity analysis (whereas HbA1c reductions were similar or higher to 
exenatide 10µg in the base case analysis). In addition, canagliflozin 300mg was 
associated with a larger weight reduction compared to exenatide 10µg in the 
sensitivity analysis (whereas weight reduction was similar to exenatide 10µg in the 
base case analysis).  
 
Detailed results from the sensitivity analyses are presented in Section 10.7.12 of 
Appendix 7.  
 
 


6.7.9 Please discuss any heterogeneity between results of pairwise 
comparisons and inconsistencies between the direct and 
indirect evidence on the technologies. 


As described in section 6.7.7, the analysis of heterogeneity between results of 
pairwise comparisons led to the identification of a potential source of heterogeneity in 
the insulin background as some trials allowed patients to receive OADs in addition to 
insulin, whereas other trials enrolled patients on insulin monotherapy. 
 
The analysis of inconsistency was conducted within each independent loop of the 
networks. Detailed results are presented in Section 10.7.13 of Appendix 7. 
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6.8 Non-RCT evidence 


Non-RCT, both experimental and observational, evidence will be 
required, not just for those situations in which RCTs are unavailable, but 
also to supplement information from RCTs when they are available. This 
section should be read in conjunction with NICE’s ‘Guide to the methods 
of technology appraisal’, sections 3.2.8 to 3.2.10. 


6.8.1 If non-RCT evidence is considered (see section 6.2.7), please 
repeat the instructions specified in sections 6.1 to 6.5 for the 
identification, selection and methodology of the trials, and the 
presentation of results. For the quality assessments of non-
RCTs, use an appropriate and validated quality assessment 
instrument. Key aspects of quality to be considered can be 
found in ‘Systematic reviews: CRD’s guidance for undertaking 
reviews in health care’ (www.york.ac.uk/inst/crd). Exact details 
of the search strategy used and a complete quality 
assessment for each trial should be provided in sections 10.6 
and 10.7, appendices 6 and 7.  


The clinical SRL only included RCTs with relatively consistent study design and 
populations to the RCTs available as part of the Phase 2 clinical programme for 
canagliflozin. There are non- randomised controlled studies using canagliflozin and it 
was therefore decided not to include any non-RCTs for comparators in the clinical 
SLR.  
 



http://www.york.ac.uk/inst/crd
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6.9 Adverse events 


This section should provide information on the adverse events 
experienced with the technology in relation to the decision problem. 
Evidence from comparative RCTs and regulatory summaries is 
preferred; however, findings from non-comparative trials may 
sometimes be relevant. For example, post-marketing surveillance data 
may demonstrate that the technology shows a relative lack of adverse 
events commonly associated with the comparator, or the occurrence of 
adverse events is not significantly associated with other treatments.  


6.9.1 If any of the main trials are designed primarily to assess safety 
outcomes (for example, they are powered to detect significant 
differences between treatments with respect to the incidence 
of an adverse event), please repeat the instructions specified 
in sections 6.1 to 6.5 for the identification, selection, 
methodology and quality of the trials, and the presentation of 
results. Examples for search strategies for specific adverse 
effects and/or generic adverse-effect terms and key aspects of 
quality criteria for adverse-effects data can found in 
‘Systematic reviews: CRD’s guidance for undertaking reviews 
in health care’ (www.york.ac.uk/inst/crd). Exact details of the 
search strategy used and a complete quality assessment for 
each trial should be provided in sections 10.8 and 10.9, 
appendices 8 and 9. 


The clinical studies outlined in the clinical evidence section were powered to detect 


differences in efficacy, rather than safety. However, safety data were captured in all 
RCTs. 
 
The clinical SRL (section 6.7.1. to section 6.7.5). also investigated outcomes related 
to AEs (i.e. hypoglycaemic episode, genitourinary tract infection, CV events, AEs and 
death).  However, all selected trials primarily assessed clinical efficacy outcomes. 
The assessment of safety outcomes was a secondary objective of these trials and 
did not include a description of all these AEs. Therefore, on the basis of the AE-
related outcomes reported in the selected trials (see Section 10.7.6. of Appendix 7 
[Clinical SRL – Statistical analysis]), only the proportion of patients with at least one 
hypoglycaemic event (i.e. “Any” hypoglycaemic events were pooled, defined as either 
symptomatic events [with or without biochemical confirmation] or asymptomatic 
events [with biochemical confirmation]) was considered as part of the NMA. The 
results of the NMA related to hypoglycaemic events are presented in Section 
6.7.6.2.5 in dual therapy (in dual therapy in combination with metformin), Section 
6.7.6.3.5 (in triple therapy in combination with MET+SU) and Section 6.7.6.4.5 in 
triple therapy (in triple therapy in combination with MET +TZD) and Section 6.7.6.5.5. 
(in add-on to insulin therapy). 
 
AEs were collected as part of canagliflozin clinical programme and DIA3008 
(CANVAS) was designed primarily to assess CV safety outcomes).  



http://www.york.ac.uk/inst/crd
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CANVAS (DIA3008) trial 
 
CANVAS (DIA3008) is a randomised, double-blind, placebo-controlled, parallel 
group, multicentre trial.  The first phase includes 4,330 patients randomised on a 
1:1:1 basis to placebo, canagliflozin 100mg, or canagliflozin 300mg scheduled to be 
followed initially for an average of approximately 2 years. (9)  A planned second 
phase which intended to recruit and follow a further 14,000 patients to demonstrate 
CV protection will not be carried out. 
 
CANVAS has yet to report as the total trial duration is expected to be approximately 4 
years and the study is event-driven. The current cohort of patients (4,330) will 
continue to be followed, assuming 420 events are accrued at completion. 
 
Figure 54. Study flow chart [ (9) 


 
 
 
The primary objectives of CANVAS are to evaluate the effects of treatment with 
canagliflozin on CV risk as measured by the hazard ratio (HR) for a composite CV 
end-point of MACE-plus (including CV death, non-fatal MI, non-fatal stroke, and 
unstable angina) and to assess safety and tolerability of canagliflozin. The primary 
null hypothesis to be tested was that there would be no difference in the risk of CV 
disease between patients treated with canagliflozin compared to patients treated with 
placebo. 
 
The inclusion criteria for subjects included in CANVAS differ from the criteria for rest 
of the Phase 3 trials.  Subjects enrolled in CANVAS were required to have a 
diagnosis of T2DM and a history of or high risk of CV disease defined on the basis of 
either: 


 Age >30 years with documented symptomatic atherosclerotic CVD, including 
stroke, MI, hospital admission for unstable angina, coronary artery bypass graft, 
percutaneous coronary intervention (with or without stenting), peripheral 
revascularisation (angioplasty or surgery), symptomatic with documented 
haemodynamically significant carotid or peripheral vascular disease, or 
amputation secondary to vascular disease. 
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 Age >50 years with two or more of the following risk factors determined at the 
screening visit: duration of T2DM of 10 years or more, SBP >140mmHg (average 
of 3 readings) recorded at the screening visit, on at least one BP-lowering 
treatment, current daily cigarette smoker, documented micro- or macro-
albuminuria or documented HDL-C of <1mmol/L (<39mg/dL). 


 
In contrast, the exclusion criteria for the non-CANVAS studies included subjects with 
a previous history or high risk of CVD: 


 
In CANVAS, background AHAs needed to have been administered at a stable dose 
for the 8 weeks prior to screening. Background therapy could be any approved 
agent(s), whether oral or injectable. Patients were required to remain on the same 
background therapy for 18 weeks, with rescue medication permitted if FPG was 
>15mmol/L after day 1 to week 6, >13.3mmol/L after week 6 to week 12 or 
>11.1mmol/L after week 12 to week 18.  
 
The trial was originally designed to provide 90% power (α=0.05) to detect a relative 
risk reduction of 15% or greater for the effect of canagliflozin compared to placebo on 
the primary CV end-point across the two trial phases among a total study population 
of approximately 18,000. This estimate assumed an event rate of 2.25% per year and 
a 5% per year rate of premature discontinuation of active treatment. The 15% relative 
risk reduction was based on projected favourable effects of the agent on HbA1c, 
blood pressure and weight. To achieve this power the study was planned to continue 
until 1,600 MACE events had accrued. The recruitment of 4,330 individuals to phase 
one of the study was based on this being a sufficient number of participants to meet 
initial CV safety requirements when considered together with the data from other 
controlled trials in the canagliflozin development programme. It was projected that 
within about 2 years there would be more than 90% power with 160 MACE-plus 
events across the programme to exclude a non-inferiority margin of 1.8, assuming a 
point estimate of effect of 1.0.  
 
This cohort of 4,330 individuals will continue to be followed and will contribute to the 
ongoing assessment of CV safety and the assessments of other outcomes as 
planned. Due to the decision to only enrol the initial cohort of patients there will be 
80% power (2-sided α= 0.05) to detect a 25% or greater risk reduction assuming 
about 420 events are accrued at study completion. Analysis will be by intention-to-
treat and a p value of 0.05 will be taken to indicate a significant effect. 
 
 


6.9.2 Please provide details of all important adverse events for each 
intervention group. For each group, give the number with the 
adverse event, the number in the group and the percentage 
with the event. Then present the relative risk and risk 
difference and associated 95% confidence intervals for each 
adverse event. A suggested format is shown below. 


The Phase 3 clinical trial programme evaluated the safety of canagliflozin in 10,285 
people with T2DM. Data from three pre-specified pooled safety datasets is available: 
a broad dataset, a placebo-controlled studies dataset and a pooled renal impairment 
dataset, see Table 179 in Section 10.8. of Appendix 8. 
 
The broad dataset includes data for canagliflozin 100mg and 300mg and all non-
canagliflozin arms (i.e. placebo, glimepiride and sitagliptin). This dataset was set up 
to provide information on safety with longer exposure, and support the CV meta-
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analysis. It provides a broad and robust safety assessment and is the primary focus 
of this section.  
 
 


6.9.2.1. AEs reported 
 
In the Broad Dataset, the incidence of subjects who experienced any adverse event 
was similar across groups (76.6% and 77.0%, for canagliflozin 100mg and 300mg 
respectively vs. 76.8% in the non-canagliflozin group), as presented in Table 22. 
(117) 
 
The incidence of subjects who experienced AEs leading to discontinuation was 
slightly higher in the canagliflozin 300mg group (4.6%) compared with the 
canagliflozin 100mg (3.6%) and non-canagliflozin groups (2.11%). (117) The 
incidence of AEs considered related to study drug by the investigator was slightly 
higher in the canagliflozin 100mg and 300mg groups (33.6% and 29.4%, 
respectively) compared with the non-canagliflozin group (21.8%). The incidence of 
serious AEs and deaths was similar in the canagliflozin and non-canagliflozin groups 
(see Table 22). (117) 
 
Specific AEs that were reported in at least 2% of subjects in any treatment group 
regardless of use of rescue medication are presented in Table 22. AEs that were 
common in subjects treated with canagliflozin (i.e., occurring in at least 5% of 
subjects in a canagliflozin group) were naso-pharyngitis, hypoglycaemia, upper 
respiratory tract infection, UTI, diarrhoea, arthralgia back pain, and headache.  
 
Table 22. Overall summary of AEs - regardless of use of rescue medication (broad 
dataset: safety analysis set) (117) 


Number (%) of subjects with a least one 
TEAE of the following types 


Canagliflozin 
100mg 


Canagliflozin 
300mg 


All Cana All non-Cana 


N = 3,092 N = 3,085 N = 6,177 N = 3,262 


Any AEs 2,369 (76.6) 2,375 (77.0) 4,744 (76.8) 2,473 (75.8) 


AEs leading to discontinuation 173 ( 5.6) 224 ( 7.3) 397 ( 6.4) 164 ( 5.0) 


AEs related to study drug* 910 (29.4) 1,037 (33.6) 1,947 (31.5) 711 (21.8) 


AEs related to study drug and leading to 
discontinuation 


110 ( 3.6) 142 ( 4.6) 252 ( 4.1) 70 ( 2.1) 


Serious AEs 417 (13.5) 406 (13.2) 823 (13.3) 445 (13.6) 


Serious AEs leading to discontinuation 63 ( 2.0) 52 ( 1.7) 115 ( 1.9) 71 ( 2.2) 


Serious AEs related to study drug 35 ( 1.1) 33 ( 1.1) 68 ( 1.1) 27 ( 0.8) 


Serious AEs related to study drug and 
leading to discontinuation 


17 ( 0.5) 14 ( 0.5) 31 ( 0.5) 10 ( 0.3) 


Deaths 25 ( 0.8) 24 ( 0.8) 49 ( 0.8) 37 ( 1.1) 


AEs in at least 2% of subjects in any treatment group by body system and preferred term 


Ear and labyrinth disorders  108 ( 3.5) 108 ( 3.5) 216 ( 3.5) 146 ( 4.5) 


Vertigo  58 ( 1.9) 63 ( 2.0) 121 ( 2.0) 73 ( 2.2) 


GI disorders  748 (24.2) 735 (23.8) 1483 (24.0) 724 (22.2) 


Constipation  95 ( 3.1) 92 ( 3.0) 187 ( 3.0) 78 ( 2.4) 


Diarrhoea  159 ( 5.1) 215 ( 7.0) 374 ( 6.1) 213 ( 6.5) 


Nausea 92 ( 3.0) 108 ( 3.5) 200 ( 3.2) 90 ( 2.8) 


Toothache 61 ( 2.0) 47 ( 1.5) 108 ( 1.7) 43 ( 1.3) 
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Number (%) of subjects with a least one 
TEAE of the following types 


Canagliflozin 
100mg 


Canagliflozin 
300mg 


All Cana All non-Cana 


N = 3,092 N = 3,085 N = 6,177 N = 3,262 


General disorders and administration site 
conditions 


412 (12.6) 416 (13.5) 438 (14.2) 854 (13.8) 


Chest pain 52 ( 1.6) 61 ( 2.0) 48 ( 1.6) 109 ( 1.8) 


Fatigue  81 ( 2.5) 87 ( 2.8) 83 ( 2.7) 170 ( 2.8) 


Oedema peripheral  122 ( 3.7) 63 ( 2.0) 59 ( 1.9) 122 ( 2.0) 


Pyrexia 51 ( 1.6) 66 ( 2.1) 117 ( 1.9) 58 ( 1.8) 


Thirst  42 ( 1.4) 69 ( 2.2) 111 ( 1.8) 2 ( 0.1) 


Infections and infestations 1343 (43.4) 1326 (43.0) 2669 (43.2) 1343 (41.2) 


Bronchitis 129 ( 4.0) 116 ( 3.8) 111 ( 3.6) 129 ( 4.0) 


Gastroenteritis  80 ( 2.5) 64 ( 2.1) 72 ( 2.3) 80 ( 2.5) 


Influenza  122 ( 3.7) 134 ( 4.3) 121 ( 3.9) 122 ( 3.7) 


Nasopharyngitis 328 (10.1) 313 (10.1) 298 ( 9.7) 328 (10.1) 


Sinusitis  84 ( 2.6) 81 ( 2.6) 83 ( 2.7) 84 ( 2.6) 


Upper respiratory tract infection  271 ( 8.3) 224 ( 7.2) 206 ( 6.7) 271 ( 8.3) 


Urinary tract infection  194 ( 5.9) 217 ( 7.0) 210 ( 6.8) 194 ( 5.9) 


Vulvovaginal mycotic infection  22 ( 0.7) 73 ( 2.4) 76 ( 2.5) 22 ( 0.7) 


Blood creatine phosphokinase  64 ( 2.0) 30 ( 1.0) 28 ( 0.9) 64 ( 2.0) 


Metabolism and nutrition disorders  448 (14.5) 451 (14.6) 899 (14.6) 559 (17.1) 


Hyperglycaemia  51 ( 1.6) 44 ( 1.4) 95 ( 1.5) 113 ( 3.5) 


Hypoglycaemia  239 ( 7.7) 256 ( 8.3) 495 ( 8.0) 290 ( 8.9) 


Musculoskeletal/connective tissue disorders   700 (22.6) 691 (22.4) 700 (22.6) 732 (22.4) 


Arthralgia  152 ( 4.9) 121 ( 3.9) 152 ( 4.9) 173 ( 5.3) 


Back pain  169 ( 5.5) 196 ( 6.4) 169 ( 5.5) 165 ( 5.1) 


Musculoskeletal pain 69 ( 2.2) 72 ( 2.3) 69 ( 2.2) 81 ( 2.5) 


Osteoarthritis 71 ( 2.3) 64 ( 2.1) 71 ( 2.3) 67 ( 2.1) 


Pain in extremity  106 ( 3.4) 83 ( 2.7) 106 ( 3.4) 115 ( 3.5) 


Nervous system disorders  485 (15.7) 502 (16.3) 987 (16.0) 485 (14.9) 


Dizziness 45 ( 1.5) 65 ( 2.1) 110 ( 1.8) 47 ( 1.4) 


Headache  146 ( 4.7) 165 ( 5.3) 311 ( 5.0) 183 ( 5.6) 


Renal and urinary disorders  354 (11.4) 360 (11.7) 714 (11.6) 222 ( 6.8) 


Pollakiuria  117 ( 3.8) 137 ( 4.4) 254 ( 4.1) 34 ( 1.0) 


Reproductive system and breast disorders 273 ( 8.8) 321 (10.4) 594 ( 9.6) 129 ( 4.0) 


Balanitis 74 ( 2.4) 68 ( 2.2) 142 ( 2.3) 14 ( 0.4) 


Vulvovaginal pruritus 44 ( 1.4) 62 ( 2.0) 106 ( 1.7) 7 ( 0.2) 


Respiratory, thoracic / mediastinal disorders  356 (11.5) 332 (10.8) 688 (11.1) 394 (12.1) 


Cough  120 ( 3.9) 99 ( 3.2) 219 ( 3.5) 131 ( 4.0) 


Vascular disorders  219 ( 7.1) 234 ( 7.6) 453 ( 7.3) 270 ( 8.3) 


Hypertension  84 ( 2.7) 68 ( 2.2) 152 ( 2.5) 152 ( 4.7) 


Note: Percentages calculated with the number of subjects in each group as denominator and the number of subjects 
experiencing at least one AE regardless of rescue medication 
* related to study drug includes following relationship as determined by investigator: possibly related, probably related and very 
likely related. 
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Table 23. AEs with 95% CI of treatment difference excluding zero with a higher incidence in the combined canagliflozin group - regardless of use 
of rescue medication (Broad dataset: safety analysis set) (118) 


  


Canagliflozin 
100mg 


Canagliflozin 
300mg 


All Cana All non-Cana 


Canagliflozin 
100mg minus 
all Non-Cana 


95%CIa 


Canagliflozin 
300mg minus 
all Non-Cana 


95%CIa 


All canagliflozin  
minus all Non-
Cana 95%CIa 


Infections and infestations  1234 (39.9) 1216 (39.4) 2450 (39.7) 1229 (37.7) (-0.2; 4.7) (-0.7; 4.2) (-0.1; 4.1) 
Balanitis candida 9 ( 0.3) 16 ( 0.5) 25 ( 0.4) 5 ( 0.2) (-0.1; 0.4) ( 0.0; 0.7) ( 0.0; 0.5) 
Urinary tract infection  191 ( 6.2) 185 ( 6.0) 376 ( 6.1) 164 ( 5.0) (-0.0; 2.3) (-0.2; 2.1) ( 0.1; 2.0) 
Vaginal infection  38 ( 1.2) 32 ( 1.0) 70 ( 1.1) 9 ( 0.3) ( 0.5; 1.4) ( 0.3; 1.2) ( 0.5; 1.2) 
Vulvitis  11 ( 0.4) 8 ( 0.3) 19 ( 0.3) 0 ( 0.1; 0.6) ( 0.0; 0.5) ( 0.1; 0.5) 
Vulvovaginal candidiasis  43 ( 1.4) 40 ( 1.3) 83 ( 1.3) 5 ( 0.2) ( 0.8; 1.7) ( 0.7; 1.6) ( 0.9; 1.5) 
Vulvovaginal mycotic infection  70 ( 2.3) 72 ( 2.3) 142 ( 2.3) 21 ( 0.6) ( 1.0; 2.2) ( 1.1; 2.3) ( 1.2; 2.1) 


Vulvovaginitis  25 ( 0.8) 26 ( 0.8) 51 ( 0.8) 2 ( 0.1) ( 0.4; 1.1) ( 0.4; 1.1) ( 0.5; 1.0) 


Renal and urinary disorders  317 (10.3) 332 (10.8) 649 (10.5) 192 ( 5.9) ( 3.0; 5.7) ( 3.5; 6.3) ( 3.5; 5.8) 


Micturition urgency  17 ( 0.5) 15 ( 0.5) 32 ( 0.5) 6 ( 0.2) ( 0.0; 0.7) (-0.0; 0.6) ( 0.1; 0.6) 


Nephrolithiasis  21 ( 0.7) 6 ( 0.2) 27 ( 0.4) 18 ( 0.6) (-0.3; 0.5) (-0.7;-0.0) (-0.4; 0.2) 


Pollakiuria  110 ( 3.6) 132 ( 4.3) 242 ( 3.9) 31 ( 1.0) ( 1.8; 3.4) ( 2.5; 4.1) ( 2.4; 3.6) 


Polyuria  30 ( 1.0) 33 ( 1.1) 63 ( 1.0) 10 ( 0.3) ( 0.2; 1.1) ( 0.3; 1.2) ( 0.4; 1.1) 


Vascular disorders  181 ( 5.9)  191 ( 6.2)  372 ( 6.0)  228 ( 7.0)  (-2.4; 0.1)  (-2.1; 0.5)  (-2.0; 0.1) 
Hypotension  40 ( 1.3)  54 ( 1.8)  94 ( 1.5)  17 ( 0.5)  ( 0.3; 1.3)  ( 0.7; 1.8)  ( 0.6; 1.4) 
Orthostatic hypotension  8 ( 0.3)  21 ( 0.7)  29 ( 0.5)   4 ( 0.1) (-0.1; 0.4)  ( 0.2; 0.9)  ( 0.1; 0.6) 


Other AEs relevant to the management of T2DM patients 


Cardiac disorders  156 ( 5.0) 162 ( 5.3) 318 ( 5.1) 189 ( 5.8) (-1.9; 0.4) (-1.7; 0.6) (-1.6; 0.4) 
Cardiac failure  2 ( 0.1) 7 ( 0.2) 9 ( 0.1) 12 ( 0.4) (-0.6;-0.0) (-0.4; 0.2) (-0.5; 0.0) 


Coronary artery disease  10 ( 0.3) 12 ( 0.4) 22 ( 0.4) 23 ( 0.7) (-0.8;-0.0) (-0.7; 0.1) (-0.7;-0.0) 


Myocardial ischaemia  6 ( 0.2) 2 ( 0.1) 8 ( 0.1) 14 ( 0.4) (-0.5; 0.1) (-0.6;-0.1) (-0.6;-0.0) 
Palpitations  15 ( 0.5) 23 ( 0.7) 38 ( 0.6) 10 ( 0.3) (-0.2; 0.5) ( 0.0; 0.8) ( 0.0; 0.6) 


a Pairwise comparison: Normal approximation to binomial distribution with continuity correction. 
Note: Percentages calculated with the number of subjects in each group as denominator. 
Note: Incidence is based on the number of subjects experiencing at least one AE, not the number of events. 
Note: The table presents treatment-emergent AEs (preferred terms) with 95% confidence interval on treatment difference excluding zero 
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6.9.2.2. Hypoglycaemia


1
 


 
As the excretion of glucose in the urine is limited when blood glucose is reduced to 
approximately 4 mmol/L. canagliflozin possess a low inherent risk for hypoglycaemia.  Data 
from the canagliflozin study programme supports this.  However, when subjects are treated 
with canagliflozin in combination with other therapies known to be associated with 
hypoglycaemia such as SUs or insulin, the hypoglycaemia rate reflects the action of these 
agents.  
 
Hypoglycaemic events are described as part of an analysis of subjects not on the 
background of an AHA associated with hypoglycaemia: i.e. Placebo-controlled Studies 
Dataset including the monotherapy study (DIA3005), the add-on to metformin study 
(DIA3006), and the add-on to metformin/pioglitazone study (DIA3012), but omitting the add-
on to metformin/SU study (DIA3002 & DIA3015) and add-on to insulin therapy (DIA3008 
insulin sub-study).  In this pooled population not receiving AHAs associated with 
hypoglycaemia, the incidence of hypoglycaemic episodes was overall low, slightly higher in 
the canagliflozin 100 mg (3.8%) and 300 mg groups (4.3%) relative to the placebo group 
(2.2%) (see Table 180 in Section 10.8.1 of Appendix 8). The incidence of severe 
hypoglycaemia was low, with 1 subject in each canagliflozin group reported to have had a 
severe hypoglycaemic episode. (117) 
 
In the DIA3009 study, a significantly lower incidence of documented hypoglycaemia was 
observed with canagliflozin 100mg and 300mg compared with glimepiride (6.0%, 5.0% and 
34.0% respectively (p<0.0001 for both doses)). (2) Rates of severe hypoglycaemia events 
(i.e. events requiring the assistance of another person, or with loss of consciousness or a 
seizure) were very low in all treatment groups across studies. (119)   
 


In subjects on background agents associated with hypoglycaemia (defined as an episode 


with a biochemically documented event [fingerstick glucose of ≤70 mg/dL] regardless of the 
presence of symptoms), the incidence of hypoglycaemia was, not unexpectedly, higher 
across treatment groups compared with the analyses of subjects not on such agents (see 
Table 181 in Section 10.8.1 of Appendix 8). (119)   
 
In subjects on background therapy of MET+SU (DIA3015), the incidence of hypoglycaemia 
was not meaningfully different between canagliflozin and sitagliptin, and was driven by the 
presence of glimepiride in the background regimen. (7)  The incidence of severe 
hypoglycaemia episodes was low and generally similar across treatment groups. (119) 
 
 


6.9.2.3. Genital mycotic infections 
 
Due to the excretion of glucose in the urine caused by SGLT2 inhibitors, the incidence of 
GMI such as candida albicans (“Thrush”) is expected to be elevated in both women and men 
taking canagliflozin.  However, it was found to be easily managed by standard therapy and 
rarely led to discontinuations. 
 


                                            
 
1
 Across the Phase 3 studies, documented hypoglycaemia episodes were defined as either biochemically 


documented events (≤3.9 mmol/L [70 mg/dL], regardless of the presence of symptoms) or severe events 


(requiring the assistance of another person, or with loss of consciousness or a seizure) (119)]
2
 Adapted from 


Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the 
Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits 
Advisory Committee. 
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GMI in women 
 
In the Broad Dataset, the incidence of female GMI AEs was higher in the combined 
canagliflozin group (14.3%) compared with the placebo group (3.1%) and with a slightly 
higher incidence in the canagliflozin 100 mg group (14.7%) compared with the canagliflozin 
300 mg group (13.9%). (117) 
 
There were no serious events relating to this AE and 30 (1.2%) of subjects receiving 
canagliflozin discontinued study drug as a result (see Table 24). Discontinuation due to these 
events was infrequent: 1.2% of all female subjects discontinued canagliflozin due to GMI. 
(117) 
 
In the combined canagliflozin group, these events were generally treated by the health care 
professional (approximately 65% of treated events) or by the subject herself (approximately 
35% of treated adverse events) without discontinuing study drug, using either oral/topical 
antifungal and/or antibacterial agents. (117) 
 
Table 24. Summary of vulvovaginitis AEs - regardless of use of rescue medication (Broad 
dataset) (117) 


 
 







 


NICE Submission - Canagliflozin Page 148 of 310 


 


GMI in men 
 
In the Broad Dataset (through 01 July 2012), an increased incidence of male GMI events 
was seen with canagliflozin treatment (7.3% and 9.3% in the 100 mg and 300 mg groups, 
respectively), vs. 1.6% of male subjects in the non-canagliflozin group. (117) 
 
In general, male GMI events were mild to moderate in intensity and were not associated with 
interruption of study drug. Seven events of male GMI were reported as severe in intensity. 
(117) 
 
Table 25. Summary of male GMIs - regardless of use of rescue medication (Broad dataset) (117) 


 
 
In the combined canagliflozin group, male GMIs were treated by a healthcare professional for 
the majority of the subjects and most commonly treated with a topical antifungal agent. (117) 
 
Overall, 1.3% of male subjects overall had more than 1 GMI event. The incidence of male 
GMIs increased at a generally consistent rate throughout the first year of treatment, after 
which the incident rate appeared to plateau. (117) 
 
 
6.9.2.4. Urinary tract infections  
 
Incidence of UTIs was expected to be elevated in both women and men taking canagliflozin, 
due to its MoA.  However, the clinical studies have found only minimal increases in the 
incidence of UTIs in those taking canagliflozin and where they have occurred they have 
mainly been lower UTIs which have been treated with standard of care, and rarely led to 
discontinuation. 
 
In the Broad Dataset, a small increase in the incidence of adverse events of UTI with the 
canagliflozin relative to non-canagliflozin treated subjects was observed: 8.2% and 8.1% in 
canagliflozin 100 mg and 300 mg groups, respectively, and 6.7% in non-canagliflozin group. 
(117) 







 


NICE Submission - Canagliflozin Page 149 of 310 


 
Table 26. Summary of UTIs - regardless of use of rescue medication (Broad dataset) (117) 


 
 
Over 80% of UTIs were in women.  Recurrence rates were also similar in the combined 
canagliflozin and non-canagliflozin groups for symptomatic UTI AEs: 19.9% and 23.8% of 
subjects, respectively, had >1 such UTI AE. (117) 
 
 


6.9.2.5. Osmotic diuresis-related AEs 
 
By increasing urinary glucose output, canagliflozin induces a mild osmotic diuresis, with an 
increase in urine output. The increase in urine output is expected to lead to a range of AEs, 
such as an increase in urinary frequency and/or volume (pollakiuria and polyuria). In addition, 
the increase in fluid loss may lead to symptoms reflecting such increased thirst or fluid 
intake.](118) 
 
In the Broad Dataset, there was a higher incidence of osmotic diuresis-related adverse 
events in the combined canagliflozin group (7.6%) relative to the non-canagliflozin group 
(2.4%), most of which were considered related to study drug. A dose-dependent increase in 
incidence was not seen. (117) 
 
No subject had a serious osmotic diuresis-related adverse event. Two subjects in the 
canagliflozin 100 mg group and 8 subjects in canagliflozin 300 mg group had events 
considered by the investigator to be severe in intensity; all other subjects had events that 
were mild or moderate in severity. There was a low incidence of discontinuations due to this 
adverse event. (117) 
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Table 27. Summary of osmotic diuresis-related AEs - regardless of use of rescue medication 
(Broad dataset) (117) 


 
 
In both canagliflozin treatment groups, the majority of osmotic diuresis related AEs occurred 
within the first 6 weeks of initiation of treatment. (118) 
 
 


6.9.2.6. Volume depletion AEs 
 
By increasing urinary glucose excretion, canagliflozin acts as an osmotic diuretic; this diuretic 
action may reduce intravascular volume, providing benefits such as improvements in BP 
control, but also the potential for AEs related to reduced intravascular volume (e.g. dizziness, 
hypotension, etc.).  (117) 
 
In the Placebo-controlled Studies Dataset, the incidence of volume depletion-related AEs 
was low across all groups (2.4% to 4.6%), although slightly higher in the canagliflozin group 
(see Table 28). (118)  Five subjects in the canagliflozin groups vs. four in the non-
canagliflozin group had volume depletion-related AEs that led to discontinuation. (117) 
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Table 28. Summary of volume depletion AEs - regardless of use of rescue medication (ISS 
Phase 3 placebo-controlled studies dataset: safety analysis set) (117)  


 


 
 
Volume depletion-related AEs occurred early in treatment with most events having been 
observed within the first 12 weeks after initiation of treatment, and no further increment in 
events in the canagliflozin relative to the non-canagliflozin group after about 26 weeks. (117) 
 
 


6.9.2.7. Treatment discontinuations 
 
Discontinuation of treatment, whether for AEs or for lack of efficacy, provides an indication of 
the true proportion of patients who will benefit from a treatment. Data from consort diagrams 
(see Figures 7 to 12 of Section 10.7.4. for Appendix 4) provides information on the number of 
patients who received rescue therapy or discontinued treatment. Reasons for 
discontinuations included AEs, reduction in eGFR, death, lack of efficacy on rescue therapy, 
non-compliance, physician decision, protocol deviation, withdrawal of consent, study 
terminated, pregnancy and unable to take protocol-defined rescue therapy.  
 
The incidence of adverse events leading to discontinuation in the Broad Dataset was higher 
in the canagliflozin 300 mg group (7.3%) relative to the canagliflozin 100 mg (5.6%) and non-
canagliflozin (5.0%) groups. Adverse events that led to discontinuation of more than 0.2% of 
subjects in the canagliflozin 300 mg group were glomerular filtration rate decreased (11 
[0.4%] subjects), renal impairment (11 [0.4%] subjects), and blood creatinine increased (9 
[0.3%] subjects). (117) A modestly higher incidence of discontinuations related to these 
adverse events (e.g. adverse events of renal failure, renal impairment, blood creatinine 
increased, GFR decreased) was seen in the canagliflozin 300 mg group, with a similar 
incidence in the canagliflozin 100 mg and non-canagliflozin groups. Follow-up eGFR 
information was obtained in all subjects who discontinued due to renal-related adverse 
events: a high proportion of these subjects had follow-up eGFR values that were at baseline 
or only modestly below baseline levels – with a similar small proportion in the canagliflozin 
and non-canagliflozin groups having persistent decreases. (117) 
 
Based on clinical evidence emerging from the trial programme, the regulatory authorities 
have recommended patients taking canagliflozin discontinue therapy if their eGFR<45 
ml/min/1.73m2. (25)  
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6.9.2.8. Serious AEs 
 
In the broad dataset, the incidence of subjects with serious AEs (SAEs) was similar in the 
combined canagliflozin group (10.7%) compared with the non-canagliflozin group (11.6%), 
with similar incidences in the canagliflozin 100mg and 300mg groups (10.6% and 10.7%, 
respectively).(117;118)  The incidence of subjects with SAEs that led to discontinuation was 
low, with similar incidences in the combined canagliflozin group and the non-canagliflozin 
group (1.5% and 1.8%, respectively).(117;118)  The incidence of subjects with SAEs that 
were considered related to study drug was also low, with similar incidences in the combined 
canagliflozin group and non-canagliflozin group (0.9% and 0.8%, respectively).  (117;118) 
 
CV Risk 
Evidence from a meta-analysis in 9,632 patients suggests that there is no increase in CV risk 
associated with canagliflozin.  A pre-specified meta-analysis was performed to prospectively 
evaluate MACE (including CV death, non-fatal MI, and non-fatal stroke) and events of 
hospitalised unstable angina (MACE-plus). (8;117)  The meta-analysis was performed in a 


pooled population of subjects with T2DM (n=9,632) from nine Phase 2/3 studies of 12 
weeks in duration (excluding DIA3015 because the database lock for this study occurred 
after the database lock for the CV meta-analysis; however, given the small number of events, 
and balanced distribution of MACE, this would not have impacted on the conclusions).  The 
ongoing CANVAS (DIA3008) study contributed 45% (n=4,327) of subjects included in the 
meta-analysis. 
 
The HR of canagliflozin (both doses pooled) to non-canagliflozin from the primary analysis of 
time to first adjudicated MACE-plus event was 0.91 (95% CI, 0.68-1.22) (see Table 29).  This 
meets the US FDA guidance to demonstrate an upper bound <1.8 (), indicating that there is 
no evidence of increased CV risk with canagliflozin in the pre-licence phase (119)  It must be 
emphasised that this data is from an interim analysis and DIA 3008 (CANVAS) is ongoing.  
 
Table 29. Summary of MACE-Plus Events (8;117) 


 Non-CANAa 


N = 3,327 


CANA 100mg 


N = 3,156 


CANA 300mg 


N = 3,149 


All CANA 


N = 6,305 


HR 


(95% CI) 


MACE-plusb,c 


Subjects with an event, n (%) 71 (2.1) 66 (2.1) 64 (2.0) 130 (2.1) 0.91  


(0.68, 1.22)d 


Event accounting, n (%)e 


CV death 16 (0.5) 11 (0.3) 10 (0.3) 21 (0.3)  


Non-fatal MI 25 (0.8) 22 (0.7) 19 (0.6) 41 (0.7)  


Non-fatal stroke 12 (0.4) 22 (0.7) 20 (0.6) 42 (07)  


Hospitalised unstable angina 18 (0.5) 11 (0.3) 15 (0.5) 26 (0.4)  


MACE, major adverse CV events; CANA, canagliflozin; HR, hazard ratio; CI, confidence interval;  
aPlacebo and/or active comparator. 


bPreferred terms for MACE events are provided in reference(8;117). 
cIncludes events that occurred between the first dose of study drug and up to 30 days after study drug discontinuation. 
dHR of pooled CANA subjects vs. control subjects with events determined from Cox proportional hazards model, stratified by 
CANVAS/non-CANVAS studies. 
eSubjects with multiple event types are included in the event category that occurred earliest. 
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6.9.2.9. Deaths 
 
In the broad dataset, 49 (0.8%) subjects in the combined canagliflozin group and 37 (1.1%) 
subjects in the non-canagliflozin group died. The incidence of subjects who died was similar 
in the two canagliflozin treatment groups. (117)  The majority of adverse events with an 
outcome of death were in the Cardiac disorders, General disorders and administration site 
conditions, Infections and infestations, Nervous systems disorders, and Respiratory, thoracic 
and mediastinal disorders.  Specific causes of death were generally balanced between the 
treatment groups, with no discernible pattern. (117) 
 
 


6.9.3 Give a brief overview of the safety of the technology in relation 
to the decision problem.  


The safety and tolerability data collected in the Phase 2/3 studies demonstrate that many of 
the AEs reported were common to both the canagliflozin and non-canagliflozin groups.   
 
Although canagliflozin is generally well tolerated, some AEs occur more frequently with the 
use of canagliflozin (e.g. UTIs, GMIs, osmotic diuresis and volume depletion-related AEs), 
although the majority of cases were mild or moderate in severity.   However, these AEs are 
expected due to the mode of action of SGLT2 inhibitors. 
 
GMIs are the most common AEs associated with canagliflozin. UTIs, osmotic diuresis and 
volume depletion-related AEs are also related to the MOA.  However these adverse 
reactions were generally mild to moderate, responded to standard therapies, and infrequently 
led to withdrawal of canagliflozin therapy.  
 
Canagliflozin is associated with a low inherent risk of hypoglycaemia and severe 
hypoglycaemia when used as combination therapy with other therapies not associated with 
hypoglycaemia. As expected, an increased incidence of hypoglycaemia was observed when 
canagliflozin was used in combination with insulin or agents which are known to cause 
hypoglycaemia, such as SU. Canagliflozin demonstrated statistically significantly lower rates 
of hypoglycaemia when compared with SU.  Canagliflozin may advantage of benefit for 
patients at risk of hypoglycaemia and for whom hypoglycaemia may present a concern.   
 
Interim data from a large meta-analysis (n=9,632) which evaluated MACE plus, 
demonstrated a CV risk HR of 0.91 (95% CI: 0.68, 1.22) for canagliflozin) indicating no 
demonstrable increase in CV risk vs. other AHAs at this time. However, additionally, a large 
CV risk assessment study (CANVAS) is currently underway. 
 
Overall, canagliflozin demonstrated lower rates of discontinuation and requirement for rescue 
therapy than active comparators (sitagliptin and glimepiride) or placebo, demonstrating that 
patients are more likely to remain on canagliflozin, than switch to another OAD or add-in 
another therapy.  
 
 


6.10 Interpretation of clinical evidence  


6.10.1 Please provide a statement of principal findings from the clinical 
evidence highlighting the clinical benefit and harms from the 
technology.  
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6.10.1.1. Clinical benefits 
 
Canagliflozin is an SGLT-2-i, causing 60-80g (240-320 calories) of glucose to be lost through 
the urine each day.  This results in improved glycaemic control, weight (fat) loss and BP 
reduction (via osmotic diuresis). Canagliflozin has an insulin-independent MoA.  Studies 
suggest that this MoA may confer a degree of β-cell protection. Furthermore, it enables 
canagliflozin to be used in a complementary manner with other AHAs that rely on the insulin 
pathway, with low levels of hypoglycaemia unless combined with an agent known to cause 
hypoglycaemia. 
  
Canagliflozin has been studied in an extensive and  robust clinical trial programme (> 10,000 
subjects) which included active comparator trials with SU and sitagliptin, in dual and triple 
therapy, and in combination with metformin, SU, TZD and insulin.  During the study 
programme canagliflozin consistently demonstrated clinically relevant reductions in HbA1c, 
SBP and body weight.  All three end-points are key in the treatment of T2DM.  Figure 55, 
Figure 56 and Figure 57 summarise these results for the placebo-controlled trials. 


Figure 55. LS mean change in HbA1c for patients treated with canagliflozin 100mg and 300mg 
from baseline to primary time point in placebo-controlled Phase 3 studies (81;84;89;93)  
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Figure 56. LS mean change in body weight for patients treated with canagliflozin 100mg and 
300mg from baseline to primary time point in placebo-controlled Phase 3 studies (81;84;89;93)  


 
 
 
Figure 57. LS mean change in SBP for patients treated with canagliflozin 100mg and 300mg 
from baseline to primary time point in placebo-controlled Phase 3 studies (81;84;89;93)  


 
 
For the active comparator trials in dual therapy canagliflozin 300mg at 52 weeks (plus MET) 
showed: 
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 Significantly superior reduction in HbA1c compared with glimepiride (DIA3009: Difference 
in mean change in HbA1c vs. glimepiride: -0.12% [-24.8 mmol/mol]; 95% CI: -0.217;-
0.023, p<0.001). Canagliflozin 300mg remained superior at 104 weeks. 


 Superior reduction in HbA1c compared with sitagliptin 100mg group (DIA3006: mean 
change from baseline for canagliflozin 300mg arm was -0.94% (SE: 0.044) and -0.82% 
(SE: 0.044) for sitagliptin 100mg arm).  


 
These results are clinically relevant given that SUs and sitagliptin are currently considered 
“gold standard” in the treatment of T2DM. As well as the benefits in terms of glycaemic 
control, canagliflozin reduced weight and SBP. In comparison, SUs have a propensity to 
cause weight gain and hypoglycaemia and DPP-4-i do not offer the benefit of weight loss and 
BP reduction.  
 
Canagliflozin 100mg was non-inferior to both glimepiride and sitagliptin 100mg at 52 weeks, 
and remained non inferior to glimepiride at 104 weeks, whilst offering benefits of both weight 
loss and BP reduction over these comparators.   
 
At 104 weeks, both canagliflozin 100mg and 300mg doses (in combination with MET) 
exhibited durability, in terms of sustained reduction in HbA1c, SBP and weight.  
 
In triple therapy, canagliflozin 300mg resulted in a significantly superior reduction in HbA1c 
compared with sitagliptin 100mg (DIA3015: difference in mean change in HbA1c vs. 
sitagliptin was-0.37% [-4 mmol/mol]). Benefits in SBP and weight loss were maintained, even 
on a background of SU which has a propensity to cause weight gain. 
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
Both doses of canagliflozin were successfully combined with insulin (>30 IU).  During this 18-
week prospective sub-study, both canagliflozin arms (in combination with INS + SoC) 
demonstrated statistically significant improvements in HbA1c (DIA3008 difference in mean 
change in HbA1c was -0.65% [-30.6mmol/mol] (-0.73 to -0.56) in canagliflozin 100mg arm 
and -0.73% [-31.48mmol/mol] (-0.82 to -0.65) in canagliflozin 300mg arm; p<0.001), BP and 
weight loss vs. placebo. 
 
Patients with a higher baseline HbA1c achieve greater reductions in HbA1c with canagliflozin 
than those with lower baseline HbA1c, this is a common phenomenon across all AHAs. Pre-
determined sub-group analysis revealed that baseline HbA1c was the only consistent factor, 
other factors such as age, sex, renal function, race, ethnicity, BMI and β-cell function were 
not consistent across studies. 
 
Canagliflozin has been studied in a broad T2DM patient population including patients with 
moderate renal impairment; and has demonstrated an efficacy benefit outweighing risk in 
patients with an eGFR < 45ml/min/1.73m2, the posology of canagliflozin allows patients to 
continue therapy on the 100mg dose until this level of eGFR. 
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6.10.1.2. Harms 
 
Overall, canagliflozin is well tolerated. However, there are a number of AE relating to the 
MOA that are to be expected.   
 
The most common of these is GMI in women (approx. 12%).  GMIs are also seen in men, but 
at a much lower level. Rates of UTI were slightly elevated with respect to placebo and other 
AHAs. GMIs and UTIs generally occurred early in treatment, were easily manageable, were 
not generally recurrent and did not result in increased discontinuation in the Phase 3 clinical 
study programme.  AEs related to osmotic diuresis and reduced intravascular volume were 
generally mild-to-moderate in nature, but high risk groups such as the elderly, patients with 
low eGFR and those on other diuretics should be treated with caution.  
 
Treatment with canagliflozin is associated with changes in fasting plasma lipids, including 
increased HDL and LDL-C levels.  In the placebo-controlled dataset, the LS mean placebo-
subtracted absolute change from baseline at Week 26 revealed increases in LDL-C and 
HDL-C levels for both canagliflozin doses. (8)  The MoA for the lipid elevations has yet to be 
elucidated, however, a large CV risk assessment study (CANVAS) is ongoing and an interim 


analysis did not reveal any increase in CV risk. Furthermore, changes in lipid levels are 
amenable to treatment with statins in clinical practice, so clinicians are able to manage 
lipid profiles in the usual manner. 
 
 


6.10.2 Please provide a summary of the strengths and limitations of the 
clinical-evidence base of the intervention.  


6.10.2.1. Strengths 
 
The global CANagliflozin Treatment And Trial Analysis (CANTATA) Phase 3 clinical 
programme, which enrolled more than 10,000 subjects, is the largest late-stage development 
programme for an investigational pharmacological product for the treatment of T2DM 
submitted to health authorities to date. 
 
Three of the RCTs provide head-to-head evidence for two of the key decision problem 
comparators (SU and DPP-4-i).  The programme has supplied outcomes and publications 
across four lines of therapy: monotherapy (not in the scope), dual therapy in combination 
with metformin or SU, triple therapy in combination with metformin and SU/TZD and as an 
add-on to insulin in combination with insulin ± OAD. In addition, canagliflozin has been 
studied in patients with moderate renal impairment, older patients (55-80 years) and patients 
with high CV risk.  This provides a robust clinical evidence-base supporting canagliflozin 
across the full range of T2DM patients.  
 
All of the active comparator RCTs have been published in high quality journals such as The 
Lancet, Diabetologia, Diabetes Care or Diabetes Obesity and Metabolism. In total, the 
clinical evidence for canagliflozin incorporates eight peer reviewed publications and multiple 
communications at scientific congresses such as EASD, ADA and CODhy (see Table 10). 
(2;7;18;32;34;120).  Patients were enrolled into the studies if they were uncontrolled on their 
existing therapy, and the demographics of the patient groups in terms of age, BMI and 
duration of diabetes reflects real world patients. Trial subjects had to be on stable doses of 
their existing medication prior to inclusion into the trial, in addition there was a 2-week single-
blind placebo-run in period. This ensured that the study assessed the effect of canagliflozin, 
rather than the background medication. 
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Discontinuation rates witnessed within the clinical trials are likely to represent the outcomes 
that would be observed in clinical practice.  
 
 


6.10.2.2. Limitations 
 
Despite the robust nature of the phase 3 programme, as in all development programmes 
limitations exist in the evidence base.  Due to limitations on resources and time, it is not 
feasible to address all comparator arms in RCTs.  Therefore there is a lack of granularity 
when it comes to comparison with different products within a class.  In addition, some 
classes as comparators have not been examined at all in the Phase III programme, e.g. 
GLP-1-a.  However the use of NMA helps to fill these data gaps. 
 
On a study level, as with all RCTs, the use of exclusion criteria means that the clinical study 
population does not necessarily reflect the potential real world population. In this case there 
is limited evidence in patients with baseline HbA1c >10%, in the elderly population and the 
paediatric population, as most of the RCT excluded patients with moderate renal impairment 
and those with high CV risk with the exception of two separate studies did look at these 
populations (DIA3004 and CANVAS respectively). 
 
Another limitation is the duration of the studies.  T2DM is a chronic long term condition and 
whilst 2 year data is an acceptable duration for a clinical trial, as with other AHAs, modelling 
is required to estimate the longer term impact over the lifetime of the patient. Most studies 
were for 52 weeks in duration, with the exception of DIA3009 which has a duration of 104 
weeks. However, a 4-year RCT is currently on-going (DIA3008 CANVAS) and will provide 
safety, tolerability and CV risk with canagliflozin plus SoC compared with placebo plus SoC 
in subjects with T2DM. (9) 
 
An additional limitation is the lack of direct evidence supporting dose increase from 
canagliflozin 100mg to 300mg.  The RCTs were designed to have 100mg and 300mg arms 
running in parallel.  None of the studies, examined efficacy when 100mg was up titrated to 
canagliflozin 300mg, so assumptions have been made based upon specialist opinion 
following this requirement that was requested by the regulators.  Some observational 
evidence is beginning to emerge from the US where the posology wording is similar; 
however, no formal analysis has yet been conducted.   Furthermore, a group of clinical 
experts was consulted on this specific point during an advisory-board in August 2013 and a 
consensus was reached to determine the most optimal clinical scenario for dose increase 
from the canagliflozin 100mg dose to the 300mg would occur during the first year if a patient 
failed to reach a HbA1c threshold of 7.5%. (5)  


 
 


6.10.3 Please provide a brief statement of the relevance of the evidence 
base to the decision problem. Include a discussion of the relevance 
of the outcomes assessed in clinical trials to the clinical benefits 
experienced by patients in practice. 


The insulin-independent MoA of canagliflozin suggests that it can be used at all stages of 
treatment. Indeed, there is either RCT data to support the efficacy of canagliflozin across all 
lines of therapy relevant to the decision problem, or this has been supplemented with the 
NMA. 
 
The Phase 3 trials which form part of the canagliflozin clinical programme are directly 
relevant to the decision problem in that they all included patients who were uncontrolled in 
their existing therapy (thus reflecting real world practice and the decision problem) 
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Furthermore, three of the trials provide head-to-head comparisons with two key comparators 
relevant to the decision problem.  
 
In all trials, the primary clinical efficacy outcome is the LS mean change in HbA1c from 
baseline to either week 18, 26 or 52, which is the primary marker of glycaemic control in 
clinical practice. The NICE clinical guidelines (36;37) state that the primary goal of AHAs is to 
reduce HbA1c levels below a threshold of 7.5% in order to control for the development of 
longer term micro- and macro-vascular complications, and the trials have demonstrated that 
this target can be met by both doses of canagliflozin, although the proportion is higher in the 
300mg arm due to the dose response in efficacy.  
 
Secondary endpoints of weight loss and BP reduction were consistently demonstrated 
across all studies with both doses of canagliflozin.  Being overweight is a common co-
morbidity with T2DM and contributes to the development of T2DM by increasing insulin 
resistance, and weight reduction and control is a primary goal in the holistic management of 
T2DM.  
 
With respect to BP reduction, long-term study groups, such as the UK Prospective Diabetes 
Study (UKPDS) group, have identified that reductions in HbA1c, especially when combined 
with controlled BP and lipid levels, are associated with significant clinical benefit in terms of 
macro- and micro-vascular complications and mortality. Furthermore, UKPDS 38 identified 
that tight control of BP in patients with T2DM and hypertension is associated with clinically 
important reductions in the risk of deaths related to diabetes, complications related to 
diabetes, progression of diabetic retinopathy and deterioration in visual acuity. (121) 
 
Canagliflozin also has a positive impact on other contributors to CV risk, such as SBP and 
DBP, HDL-C and triglycerides. However, canagliflozin has a negative impact on LDL-C, with 
increases by 0.11mmol/L in patients receiving canagliflozin 100mg and 0.21mmol/L in 
patients receiving canagliflozin 300mg, as reported in the placebo-controlled dataset at 26 
weeks. (8)  Current evidence shows that canagliflozin does not have an increased risk of 
CVD. Further evidence to investigate this will emerge from the CANVAS (DIA3008) trial, the 
long-term CV safety study. 
 
 
Hypoglycaemia has a significant clinical impact in terms of mortality, morbidity and HRQL, 
which correlates with the severity of the episode.(122)  Canagliflozin has low rates of 
hypoglycaemia especially when used without an agent known to cause hypoglycaemia, as 
evaluated in the placebo-controlled dataset, with an overall hypoglycaemia incidence of 3.8% 
in the canagliflozin 100mg arm (n=676), 4.3% in the canagliflozin 300mg arm (n=678) and 
2.2% in the placebo arm (n=490). The most common AEs associated with canagliflozin are 
GMIs, especially in women.  In the clinical studies these were easily managed with topical 
antifungal treatments, and rarely led to discontinuation.  Topical antifungal treatment can be 
prescribed or dispensed OTC and the treatment of this group of side effects is not expected 
to lie outside normal clinical practice. 
 
Overall, canagliflozin demonstrated lower rates of discontinuation and requirement for rescue 
therapy than active comparators (sitagliptin and glimepiride) or placebo, demonstrating that 
patients are more likely to remain on canagliflozin, than switch to another OAD or add-in 
another therapy. 
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6.10.4 Identify any factors that may influence the external validity of study 
results to patients in routine clinical practice; for example, how the 
technology was used in the trial, issues relating to the conduct of the 
trial compared with clinical practice, or the choice of eligible patients. 
State any criteria that would be used in clinical practice to select 
patients for whom treatment would be suitable based on the 
evidence submitted. What proportion of the evidence base is for the 
dose(s) given in the SPC? 


 
The biggest discrepancy in the trial programme versus use in clinical practice is the 
posology.  Evidence was not generated on titrating 100mg to 300mg in the trial populations 
so assumptions have been made based on extrapolation of data from one dose to another 
and specialist opinion.  Supportive evidence is beginning to emerge from the US, where the 
posology is the same 
 
The trial base covers a broad range of patient populations including those with moderate 
renal impairment.  Due to its MOA, the efficacy of canagliflozin is dependent on renal 
function, and reduced efficacy is expected in patients with moderate to severe renal 
impairment. The SmPC states that canagliflozin can be commenced in patients up to an 
eGFR<60 ml/min/1.732 (Cr/CL <60ml/min). Patients with early moderate renal impairment 
should only be treated with the 100mg dose and canagliflozin should be discontinued in 
patients when eGFR <45 ml/min/1.732 (Cr/Cl <45 ml/min), and not used in patients with 
ESRD or on dialysis, since it is not expected to be effective in such populations. (25) 
 
Canagliflozin increases UGE which induces osmotic diuresis, which causes a decrease in BP 
and may reduce intravascular volume in those at risk, particularly the elderly (>75 years). 
The SmPC states that canagliflozin should not be used in patients taking loop diuretics or in 
patients who are volume depleted. (25)  
 
Canagliflozin has not been studied in patients with severe hepatic impairment and is not 
recommended for use in these patients. However, canagliflozin may be used in patients with 
mild or moderate hepatic impairment. (25).  Canagliflozin has not been studied in children 
and the safety and efficacy of canagliflozin in patients aged under 18 has not been 
established.   
 
All the evidence included in this submission is for the licensed doses of canagliflozin.  
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7 Cost effectiveness 


Key findings from the canagliflozin economic analysis 


 A comprehensive economic analysis of the cost-effectiveness of canagliflozin in 
T2DM was conducted using ECHO-T2DM, a validated micro-simulation model of the 
long-term costs and disease outcomes.   


 For methodological consistency, a NMA was used to estimate treatment effects for 
available parameters across each line of therapy vs. all relevant comparators defined 
in the decision problem.  


 Overall, the results of the economic evaluation show a consistent picture across a 
range of comparisons, demonstrating that canagliflozin as an add-on therapy to other 
AHAs is a cost-effective treatment option. 


o For patients inadequately controlled with MET alone, use of canagliflozin in 
dual therapy (combination with MET) is cost-effective when compared to SU 
or DPP-4-i (in combination with MET).  The base-case ICERs for canagliflozin 
100mg are both below £1,600, and for canagliflozin 300mg are £4,899/QALY 
vs. SU, and £18,349/QALY vs. DPP-4-i. 


o In triple therapy, canagliflozin is cost-effective vs. DPP-4-i in combination with 
MET+SU, canagliflozin 100mg is both more effective and cost-saving vs. 
DPP-4-i.  Canagliflozin 300mg vs. DPP-4-i has an ICER of £13,287/QALY.  In 
combination with MET+TZD, the ICERS vs. DPP-4-i are £1,095 and 
£21,430/QALY for canagliflozin 100mg and 300mg, respectively. 


o As an add-on therapy to insulin plus SoC, canagliflozin 300mg is cost-effective 
when compared to DPP-4-i; (ICER of £8,925/QALY).  Canagliflozin 100mg is 
marginally dominated (i.e. more expensive and less effective) by DPP-4-i for 
the base case analysis  


 Clinical data for dose modification of canagliflozin 100mg to 300mg are not available, 
and so the clinical criteria and modelling of this step was discussed with UK clinicians. 
(5)  Dose modification allows patients on the 100mg dose and who have a need for 
greater glycaemic control to increase their dose to 300mg.  The clinical trial data did 
not specifically assess this dose modification strategy and so we have assessed the 
impact of this approach via modelling. The modelling of dose modification, consistent 
with the anticipated label suggests that canagliflozin 100mg was cost-effective 
against all relevant comparators.  In combination with insulin+SoC, under the dose 
modification scenario, the canagliflozin 100mg dose was cost-effective when 
compared to DPP-4-i (£5003/QALY).  


 The cost-effectiveness results that are reliant on the NMA are consistent with the 
results observed in the head-to-head randomised controlled trials which showed that 
canagliflozin 300mg was more effective than SU and DPP-4-i in terms of reduction of 
HbA1c, weight and blood pressure, whilst the 100mg dose demonstrated non-
inferiority in HbA1c improvement and superiority in weight and blood pressure 
reduction. 


 Scenario analyses showed that the structural assumptions around the ECHO-T2DM 
modelling are robust and that there are few assumptions that directionally impact the 
costs and/or QALYs. 


o Scenario analysis utilising the discontinuation threshold relevant to the final 
license (eGFR<45mL/min/1.73m2), rather than the eGFR<60 mL/min/1.7m2 in 







 


NICE Submission - Canagliflozin Page 162 of 310 


the basecase, generated more QALYs than the base case and thus in most 
instances led to both doses of canagliflozin being more cost-effective.   


o Results using RCT data (where head-to-head data were available) are 
directionally consistent with the modelling results using the NMA and give 
similar ICERs. 


 Two-way deterministic sensitivity analyses (DSAs) performed on the key comparisons 
confirm that canagliflozin is cost-effective in most analyses.  The key driver from a 
DSA perspective was HbA1c drift.   


 In conclusion, the economic evidence presented in this submission are a consistent 
set of results demonstrating that canagliflozin is a cost-effective treatment option for 
T2DM patients when combined with metformin in dual therapy, when combined with 
metformin plus SU or TZD in triple therapy, and in combination with insulin. These 
conclusions are robust to changes in assumptions across a range of deterministic 
sensitivity analyses and scenario analyses.  


 


7.1 Published cost-effectiveness evaluations 


Identification of studies 


7.1.1 Describe the strategies used to retrieve relevant cost-effectiveness 
studies from the published literature and from unpublished data held 
by the manufacturer or sponsor. The methods used should be 
justified with reference to the decision problem. Sufficient detail 
should be provided to enable the methods to be reproduced, and the 
rationale for any inclusion and exclusion criteria used should be 
provided. The search strategy used should be provided as in 
section 10.10, appendix 10. 


A systematic search of published economic evaluations with relevance to the decision 
problem was conducted. (123)  Briefly, the search encompassed:  


 Publically available cost-effectiveness evidence for canagliflozin, for agents in the 
class of SGLT-2 inhibitors (e.g., dapagliflozin), and intended comparators to 
canagliflozin (DPP-4-i, GLP-1-a, and SU) within the scope of this appraisal.  In 
addition, the study also included a review of economic simulation models of T2DM 
(see Section 7.2.3) 


 Searches were conducted on Medline (PubMed Interface), Embase, Medline® In-
Process, EconLIT, NHS EED, DARE, HTA (University of York’s Centre for Reviews 
and Dissemination [CRD] Database), ISPOR and Mt. Hood Challenge conference 
proceedings on their respective internet sites, and internet sites for NICE in the UK, 
SMC in Scotland, PBAC in Australia, and CADTH in Canada.  Secondary searches of 
the reference lists of qualifying studies were also conducted. 


 Studies were included if they: 


o Included economic evaluation that included SGLT-2-i, DPP-4-i, GLP-1-a, 
and/or SU derivatives 


o UK, Canada, or Australian setting  


o Less than 10 years old (i.e., after June 2003) 


 Studies were excluded if they: 


o Did not concern T2DM (e.g., T1DM) 
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o Were not written in English 


o Used cost-minimisation or cost-consequence methods 


o Were limited to individual complications of T2DM (e.g., retinopathy or diabetic 
foot ulcers) 


 Usual methods were employed for selecting the studies for inclusion in the analysis.  
Specifically, titles were first reviewed by three trained health economists using a 
generous level of tolerance.  Abstracts were then reviewed for those passing the title 
stage by the same three health economists.  Full-length articles were then reviewed 
for those passing the abstract stage by two of the health economists.  Finally, each 
qualifying study was downloaded to reference management software EndNote, where 
duplicate copies were removed. 


Study content—consisting of the model employed, indications and comparisons studied, 
perspective, key data sources, time horizon, sub-groups and sensitivity analyses, key results, 
and conclusions and recommendations—was extracted and entered into a data capture form 
consistent with that recommended by NICE. (124)  The quality of evidence was assessed 
using the procedure developed by Drummond and Jefferson. (125) 


 


Description of identified studies 


7.1.2 Provide a brief overview of each study, stating the aims, methods, 
results and relevance to decision-making in England and Wales. 
Each study’s results should be interpreted in light of a critical 
appraisal of its methodology. When studies have been identified and 
not included, justification for this should be provided. If more than 
one study is identified, please present in a table as suggested below.  


The search yielded 52 analyses of potential relevance to the UK setting, of which five were 
research abstracts/posters presented at ISPOR congresses, seven were articles published in 
peer-reviewed journals, and 40 were HTA reviews. No studies of canagliflozin were found 
that met the inclusion criteria.  For complete details, see the full report. (123)  Importantly, 
previous HTAs assessments have raised concerns about optimistic disutility values for 
weight gain and hypoglycaemic events, uncertainty about the underlying clinical efficacy data 
(including data generated with indirect methods such as NMA and mixed treatment 
comparison), and the handling of non-significant treatment effects.  These concerns have 
been addressed to the extent possible in the current analysis, including use of conservative 
disutility weights favoured by NICE and clinical efficacy data from a comprehensive trial 
programme (entered into a thorough NMA to maximise consistency for scenarios where 
head-to-head data were unavailable).   
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Table 30.  Summary list of other cost-effectiveness evaluations 


Study Model and Analysis 
Results 


Conclusions 
QALYs Costs ICER 


NICE TA 288, 2013  1. HTA Review 


2. Model: DES model similar to CDM and JADE (no further references made in  
TA 288) 


3. Indication and comparators: 


A. 2nd line add-on to MET):  


i) DAPA vs. SU 


ii) DAPA vs. DPP-4s 


iii) DAPA vs. TZD 


B. 2nd line (add-on to insulin) 


i) DAPA vs. DPP-4s 


C. 3rd line 


i) DAPA vs. DPP-4s 


ii) DAPA vs. TZDs 


iii) DAPA vs. GLP-1s 


4. Perspective: UK NHS 


5. Time horizon: 40 years 


6. Key data sources: 


A. Patients: RCT of DAPA vs. SU, NMAs for remaining comparators 


B. Efficacy: RCT of DAPA vs. SU, NMAs for remaining comparators. 


C. Costs: UKPDS 65 (126) 


D. Utilities: UKPDS 62 (127)  (diabetes-related complications), Currie et al, 
2006 (128)(hypoglycaemic events), Lane et al, 2012 (129)(BMI), sub-
groups and Sensitivity Analysis: A probabilistic sensitivity analysis was 
performed. 2 scenario analyses with alternative BMI-related utility values, 
from CODE-2 (130), were presented. Sub-group analyses conducted with 
according to race, ethnicity, HbA1c, age, sex and BMI. 


 


A: 


(i) 0.467 


(ii) 0.02 


(iii) 0.42 


 


 


 


B: 


(i) 0.119 


 


C:  


(i) N/A 


(ii) N/A 


(iii) N/A 


 


A: 


(i) £1,246 


(ii) -£149 


(iii) -£60 


 


 


 


B: 


(i) £517 


 


C:  


(i) N/A 


(ii) N/A 


(iii) N/A 


 


A: 


(i) £2,671 


(ii) dominant 


(iii) dominant 


 


 


 


B: 


(i) £4,358 


 


C:  


(i) dominant 


(ii) dominant 


(iii) dominant 


 


DAPA dominated or had 
low ICER’s vs. SU, DPP-
4’s, TZD’s, and GLP-1’s in 
2nd and 3rd line treatment. 
The results were sensitive 
to the BMI disutility 
weight, with ICER’s 
increasing 4- to 7-fold vs. 
SU in dual therapy and vs. 
DPP-4’s in insulin add-on. 


 


DAPA was recommended 
for use in 2nd line therapy, 
where NICE viewed DPP-
4’s as the primary 
comparator. DAPA was 
not recommended for use 
in 3rd line therapy, citing 
lack of evidence and lack 
of robustness of results 







 


NICE Submission - Canagliflozin Page 165 of 310 


Study Model and Analysis Results Conclusions 


SMC Advice No. 
(799/12), 2012  


1. HTA Review 


2. Model: DES (no further information) 


3. Indication and comparators: 


A. 2nd line (add-on to MET) 


i) DAPA vs. SU 


ii) DAPA vs. DPP-4s 


iii) DAPA vs. PIO 


B. 2nd line (add-on to insulin) 


i) DAPA vs. DPP-4s 


4. Perspective: Scotland NHS 


5. Time horizon: 40 years 


6. Key data sources: 


A. Patients: 1 RCT of DAPA vs. glipizide, 3 RCTs of DAPA vs. placebo, and 
NMAs of DAPA vs. comparators. 


B. Efficacy: 1 RCT of DAPA vs. glipizide, 3 RCTs of DAPA vs. placebo, and 
NMAs of DAPA vs. comparators. 


C. Costs: UKPDS 


D. Utilities: UKPDS 62 [93] (diabetes-related complications),  Currie et al, 
2006 [94] (hypoglycaemic events), Lane et al, 2012 [95] (BMI), 


Sub-groups and Sensitivity Analysis: Sensitivity analysis performed on key model 
inputs and by excluding non-significant treatment effects.  


A: 


(i) 0.50 


(ii) 0.02 


(iii) 0.40 


 


 


B: 


(i) 0.126 


Results after 
sensitivity 
analysis: 


 


A: 


(i) 0.099 


(ii) 0.031 


(iii) 0.098 


B: 


(i) 0.04 


 


A: 


(i) £1,335 


(ii) -£143 


(iii) -£80 


 


 


B: 


(i) £538 


Results after 
sensitivity 
analysis: 


 


A: 


(i) £1,663 


(ii) £310 


(iii) £448 


B: 


(i) £294 


 


A: 


(i) £2,689 


(ii) dominant 


(iii)dominant 


 


 


B: 


(i) £4,268 


Results after 
sensitivity 
analysis: 


 


A: 


(i) £16,786 


(ii) £10,000 


(iii) £4,552 


B: 


(i) £7,333 


 


DAPA dominated DPP-4 
and PIO and had low 
ICER vs. SU in 2nd line 
treatment and had a low 
ICER in insulin add-on in 
the base case.  


Using CODE-2 BMI 
disutility and excluding 
non-significant  treatment 
effects decreased the 
cost-effectiveness of 
DAPA but the resulting 
ICER’s were each equal 
to or below £10,000. 
Assuming converging 
weight change over time 
further worsened the 
ICER’s. DAPA was 
recommended as add-on 
therapy with MET. 


The use of DAPA as add-
on to insulin was not 
recommended, citing 
limitations in the NMA. 


Study Model and Analysis Results Conclusions 
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PBAC Public 
Summary 
Documents for 
dapagliflozin, 
March 2012 


1. HTA Review 


2. Model: Not reported, cost-minimisation analysis  


3. Indication and comparators: 


A. 2nd line (add-on to MET or SU) 


i) DAPA vs. SITA 


B. 2nd line (add-on to insulin) 


i) DAPA vs. PIO 


4. Perspective: Australian government 


5. Time horizon:  


6. Key data sources: 


A. Patients:  


B. Efficacy: 3 RCTs for DAPA and 5 RCTs for SITA. Treatment effects from 3 
indirect comparisons of DAPA vs. SITA with three different common 
references 


C. Costs: Not reported 


D. Utilities: Not used 


Sub-groups and Sensitivity Analysis:  Not reported 


Not reported 


 


Not reported 


 


Not reported 


 


The PBAC rejected DAPA 
in 2nd line treatment. 


Costs for key adverse 
events excluded in the 
analysis. 


The submission was 
rejected on the basis of 
uncertain comparative 
clinical effectiveness. 
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7.1.3 Quality assessment 


Please provide a complete quality assessment for each cost-
effectiveness study identified. Use an appropriate and validated 
instrument, such as those of Drummond and Jefferson (1996) or 
Philips et al. (2004). For a suggested format based on Drummond 
and Jefferson (1996), please see section 10.11, appendix 11.  


The quality of evidence was assessed in the 14 peer-reviewed publications and research 
posters. (131)  These 14 studies were generally of acceptable quality. The main differences 
concerned the level of detail provided (with research posters naturally lagging behind).  In 
particular, the degree of detail of reporting of the data used varied widely. 


7.2 De novo analysis 


Patients 


7.2.1 What patient group(s) is(are) included in the economic evaluation? 
Do they reflect the licensed indication/CE marking or the population 
from the trials in sections 1.3 and 6.3.3, respectively? If not, how and 
why are there differences? What are the implications of this for the 
relevance of the evidence base to the specification of the decision 
problem? For example, the population in the economic model is 
more restrictive than that described in the (draft) SPC/IFU and 
included in the trials.  


This submission includes de novo economic analyses of adult T2DM patients suitable for 
therapy with canagliflozin in dual therapy (combination with metformin), in triple therapy (in 
combination with MET+SU and in combination MET+TZD), and as an add-on to insulin (with 
or without other AHAs).  These populations reflect the licensed indications for canagliflozin 
(see Section 1.5) as well as the patients recruited into the Phase 3 clinical trial programme.   


The populations considered in the economic evaluation represent those most likely to 
receive canagliflozin in clinical practice in England and Wales.  The use of canagliflozin in 
the monotherapy setting is not included as part of this evaluation. 


Model structure 


7.2.2 Please provide a diagrammatical representation of the model you 
have chosen. 


The ECHO-T2DM was used to model all lines of therapy. (131)  The general structure is 
shown in Figure 58.  Detailed schematic diagrams of the AHA, anti-hypertension, and anti-
dyslipidaemia sub-modules are contained in the technical report. (131;132)  Briefly, ECHO-
T2DM is a stochastic micro-simulation model in which cohorts of individual hypothetical 
patients are created and simulated over time using Monte Carlo (first order uncertainty) 
techniques.  Second order (parameter) uncertainty is captured by many cohorts of patients, 
where each cohort is assigned unique values of the key parameters (e.g., treatment effects, 
risk equation coefficients, and QALY disutility weights) drawn from probability distributions; 
the results are aggregated. 
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Figure 58.  Schematic structure of the ECHO-T2DM model 
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7.2.3 Please justify the chosen structure in line with the clinical 
pathway of care identified in section 2.5. 


Characteristics of economic evaluation models in T2DM 


An economic evaluation model for T2DM should be capable of capturing a number of 
key disease features.  Firstly, T2DM is chronic, progressive and affects multiple 
organ systems, thus requiring models that include a large number of inter-related 
health states and a long time horizon to fully capture the costs and benefits of the 
disease and its interventions.  


Secondly, T2DM is characterised by chronic hyperglycaemia, hypertension, and 
disturbances of blood lipids which have been linked to elevated risks for developing 
micro- and macro-vascular complications and which is simulated in models of T2DM 
using risk equations that convert time-varying bio-marker values into the likelihood of 
developing complications. 


Thirdly, in addition to the benefits of improved diet and lifestyle habits, treating 
patients to near normal blood glucose levels as well as improvements in blood 
pressure and lipid values has been shown to reduce the risk of developing 
complications.(133)   Moreover, aging and disease progression typically requires 
treatment intensification over time and current NICE clinical guidelines (37) 
recommend a step-wise approach to glucose treatment, with progression to the next 
treatment in the algorithm being determined by loss of control of glycaemia: 


 Lifestyle (diet and exercise) modifications 


 Initiation of metformin monotherapy 


 Dual and then triple combination therapies if adequate glucose control is not 
achieved with metformin therapy alone. 


 Start on insulin therapy if hyperglycaemia remains particularly marked and/or 
oral therapeutic options are exhausted.  


Models of T2DM, thus, must be capable of modelling complex treatment 
intensification algorithms, preferably for treating hypertension and dyslipidaemia as 
well as hyperglycaemia; they must be able to extrapolate the effects of interventions 
observed in short-term trials over long time horizons; and they should be able to 
model a study baseline for patients moving on to dual or triple (or later) therapies in 
addition to patients at diagnosis.   


Fourthly, treatment with AHA is associated with short-run adverse events, including 
hypoglycaemia, which can require adjunctive treatment or discontinuation of 
particular agents.  Models of T2DM must include the treatment-varying risks and 
consequences of hypoglycaemic events (preferably individually for different event 
severities) as well as other AE’s relevant to the drugs under comparison, e.g., 
nausea and vomiting for many GLP-1s, peripheral oedema for TZD’s, and GMIs for 
SGLT-2i’s. 


Finally, the treatment and disease history of T2DM has important economic and 
quality of life implications, which can be influenced by intervention, so the central aim 
of a cost-effectiveness model of T2DM is to extrapolate costs and disease outcomes 
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(in particular, QALY’s) for two treatment alternatives for a suitable length of time 
(often lifetime) to support calculation of ICER’s. 


Choosing an adequate economic evaluation model in T2DM 


A systematic literature review of the structure, capabilities, and validity of economic 
evaluation models of T2DM was undertaken to assess the suitability of existing 
models for the purposes of an evaluation of canagliflozin in support of a submission 
to NICE.  The search strategy was similar to that outlined above for the systematic 
literature review of cost-effectiveness models (see Section 7.1).  The details of the 
search are reported in the study report Twenty-one unique models of T2DM were 
identified (123), though only a small number are well-documented(134) 


ISPOR (135;136) and the ADA (137) have issued general and diabetes-specific 
modelling best practice recommendations for economic modelling, both emphasising 
the importance of formal model validation.  Eight of the models have published the 
results of model validation in peer-reviewed journals. (131;138-142)  A number of 
differences were found across the models, not the least in the degree of 
documentation reported publically.  The CORE Diabetes Model (CDM) and 
ARCHIMEDES have been the most widely used, with CDM and the Cardiff Mode 
(143)having been used in recent T2DM submissions to NICE. (59;60) 


While the details of the systematic literature review are reserved for the appendix, 
there were important similarities and many differences between the models.  Despite 
the complexity of the disease and need for modelling changing treatment paradigms 
over long time horizons, it was concluded that a sub-set of the 21 models appear to 
be up to the challenge of estimating the cost-effectiveness of canagliflozin in the UK 
treatment setting.  ECHO-T2DM is one of them.(131)   


ECHO-T2DM model description 


ECHO-T2DM is a validated, first (Monte Carlo) and second order (parameter 
uncertainty) stochastic, micro-simulation model used to forecast costs and patient 
outcomes over a user-defined time horizon (up to lifetime) for T2DM and its 
treatment.   (132)  ECHO-T2DM is programmed in R with Microsoft Excel® front- and 
back-end interfaces.  Model requirement are Excel version 2007 or newer, R version 
2.15.3, XLConnect, and Java. Conceptually, cohorts of hypothetical patients defined 
by a set of characteristics including demographics (e.g., age and gender), bio-marker 
values (e.g., HbA1c, SBP and BMI), and disease indicators (e.g., disease duration 
and history of micro- and macro-vascular complications) are generated and individual 
patient outcomes are simulated over time through health states capturing micro- and 
macro-vascular complications and death using Monte Carlo techniques.   


Micro-vascular health states reflect increasing severity of retinopathy, chronic kidney 
disease (CKD), and neuropathy (note, despite being a macro-vascular complication, 
PVD is located in the neuropathy sub-module).  The annual probabilities of 
worsening are derived primarily from the Wisconsin Epidemiologic Study of Diabetic 
Retinopathy (WESDR), a population-based study enrolling 1,370 diabetic patients 
diagnosed at age 30 years or older to determine the prevalence and severity of 
diabetic retinopathy and associated risk variables, The Rochester Epidemiology 
Project (REP), a population-based registry including the medical records of all 
persons who ever resided in Olmsted County, Minnesota between January 1, 1966 
and the present and who authorised their medical information to be used for 
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research, and the CDC model of CKD, and they are linked to HbA1c (and in several 
cases to SBP as well) via power functions. (140)  


Four macro-vascular health states are modelled:  IHD, MI, Stroke, and CHF.  Like 
many other models, ECHO-T2DM uses risk equations from the original UKPDS 
Outcomes Model to simulate macro-vascular complications. (133)  Unlike other 
models, however, it also includes the choice to use risk equations from the new 
UKPDS Outcomes Model, the ADVANCE study, and the Swedish National Diabetes 
Registry (NDR). (144-146)  


Treatment intensification algorithms triggered when biomarker threshold levels are 
exceeded determine AHA and concomitant medication use (i.e. anti-hypertensive, 
dyslipidaemia) over time. Each drug (or drug combination) is described by a profile 
that includes price, initial treatment effects, bio-marker evolution, “rebound” effects 
applied upon discontinuation, AE rates, non-compliance rates, contraindications, and 
disutility (if any).  A treatment sequence of rescue medications can be specified by 
the user, including at least one line of rescue insulin therapy. Agents can be 
continued or discontinued at bio-marker failure (HbA1c for AHA, SBP for anti-
hypertensive agents, and any of the cholesterol components for anti-dyslipidaemia 
agents).   


ECHO-T2DM includes a wide range of treatment-related AE’s suitable for modelling 
many different classes of agents including SGLT-2-i’s.  ECHO-T2DM allows 
modelling of desired AEs that can be characterised by event rates, costs, and QALY 
disutility weights.  Hypoglycaemic events are divided into minor, moderate, and 
severe, and event rates, disutilities (per episode), and a probability of triggering non-
compliance are included. 


The SGLT-2 class of drugs are relatively new in the treatment of T2DM, and have a 
mechanism of action, therapeutic profile and adverse event profile that differ from 
products assessed by NICE.  As the mode of action is primarily through inhibition of 
SGLT-2 in the kidney, it is important that the eGFR is taken into account in the 
estimation of efficacy and in the discontinuation of canagliflozin treatment when the 
patient eGFR falls below 60 mL/min/1.73m2.  A number of kidney-related AE’s were 
included for simulations of the SGLT-2 mechanism of action, including orthostatic 
hypotension, polyuria, upper and lower UTI’s, GMI’s, and constipation (each allow for 
gender-specific rates, costs, and QALYs and there are separate event rates for the 
first cycle on agent and subsequent cycles). 


After the cohorts of patients are simulated until death or the end of the designated 
follow-up period, unit costs and QALYs are assigned for each patient in the two 
treatment arms based upon simulated health history and treatment pattern and they 
are summed over the simulation.   Outcomes include aggregated and disaggregated 
costs, QALY’s, cost-effectiveness and cost-utility ICER’s, cost-effectiveness 
acceptability curves, net monetary benefits, and cumulative incidence curves for 
each of the health states. 


 


7.2.4 Please define what the health states in the model are meant to 
capture. 


Three parallel sets of micro-vascular complications reflecting the full range of 
severities and five types of macro-vascular complications (represented with Markov 
health states) are included in ECHO-T2DM.  They capture key sources of morbidity 
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and elevated mortality risk in T2DM.  In addition to a health state where the patient is 
free from complications, the included health states are defined as follows (additional 
detail is provided in the technical report   
 


 Chronic Kidney Disease, including 
o Stage 1:  eGFR>60, micro- or macro-albuminuria 
o Stage 2:  60<eGFR<90 and micro- or macro-albuminuria 
o Stage 3A:  45<eGFR<60 regardless of albuminuria 
o Stage 3B:  30<eGFR<45 regardless of albuminuria 
o Stage 4:  15<eGFR<30 regardless of albuminuria 
o Stage 5:  eGFR<15 regardless of albuminuria 
o End stage renal disease:  eGFR<15 for a period of more than one 


year. 


 Neuropathy, including 
o Symptomatic neuropathy 
o Peripheral vascular disease 
o Diabetic foot ulcer 
o Lower extremity amputation 
o Subsequent lower extremity amputation 


 Retinopathy, including  
o Background diabetic retinopathy 
o Proliferative retinopathy 
o Macular oedema 
o Blindness in one or both eyes 


 
Patients can also experience five types of macro-vascular complications (MI and 
stroke can occur more than once): 


 IHD (excluding MI) 


 MI 


 CHF 


 Stroke 


 PVD (because of interdependence with neuropathic outcomes, it is located in 
the micro-vascular neuropathy sub-module). 


 
The health states are associated with costs, utility values, and in some cases a 
possible treatment contraindication (e.g., ESRD and CHF for pioglitazone) or with 
excess risk death (e.g., Stroke or MI). 
 


7.2.5 How does the model structure capture the main aspects of the 
condition for patients and clinicians as identified in section 2 
(Context)? What was the underlying disease progression 
implemented in the model? Or what treatment was assumed to 
reflect underlying disease progression? Please cross-
reference to section 2.1. 


As described in Section 2.1, T2DM is a chronic progressive disease characterised by 
marked hyperglycaemia, raised blood pressure, changes in blood lipids and in patient 
body weight.  Over time, there is growing insulin resistance, gradual loss of 
pancreatic β cells and some patients experience a deterioration of kidney function.  
The progression of T2DM is inexorable and as a result of these physiological 
changes, patients have an increasing risk of developing micro- and macro-vascular 
co-morbidities. 
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Intervention with the aim of improving blood glucose, SBP, and lipid values has been 
demonstrated to improve patient outcomes. (133)   ECHO-T2DM uses well-known 
risk equations to translate intervention-medicated changes in these covariates into 
long-run differences in patient outcomes (see section 7.2.3. for more information 
about the risk equations use in the model). 


ECHO-T2DM simulates a flexible and comprehensive AHA treatment algorithm 
defined by:  


 treatment sequence including rescue medication(s),  


 decision rules for intensification of therapy (e.g., HbA1c exceeding a 
threshold value, completion of a fixed duration on agent, and/or development 
of a contraindicating condition), and 


 two types of agent-specific treatment profiles (e.g., treatment effects, 
durability and bio-marker evolution, stopping rules, adverse event rates, non-
compliance, and contraindication), one for non-insulin agents and the other 
for insulin agent (which is more flexible and permits dose modification to meet 
HbA1c goals) 


Using Monte Carlo techniques, each individual patient is assigned treatment during 
each cycle.  ECHO-T2DM requires valid non-insulin profiles at simulation start 
(though one can easily simulate initiation of insulin at study baseline by inserting 
insulin-specific parameters into a non-insulin profile).  The initial treatment effects are 
applied and each patient is individually evaluated for HbA1c failure, reaching a 
maximum duration on agent, and for contraindications and AE’s that would motivate 
treatment discontinuation.  Patients continue on this treatment as long as they 
survive and none of the above criteria are met.  When one or more of the criteria are 
met, the user-defined treatment sequence will indicate which agent (if at least one is 
specified) will be started (and whether the original agent will be continued or 
discontinued).   The process is then repeated.  When there are no longer any 
available non-insulin agents or at the treatment line the analyst specifies, the initial 
insulin profile (e.g., basal insulin) is applied at the start dose and titrated up to the 
designated maximum dose as needed to maintain HbA1c control.  When additional 
control is needed thereafter, the next insulin regimen (if one is specified) is started 
(e.g., prandial insulin on top of the long-acting insulin), again starting at an initial dose 
and titrating up to the designated maximum dose, as many additional insulin profiles 
can be added as desired. 


As both hypertension and dyslipidaemia are major co-morbidities in T2DM patients, 
most patients are treated with anti-dyslipidaemia and anti-hypertension medications. 
The model allows for a proportion of patients to be taking these medications at 
baseline, and also for treatment to start if treatment thresholds of lipids or BP are 
exceeded, and for intensification of anti-dyslipidaemia and hypertension medication 
to be applied. 


The model also incorporates heath states and events associated with 
pharmacological treatment, including: 


 Patient weight change  


 Hypoglycaemic events (separately by mild, moderate, and severe) 


 Upper and lower UTI’s 


 GMI 


 Gastrointestinal upset, including nausea. 
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7.2.6 Please provide a table containing the following information 
and any additional features of the model not previously 
reported. A suggested format is presented below. 


Table 31. Key features of analysis 


Factor 
Chosen 
values 


Justification Reference 


Time horizon Lifetime 
(40 years) 


T2DM is a chronic, progressive disease. The 
comorbidities resulting from hyperglycaemia make 
take many years to develop. T2DM and its 
treatments impact the patient’s HRQL and incur 
costs over a lifetime, and a time horizon of 40 
years allows the model to reflect this. 


(124) 


Cycle length 1 year The comorbidities resulting from hyperglycaemia 
develop relatively slowly justifying an annual cycle 
length.  Nearly all models of T2DM using an 
annual cycle length. 


None 


Half-cycle 
correction 


No The importance of half-cycle corrections 
diminished with the number of cycles simulated.  
In T2DM, modelling durations are typically quite 
long, decreasing the need for half-cycle 
correction. 


None 


Were health 
effects measured 
in QALYs; if not, 
what was used? 


Yes Consistent with previous T2DM economic models 
and NICE methods guide 


(124) 


Discount of 3.5% 
for utilities and 
costs 


Yes Consistent with previous T2DM economic models 
and NICE methods guide 


(124) 


Perspective 
(NHS/PSS) 


NHS/PSS Consistent with previous T2DM economic models 
and NICE methods guide 


(124) 


NHS, National Health Service; PSS, personal social services; QALYs, quality-adjusted life years 


 


ECHO-T2DM applies rescue treatments when patients exceed certain biomarker 
thresholds for dyslipidaemia and hypertension.  These treatment algorithms are 
consistent with NICE clinical guidelines for lipid modification and NICE guidelines for 
hypertension, respectively. (147;148) 


Anti-hypertension treatment algorithm 


Anti-hypertensive treatment and subsequent rescue is initiated within ECHO-T2DM 
when the simulated patient’s SBP exceeds 140mmHg.  The treatment sequence is to 
first apply an angiotensin-converting enzyme inhibitor (ACE-i) (ramipril; 5mg QD), 
followed by the addition of a diuretic (bendroflumethiazide, 2.5mg QD), followed by a 
beta blocker (atenolol, 50mg QD). 


Anti-dyslipidaemia treatment algorithm (148) 


Treatment for dyslipidaemia is initiated when any of the thresholds are exceeded: 


 Total cholesterol exceeds: 5mmol/L 
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 HDL drops below: 1.4 mmol/L 


 LDL exceeds: 2.0 mmol/L 


 Triglycerides exceed: 4.5 mmol/L 


First line treatment is with a statin (simvastatin, 40mg QD).  If further treatment is 
required, simvastatin (80mg QD) is used, followed by the addition of ezetimibe (10mg 
QD) and then fenofibrate (600mg QD). 


The relationship between hypoglycaemic event rate and HbA1c is described by a 
user-defined hazard ratio for event rates corresponding to each 1% point decrease in 
HbA1c, defined by the user.  In an analysis based on DCCT data, the multivariate 
regression estimate of the RR was 1.43. (149) 


 


Technology 


7.2.7 Are the intervention and comparator(s) implemented in the 
model as per their marketing authorisations/CE marking and 
doses as stated in sections 1.3 and 1.5? If not, how and why 
are there differences? What are the implications of this for the 
relevance of the evidence base to the specified decision 
problem? 


Canagliflozin and comparator therapies are implemented in the model as per their 
marketing authorisations.  The comparisons conducted within the economic model 
across the lines of therapy are shown in Table 32. 


 


Table 32.  Economic modelling comparisons conducted 


Comparator 
Cana 
dose 


Dual therapy Triple therapy 
Add-on to insulin 


Met Met+SU Met+TZD 


SU 
100mg  n/a 


  
300mg  n/a 


  


TZD 
100mg  


 
n/a 


 
300mg  


 
n/a 


 


DPP-4-i 
100mg     


300mg     


GLP-1-a 
100mg   


 
 


300mg   
 


 


Dapagliflozin 
100mg  


  
 


300mg  
  


 


Insulin 
100mg 


 
 


  
300mg 


 
 


  
Legend: DPP-4-i: Dipeptidyl peptidase-4 inhibitor; GLP-1-a: Glucagon-like peptide-1 agonist ; n/a: not applicable; SU: 
sulfonylurea; TZD: Thiazolidinediones 


 


There are multiple products available in most of the comparator classes in Table 32.  
However, comparisons were conducted against only one member of each of the 



http://en.wikipedia.org/wiki/Glucagon-like_peptide-1
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classes.  The rationale behind the choice of specific comparator is described in Table 
33. 


Table 33.  Specific comparators selected within each pharmacological class 


 
Pharmacological class 


member selected 
Justification Reference 


SU 
Efficacy: glimepiride 
Cost: gliclazide 


Glimepiride was the SU used in the trial programme 
Gliclazide is the SU with the highest level of UK 
prescribing 


(150) 


TZD Pioglitazone 
Rosiglitazone has no licence/ no other TZD available 
for prescribing in clinical practice in the UK 


(151) 


DPP-4-i Sitagliptin 
Most used UK DPP-4-i and  comparator in two 
canagliflozin trials 


(150) 


GLP-1-a 


a) Liraglutide 
Market share data shows liraglutide has a wider use in 
UK clinical practice, and thus selected as the GLP-1-a 
of choice where data allow 


Section 
6.7.3 
(150) 


b) Exenatide BID 


Exenatide BID has a broader recommendation for use 
in T2DM;  
Exenatide BID is the only GLP-1 present in the Triple 
(MET+SU) and add on to insulin NMA networks. 


Section 
6.7.3 
(60) 


Insulin insulin aspart 
From market share data ASPART has a widest use 
for SA INS, in UK clinical practice 


(150) 


Legend: DPP-4-i: Dipeptidyl peptidase-4 inhibitor; GLP-1-a: Glucagon-like peptide-1 agonist; SU: sulfonylurea; TZD: 
Thiazolidinediones 


 


7.2.8 Please note that the following question refers to clinical 
continuation rules and not patient access schemes. Has a 
treatment continuation rule been assumed? If the rule is not 
stated in the (draft) SPC/IFU, this should be presented as a 
separate scenario by considering it as an additional treatment 
strategy alongside the base-case interventions and 
comparators. Consideration should be given to the following. 


 The costs and health consequences of factors as a result of 
implementing the continuation rule (for example, any 
additional monitoring required). 


 The robustness and plausibility of the endpoint on which 
the rule is based. 


 Whether the ‘response’ criteria defined in the rule can be 
reasonably achieved. 


 The appropriateness and robustness of the time at which 
response is measured. 


 Whether the rule can be incorporated into routine clinical 
practice. 


 Whether the rule is likely to predict those patients for whom 
the technology is particularly cost effective. 


 Issues with respect to withdrawal of treatment from non-
responders and other equity considerations.  


Current clinical guidelines suggest treatment switch for dual and triple therapy and 
add-on to insulin when the patient’s HbA1c rises above 7.5% (59mmol/mol). (37) The 



http://en.wikipedia.org/wiki/Glucagon-like_peptide-1
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base case modelling employed an HbA1c switch threshold of 7.5% for all base case 
simulations.  In clinical practice, the HbA1c threshold at which patients receive 
additional or alternative treatment may be higher. (152) 


Once a threshold of 7.5% is reached, a common approach is to add an additional 
therapeutic option (153),  for example a patient on Met+SU could switch to 
Met+SU+DPP-4-i.  However, for the purposes of demonstrating cost-effectiveness 
and to stay within the bounds for which we have clinical effectiveness estimates, and 
consistent with other modelling approaches in T2DM, the base case modelling 
assumption is that the patient will discontinue the current therapy and move on to 
rescue therapy, as described in Section 7.2.5. 


Because the final SmPC was not available at the time the modelling simulations were 
conducted, our base case analysis assumes that canagliflozin therapy discontinued 
in situations where the patient’s eGFR falls below 60mL/min/1.73m2.  However, the 
final SmPC (see Appendix 1.10) actually states a lower threshold, advising that 
canagliflozin should be discontinued at an eGFR of <45 mL/min/1.73m2.   


It should be noted that within the trial there was a small proportion of patients who 
remained on canagliflozin at eGFR levels below 60mL/min/1.73m2.  Thus in the 
clinical data used for the estimation of therapeutic effect for canagliflozin within the 
NMA and in scenario analyses in which direct trial elicited data was used, there were 
a limited amount of data from treatment below 60mL/min/1.73m2. 
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7.3 Clinical parameters and variables 


When relevant, answers to the following questions should be derived 
from, and be consistent with, the clinical-evidence section of the 
submission (section 6). Cross-references should be provided. If 
alternative sources of evidence have been used, the method of 
identification, selection and synthesis should be provided as well as a 
justification for the approach. 


7.3.1 Please demonstrate how the clinical data were implemented 
into the model.  


ECHO-T2DM is a stochastic micro-simulation (patient-level) model.  Conceptually, 
the model performs the following steps requiring clinical data: 


1. Generates cohorts of hypothetical patients based on probability distributions for 
key demographic and clinical characteristics, including demographics (e.g., age 
and gender), disease indicators (e.g., disease duration and history of micro- and 
macro-vascular complications) and bio-marker values (e.g., HbA1c, SBP, BMI)  
 


2. Assigns treatment, including treatment effects and AE rates, bio-marker 
evolution, and discontinuation rates 


Treatment effects from RCTs are used to modify patient biomarkers, which in turn 
modify the risks of complications over time. Risk equations utilise these inputs and 
generate patient outcomes.  


Initial Patient Characteristics 


The source of these were the canagliflozin clinical trials   


1. Dual Therapy with  
a. MET background:  Pooled analysis of DIA3009 and DIA3006 


2. Triple therapy 
a. MET+SU background: Pooled analysis of DIA3002 and DIA3015 
b. MET+TZD background: DIA3012 


3. Add-on to Insulin: DIA3008  
 


Further detail on the trials and study populations are described in Figure 4 of Section 
6.2.6.  As noted in section 7.2.2 and Section 10.9 for Appendix 9, individual patient’s 
initial characteristics are assigned based on draws from probability distributions 
parameterised by the means and standard deviations observed in the clinical data.  


 
Treatment Effects and AEs 


As described in Section 6.7, where possible, NMAs were performed for HbA1c, SBP, 
weight/BMI and the incidence of hypoglycaemic events separately for trials of dual, 
triple and add-on to insulin therapy.  All HbA1c treatment effect data for the base 
case simulations for canagliflozin and the comparators were obtained from the 
NMAs.  
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Although the canagliflozin trial programme reports data at 104 weeks in dual therapy 
(vs. SU) and data at 52 weeks in triple therapy (vs. sitagliptin), due to the paucity of 
published studies on comparators out to these time points, networks could not be 
constructed for the longer durations in some cases.  As such, in the base cases (that 
primarily rely on the NMAs), 52 week data were used in dual therapy but 26 week 
data were used in triple therapy. In the add-on to insulin simulations, although the 
primary endpoint assessment in DIA3008 was at 18 weeks, post hoc analyses were 
performed at the 26 week time point to support the NMA.  


As described in Section 7.2.3, the cycle length in the model is one year.  It was 
assumed that no changes in treatment effects and AEs occurred during weeks 26 – 
52 for the triple and add-on to insulin simulations.  Treatment effects on lipids, rates 
of selected AEs (GMI, UTI and nausea) and first year discontinuation rates were 
excluded from the NMA because data were not routinely or were inconsistently 
reported. We sourced these effects for canagliflozin and active comparators (DPP-4-i 
and SU) from the clinical programme. For other comparators, placebo rates from the 
most relevant canagliflozin trial were generally used for these parameters. 
Exceptions include:  lipid effects for TZD, GLP-1-a’s and dapagliflozin; the selected 
AE rates for dapagliflozin; and rates of nausea associated with GLP-1-a.  Additional 
details are given in the text and tables below.    


As SBP data were not available in the NMA for exenatide BID in triple therapy, an 
estimate was based upon data obtained from the literature. (154;155)  SBP was also 
missing from the NMA for sitagliptin in add-on to insulin therapy.  In this case, the 
SBP value for saxagliptin in the network was used. (156)  


The ECHO-T2DM model simulates changes in BMI (as opposed to weight). Where 
BMI was not available in the NMAs, but data on weight were, values were converted 
to BMI using a weighted average of male and female heights observed in the UK 
general population.  


Treatment effects on lipids, rates of selected AEs and first year discontinuation rates 
for canagliflozin were obtained from the pooled datasets for dual (DIA3006 and 
DIA3009) and triple therapy (DIA3002 and DIA3015), except for canagliflozin 100mg 
in triple therapy with MET+SU (DIA3002), canagliflozin in triple therapy with 
MET+TZD (DIA3012) and canagliflozin added on to insulin (DIA3008).  As only the 
300mg dose was studied in DIA3015, it was assumed that the effects observed in 
DIA3002 for canagliflozin 100mg could be applied to the pooled population since the 
trial designs and inclusion/exclusion criteria were similar. (see Section 6.3.2)   


For pioglitazone, exenatide BID and liraglutide in all lines of therapy, zero effects on 
lipids values were assumed.  While some studies have found small positive lipid 
effects for these AHAs, the literature is not conclusive. (37;60) This zero assumption 
is conservative compared to using the placebo rates as observed in the canagliflozin 
programme, since placebo generally showed deterioration in lipid values. For 
dapagliflozin, canagliflozin 100mg lipid effects were assumed.  


Published estimates for the rate of nausea associated with GLP-1-a are highly 
variable. (37;60)  As such, it was conservatively assumed that the rate for exenatide 
BID was twice that observed with canagliflozin. The nausea rate for liraglutide was 
assumed to be one-third lower than the rate assumed for exenatide BID. (60) 
 
The simulations included two mutually exclusive categories of hypoglycaemia events: 
1) severe and 2) non-severe symptomatic. A severe hypoglycaemia event was 
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defined as one that required third party assistance (including medical assistance) or 
resulted in loss of consciousness or seizure.  A non-severe symptomatic 
hypoglycaemia event was defined as a symptomatic episode that was biochemically 
confirmed (i.e., concurrent fingerstick glucose or plasma glucose ≤ 70 mg/dL [3.9 
mmol/L]).  Both types of events were assumed to be associated with a decrement in 
utility (see Table 189, in Section 10.9 for Appendix 9); costs were applied only for 
severe events (see Table 190, in Section 10.9 for Appendix 9). 
 
Hypoglycaemic event rates for canagliflozin were sourced from the clinical trial 
programme.  Where possible, event rates for the comparators were estimated by 
multiplying the canagliflozin rates and the odds ratios (ORs) for the proportion of 
patients experiencing hypoglycaemic events for the comparators as estimated in the 
NMA.  Two assumptions are implicit.  First, the OR does not vary by severity of 
hypoglycaemic event (i.e., non-severe symptomatic and severe).  Second, the OR for 
event rates (as modelled in ECHO-T2DM) is the same as the OR for proportion of 
patients experiencing events (as estimated in the NMA). 
 
For certain comparators NMA OR data were unavailable. As all of these comparators 
have MOAs that are not known to be associated with an increase in the risk of 
hypoglycaemia, placebo rates from the canagliflozin trial programme were used.  
Specifically, for liraglutide and pioglitazone in dual therapy, placebo rates from 
DIA3006 were assumed. In the add-on to insulin simulations for sitagliptin and 
exenatide BID, rates from the placebo arm of DIA3008 were used.  For dapagliflozin, 
rates from the canagliflozin 100mg arm of DIA3008 were used. 
 
Evolution of HbA1c and Other Biomarkers 


Even with treatment, biomarkers for patients with T2DM tend to “drift” upwards over 
time.  In long-term follow-up in the UKPDS (121), for example, HbA1c values in both 
treatment arms increased at about 0.15 percentage points per year (albeit at different 
absolute levels) in a linear fashion, despite treatment intensification.  The updrift in 
HbA1c overtime was also observed to be linear over 5 years in the ADOPT study. 
(157) though there were important differences by drug (0.07 for rosiglitazone, 0.14 for 
metformin, and 0.24 for glyburide).  In the canagliflozin modelling, linearity in drift is 
assumed and the metformin drift of 0.14 percentage points per year is used for: 
canagliflozin, dapagliflozin, sitagliptin, exenatide BID, and liraglutide; the 
rosiglitazone drift of 0.07 percentage points per year is used for pioglitazone; the 
glyburide drift of 0.24 percentage points per year is used for glimepiride; and the rate 
of 0.15 percentage points per year observed in the UKPDS is used for insulin 
therapy.  Note:  the non-linear HbA1c evolution equation (Equation 11 from Clarke, 
2004) has been used by some analysts. (133)  While this optional feature can be 
applied using ECHO-T2DM as well, this specification is confounded by the 
intermittent addition of rescue medication in the UKPDS and resultant HbA1c-
lowerings.  Because ECHO-T2DM applies the consequences of rescue medication 
explicitly, using the evolution equation would amount to double-counting of the 
benefits of rescue medication. 


The rate of long-term drift of SBP was sourced from data on mean values over time 
from the UKPDS. (133)  The mean SBP values over time and SBP values simulated 
using Equation 12 (at mean covariate values) were similar. Both sets of values 
overtime exhibited reasonable linearity, with an annual drift of approximately 0.3 
mmHg/year.   







 


181 


 


Data on the long-term drift of lipid values (especially disaggregated into the four 
components) is scarce. In the UKPDS, the total to HDL to lipid ratio (used in the 
UKPDS macro-vascular and mortality risk equations) exhibited some fluctuation over 
time (rising slightly in the beginning and decreasing thereafter), but on average 
exhibited a slight (and mostly linear) decrease over time.  The total to HDL values 
simulated using Equation 13 in Clarke et al. (2004) were almost constant over time.  
We used these relationships to generate informed assumptions about the 
relationship of the cholesterol components; specifically, we assumed very small (0.03 
mg/dl per year) increases in each of the components, resulting in an approximately 
flat, but slightly downward-sloping total to HDL ratio. 


For the increase in BMI over time, we applied the rate of 0.1 kg per year that was 
reported in the NICE review of dapagliflozin (59) and converted it to a BMI updrift 
using UK gender-specific standardised heights.  eGFR also varies over time.  The 
rates of drift were sourced from the CDC Model of CKD (140) where the decline 
varies according to whether eGFR is greater than or less than 60 mL/min/1.73 m2 
and to whether the patient has established micro- or macro-albuminuria.  


 


7.3.2 Demonstrate how the transition probabilities were calculated 
from the clinical data. If appropriate, provide the transition 
matrix, details of the transformation of clinical outcomes or 
other details here. 


Transition probabilities in ECHO-T2DM are individualised for each of the hypothetical 
patients, being determined by sets of risk equations and the patient’s personal 
characteristics.  The risk equations are taken from large outcome studies.  Full detail 
is presented in the Technical report. (132) 


For retinopathy and neuropathy complications, the base rates are generally derived 
from WESDR and REP, as described in Eastman and colleagues (1997) and 
supplemented by Bagust and colleagues (2001). (158)  These complication rates 
vary according to race/ethnicity, disease duration, and in some cases age. (133)   
The base rate for an individual patient is then modified to account for current HbA1c 
level using power functions (higher HbA1c leads to higher risks and vice versa). 
(159;160)  Proliferative diabetic retinopathy (PDR) and symptomatic neuropathy are 
additionally modified to account for differences in SBP using power functions (cite 
Brown et al, 2000). 


The transition probabilities for CKD are taken from the CDC model of CKD (140) and 
consist of two parts:  the development of micro- and macro-albuminuria and drift in 
the eGFR bio-marker passing fixed threshold values (60, 45, 30, and 15).  As in the 
CDC model, the drift in eGFR increases when patients develop albuminuria. 
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7.3.3 Is there evidence that (transition) probabilities should vary 
over time for the condition or disease? If so, has this been 
included in the evaluation? If there is evidence that this is the 
case, but it has not been included, provide an explanation of 
why it has been excluded. 


The transition probabilities described above adjust as the covariates defining the 
individual patient change over time (e.g., age increases, HbA1c may drift upward or 
may decline as a new treatment is added, and the patient may develop disease 
complications that increase the risks for other complications). This is consistent with 
the observation that complication rates generally increase with duration of T2DM. 
(133) 


 


7.3.4 Were intermediate outcome measures linked to final outcomes 
(for example, was a change in a surrogate outcome linked to a 
final clinical outcome)? If so, how was this relationship 
estimated, what sources of evidence were used, and what 
other evidence is there to support it? 


Intermediate outcome measures such as HbA1c, SBP, lipids, and BMI are linked to 
final clinical outcomes such as micro- and macro-vascular events, amputation, 
blindness and mortality through the risk equations described in Section 7.3.2.  This is 
consistent with other diabetes models, as described in Section 7.1.2. 


7.3.5 If clinical experts assessed the applicability of values available 
or estimated any values, please provide the following details2: 


 the criteria for selecting the experts 


 the number of experts approached 


 the number of experts who participated 


 declaration of potential conflict(s) of interest from each expert or 
medical specialist whose opinion was sought 


 the background information provided and its consistency with the 
totality of the evidence provided in the submission 


 the method used to collect the opinions 


 the medium used to collect opinions (for example, was 
information gathered by direct interview, telephone interview or 
self-administered questionnaire?)  


 the questions asked 


 whether iteration was used in the collation of opinions and if so, 
how it was used (for example, the Delphi technique).  


                                            
 
2
 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing 


submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: 
Pharmaceutical Benefits Advisory Committee. 
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Although NICE clinical guidelines give recommendations on how to prescribe AHAs, 
there is variation in the use of medicinal products in practice. (36;37)  Therefore, 
clinical experts were consulted to obtain details relating to the current use of 
treatments in UK clinical practice as well as the medical resources used for the 
administration of these treatments and for managing AEs. The generation of this data 
involved the following steps: 


- Clinicians with no conflict of interest were approached to ask for their 
attendance at an advisory board hosted by Janssen.  


- 3 advisory boards were held between December 2012 and August 2013; 
each with an alternative objective, namely: Health Economic model 
assumptions to fit clinical practice; Health Economic model assumption and 
input for HTA submission; and NICE strategy for a diabetic treatment 
submission. 


- The Advisory Boards were conducted in accordance with the ABPI guidelines. 
(161)  . The clinical experts did not declare any conflict of interest. At the 
consensus meeting, the panel were presented with suggested approaches of 
addressing uncertainties within the economic modelling to provide a 
foundation for discussion. This process involved individuals voicing their 
opinion on each value sequentially, then if there was discrepancy, a 
discussion followed. After discussion, the consensus panel was then asked to 
state their opinion. This process continued until the panel agreed. 


At an advisory board hosted by Janssen (London, December 2012) (162), to 
determine the appropriate clinical assumptions and parameter inputs for economic 
modelling in the treatment of T2DM, consensus was sought for the most appropriate 
values for inclusion in economic modelling with the objective of providing estimates 
of: 


- Population characteristics at each stage of therapy 


- Treatment starting, stopping and discontinuation rules and rates 


- Risk equations related to BP, weight, lipid change 


- Parameter drift assumptions (for HbA1c, SBP, weight and lipids) 


AEs with significant patient and budgetary impact were identified and the most likely 
management strategies for controlling BP and weight in T2DM patients were 
discussed and agreed upon. Lastly, the related risk of hypoglycaemia and micro-
vascular complications based on HbA1c level were discussed. This information was 
used to define the most appropriate economic model to use in support of this 
submission for the use of canagliflozin in the treatment of adults with T2DM. 


At an advisory board hosted by Janssen (London, May 2013) (163), to validate the 
appropriate clinical assumptions and parameter inputs for ECHO-T2DM, consensus 
was sought on the most representative values for inclusion in ECHO-T2DM with the 
additional objective of providing estimates of: 


- Relevant modelling comparators at each line of therapy at which canagliflozin 
use is anticipated (i.e. dual, triple and add-on to insulin) 


- Dosing, treatment cycle duration and additional resource use involved for all 
medicinal products used in the treatment of T2DM, including AE management 


- Laboratory tests performed prior to, during and following initiation of a new 
treatment 
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- The anticipated impact of AEs on patient quality of life 


- The metabolic drift of parameters after treatment discontinuation (for HbA1c, 
SBP, weight and lipids) 


The estimates generated in this process were taken forward for inclusion in economic 
modelling. 


At a final advisory board hosted by Janssen (London, August 2013) (67),  to obtain a 
detailed understanding of the key treatment options (and associated health care 
resources) for patients with T2DM, consensus was sought for the most appropriate 
strategy to be taken when presenting the use of canagliflozin in the NHS. 
Discussions addressed: 


- Current and future treatment options and the likely treatment path T2DM 
patients will follow; validating the key comparators for canagliflozin for 
three lines of therapy in the T2DM care pathway, in England and Wales; 


- Treatment targets and outcomes of importance in clinical practice 


 


Summary of selected values 


7.3.6 Please provide a list of all variables included in the cost-
effectiveness analysis, detailing the values used, range 
(distribution) and source. Provide cross-references to other 
parts of the submission. Please present in a table, as 
suggested below. 


ECHO-T2DM modelling comparisons were carried out with the specifications in Table 
34. 


Table 34.  Model settings 


Variable Value 


Number of patient cohorts per model run: base case comparisons 1000 


Number of patients in each cohort: base case comparisons 1000 


Number of patient cohorts per model run: scenario analyses and sensitivity analyses 500 


Number of patients in each cohort: scenario analyses and sensitivity analyses 1000 


Discount Rate for Costs  3.5% 


Discount Rate for Health  3.5% 


Modelled time horizon 40 


Maximum patient age 100 


 


A list of the key categories of inputs and corresponding sources used in the base 
case simulations appear in Table 35, along with the location of the information in the 
dossier, where applicable. 
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Table 35.  Overview of key data sources used in the economic model  


Parameter 
Table number/location of 
submission 


Source(s) of data 


Baseline patient/ social 
demographic and clinical 
characteristics 


Appendix 10.9 - Table 183  
Pooled DIA3006 and 3009, DIA3002 and 
DIA3015, DIA3012 and DIA 3008  


Patient medical history  Appendix 10.9 - Table 184  
Pooled DIA3006 and DIA3009, DIA3002 & 
DIA3015, DIA3012 and DIA3008 


Treatment effects  
Appendix 10.9 - Tables 185 to 
188 


NMA and Pooled DIA3006 and DIA3009, 
DIA3002 and DIA3015, DIA3012 and 
DIA3008  


Evolution of HBA1c and other 
clinical biomarkers 


Described in Section 7.3.7 
(Table 36) 


(59;140;157) 


Micro-vascular, macro-
vascular, and mortality risk 
equations 


Described in Section 7.3.2 (133;140;158-160) 


Duration of treatment   Described in Section 7.3.1  (37) 


Hypoglycaemia  
Table 185 in Section 10.9 
(Appendix 9)  
Described in Section 7.3.1 


Section 6.7. (NMA) and trial data. 


Selected adverse events rates 
and  discontinuation due to 
AEs 


Tables 185 to 188 in Section 
10.9 (Appendix 9) 


Pooled analysis of DIA3006 & DIA 3009, 
Pooled analysis of DIA3002 & DIA3015, 
Analysis of DIA3012 and DIA3008 
(37;60) 


Utility decrement values 
Table 189 in  Section 10.9 
(Appendix 9) 


(128;130;164;165) 


Cost of diabetes-related 
complications and AEs 


Table 192 in  Section 10.11 
(Appendix 11) 


See Section 7.5.6 


Drug acquisition costs, 
consumer costs (needles, 
blood glucose monitoring) 


Table 190 in  Section 10.9 
(Appendix 9) 


See Section 7.5.5 


 
 
7.3.7  Are costs and clinical outcomes extrapolated beyond the trial 


follow-up period(s)? If so, what are the assumptions that 
underpin this extrapolation and how are they justified? In 
particular, what assumption was used about the longer term 
difference in effectiveness between the intervention and its 
comparator? For the extrapolation of clinical outcomes, please 
present graphs of any curve fittings to Kaplan–Meier plots.  


The estimates of the biomarker effects for each drug, HbA1c decrease and impact on 
SBP, lipids and body weight, were estimated from the NMA (see Section 6.7.6.) and 
applied to the first year (one cycle) of the economic model.  Beyond this, the 
evolution of these four biomarkers is extrapolated as described below.  
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Table 36. Drift assumptions for biomarkers for all lines of therapy  


 AHA Annual Drift Value Source 


HbA1c 


Canagliflozin, 
Dapagliflozin, 
DPP-4-i, GLP-1-a 


0.14%  
Assumed equal to value observed for the metformin 
arm in ADOPT (157) 


TZD 0.07%  
Assumed equal to value observed for the 
rosiglitazone arm of ADOPT (157)  


SU 0.24%  
Assumed equal to value observed for the SU arm of 
ADOPT (157) 


Insulin 0.15%   (133) 


SBP All AHAs 0.30 mmHg Derived from UKPDS 68 (133) 


Lipids All AHAs 0.03 mg/dl Derived from UKPDS 68 (133) 


Weight* All AHAs 0.1kg/year Value from Dapagliflozin FAD (59) 


eGFR All AHAs 


Varies by eGFR 
category and whether 
patient micro- or 
macro-albuminuria  


(132;140) 


* converted to BMI using UK gender-specific standardised heights 


 


7.3.8 Provide a list of all assumptions in the de novo economic 
model and a justification for each assumption. 


Table 37 describes the assumptions used to parameterise key features of the model 
and perform the simulations.  
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Table 37.  Key Assumptions for the economic modelling 
 


Parameter Key assumptions for Base Cases Justification 


Baseline characteristics All values obtained from the canagliflozin clinical programme. DIA 3012 and DIA 
3008 were the used for the simulations with MET+PIO and add-on to insulin 
background therapy, respectively. Data was pooled for the dual therapy simulations 
on the background of MET (DIA3009 & DIA3006) and for the triple therapy 
simulations on the background of MET+SU (DIA3002 & DIA3015). 


Baseline characteristics from the clinical programme are 
generalisable to patients with T2DM in the UK  
 


The dual and triple study designs as well as inclusion/exclusion criteria 
were very similar. Pooling data allowed for improvement in precision in 
terms of identifying background characteristic parameters 


Treatment effects 
(HbA1c, SBP, Weight, 
Lipids) 


NMAs were the primary source of treatment effects  
 


Results observed at 26 weeks in the triple therapy and add-on to insulin trials 
were assumed to be equivalent to the effects that would be observed at 52 
weeks. In the dual therapy base case simulations versus SU, 52 week data were 
used (although data were available out to 104 weeks) 
 


Treatment effects associated with an agent are immediately reversed at 
discontinuation (i.e., at the start of the next cycle, HbA1c, SBP, weight and lipids 
are returned back to baseline values)   


(124) 
see Section 7.3.1 for details on data used when a treatment effect was 
not available in a NMA.   
 


The cycle length of ECHO-T2DM (as well as most other models in this 
therapy area) is 1 year.  
Although the canagliflozin programme has data at 52 weeks in all three 
of the triple therapy studies, due to the paucity of published studies on 
comparators out to this time point, networks could not be constructed. 
Analyses at 52 weeks support the extrapolation of treatment effects from 
26 to 52 weeks. Similarly, to support the NMA in the add-on to insulin 
simulations, 26 week data from the DIA 3008 insulin sub-study was used 
to represent treatment effects expected at 1 year. Recently reported data 
from the extension period of this study confirms that the treatment effects 
observed with canagliflozin at 52 weeks were durable out to 104 weeks. 
(80) 
 


Data on the residual effects of drugs post-discontinuation is unavailable 


AHA Treatment algorithm   In dual and triple therapy, except when long-acting insulin is the comparator, 
discontinue canagliflozin or comparator when HbA1c exceeds 7.5%, then 
switch to long-acting insulin (glargine) initiated at 40 IU/day and titrated as 
needed to maintain HbA1c control up to a maximum of 60IU/day at which 
point, post-prandial insulin (Humalog) thrice daily was added and titrated as 
necessary. Note that IU/day was adjusted for the weight of a patient.  


 


When insulin is the comparator in triple therapy and HbA1c exceeds 7.5%: 
insulin arm – add prandial insulin; canagliflozin arm: discontinue canagliflozin 
and start long acting insulin, then prandial as needed.  


(63) 


 


As the simulations were performed prior to availability of the final label 
language, in the majority of the cases patients were assumed to 
discontinue treatment with canagliflozin when eGFR<60 
ml/min/1.73m2 or when they developed ESRD.  The exception to this 
was in the sensitivity analyses where treatment with canagliflozin in 
patients with moderate renal impairment with an eGFR ≥45 was 
examined. In these simulations, changes in the efficacy of 
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Parameter Key assumptions for Base Cases Justification 


 


When insulin is added as a rescue therapy and SU is part of the background 
set of treatments, the SU is not discontinued 
 


When insulin is added as a rescue therapy in the third line simulations with 
MET and TZDs, the TZD is not discontinued. 
 


Discontinue canagliflozin and when eGFR<60 ml/min/1.73m2 or when a 
patient develops ESRD;  
 


Discontinue pioglitazone when a patient develops CHF;  


canagliflozin with declining eGFR, HbA1c-, SBP-, and BMI-lowering 
were adjusted when eGFR was simulated to fall below 60 
ml/min/1.73m2.  Specifically, data from the pooled moderate renal 
impairment analysis of subjects with eGFR ≥45 AND <60 was used to 
adjust the effects of canagliflozin on these biomarkers. 


 


Per SPC 


 


Per initial draft SPC 


 


Per SPC 


BP and Lipid Treatment 
Algorithms 


Intensify BP treatment when: 


SBP > 140 mmHg  
 


Intensification sequence: 1st ACE inhibitor (ramipril 5mg); 2nd  diuretic 
(bendroflumethiazide 2.5mg); 3rd beta-blocker (atenolol 50mg)  


 


Intensify dyslipidaemia treatment when:  


T. Chol: ≤ 5.0 mmol/l;  


HDL-C: ≤ 1.4 mmol/l;  


LDL-C: ≤ 2 mmol/l;  


Triglycerides: ≤ 4.5 mmol/l 
 


Intensification sequence: 1st simvastatin 40mg, 2nd simvastatin 80mg, 3rd 
ezetimibe 10mg, 4th fenofibrate 200mg TID  


(148) 


Evolution of HbA1c HbA1c drifts upwards annually at the rates displayed in Table 36 
See section 7.3.1. Values in were reviewed and endorsed at the May 
Advisory Board Meeting on Modelling Assumptions  (163) 


Evolution of BP BP drifts upwards annually at the rates displayed in Table 36 
See section 7.3.1. Values were reviewed and endorsed at the May Advisory 
Board Meeting on Modelling Assumptions (163) 


Evolution of Weight Weight drifts upwards annually at the rates displayed in Table 36 (59) 


Evolution of Lipids Lipid parameters drifts upwards annually at the rates displayed in Table 36 
See section 7.3.1. Values were reviewed and endorsed at the May 
Advisory Board Meeting on Modelling Assumptions  (163) 


AEs: GMI and UTI Assume dapagliflozin has same AE rates as canagliflozin 100mg    Not available in NMA; these AEs are likely to be associated only with the 
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Parameter Key assumptions for Base Cases Justification 


Assume all other AHAs have rates of these events as observed in the placebo 
data in the canagliflozin trials 


SGLT-2 MoA. 


Hypoglycaemia For all AHA, hypoglycaemic event rates are adjusted using a relative risk (RR) 
multiplier (for each 1 percentage point decrease in HbA1c, the relative risk of an 
event increases by 1.43) 


 


Rates for hypoglycaemia were higher for those on insulin if SU was part of the 
therapy set.   


The risk of hypoglycaemia has been shown to be inversely related to the 
level of glucose control.] (149)  Between-arm differences in the UKPDS 
rates of events.  (121) 


 


(166) 


AEs: nausea The incidence rate of nausea for exenatide BID was conservatively assumed to 
be twice that observed with canagliflozin. The liraglutide rate was assumed to be 
one-third of this rate. 


A review of the NICE Bydureon report shows higher rates than those 
assumed for exenatide BID and liraglutide.  (167) 


 


 







 


190 


 


7.4 Measurement and valuation of health effects 


This section should be read in conjunction with NICE’s ‘Guide to the 
methods of technology appraisal’, section 5.4. 


The HRQL impact of adverse events should still be explored regardless 
of whether they are included in cost-effectiveness analysis. 


All parameters used to estimate cost effectiveness should be presented 
clearly in tabular form and include details of data sources. For 
continuous variables, mean values should be presented and used in the 
analyses. For all variables, measures of precision should be detailed.  


Patient experience  


7.4.1 Please outline the aspects of the condition that most affect 
patients’ quality of life.  


The relationship between T2DM and HRQL has been well established. HRQL is 
worse for people with diabetes compared to the general population, for physical 
functioning and well-being. (168)  Poorly controlled disease leads to quicker disease 
progression and onset of micro- and macro-vascular complications such as 
nephropathy, foot ulceration, neuropathy, blindness, amputation, stroke and. (52)  
HRQL declines as co-morbidities increase. (168;169)  Researchers have estimated 
the impact of longer-term diabetes-related complications on measures of HRQL and 
utilities allowing individual assignment of specific utility estimates to each long-term 
complication. (130) 


People with T2DM are also at increased risk for GMI – vulvovaginal candidiasis 
(VVC) in women and Candida balanitis in men (170), UTIs (48;49;171-173) and 
depression(174). Treatment of T2DM can cause variability in glucose levels which 
leads to hyper- and hypo-glycaemia, and effects such as increased oedema, nausea, 
and changes in body weight. These impacts may influence patient behaviour and 
subsequently affect outcomes.  (175) 


The opportunity to improve outcomes by recognising the important role of patients in 
the management of T2DM is reflected in many treatment guidelines. NICE guidelines 
(36) state that T2DM “is a progressive long-term medical condition that is 
predominantly managed by the person with the diabetes and/or their carer as part of 
their daily life. Accordingly, understanding of diabetes, informed choice of 
management opportunities, and the acquisition of relevant skills for successful self-
management play an important role in achieving optimal outcomes”. The more recent 
guidance (37) notes that HRQL is an “important determinant of adherence to 
treatment.” Patient-centred treatment, that is, “aligned with the perceived needs and 
preferences” of people with T2DM, is recommended by the NICE guidelines (37), the 
National Collaborating Center for Chronic Conditions  and endorsed in the 2012 
ADA/EASD consensus statement. (36;45)   


 


7.4.2 Please describe how a patient’s HRQL is likely to change over 
the course of the condition. 
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A key determinant of HRQL in T2DM is the development of long-term complications, 
however, due to the difficulty of collecting data over a long enough time to observe 
the development of complications, most researchers have analysed HRQL cross-
sectionally. (176)  However, a recent study that collected HRQL over 5 years was 
able to demonstrate a decline in HRQL over time in T2DM patients. (177) 


Treatment impacts such as improved glycaemic control, low incidence of 
hypoglycaemia, and weight loss have been associated with an improvement in HRQL 
(178) and healthy behaviours (179) indicating a shorter-term feedback loop between 
HRQL and outcomes. Researchers have proposed that patients are more likely to 
adhere to treatment regimens that offer benefits from the patient perspective, such as 
convenience, avoidance of hypoglycaemic episodes, and weight loss, vs. those 
regimens that do not. (175;178) 


 


HRQL data derived from clinical trials  


7.4.3 If HRQL data were collected in the clinical trials identified in 
section 6 (Clinical evidence), please comment on whether the 
HRQL data are consistent with the reference case. The 
following are suggested elements for consideration, but the 
list is not exhaustive. 


 Method of elicitation. 


 Method of valuation. 


 Point when measurements were made. 


 Consistency with reference case. 


 Appropriateness for cost-effectiveness analysis. 


 Results with confidence intervals. 


To select measures of HRQL implemented in the clinical trials, a patient-focused 
framework was used that conceptualises relationships between patient 
characteristics (e.g., social support, mental health, personality), and outcomes (e.g., 
glucose control, hypoglycaemic events, complications).  


A full PRO report, including a list of the concepts measured, the instruments used, 
the rationale for inclusion, and the trials and time points when these measurements 
were implemented can be found in Section 10.14 (Appendix 14). All PROs were 
included in the trials as exploratory endpoints; the trials were not powered to detect 
differences in PRO scores between study arms.  


It should be noted that because of the length of the trials, it was not possible to use 
the clinical data to assess potential changes in HRQL for patients with T2DM who 
developed complications that are relevant to the economic evaluation health states. 
Published data sources are therefore used to populate the ECHO-T2DM model. 
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Mapping  


7.4.4 If mapping was used to transform any of the utilities or quality-
of-life data in clinical trials, please provide the following 
information. 


 Which tool was mapped from and onto what other tool? For 
example, SF-36 to EQ-5D.  


 Details of the methodology used. 


 Details of validation of the mapping technique. 


Not applicable. 
 


HRQL studies  


7.4.5 Please provide a systematic search of HRQL data. Consider 
published and unpublished studies, including any original 
research commissioned for this technology. Provide the 
rationale for terms used in the search strategy and any 
inclusion and exclusion criteria used. The search strategy 
used should be provided in section 10.12, appendix 12.  


 
A systematic review of the literature was conducted to identify all HRQL publications 
that might provide utility values for the health states incorporated in the economic 
model.  Over twenty databases were searched, including MEDLINE, PubMed and 
EMBASE, for the time period 1st January 2002 to May 2013.  Key inclusion criteria 
were: 


 Study participants were patients with T2DM and not Type 1 diabetes 
(T1DM); 


 The study was not of patients who had just been hospitalised unless it 
was for hypoglycaemia; 


 Utility values had to be derived by methods underpinned by either time 
trade off or standard gamble techniques. 


 
Records identified were categorised as: 


 Utility studies – papers in which the abstract implies utility values are 
elicited using a tool such as the EQ-5D index; 


 Studies using the Short Form (SF) SF-12 and SF-36 – which can be 
mapped onto EQ-5D; 


 Cost effectiveness/cost-utility studies – papers that may utilise utility 
values in cost-effectiveness or cost-utility models; 


 Systematic reviews of utility values. 
 
The reference lists of the cost-effectiveness studies and systematic reviews were 
then checked to identify any potential utility studies that might not have been 
identified by the searches.  Utility studies that met the inclusion criteria were 
extracted with key study details, methodology and specifics on the utilities provided 
recorded – particularly the patient characteristic or co-morbidity that the utility 
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represented.  The full HRQL SLR, including the search strategy and the detailed 
extraction spreadsheet, can be found in the report. (180) 


 
Figure 59.  PRISMA diagram for the HRQL systematic literature review 
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Following the initial search 1757 records were identified as warranting an abstract 
review for assessment for inclusion.  After the abstract review and full paper 
assessment together with papers identified from cost effectiveness studies and other 
systematic reviews there were 440 papers that were deemed likely to provide SF12 
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or SF-36 measures (identified through reference review), and 106 that provided utility 
estimates (identified through full text review). 
 
Of the 106 utility studies, 80 provided utility values measured by the EQ-5D.  The 
remainder were measured by HUI3 (7 studies), bespoke tools using time trade off 
techniques (10 studies), QWB-SA (4 studies), bespoke standard gamble (2 studies), 
SF-6D (2 studies), HU12 (1 study) and EQ-15D (1 study). Some studies used more 
than one tool. 
 
Utility values were available for patients in more than 20 countries specifically with a 
further 13 studies providing values collected from patients in more than one country.  
The UK (19 studies) and USA (20 studies) were the countries with the largest 
number of studies on patients within their population.  
 
As well as overall utility values for patients with T2DM, utility values or increments 
were also found for patient characteristics including: 
 


 Age; 


 Gender; 


 Duration of diabetes; 


 Number of co-morbidities; 


 Treatment type. 
 
The search also found utilities (as well as increments/ decrements) for the following 
broad co-morbidities: 
 


 Diabetic foot; 


 Eye diseases and vision disorders; 


 Renal diseases and damage; 


 Musculoskeletal disorders; 


 Cardiovascular diseases; 


 Mental health; 


 Nerve disorders; 


 Gastrointestinal symptoms; 


 Lipid disorders; 


 Glucose regulation; 


 Respiratory diseases; 


 Cancers; 


 Disability; 


 Neurological disorders; 


 Weight status. 
 
Utility values for specific conditions under these broad definitions, such as 
retinopathy or Chronic Obstructive Pulmonary Disease (COPD), were identified and 
recorded as part of the extraction.  The availability of data for each of these broad co-
morbidities varied with some co-morbidities such as cardiovascular disease having 
more than 20 studies reporting utility but others such as cancer only having a single 
study.   
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7.4.6 Provide details of the studies in which HRQL is measured. 


Include the following, but note that the list is not exhaustive.  


 Population in which health effects were measured.  


 Information on recruitment.  


 Interventions and comparators. 


 Sample size. 


 Response rates.  


 Description of health states. 


 Adverse events. 


 Appropriateness of health states given condition and treatment 
pathway. 


 Method of elicitation. 


 Method of valuation. 


 Mapping. 


 Uncertainty around values. 


 Consistency with reference case. 


 Appropriateness for cost-effectiveness analysis. 


 Results with confidence intervals. 


 Appropriateness of the study for cost-effectiveness analysis. 
 
A large number of relevant studies were identified in which HRQL is measured.  The 
outlines of these study characteristics are provided in the HRQL SRL report. (180)  


 


7.4.7 Please highlight any key differences between the values 
derived from the literature search and those reported in or 
mapped from the clinical trials. 


Since few longer-term micro- or macro-vascular outcomes were not experienced by 
most subjects in Phase 3 (as expected for trials of only 1-2 years duration), the focus 
of the trial analyses of utility values was on the impact of weight change on PRO 
scores.  To benchmark the canagliflozin trial populations to existing estimates of 
utility values associated with differences in BMI, multivariate regression analyses 
were performed following the approach outlined in Bagust et Al. (2005). (130)  After 
adjustment for baseline demographic factors and the presence of co-morbidities, it 
was found that BMI was a significant predictor of utility values at baseline in both the 
dual and triple populations. The utility values were similar in magnitude to those 
reported in Bagust et. al. 2005 (DIA3009: estimate -0.005, DIA3002 and DIA3015 
pooled: estimate -0.006, both p < 0.0001 vs. Bagust: -0.006, p < 0.0001), though it 
should be noted that cross-sectional differences in BMI across patients may not have 
the same impact as within-patient changes in BMI on HRQL.  Moreover, there is 
currently no consensus on whether the effects of weight loss and weight gain on 
HRQL are equivalent in magnitude, so a linear predictor may not optimally describe 
the functional form.  Because the clinical trials collected BMI and EQ-5D at multiple 
time points, it is possible to attempt to estimate the longitudinal change in HRQL 
associated with change in BMI.  However, based on confounding factors that arise 
from the clinical trial setting (e.g., AHA adjustment, use of rescue therapy, 
withdrawals), the current data sets are unlikely to provide unbiased estimates. Future 
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work designed specifically to address this question in a more naturalistic setting is 
warranted. For more details please refer to Appendix 14 (Section 10.14). 


 


Adverse events 


7.4.8 Please describe how adverse events have an impact on HRQL. 


A literature search was conducted to identify HRQL studies in T2DM patients and 
more specifically on the nine AEs considered. A large number of studies were found 
identifying the impact of T2DM on patients’ HRQL, but a paucity of relevant literature 
was available for most of the side effects. (181) This was especially true, for the GI 
events, hypovolaemic events, and GMI in men.  


As no appropriate studies were identified to provide some AE-related disutility in 
T2DM, a time trade off (TTO) study was conducted to capture UK societal utility 
values for health states associated with these events.  Nine health state descriptions 
were developed from a literature review and supplemented with patient and clinician 
qualitative input to describe the burden associated the following AEs: Mild/moderate 
UTI; severe UTI; GMI; moderate & severe hypoglycaemic events; fear of 
hypoglycaemia; gastrointestinal (GI) symptoms; and hypovolaemic events. 


In order to develop health states related to each AE, eight interviews with T2DM 
patients (who had experienced at least one of the AEs) were conducted to determine 
how T2DM and the AEs affected their HRQL. The HRQL dimensions considered 
were defined in relation to the five dimensions of the EQ-5D (mobility, self-care, usual 
activities, pain/discomfort, anxiety/depression). (164;165) 


Information from the literature review and eight patient interviews were used to 
develop draft health states, which were reviewed with four clinicians and with three 
members of the public to explore their interpretation and understanding of each 
health state. (164;165) The final health state vignettes were then used in interviews 
with members of the UK general public (n=100) who valued these states using the 
time trade-off (TTO) methodology to elicit utility values. Participants were recruited 
with the intent of matching UK demographic census data (182) and were interviewed 
across the UK by four experienced researchers. Participants completed a socio-
demographic form, the EQ-5D, and a visual analogue scale (VAS) exercise with the 
health states before undertaking the TTO exercise. (164;165)   


GMI was valued as most burdensome to HRQL (disutility from reference T2DM case, 
-0.25), closely followed by T2DM with GI symptoms (disutility from reference T2DM 
case, -0.24) when using both VAS and TTO methodology.  It should be noted that, 
while these are surprisingly large disutilities, the vignettes did not take into account 
any aspect of time or duration of AE.  While the vignettes captured the level of 
disutility compared to the reference case, once the duration of an AE such as GMI or 
GI symptoms were applied, the reduction in QALYs over a year with T2DM was 
relatively small. 


The health state with the least impact on HRQL T2DM with no side effects (mean 
TTO value 0.92). Of the included AE states, hypovolaemic events and mild/moderate 
UTI were valued as being least burdensome.  Detailed results can be found in the 
study report. (164;165) 
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Following a regression analysis, using a General Estimating Equations (GEE) model, 
all treatment-related AEs were found to have a significant effect on utility.  From the 
T2DM baseline state (0.92), the experience of AEs was associated with the following 
disutility: T2DM with hypovolaemic events (0.08); T2DM with mild/ moderate UTIs 
(0.09); T2DM with moderate hypoglycaemic events (0.11); T2DM with severe 
hypoglycaemic events (0.15); T2DM with fear of hypoglycaemia (0.15); T2DM with 
severe UTIs (0.19); T2DM with GI symptoms (0.24); and T2DM with GMI (0.25); 
Males consistently scored the states with significantly lower utility values, but no 
significant age effects emerged. (164;165) 


The study indicates the potential importance of including information regarding AEs 
in economic evaluations.  Although some states were rated severely in terms of 
utility, in reality, many of these only last a few days, therefore having a minimal 
quality adjusted life year (QALY) impact.  


 


Quality-of-life data used in cost-effectiveness analysis  


7.4.9 Please summarise the values you have chosen for your cost-
effectiveness analysis in the following table, referencing 
values obtained in sections 7.4.3 to 7.4.8. Justify the choice of 
utility values, giving consideration to the reference case. 


 


ECHO-T2DM utilises health-related utility values that were elicited from data from the 
CODE-2 study. (130)  Utility values were estimated using multivariate regression 
techniques to attribute QALY disutility to a set of specific patient-level characteristics. 
In previous HTA submissions (59-61), the UKPDS (127) equation has been used to 
inform utility values used, however, it is more limited for micro-vascular 
complications, providing estimates only for the end-stage complications of LEA and 
blindness.  In comparison, the CODE-2 utility weights match more micro-vascular 
health states used in the ECHO-T2DM model, for example, by providing a wider 
range of estimates for different severity levels of complications.  Importantly, CODE-2 
includes an estimate for the disutility related to BMI, thus minimising the risks that the 
estimates are confounded by attributing the impact of these excluded factors to 
correlated but included factors. Similarly, the UKPDS dataset focuses on discrete 
clinical events, whereas CODE-2 estimates focus on prevalent disease states.  No 
other study has been able to control for so many potential confounding factors 
(patient characteristics and health complications) simultaneously, which makes it the 
most exhaustive set of utility weights currently available. The CODE-2 study has also 
been used in previous HTA submissions (60;61) and to inform utility values in the 
NICE clinical guidelines (37). 


Although the UKPDS was a longitudinal RCT and CODE-2 a naturalistic (non-
interventional) observational data collection, the patients in the UKPDS RCT are 
selected (relatively healthy and newly diagnosed) whereas the aim of the CODE-2 
was to generate samples representative of the broader T2DM population.  


Other sources were used to determine disutility weights associated with AEs, as 
described in Table 38 and Section 7.4.8. Where possible and appropriate, health 
state utilities were measured using the EQ-5D questionnaire and taken from a UK 
population with T2DM. 
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Table 38. Summary of quality-of-life values for cost-effectiveness analysis 


State Utility value Standard error Reference in submission Justification 


Baseline 1.027 0.027 CODE 2 Values were estimated using multivariate regression techniques 


Patient Characteristics 


Age (per 10 Years) -0.0235 0.001 CODE 2 
HRQL has been shown to gradually decrease over time and may change with age 
independent of the disease progression.  (183) 


Female -0.093 0.009 CODE 2 
Gender has been show to impact patient reports of HRQL, often with women reporting 
lower scores  (130;184) 


Duration of T2DM (per 10 
Years) 


-0.0163 0.001 CODE 2 
This captures any effects of having T2DM over time, above and beyond the separate 
effects of aging, treatment intensification, and the effects of the development and 
worsening of complications. (185) 


Macro-vascular Complications 


IHD -0.028 0.01 
Assumed from CHD in CODE 


2 
Identified in a systematic literature review, CODE-2 was deemed the most appropriate 
study on HRQoL related to T2DM complications, controlling for many potential 
confounding factors simultaneously. CODE-2 combines macro-vascular diseases 
together. 


MI -0.028 0.01 
Assumed from CHD in CODE 


2 


CHF -0.028 0.01 
Assumed from CHD in CODE 


2 


Stroke -0.115 0.017 CODE 2 


Micro-vascular Complications 


Retinopathy (BDR, ME, 
PDR, and combinations) 


0 1E-99 CODE 2 


CODE-2 controls for many potential confounding factors simultaneously. 


Blindness (one or both eyes, 
incl. combinations) 


-0.057 0.022 CODE 2 


Gross Proteinuria -0.048 0.022 CODE 2 


ESRD -0.175 0.028 CODE 2 


Symptomatic Neuropathy -0.084 0.014 CODE 2 


Peripheral Vascular Disease 
(PVD) 


-0.061 0.015 CODE 2 


Symptomatic Neuropathy & 
PVD 


-0.085 0.018 CODE 2 


Diabetic Foot Ulcer -0.17 0.019 CODE 2 


One lower extremity -0.272 0.029 CODE 2 
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State Utility value Standard error Reference in submission Justification 


amputation 


Two lower extremity 
amputations 


-0.272 0.029 CODE 2 


Hypoglycaemic Events 


Minor Hypoglycaemic 
Episode (per Episode) 


0 
 


Assumption Advised in advisory board – (163) 


Moderate Hypoglycaemic 
Episode (per Episode) 


-0.0036 
 


Currie et. al 2006.  annualised 
disutility per symptomatic no 
help event ; not chronic 


The approach taken by NICE in the evaluation of exenatide (CG-87) also used utility 
estimates from Currie et al. 2006. (60;128)  Curie et al (2006) relates to a study that 
collected data from UK patients using both the hypoglycaemia fear survey and EQ-5D. 
The utility values were converted to annual values as follows: 
-0.047 x (3/12) year = -0.0118 per year. 


Severe Hypoglycaemic 
Episode (per Episode) 


-0.0118 
 


Currie et. al 2006.  annualized 
disutility per severe event; not 
chronic 


Obesity 


Excessive weight (disutility 
weight for each 1 kg/m2 
above a threshold of 25 
kg/m2. No disutility is applied 
to lower values) 


-0.0061 0.001 CODE 2 Values used to inform utility values in the NICE CG-87  


Adverse Events 


Lower urinary tract infections 
(male) (per Episode) 


-0.0012 
 


Janssen UK Study 
(regression analysis corrected 
for state duration) 


No utility values related to urinary tract infections were identified in the systematic 
literature review. Therefore, a TTO utility study was conducted. (164;165) 


Lower urinary tract infections 
(female) (per Episode) 


-0.0012 
 


Upper urinary tract infections 
(male) (per Episode) 


-0.0073 
 


Upper urinary tract infections 
(female) (per Episode) 


-0.0073 
 


Balanoposthitis (male) (per 
Episode) 


-0.0046 
 No utility values related to genital mycotic infections were identified in the systematic 


literature review. Therefore, a TTO utility study was conducted. (164;165) Candidal vulvovaginitis 
(female) (per Episode) 


-0.0046 
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7.4.10 If clinical experts assessed the applicability of values available 


or estimated any values, please provide the following details3: 


 the criteria for selecting the experts 


 the number of experts approached 


 the number of experts who participated 


 declaration of potential conflict(s) of interest from each expert or 
medical specialist whose opinion was sought 


 the background information provided and its consistency with the 
totality of the evidence provided in the submission 


 the method used to collect the opinions 


 the medium used to collect opinions (for example, was 
information gathered by direct interview, telephone interview or 
self-administered questionnaire?)  


 the questions asked 


 whether iteration was used in the collation of opinions and if so, 
how it was used (for example, the Delphi technique).  


The advisory board hosted by Janssen (London, May 2013) (163), agreed that: 


- no disutility value should be applied if a patient experiences a hypovolaemic 
event 


- the EQ-5D derived disutility value of 0.0061 is most appropriate for calculating the 
impact on HRQL of increased BMI. (130) 


- disutility values should be associated with moderate and severe, but not minor, 
hypoglycaemic events  


All the above determined values were later validated at another advisory board 
hosted by Janssen (London, August 2013) (see Section 7.3.5 for full details). (67) 


 


7.4.11 Please define what a patient experiences in the health states in 
terms of HRQL. Is it constant or does it cover potential 
variances? 


ECHO-T2DM calculates over each modelling cycle the probability of the occurrence 
of a co-morbidity, complications and AEs, and the disutility of each is applied to the 
baseline utility for that year and, if relevant, for subsequent years.  When multiple co-
morbidities and complications are experienced, the disutilities are additive.  Thus, the 
HRQL of simulated patients varies in the model, according to the accrual of co-
morbidities and complications. 
 


                                            
 
3
 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing 


submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: 
Pharmaceutical Benefits Advisory Committee. 
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7.4.12 Were any health effects identified in the literature or clinical 
trials excluded from the analysis? If so, why were they 
excluded?  


Some co-morbidities were identified through SLR although they were not included in 
the economic analysis. For instance, fear of hypoglycaemia was identified in the 
literature and also researched in the TTO study. (164;165)   Omission 
underestimates the disutility associated with a high rate of hypoglycaemia, such as 
SU and insulin.  Disutility associated with patient aversion to injections was also 
omitted, which can be argued to underestimate disutility from injectable products 
such as GLP-1-a and insulin.  As described in 7.4.10, disutility associated with 
hypovolaemic events was excluded (as this was considered a minor event of short 
duration with very small impact on utility and NHS costs), as was minor 
hypoglycaemic events which is expected to have a limited impact on both utility and 
NHS costs. 


 
 


7.4.13 If appropriate, what was the baseline quality of life assumed in 
the analysis if different from health states? Were quality-of-life 
events taken from this baseline?  


ECHO-T2DM uses as a baseline quality of life value from the CODE-2 regression 
analysis. (130) 
 


7.4.14 Please clarify whether HRQL is assumed to be constant over 
time. If not, provide details of how HRQL changes with time. 


Patient HRQL changes over time due to incidence of co-morbidities, AEs, change in 
BMI and age (see Section 7.2.3 to 7.2.5). 
 


7.4.15 Have the values in sections 7.4.3 to 7.4.8 been amended? If so, 
please describe how and why they have been altered and the 
methodology.  


Not applicable. 
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7.5 Resource identification, measurement and valuation 


This section should be read in conjunction with NICE’s ‘Guide to the 
methods of technology appraisal’, section 5.5. 


All parameters used to estimate cost effectiveness should be presented 
clearly in a table and include details of data sources. For continuous 
variables, mean values should be presented and used in the analyses. 
For all variables, measures of precision should be detailed.  


NHS costs 


7.5.1 Please describe how the clinical management of the condition 
is currently costed in the NHS in terms of reference costs and 
the payment by results (PbR) tariff. Provide the relevant 
Healthcare Resource Groups (HRG) and PbR codes and justify 
their selection. Please consider in reference to section 2. 


Secondary care admissions in diabetes are classified by diagnosis codes (ICD 10), 
procedure codes (OPCS 4), and by Healthcare Resource Group (HRG version 4). 
(186)  HRGs and NHS reference costs (187)stipulate the treatment of complications 
associated with diabetes, such as hypoglycaemia, ketoacidosis, coma and lower limb 
complications.  


Other sources of cost data, drawn from a variety of departmental and academic 
publications were also utilised to estimate the total cost of treating diabetes to the 
NHS. The following data sources were used to calculate and corroborate existing 
cost estimates: 


 NICE Clinical Guidelines CG66 (36) 


 NICE Clinical Guidelines CG87 (37) 


 Diabetic Retinopathy Guidelines (188) 


 NICE CKD Clinical Guidelines 73 (38) 


 BASHH - National Guideline on the Management of Vulvovaginal 
Candidiasis (189) 


 National Diabetes Audit 2010/11 (40;50) 


 National Diabetic Retinal Screening Programme data (190)  


 British National Formulary 65 (191) 


 PSSRU Report 2012 (192) 
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7.5.2 Please describe whether NHS reference costs or PbR tariffs 
are appropriate for costing the intervention being appraised. 


The available NHS reference costs and PbR tariffs have been used for cost 
estimates where appropriate. NHS reference costs are often for broader health states 
and are not specific enough for modelling purposes, often representing average 
costs for all diabetes patients and not those with T2DM. Therefore other sources 
have also been assessed to inform the management of AEs, complications and co-
morbid conditions including UK clinical guidelines that outline best practice for 
treatment, such as NICE clinical guidelines 66 and 87 for the management of T2DM 
and NICE clinical guideline 73, early identification and management of  
chronic kidney disease in adults in primary and secondary care. (36-38)  Reference 
costs, such as PbR tariffs, PSSRU, BNF65 and National Diabetic Retinal Screening 
Programme data were then used to cost the different health states associated with 
AEs, complications and co-morbid conditions. (190-193)  More details about the 
costs used in ECHO-T2DM model can be found in the SRL report related to cost of 
complications. (194) 


 
 


Resource identification, measurement and valuation studies 


7.5.3 Please provide a systematic search of relevant resource data 
for the UK. Include a search strategy and inclusion criteria, 
and consider published and unpublished studies. The search 
strategy used should be provided as in section 10.13, 
appendix 13. If the systematic search yields limited UK-
specific data, the search strategy may be extended to capture 
data from non-UK sources. Please give the following details of 
included studies: 


 country of study 


 date of study 


 applicability to UK clinical practice  


 cost valuations used in study 


 costs for use in economic analysis  


 technology costs. 


 
A comprehensive literature search was conducted to identify published peer-
reviewed studies that evaluated costs associated with common diabetes-related 
complications or co-morbidities that were relevant for the ECHO-T2DM model.  
Articles that report the resource or service use or costs associated with the treatment 
of T2DM complications in the UK were included. Further details of the 
comprehensive search strategy (databases searched, search strategies, additional 
screening criteria and data extraction strategy) are provided in the SRL report related 
to the costs of complications and AEs. (194) A summary of the coverage, methods 
and results from these studies are presented in Table 191, Appendix 10.10.   


In total, 11 articles were identified that reported resource use or cost information in 
T2DM considered of most relevance and selected for review. Cost data presented in 
this review were reported from a variety of sources using different methods of 
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inflation and elicitation from original source documents to derive unit costs. Regional 
variations in the standard of care and usual reporting in different practices make 
comparisons and synthesis of these data quite challenging. However, the majority of 
costs reported in the cost-effectiveness analyses retrieved are inflated costs derived 
as part of the UKPDS trial. Most of the economic models currently available use risk 
equations also from the UKPDS trial to estimate transition probabilities to different 
health states and thus it is reasonable to assume that the UKPDS-based costs 
correspond well with the definition of these health states. Few other studies have 
derived their complication-management costs using National data sources, such as 
hospital care costs published by PSSRU and the latest set of Department of Health 
NHS National Reference Costs. (187;192)  Other variances in costs may be due to 
the definition of specific complications such as mild or acute CHF or when patients 
are actually diagnosed with a complication such as blindness, the definition can vary 
between centres.   


Although the review found some complication specific and broad diabetes economic 
studies that considered the resource use and costs associated with complications/ 
co-morbidities relative to UK clinical practice, none of the studies reported up-to-date/ 
recently derived costs. 
 
In conclusion, only three studies were identified which provide costs that were used 
in the economic evaluations presented in this submission: 


 Leese et al. 2003 (120) 


 Clarke et al. 2003 (126) 


 Ghatnekar et al. 2002 (195) 


 
 


7.5.4 If clinical experts assessed the applicability of values available 
or estimated any values, please provide the following details: 


 the criteria for selecting the experts 


 the number of experts approached 


 the number of experts who participated 


 declaration of potential conflict(s) of interest from each expert or 
medical specialist whose opinion was sought 


 the background information provided and its consistency with the 
totality of the evidence provided in the submission 


 the method used to collect the opinions 


 the medium used to collect opinions (for example, was 
information gathered by direct interview, telephone interview or 
self-administered questionnaire?)  


 the questions asked 


 whether iteration was used in the collation of opinions and if so, 
how it was used (for example, the Delphi technique).  


At an advisory board hosted by Janssen (London, May 2013(163), clinicians agreed 
with a suggested approach to use data from a Scottish publication by Leese et al. 
(2003) to estimate an annual cost of treating moderate to severe hypoglycaemia. 
Costs were inflated to 2013 values using rates reported within the PSSRU report 
(2012). (120;192) 
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At this same advisory board the approach taken to cost GMIs and UTIs was validated 
with clinicians. It was agreed that female patients will most commonly self-treat non-
recurring GMIs with over the counter (OTC) medicines, such as Canesten 
(clotrimazole cream); whereas a male patient who experienced a balanitis will most 
likely require a GP appointment and prescription.  Mild to moderate UTIs will most 
likely require a GP visit for both sexes and a prescription of antibiotics, such as 
trimethoprim. 


Spend on self-monitoring blood glucose (SMBG) testing strips in England in primary 
care in 2010 was about £150 million. This compares to approximately £300 million on 
insulin and £250 million on anti-diabetic drugs. (196)  However, the amount spent on 
blood glucose testing strips varies widely across England. (197) There appears to be 
little standardisation of usage within PCTs/CCGs and no apparent consensus on 
which products provide best value for the NHS [ref] along with little data that highlight 
which patients are being prescribed SMBG strips (T1DM or T2DM patients, treated 
with insulin or treated with AHAs such as SU). Therefore, these costs are not 
included in the economic evaluation presented in this submission. This decision is 
conservative as it minimises the costs associated with the monitoring of some 
comparators such as SUs and insulin. 


Finally, within the advisory board it was agreed that the costs associated with 
managing hypovolaemic events, pollakuria, nocturia and mild hypoglycaemic events 
will be negligible to the NHS and thus these have not been assigned a cost in the 
economic modelling. 


 


Intervention and comparators’ costs  


7.5.5 Please summarise the cost of each treatment in the following 
table. Cross-reference to other sections of the submission; for 
example, drugs costs should be cross-referenced to 
sections 1.10 and 1.11. Provide a rationale for the choice of 
values used in the cost-effectiveness model discussed in 
section 7.2.2.  


Drug acquisition costs 


Drug acquisition costs used within ECHO-T2DM were sourced from the BNF (July 
2013) and are presented in Table 39 below.  


For simplicity, within the base case a single comparator within each class of AHAs 
has been chosen based on frequency of prescribing within England and Wales (57): 
gliclazide is the most frequently prescribed generic SU; sitagliptin is the most 
frequently prescribed DPP-4-i; and liraglutide is the most frequently prescribed GLP-
1-a; therefore, these were applied within the modelling to represent the entire 
respective classes. However, due to wider recommendations of use, some drugs 
such as exenatide are also considered as relevant comparators, especially when 
data on liraglutide are scarce and does not allow for an indirect comparison to be 
conducted. 


Pioglitazone is the only TZD currently available in UK clinical practice.  Insulin costs 
have been applied as a cost per kg body weight per day within ECHO-T2DM.  







 


206 


 


Therefore, cost of insulin will change for patients as their weight changes throughout 
a model comparison.  


Background therapies have not been modelled within ECHO-T2DM as they are 
assumed equal between comparisons. Thus, no cost has been assigned to 
metformin. 


Table 39.  Drug acquisition costs applied in the model for all lines of therapy 


Therapy Daily dose¥ (mg) Annual cost/pt Description* 


Anti-hyperglycaemic agents 


Canagliflozin 100 £ 477.26  100mg, 30-tab pack at £39.20 


Canagliflozin 300 £608.63 300mg, 30-tab pack at £49.99 


Glimepiride 6 £30.44 
2mg, 30-tab pack at £1.24; 4mg, 30-tab pack at 
£1.39 


Gliclazide 160 £19.60 80mg, 60-tab pack at £1.16  


Pioglitazone 30 £36.13 30mg, 28 tab-pack at £2.77 


Sitagliptin 100 £433.86 100mg, 28-tab pack at £33.26 


Liraglutide 1.2 £955.49 6mg/mL, 2 x 3-mL prefilled pens at £78.48 


Exenatide 0.2 £830.82 10μg/dose prefilled pen (60 doses) at £68.24 


Dapagliflozin 10mg £477.30 10mg, 28-tab pack at £36.59 


Insulin therapy Daily dose Cost/IU/year Description 


NPH insulin 
See insulin glargine 
and insulin aspart 


as applicable 
£4.26 


100 units/mL, 5 × 3-mL cartridge (ClikSTAR® 
and Autopen® 24) at £17.50: Price per unit is 
£0.01 


Insulin glargine 10-60 IU/day £10.11 5 × 3-mL Lantus® SoloStar® at £41.50 


Insulin aspart 5-200 IU/day £6.89 100 units/mL NovoRapid®, 10-mL vial at £14.08 
* All medicinal costs have been sourced from the BNF65. (191)  Annual costs were calculated using 
pack prices and have been rounded. 
¥
As per recommended use  (191) 


 
Drug administration and monitoring costs 


No administration costs have been assumed for canagliflozin and comparators. Oral 
AHAs do not require supervised administration whilst GLP-1-a and insulin are self-
administered. 


As canagliflozin is to be discontinued when eGFR is persistently below 
45mL/min/1.73 m2 or CrCl persistently below 45mL/min (see SmPC in Appendix 1), 
monitoring of renal function is recommended prior to initiation of canagliflozin as well 
as prior to initiation of concomitant medicinal products that may reduce renal 
function.  However, diabetic patient monitoring generally includes renal monitoring 
and is part of routine clinical management of T2DM: prior to initiation of a new 
therapy and annually thereafter. (38)  Thus, the cost of renal monitoring has not been 
accounted for as an additional cost when treating T2DM patients with a canagliflozin-
based regimen.  


 


 Health-state costs 


7.5.6  Please summarise, if appropriate, the costs included in each 
health state. Cross-reference to other sections of the 
submission for the resource costs. Provide a rationale for the 
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choice of values used in the cost-effectiveness model. The 
health states should refer to the states in section 7.2.4. 


Complications and co-morbidity costs 


Some costs were derived by consultation of current clinical guidelines (37;38)and 
assignment of relevant costs obtained from multiple sources (see Section 7.5.2.). 
Other costs were retrieved from the literature (see Section 7.5.3.), and were inflated 
to 2011/2012 values using the Community Health Service inflator. (192)  


The annual costs of complications and co-morbidities used in ECHO-T2DM along 
with how cost estimates for health states have been derived are detailed in full in 
Section 10.11 for Appendix 11 for follow up costs, treatments costs and events costs. 


 
Adverse-event costs 


7.5.7 Please summarise the costs for each adverse event listed in 
section 6.9 (Adverse events). These should include the costs 
of therapies identified in sections 2.7 and 2.8. Cross-reference 
to other sections of the submission for the resource costs. 
Provide a rationale for the choice of values used in the cost-
effectiveness model discussed in section 7.2.2.  


The AEs considered in ECHO-T2DM economic evaluation presented in this 
submission are presented in Table 40.   


As described in section 7.5.4., the costs associated with UTIs and GMIs were 
determined by consulting clinical guidelines and using national published costs from 
Hospital & Community Health Services index  and the British national formulary. 
(36;37;191;192)  The derivation of UTI and GMI AE costs were validated by 
diabetologists and general practitioners with a special interest in diabetes at an 
advisory board hosted by Janssen in May 2012. (163) 


The other key AE considered in ECHO-T2DM is minor, moderate and severe 
hypoglycaemia. Only the cost to treat severe hypoglycaemia events is included in 
ECHO-T2DM economic simulations. The decision to not cost minor and moderate 
hypoglycaemic events has been validated with clinicians who believed that most of 
these events will not generate any use of NHS resources. (67)  


The Leese et al study (2003) was used to cost severe hypoglycaemic events, as it 
represents the most recent assessment of health care costs associated with 
hypoglycaemia, conducted in the UK. It covers many important direct healthcare 
costs, including primary care visits, hospital costs, ambulance services and medicinal 
costs, associated with the treatment of severe hypoglycaemic events. (120) 
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Table 40.  Adverse events and summary of costs included in the economic model 


Health state 
First year 
cost (£) 


Description and Reference 


Minor hypoglycaemic 
event 


0.00 Assumption 


Moderate 
hypoglycaemic event 


0.00 Assumption 


Severe 
hypoglycaemic event 


621.41 


Estimating the burden of managing severe hypoglycaemic events: 86% 
requiring ambulance services, 59% A&E, and 20% hospitalisation [. (120) 
Value inflated from 1997-98 to 2011-12 using the Hospital & Community 
Health Services index. (192) 


lower UTIs (male) 86.82 


It is assumed that all male lower UTIs are uncomplicated requiring 2 GP 
visits, one for treatment (recommended treatment with trimethoprin for 7 
days (70) and one follow-up appointment. GP visits 
11.7minutes@£221/hour. (192) Trimethoprin 200mg twice daily, 200mg, 
14-tab pack = 82p(191). 


lower UTIs (female) 43.35 


It is assumed that all female lower UTIs are uncomplicated requiring one 
GP visit treatment (recommended treatment with trimethoprin for 3 days 
(70).GP visit 11.7minutes@£221/hour. (192) Trimethoprin 200mg twice 
daily, 200mg, 14-tab pack = 82p (191). 


upper UTIs (male) 87.64 


It is assumed that all male upper UTIs are uncomplicated requiring 2 GP 
visits, one for treatment (recommended treatment with trimethoprin for 14 
days (70) and one follow-up appointment. GP visit 
11.7minutes@£221/hour  (192),  Trimethoprin 200mg twice daily, 200mg, 
14-tab pack = 82p (191).  


upper UTIs (female) 87.64 


It is assumed that all female upper UTIs are uncomplicated requiring 2 GP 
visits, one for treatment (recommended treatment with trimethoprin for 14 
days (70) and one follow-up appointment. GP visit 
11.7minutes@£221/hour. (192), Trimethoprin 200mg twice daily, 200mg, 
14-tab pack = 82p  (191). 


balanoposthitis 53.60 
It is assumed that all balanoposthitis events are uncomplicated requiring 1 
GP visit, 11.7minutes@£221/hour (192)  , and a course of fluconazole for 7 
days, 200mg , 7-cap pack = £10.60  (191). 


Vulvovaginitis 45.00 
It is assumed that all vulvovaginal candidiasis is uncomplicated requiring 1 
GP visit, 11.7minutes@£221/hour(192), and one 500mg clotrimazole 
pessary, 500mg, 1 pessary with applicator = £2.00 


 
Table 41 presents the medicinal product costs associated with treatment of 
complications and co-morbidities of T2DM patients. The majority of these costs have 
been accounted for within the costs assigned to complication health states, 
presented in Table 40 above. 


 
Table 41.  Pharmacological treatment costs for managing co-morbidities 


Therapy 
Price per unit 


(£) 
Dose per unit 


Daily treatment 
dose 


Cost per year (£) 


Anti-hypertensive treatments 


Ramipril 0.04 5mg 5mg 15.78 


Bendroflumethiazide 0.03 2.5mg 2.5mg 11.48 


Atenolol 0.03 50mg 50mg 11.74 


Anti-dyslipidaemia treatments 


Simvastatin 0.08 80mg 80mg 29.35 


Ezetimibe 0.94 10mg 10mg 343.20 


Fenofibrate 0.08 200mg 600mg 91.18 
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Miscellaneous costs 


7.5.8 Please describe any additional costs that have not been 
covered anywhere else (for example, PSS costs). If none, 
please state.  


Although ECHO-T2DM has the capability to account for indirect costs, such as 
annual productivity of patients, these have not been assigned costs for economic 
comparison. ECHO-T2DM can also account for annual service use costs that are 
fixed, for example administration costs that do not vary with dose  (pumps or 
syringes), which have also not been  assigned costs. 
 


7.6 Sensitivity analysis 


This section should be read in conjunction with NICE’s ‘Guide to the 
methods of technology appraisal’, sections 5.1.11, 5.8, and 5.9.4 to 
5.9.12.  


Sensitivity analysis should be used to explore uncertainty around the 
structural assumptions used in the analysis. Analysis of a 
representative range of plausible scenarios should be presented and 
each alternative analysis should present separate results. 


The uncertainty around the appropriate selection of data sources should 
be dealt with through sensitivity analysis. This will include uncertainty 
about the choice of sources for parameter values. Such sources of 
uncertainty should be explored through sensitivity analyses, preferably 
using probabilistic methods of analysis.  


All inputs used in the analysis will be estimated with a degree of 
imprecision. Probabilistic sensitivity analysis (PSA) is preferred for 
translating the imprecision in all input variables into a measure of 
decision uncertainty in the cost effectiveness of the options being 
compared.  


For technologies whose final price/acquisition cost has not been 
confirmed, sensitivity analysis should be conducted over a plausible 
range of prices. 


7.6.1 Has the uncertainty around structural assumptions been 
investigated? Provide details of how this was investigated, 
including a description of the alternative scenarios in the 
analysis.  


Due to the number of comparators to the two doses of canagliflozin in the four lines 
of therapy investigated, and the number of inputs to the ECHO-T2DM model, a very 
large number of theoretical sensitivity analyses are possible.  The complexity of the 
ECHO-T2DM model means that a single comparison with a reasonable cohort size 
can take many hours to run.  Given the finite computing resources available and 
limited space in which to present and discuss results, as well as a recognition that 
there is a finite number of comparisons that are relevant to usual UK clinical practice, 
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a pragmatic decision was made to focus the sensitivity analyses on a number that 
was feasible to process and present, based on what are proposed as the key 
comparators to canagliflozin in each line of therapy, and the key drivers of cost-
effectiveness in the modelling of T2DM. 


Three levels of rigour were defined for the sensitivity analyses for each comparison in 
each line of therapy (Table 42). In addition to a base case analysis, ‘systematic’ 
comparisons would generate up to 95 simulations, ‘thorough’ 11 simulations, and 
‘focussed’ 3 simulations.  It should be noted that some scenarios were only 
conducted for one dose or for one line of therapy and thus not all 21 scenarios were 
conducted for all 8 systematic comparisons. 


 


Table 42.  Definition of levels of sensitivity analysis rigour 


Level of 
rigour 


Scenario analyses 
conducted 


DSAs 
conducted 


Justification 


‘Systematic’ 21 (all) 70 
Applied to the key comparisons in each line of therapy, 
to thoroughly explore the key drivers of the ICER 


‘Thorough’ 9 0 
Applied to comparisons considered supportive to the 
key comparisons 


‘Focussed’ 3 0 
Applied to the comparisons that are included in the 
scope but not considered from a clinical perspective to 
be a key comparator to canagliflozin 


 


The three levels of rigour were applied to the modelling comparisons as shown in 
Table 43.  As the comparisons against SU in dual therapy, and against DPP-4-i in 
dual, triple (Met+SU) and add on to insulin therapy are seen as most relevant, these 
were analyses with the highest level of rigour. 
 


Table 43.  Level of detail conducted for sensitivity analysis across the comparisons. 


Comparator 
Cana 
dose 


Dual therapy  Triple therapy  Add-on to 
insulin +Met +Met+SU +Met+TZD 


SU  
100mg  Systematic    
300mg  Systematic       


TZD  
100mg  Thorough       


300mg  Thorough       


DPP-4-i 
100mg  Systematic Systematic Thorough Systematic 


300mg  Systematic Systematic Thorough Systematic 


GLP-1-a 
100mg  Focussed Thorough   Thorough 


300mg  Focussed Thorough   Thorough 


Dapagliflozin  
100mg  Thorough     Thorough 


300mg  Thorough     Thorough 


Insulin  
100mg    Thorough     


300mg    Thorough     


 


An exploratory analysis was conducted to identify the key drivers of cost-
effectiveness and from this and consideration of the T2DM economic literature, the 
22 scenario analyses were developed (Table 44). (198)  Greater detail on the 
scenarios is provided in Section 10.12 for Appendix 12. 
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Table 44.  Scenario analyses conducted 


Number Scenario Base case Alternative value 
Level of rigour for which scenarios 


conducted 


1 Time horizon 40 years 20 years S 


2 
Discount rate 3.5% for costs and outcomes 


0% for both S 


3 6% for both S 


4 
Dose modification from 
100mg to 300m 


No dose modification applied 
Increase of dose from 100mg to 300mg if HbA1c>7.5% 
in first year, and 100mg tolerated 


S, T 
Only applied to 100mg simulations 


5 
Treatment discontinuation 
rate 


Taken from RCT data, as described in 
Section 7.3.6 


Comparator discontinuation rate set at that of the 
canagliflozin arm 


S 


6 HbA1c threshold for treatment 
switch 


7.5% (59mmol/mol) 
Treatment switch once HbA1c >8% S, T 


7 Treatment switch once HbA1c >9% S; only for Add-on to insulin 


8 
HbA1c metabolic drift 
assumption 


Canagliflozin drift 0.14, as described in 
Section 7.3.7. 


Canagliflozin drift set at that of the comparator arm 


S, T 
Conducted where comparators have 


different HbA1c drifts from 
canagliflozin 


9 
Patient baseline 
characteristics 


Taken from RCT data, as described in 
Section 7.3.6 


UK T2DM patient baseline characteristics, as described 
in  (57) 


S, T 


10 Risk equations UKPDS 68 (133) UKPDS82 (144) S, T 


12 
BMI rebound on treatment 
discontinuation 


Full weight rebound occurs on 
discontinuation of treatment  


No rebound occurs; divergence of weight continues for 
full modelling duration 


S, T 


13 
Weight rebound occurs two years following treatment 
discontinuation 


S 


14 


Therapy treatment effect 
Base case NMA data, as detailed in 
Section 7.3.6. 


Dual therapy: 26 week NMA data (only the NMA data 
varied) 


S, T; only Dual therapy 


16 Direct comparative data from RCTs 
S; only for comparisons where RCTs 


data available 


17 Disutility associated with 
weight gain 


-0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) S, T 


18 -0.014 (128) S 


19 
Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) S 


21 
Rescue therapy applied 
following failure of first 
therapy 


Upon discontinuation of initial therapy, 
Insulin rescue therapy is applied, with 
intensification of insulin  as required 


Additional rescue step of Met+SU+GLP-1 applied 
following discontinuation of initial therapy 


Triple therapy comparisons 
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Number Scenario Base case Alternative value 
Level of rigour for which scenarios 


conducted 


22 
Insulin choice for rescue 
therapy 


Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin 
aspart 


Start on 0.5 iU/kg insulin aspart; with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus) 


S 


24 
Renal threshold for 
canagliflozin discontinuation 


eGFR<60mL/min/1.73m2 eGFR<45mL/min/1.73m2 
S, T; only for canagliflozin 100mg 


comparisons 


25 Management of dyslipidaemia 
Management according to NICE clinical 
guidelines (36) 


All patients treated with simvastatin 80mg at baseline; 
no rescue treatment for dyslipidaemia applied 


Only applied to Dual therapy vs. 
DPP-4-i for both canagliflozin doses 
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Dose modification Scenario analysis (Scenario 4) 


As stated in Section 1.10, the canagliflozin posology is for patients to commence 
treatment on the 100mg dose.  In patients tolerating the 100mg dose and needing 
tighter glycaemic control, the dose can be increased to 300mg.  The RCTs did not 
study the increase in dose of canagliflozin and so modelling techniques were 
employed to explore how dose modification is likely to impact the cost-effectiveness 
of canagliflozin against its comparators. 


In line with discussions with external UK experts, it has been agreed that dose 
modification would be considered for patients who are tolerating the 100mg dose and 
who after 6 months had not attained an HbA1c of less than 7.5%. (5)  The 6 month 
criterion corresponds with treatment review for many T2DM products in NICE 
guidelines (including DPP-4-i’s, pioglitazone, and GLP-1-a’s as does the target 
HbA1c of 7.5%. (37) 


ECHO-T2DM has a one-year modelling cycle length so the 6-month review is 
handled implicitly in the simulations.  Specifically in the model, patients are started on 
100mg canagliflozin.  During the course of the first cycle, achievement of glycaemic 
control (HbA1c < 7.5%) and the occurrence of AEs sufficient to cause discontinuation 
are evaluated.  Patients not discontinuing canagliflozin due to AEs but not achieving 
glycaemic control are switched to canagliflozin 300mg in cycle 2.  Patients not 
discontinuing due to AEs and achieving glycaemic control remain on the 100mg dose 
for as long as the patients maintain glycaemic control and then switch to standard 
rescue therapy (i.e., insulin). 


ECHO-T2DM model allows for dose modification of agents over time.  However, it is 
hard-coded to perform dose increase in each cycle rather than limiting dose increase 
to the initial cycle on agent, so an accommodation was required to match the dose 
increase algorithm proposed by the expert panel with the mechanics of the model. 
Specifically, canagliflozin 100mg was sub-divided into two modelling profiles, the first 
for cycle 1 (in which dose increase is permitted) and the other for subsequent cycles 
(in which dose increase is not permitted). Operationally, the algorithm works as 
follows: 


 In cycle 1, patients are assigned a profile for canagliflozin 100mg profile that 
is limited to one year in duration.  If HbA1c control is unsatisfactory, the 
patient is switched to canagliflozin 300mg. If HbA1c control is satisfactory, 
patients complete the cycle with the first canagliflozin 100mg profile and are 
“switched” in the next cycle to the long-term canagliflozin 100mg profile.  
Because AE-related discontinuation would cause ECHO-T2DM to discontinue 
the first canagliflozin 100mg only to start them on the long-term canagliflozin 
100mg profile (for reasons related to the workaround, the rescue medication 
in this simulation), AE-related discontinuation is shifted to cycle 2.  


 Patients start cycle 2 on either canagliflozin 100mg if they did not require 
dose increase or on canagliflozin 300mg if they did.  AE-related 
discontinuation is applied and affected patients begin rescue insulin therapy.  
Patients continuing on canagliflozin (either dose) do so until their HbA1c 
values exceed the treatment intensification threshold value (7.5% in the base 
case), at which time they begin the rescue insulin profile. 
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The impact of this modelling adaptation was limited to delaying AE-related 
discontinuation and it is expected to have minimal impact on the costs or benefits 
accrued. 


Figure 60.  Illustrative flow chart of how ECHO-T2DM applies the dose modification 
step. 
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In the absence of any clinical data, it is assumed that a patient that switches to 
300mg canagliflozin achieves the same peak HbA1c efficacy as patients treated with 
300mg for the full 12 months. This 300mg treatment effect is also applied to SBP, 
BMI, change in lipid levels and the event rate of hypoglycaemia.  This is a reasonable 
assumption, given the clear and consistent dose-dependent response observed 
across the clinical trials.  A weighted average cost of the 100mg and 300mg doses of 
canagliflozin is used as the cost of therapy in Cycle 1.  The actual costs are correctly 
applied, thereafter. 


 
Weight loss and rebound scenarios (Scenarios 12 and 13) 


The duration of weight loss and rate of regain of weight has been explored in the 
literature and in previous NICE STAs. (59;61;199)  The impact on the ICER of 
increasing the time for regain (or ‘rebound’) of weight has been explored in these two 
scenarios (Figure 61).  Scenario 12 assumes that weight loss from the use of 
canagliflozin is maintained indefinitely.  Scenario 13 assumes convergence of weight 
between the canagliflozin and comparator arms, but at a slower rate than the base 
case with convergence occurring two years following treatment discontinuation.  It 
can be argued that the base case assumption of immediate weight regain is too 
rapid, and that the regain of weight over a two year period following discontinuation 
of canagliflozin treatment is more clinically plausible. 
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Figure 61.  Illustrative weight trajectories modelled in Scenarios 12 and 13 
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7.6.2 Which variables were subject to deterministic sensitivity 
analysis? How were they varied and what was the rationale for 
this? If any parameters or variables listed in section 7.3.6 
(Summary of selected values) were omitted from sensitivity 
analysis, please provide the rationale. 


A total of 35 parameters or sets of parameters were varied by plus or minus 20%, to 
give a total of 70 deterministic sensitivity analyses (DSAs), conducted for each of the 
systematic comparisons.  The parameters selected for the DSAs were based on 
therapeutic effects collected during the clinical trial programme and from preliminary 
modelling. (198)   Some parameters, e.g. disutility associated with lower and upper 
UTIs for males and females, were grouped to reduce the number of DSAs.  Tables 
detailing these input parameters for the eight sets of DSAs can be found in Tables 
195 to 202, in Section 10.13 for Appendix 13.  


 
Table 45. DSA conducted 


DSA # Parameter DSA # Parameter 


Therapeutic effect 
Discontinuation rates due to AEs (52 
weeks) 


1 Δ Incremental HbA1c between Cana and comparator 28 Canagliflozin 


2 Δ Incremental SBP between Cana and comparator 29 Comparator 


3 Δ Incremental LDL between Cana and comparator Disutility values 


4 Δ Incremental HDL between Cana and comparator 30 Disutility BMI 


5 
Δ Incremental triglycerides between Cana and 
comparator 


31 


Disutility hypoglycaemia: 


6 
Δ Incremental total cholesterol between Cana and 
comparator 


Moderate hypoglycaemia 


7 Δ Incremental BMI between Cana and comparator Severe hypoglycaemia 


Drift parameters (post-trial treatment duration) 


32 


Disutility UTI: 


8 Δ HbA1c drift – Cana Lower UTI – males 


9 Δ HbA1c drift –comparator Lower UTI – females 


10 Δ SBP drift – Cana  (mmHg per year) Upper  UTI – males 


11 Δ SBP drift - comparator (mmHg per year) Upper UTI – females 


12 Δ Weight drift – Cana  (kg/yr) 


33 


Disutility GMI: 


13 Δ Weight drift - comparator (kg/yr) Balanoposthitis 


14 Δ LDL-C drift – Cana Candidal vulvovaginitis 


15 Δ LDL-C drift – comparator Costs 


16 Δ HDL-C drift – Cana 


34 


Costs associated with 
management of AEs: 


17 Δ HDL-C drift – comparator Severe hypoglycaemic event 


18 Δ Triglycerides drift – Cana Lower UTI – males 
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DSA # Parameter DSA # Parameter 


19 Δ Triglycerides drift – comparator Lower UTI – female 


20 Δ Cholesterol drift – Cana Balanoposthitis 


21 Δ Cholesterol drift – comparator Candidal vulvovaginitis 


AE rates (52 weeks) 35 All other costs except AE 
management & drug costs 22 Severe+Symptomatic hypoglycaemic events – Cana 


23 
Severe+Symptomatic hypoglycaemic events – 
comparator 


24 Lower UTIs – Cana 


25 Lower UTIs – comparator 


26 GMI (males & females) – Cana 


27 GMI (males & females)  – comparator 
Abbreviations: ICER, incremental cost-effectiveness ratio; LDL, low density lipoprotein; HDL, high density lipoprotein;  UTI, 
urinary tract infection; AE, adverse event 


 


7.6.3 Was PSA undertaken? If not, why not? If it was, the 
distributions and their sources should be clearly stated if 
different from those in section 7.3.6, including the derivation 
and value of ‘priors’. If any parameters or variables were 
omitted from sensitivity analysis, please provide the rationale 
for the omission(s). 


Probabilistic sensitivity analysis (PSA) is a default feature of the ECHO-T2DM model 
and was run on all simulations conducted.  The values of parameters were drawn 
randomly from their distributions, based on their standard deviations. Table 46 shows 
the stochastic variables, their distributions and limits.  Further detail on PSA in 
ECHO-T2DM can be found in the Technical Report. (132) 
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Table 46.  Parameter distributions for PSA in ECHO-T2DM 


Parameters Quantity Distribution 


First Column Second Column 


Paramete
r Type 


Range of 
Permissible 


Values 
Comment 


Parameter 
Type 


Range of 
Permissible 


Values 
Comment 


Baseline biomarker values, age at baseline, 
HbA1c at diagnosis 


Mean, SD 
(Multivariate) 


Normal 
Mean [0, ∞) 


Accounts for 1st 
order uncertainty 


SD [0, ∞)  


Correlation coefficients for initial age and bio-
marker values 


Correlation 
coefficients 


Part of above 
multivariate normal 


ρ (-1, 1) 
Accounts for 1st 
order uncertainty 


N/A N/A  


Treatment effects, annual bio-marker drift, 
treatment target thresholds 


Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE (-∞, ∞)  


Patient-level (1st order uncertainty) variation in 
treatment effects and intensification targets 


SD  SD (-∞, ∞) 
Accounts for 1st 
order uncertainty 


N/A   


# of cohorts, # of patients per cohort, modelled 
time horizon 


Constant Integers 
(Positive) 


N/A Integer [1, ∞) N/A N/A N/A 
 


Maximum treatment duration, duration of 
discontinuation rebound, time until treatment 
effects completely depreciated 


Mean N/A Mean [0, ∞) N/A N/A N/A 
 


Baseline T2DM duration, logical bounds on initial 
bio-marker values 


Minimum, Maximum  Uniform Minimum [0, maximum] 
Accounts for 1st 
order uncertainty 


Maximum [Minimum, ∞) 
Sometimes 


optional 


Proportions with co-morbidities, ethnicity, gender, 
proportion non-responders 


Proportion 
Bernoulli or 
categorical 


Proportion [0, 1] 
Accounts for 1st 
order uncertainty 


N/A N/A 
 


Probabilities (e.g., AE’s, non-compliance, dose-
reduction, discontinuation, smoking cessation, 
contraindications)  


Probability, SE Bernoulli/Beta Probability [0, 1] 
1st order/2nd 


order uncertainty 
Optional SE [0, ∞) 


SE restricted 
by distribution 
assumption 


Hypoglycaemic event rates Mean, SE 
Poisson/ 


Lognormal 
Mean [0, ∞) 


1st order/2nd 
order uncertainty 


Optional SE [0, ∞) 
 


Hazard Ratio (HR) for AE’s, rates associated 
with declining eGFR 


Mean, SE Lognormal Mean [0, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Relative Risks (RR) for AE’s and complications Mean, SE Lognormal Mean [0, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Multipliers for eGFR drift, eGFR-related 
treatment effect multipliers  


Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Unit costs Mean, SE Normal Mean (-∞, ∞) 2nd order Optional SE [0, ∞) 
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Parameters Quantity Distribution 


First Column Second Column 


Paramete
r Type 


Range of 
Permissible 


Values 
Comment 


Parameter 
Type 


Range of 
Permissible 


Values 
Comment 


uncertainty 


QALY disutility weights Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Bio-marker logical limits Minimum, Maximum N/A 
Optional 
Minimum 


( -∞, 
maximum] 


N/A 
Optional 


Maximum 
[Minimum, ∞) 


Must be larger 
than minimum 


 
 







 


219 


 


7.7 Results 


Provide details of the results of the analysis. In particular, results should 
include, but are not limited to, the following. 


 Link between clinical- and cost-effectiveness results. 


 Costs, QALYs and incremental cost per QALY. 


 Disaggregated results such as LYG, costs associated with treatment, 
costs associated with adverse events, and costs associated with 
follow-up/subsequent treatment. 


 A statement as to whether the results are based on a PSA. 


 Cost-effectiveness acceptability curves, including a representation of 
the cost-effectiveness acceptability frontier. 


 Scatter plots on cost-effectiveness quadrants. 


 A tabulation of the mean results (costs, QALYs, ICERs), the 
probability that the treatment is cost effective at thresholds of 
£20,000–£30,000 per QALY gained and the error probability. 


 


Clinical outcomes from the model 


7.7.1 For the outcomes highlighted in the decision problem (see 
section 5), please provide the corresponding outcomes from 
the model and compare them with clinically important 
outcomes such as those reported in clinical trials. Discuss 
reasons for any differences between modelled and observed 
results (for example, adjustment for cross-over). Please use 
the following table format for each comparator with relevant 
outcomes included. 


Comparative clinical data from DIA3002, DIA3006, DIA3008, DIA3009, DIA3015, and 
from the NMA were extrapolated to long-run economic outcomes using ECHO-
T2DM.  NICE recommends a 40-year simulation, which was chosen as the base 
case.   


Biomarker evolution 


As described in Section 7.3.7, the impact of canagliflozin and the comparator on key 
biomarkers is modelled, with an initial effect followed by subsequent annual drift.  
The figures below show the initial impact, drift and convergence of the HbA1c (Figure 
62), SBP (Figure 63) and BMI (Figure 64) over the 40 year time horizon. Because of 
differences in the timing of requirements for rescue medication, HbA1c, SBP, and 
lipid curves tend to converge as patients with higher values receive treatment-related 
improvements sooner.  BMI tends to converge as well, even without explicit anti-
obesity medication, because the initial anti-hyperglycaemic agents are discontinued, 
their effects on BMI are reversed, and weight gain associated with insulin is applied. 
Biomarker plots are available for each of the analyses conducted for the biomarkers 
above, but for the sake of brevity only the results from canagliflozin 300mg vs. SU in 
dual therapy have been presented.  Biomarker plots for other comparisons are very 
similar in form.   
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Figure 62.  Mean HbA1c across cohorts for canagliflozin 300mg (in red) vs. SU (in blue) 
in dual therapy 


 


 
Figure 63.  Mean SBP across cohorts for canagliflozin 300mg (in red) vs. SU (in blue) in 
dual therapy 
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Figure 64.  Mean BMI across cohorts for canagliflozin 300mg (in red) vs. SU (in blue) in 
dual therapy 


 


 
It should be noted that the mean BMI trace above does not exactly match the BMI 
trajectory illustrated in Figure 61, as Figure 64 is the mean BMI across simulated 
patient cohorts and the duration of canagliflozin therapy and initiation of rescue 
medication occurs at different time points for patients.  


 


7.7.2 Please provide (if appropriate) the proportion of the cohort in 
the health state over time (Markov trace) for each state, 
supplying one for each comparator.  


Not applicable. 
 


7.7.3 Please provide details of how the model assumes QALYs 
accrued over time. For example, Markov traces can be used to 
demonstrate QALYs accrued in each health state over time. 


As described in Section 7.2.3, the model calculates the event rate each year of micro 
and macro-vascular events, adverse events and change in BMI.  The QALY 
decrements are then accrued from these events, and summed over the modelled 
period. 


 


7.7.4 Please indicate the life years and QALYs accrued for each 
clinical outcome listed for each comparator. For outcomes 
that are a combination of other states, please present 
disaggregated results.  


The ECHO-T2DM model does not calculate disaggregated life years.  The 
disaggregated QALYs are described in Section 7.7.5 below. 


 


7.7.5 Please provide details of the disaggregated incremental 
QALYs and costs by health state, and of resource use 
predicted by the model by category of cost.  
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Dual therapy (+Met) base case key comparisons  


As described in Section 7.2.3, ECHO-T2DM calculates the incidence of events and 
subtracts the disutility associated with these from a baseline HRQL state.  The 
results therefore are therefore expressed in QALY loss rather than QALY gain over 
the period modelled. 


The summaries of QALYs lost by health state are shown below for canagliflozin 
100mg vs. SU and vs. DPP-4-i (Table 47), and for canagliflozin 300mg vs. SU and 
DPP-4-i (Table 50).  The summary of costs by health state are shown for 
canagliflozin 100mg vs. SU and vs. DPP-4 (Table 48) and for canagliflozin 300mg vs. 
SU and DPP-4-i (Table 51) , and cost for predicted resource for 100mg vs. SU and 
vs. DPP-4-i (Table 49) and for canagliflozin 300mg vs. SU and DPP-4-i (Table 52). 
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Table 47.  Summary of QALY loss by health state for canagliflozin 100mg vs. SU and DPP-4-i in dual therapy 


Health state Canagliflozin 100mg vs. SU Canagliflozin 100mg vs. DPP-4-i 


QALY Cana 
100mg 


QALY SU Increment Absolute 
increment 


% absolute 
increment 


QALY 
Cana 
100mg 


QALY 
DPP-4-i 


Increment Absolute 
increment 


% 
absolute 
increment 


Survival - 0.002 -0.002 0.002 1.0% - 0.003 -0.003 0.003 15.2% 


Macro-vascular health states                     


MI 0.015 0.015 -0.000 0.000 0.1% 0.015 0.015 -0.000 0.000 0.9% 


IHD 0.017 0.017 -0.000 0.000 0.1% 0.017 0.017 -0.000 0.000 0.7% 


Stroke 0.025 0.026 -0.001 0.001 0.4% 0.025 0.026 -0.000 0.000 1.4% 


CHF 0.011 0.012 -0.001 0.001 0.3% 0.011 0.011 -0.000 0.000 0.6% 


Retinopathy 0.021 0.022 -0.001 0.001 0.3% 0.021 0.021 -0.000 0.000 1.2% 


Nephropathy 0.047 0.047 0.000 0.000 0.1% 0.047 0.047 0.000 0.000 0.4% 


Neuropathy 0.419 0.419 -0.001 0.001 0.5% 0.418 0.420 -0.002 0.002 10.7% 


Hypoglycaemia 0.795 0.943 -0.147 0.147 78.2% 0.797 0.795 0.002 0.002 7.6% 


Other AEs  0.007 0.007 0.000 0.000 0.1% 0.005 0.003 0.002 0.002 7.9% 


Obesity 0.657 0.693 -0.0356 0.036 19.0% 0.657 0.668 -0.010 0.010 53.5% 


Total  2.014 2.201 -0.188 0.189 100% 2.013 2.026 -0.013 0.019 100% 
Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 
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Table 48.  Summary of costs incurred by health state for canagliflozin 100mg vs. SU and DPP-4-i in dual therapy 


Health state 


Canagliflozin 100mg vs. SU Canagliflozin 100mg vs. DPP-4-i 


Costs Cana 
100mg (£) 


Costs SU 
(£) 


Increment 
(£) 


Absolute 
increment (£) 


% absolute 
increment 


Costs Cana 
100mg (£) 


Costs DPP-
4-i (£) 


Increment 
(£) 


Absolute 
increment 


% absolute 
increment 


Macro-vascular health states 
          


MI 885 902 -17 17 4.0% 885 894 -9 9 6.3% 


IHD 768 776 -8 8 2.0% 766 772 -6 6 4.1% 


Stroke 280 289 -10 10 2.3% 284 288 -4 4 2.6% 


CHF 660 684 -24 24 5.8% 658 665 -7 7 4.8% 


Retinopathy 1,160 1,172 -12 12 2.9% 1162 1,166 -3 3 2.2% 


Nephropathy 2,679 2,664 15 15 3.7% 2677 2,674 4 4 2.4% 


Neuropathy 6,677 6,694 -17 17 4.0% 6662 6,695 -33 33 22.3% 


Hypoglycaemia 162 347 -184 184 44.0% 154 152 3 3 1.7% 


Other AEs 135 132 3 3 0.8% 108 89 19 19 12.9% 


Hypertension 64 69 -5 5 1.2% 64 68 -4 4 2.6% 


Dyslipidaemia 4,815 4,938 -123 123 29.4% 4,780 4,836 -56 56 38.1% 


Total 18,285 18,667 -382 419 100% 18,201 18,298 -97 147 100% 
Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 


 
Table 49.  Summary of predicted resource use by category of cost for canagliflozin 100mg vs. SU and DPP-4-i in dual therapy 


Health state 


Canagliflozin 100mg vs. SU Canagliflozin 100mg vs. DPP-4-i 


Cost Cana 
100mg (£) 


Cost SU 
(£) 


Increment 
(£) 


Absolute 
increment (£) 


% absolute 
increment 


Cost Cana 
100mg (£) 


Cost DPP-
4-i (£) 


Increment 
(£) 


Absolute 
increment (£) 


% absolute 
increment 


Technology cost 1,568 48 1519 1,519 64.2% 1,538 1,444 95 95 96.9% 


Insulin costs 6,330 7,179 -849 849 35.8% 6,362 6,359 3 3 3.1% 


Total 7,897 7,227 671 2,368 100% 7,901 7,803 98 98 100% 
Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4, dipeptidyl peptidase 4 inhibitor 
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Table 50.  Summary of QALY loss by health state for canagliflozin 300mg vs. SU and DPP-4-i in dual therapy 


Health state 


Canagliflozin 300mg vs. SU Canagliflozin 300mg vs. DPP-4-i 


QALY Cana 
300mg 


QALY 
SU 


Increment 
Absolute 
increment 


% absolute 
increment 


QALY Cana 
300mg 


QALY 
DPP-4-i 


Increment 
Absolute 
increment 


% absolute 
increment 


Survival - 0.015 -0.015 0.015 7.2% - 0.009 -0.009 0.009 27.6% 


Macro-vascular health states 
          


MI 0.015 0.015 -0.000 0.000 0.2% 0.015 0.015 -0.000 0.000 0.7% 


IHD 0.017 0.017 -0.000 0.000 0.1% 0.017 0.017 -0.000 0.000 0.7% 


Stroke 0.025 0.026 -0.001 0.001 0.5% 0.025 0.025 -0.000 0.000 0.8% 


CHF 0.011 0.011 -0.000 0.000 0.2% 0.011 0.011 -0.000 0.000 0.5% 


Retinopathy 0.021 0.022 -0.000 0.000 0.2% 0.021 0.021 -0.001 0.001 1.9% 


Nephropathy 0.047 0.047 -0.000 0.000 0.1% 0.047 0.047 0.000 0.000 1.0% 


Neuropathy 0.419 0.421 -0.002 0.002 0.9% 0.416 0.417 -0.001 0.001 2.3% 


Hypoglycaemia 0.790 0.932 -0.142 0.142 70.7% 0.785 0.788 -0.003 0.003 9.7% 


Other AEs 0.008 0.007 0.001 0.001 0.4% 0.004 0.003 0.001 0.001 2.9% 


Obesity 0.652 0.691 -0.039 0.039 19.4% 0.653 0.670 -0.018 0.018 51.9% 


Total 2.004 2.203 -0.199 0.201 100% 1.993 2.025 -0.031 0.034 100% 


Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 


 


Table 51.  Summary of predicted resource use by category of cost for canagliflozin 300mg vs. SU and DPP-4-i in dual therapy 


Health state 


Canagliflozin 300mg vs. SU Canagliflozin 300mg vs. DPP-4-i 


Cost Cana 
300mg 


Cost SU Increment 
Absolute 
increment 


% absolute 
increment 


Cost 
Cana 


300mg 


Cost 
DPP-4-i 


Increment 
Absolute 
increment 


% absolute 
increment 


Technology cost 2,206 48 2,159 2,159 70.0% 2,275 1,410 865 865 86.4% 


Insulin costs 6,246 7,172 -926 926 30.0% 6,195 6,330 -136 136 13.6% 


Total 
 


7,220 -7,220 3,085 100% 8,469 7,741 729 1,000 100% 


Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor; 
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Table 52.  Summary of costs incurred by health state for canagliflozin 300mg vs. SU and DPP-4-i in dual therapy 


Health state 


Canagliflozin 300mg vs. SU Canagliflozin 300mg vs. DPP-4-i 


Costs 
Cana 


300mg 
Costs SU Increment 


Absolute 
increment 


% absolute 
increment 


Costs 
Cana 


300mg 


Costs 
DPP-4-i 


Increment 
Absolute 
increment 


% absolute 
increment 


Macro-vascular health states 
          


MI 872 901 -29 29 10.7% 880 897 -18 18 8.2% 


IHD 760 775 -15 15 5.5% 756 767 -11 11 5.2% 


Stroke 279 291 -12 12 4.3% 279 282 -4 4 1.7% 


CHF 653 682 -28 28 10.3% 655 665 -10 10 4.6% 


Retinopathy 1,159 1,173 -14 14 5.1% 1,148 1,161 -13 13 6.1% 


Nephropathy 2,646 2,657 -10 10 3.7% 2,668 2,646 22 22 10.3% 


Neuropathy 6,667 6,692 -24 24 8.8% 6,646 6,650 -4 4 2.0% 


Hypoglycaemia 145 214 -69 69 25.1% 137 140 -3 3 1.2% 


Other AEs 141 132 9 9 3.3% 97 88 9 9 4.1% 


Hypertension 62 69 -7 7 2.6% 61 68 -6 6 2.8% 


Dyslipidaemia 4,891 4,947 -56 56 20.5% 4,704 4,820 -116 116 53.8% 


Total 18,277 18,533 -256 275 100% 18,032 18,185 -153 215 100% 


Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 


 
 
 
Triple therapy (Met+SU) base case key comparisons  
The summary of QALYs lost by health state is shown below for canagliflozin 100mg and 300mg vs. DPP-4-i (Table 53) in triple therapy 
(combination with metformin and SU).  The summary of costs by health state are shown for canagliflozin 100mg and 300mg vs. DPP-4 (Table 
54), and cost for predicted resource for 100mg and 300mg vs. DPP-4-i (Table 55). 
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Table 53.  Summary of QALY loss by health state for canagliflozin 100mg  and 300mg vs. DPP-4 in triple therapy (Met+SU) 


Health state Canagliflozin 100mg vs. DPP-4 Canagliflozin 300mg vs. DPP-4-i 


QALY Cana 
100mg 


QALY 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


QALY 
Cana 
300mg 


QALY 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


Survival - 0.003 -0.003 0.003 11.6% - 0.007 -0.007 0.007 17.1% 


Macro-vascular health states                     


MI 0.017 0.017 -0.000 0.000 0.5% 0.017 0.017 -0.000 0.000 0.5% 


IHD 0.012 0.012 -0.000 0.000 0.3% 0.012 0.012 -0.000 0.000 0.7% 


Stroke 0.034 0.035 -0.000 0.000 1.1% 0.034 0.034 -0.001 0.001 1.6% 


CHF 0.013 0.013 -0.000 0.000 0.6% 0.013 0.013 -0.000 0.000 0.7% 


Retinopathy 0.016 0.016 0.000 0.000 0.2% 0.016 0.016 -0.000 0.000 0.8% 


Nephropathy 0.048 0.048 0.000 0.000 0.2% 0.048 0.0478 -0.000 0.000 0.3% 


Neuropathy 0.359 0.357 0.002 0.002 7.3% 0.356 0.359 -0.004 0.004 8.4% 


Hypoglycaemia 2.067 2.073 -0.006 0.006 26.5% 2.095 2.101 -0.007 0.007 15.3% 


Other AEs  0.008 0.006 0.002 0.002 7.5% 0.010 0.006 0.004 0.004 9.3% 


Obesity 0.717 0.727 -0.010 0.010 44.2% 0.701 0.721 -0.019 0.019 45.4% 


Total  3.291 3.307 -0.016 0.023 100% 3.300 3.335 -0.035 0.043 100% 


Abbreviations:  QALY, quality-adjusted life year; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 
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Table 54.  Summary of costs incurred by health state for canagliflozin 100mg and 300mg vs. DPP-4-i in triple therapy (Met+SU) 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


Costs Cana 
100mg 


Costs DPP-
4 


Increment Absolute 
increment 


% absolute 
increment 


Costs 
Cana 
300mg 


Costs DPP-
4 


Increment Absolute 
increment 


% absolute 
increment 


Macro-vascular health states                     


MI 934 943 -9 9 4.4% 926 941 -16 16 4.8% 


IHD 553 558 -6 6 2.9% 544 559 -15 15 4.6% 


Stroke 339 343 -3 3 1.8% 335 343 -8 8 2.5% 


CHF 743 751 -8 8 4.1% 738 754 -16 16 4.9% 


Retinopathy 1,044 1,043 1 1 0.7% 1,031 1,041 -10 10 3.2% 


Nephropathy 2,597 2,602 -5 5 2.7% 2,579 2,589 -10 10 3.1% 


Neuropathy 5,994 5,974 19 19 10.0% 5,955 5,996 -41 41 12.8% 


Hypoglycaemia 479 485 -6 6 2.9% 914 884 31 31 9.5% 


Other AEs  192 161 32 32 16.2% 190 161 29 29 8.9% 


Hypertension 76 92 -17 17 8.5% 76 92 -16 16 5.0% 


Dyslipidaemia  4,635 4,725 -90 90 46.1% 4,595 4,726 -131 131 40.6% 


Total  17,586 17,677 -91 195 100% 17,882 18,086 -204 324 100% 


Abbreviations:  QALY, quality-adjusted life year; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 


 
 
Table 55.  Summary of predicted resource use by category of cost for canagliflozin 100mg and 300mg vs. DPP-4 in triple therapy (Met+SU) 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


Cost Cana 
100mg 


Cost DPP-4 Increment Absolute 
increment 


% absolute 
increment 


Cost Cana 
300mg 


Cost DPP-4 Incremen
t 


Absolute 
increment 


% absolute 
increment 


Technology cost 1,428 1,468 -40 40 31.2% 2277 1,468 809 809 84.8% 


Insulin costs 6,720 6,631 89 89 68.8% 6498 6,642 -145 145 15.2% 


Total 8,148 8,099 49 130 100% 8775 8,110 665 954 100% 


Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor 
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Triple therapy (Met+TZD) basecase key comparisons  
The summary of QALYs lost by health state are shown below for canagliflozin 100mg and 300mg vs. DPP-4-i (Table 56) in triple therapy 
(combination with metformin and pioglitazone).  The summary of costs by health state are shown for canagliflozin 100mg and 300mg vs. DPP-4 
(Table 57), and cost for predicted resource for 100mg and 300mg vs. DPP-4-i (Table 58). 


 
Table 56.  Summary of QALY loss by health state for canagliflozin 100mg and 300mg vs. DPP-4-i in triple therapy (Met+TZD) 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


QALY Cana 
100mg 


QALY DPP-4 Increment Absolute 
increment 


% absolute 
increment 


QALY Cana 
300mg 


QALY DPP-
4-i 


Increment Absolute 
increment 


% absolute 
increment 


Survival - 0.002 -0.002 0.002 7.2% - 0.013 -0.013 0.013 30.2% 


Macro-vascular health states 


MI 0.016 0.016 -0.000 0.000 0.8% 0.016 0.016 -0.000 0.000 0.6% 


IHD 0.009 0.009 -0.000 0.000 0.8% 0.009 0.009 -0.000 0.000 0.4% 


Stroke 0.031 0.031 -0.000 0.000 0.7% 0.031 0.031 -0.001 0.001 1.6% 


CHF 0.013 0.013 -0.000 0.000 0.3% 0.013 0.013 -0.000 0.000 0.4% 


Retinopathy 0.014 0.014 0.000 0.000 1.4% 0.013 0.014 -0.000 0.000 0.5% 


Nephropathy 0.040 0.040 -0.000 0.000 0.2% 0.041 0.041 0.000 0.000 0.2% 


Neuropathy 0.332 0.329 0.003 0.003 11.0% 0.330 0.329 0.001 0.001 3.2% 


Hypoglycaemia 0.721 0.717 0.003 0.003 14.5% 0.720 0.719 0.001 0.001 1.5% 


Other AEs  0.006 0.004 0.002 0.002 8.4% 0.008 0.004 0.004 0.004 8.8% 


Obesity 0.692 0.705 -0.013 0.013 54.8% 0.689 0.712 -0.023 0.023 52.7% 


Total  1.873 1.880 -0.007 0.023 100% 1.869 1.901 -0.032 0.044 100% 
Abbreviations:  QALY, quality-adjusted life year; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 
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Table 57.  Summary of costs incurred by health state for canagliflozin 100mg and 300mg vs. DPP-4-i in triple therapy (Met+TZD) 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


Costs Cana 
100mg 


Costs DPP-
4-i 


Increment Absolute 
increment 


% absolute 
increment 


Costs Cana 
300mg 


Costs 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


Macro-vascular health states 


MI 887 902 -15 15 11.4% 875 899 -24 24 16.2% 


IHD 423 431 -8 8 6.1% 414 425 -11 11 7.5% 


Stroke 310 313 -3 3 2.1% 306 314 -8 8 5.7% 


CHF 747 753 -6 6 4.4% 736 748 -12 12 7.7% 


Retinopathy 967 959 8 8 6.2% 957 961 -4 4 2.9% 


Nephropathy 2,340 2,341 -1 1 0.9% 2,362 2,360 2 2 1.5% 


Neuropathy 5,584 5,553 31 31 24.0% 5,585 5,558 26 26 17.7% 


Hypoglycaemia 122 121 2 2 1.2% 118 118 0 0 0.1% 


Other AEs  183 176 7 7 5.4% 216 176 40 40 27.1% 


Hypertension 36 39 -3 3 2.7% 35 39 -4 4 2.6% 


Dyslipidaemia  3,501 3,547 -46 46 35.5% 3,558 3542 16 16 10.8% 


Total  15,100 15,134 -34 130 100% 15,161 15,140 21 148 100% 
Abbreviations:  QALY, quality-adjusted life year; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 


 


Table 58.  Summary of predicted resource use by category of cost for canagliflozin 100mg and 300mg vs. DPP-4-i in triple therapy (Met+TZD) 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


Cost Cana 
100mg 


Cost DPP-
4-i 


Increment Absolute 
increment 


% absolute 
increment 


Cost Cana 
300mg 


Cost DPP-
4-i 


Incremen
t 


Absolute 
incremen
t 


% absolute 
increment 


Technology cost 1,474 1,522 -48 48 34.9% 2,228 1,520 708 708 94.8% 


Insulin costs 5,991 5,901 90 90 65.1% 5,888 5,927 -39 39 5.2% 


Total 7,465 7,423 42 138 100% 8,116 7,446 669 747 100% 


Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor 
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Add on to insulin therapy base case key comparisons  
The summary of QALYs lost by health state are shown below for canagliflozin 100mg and 300mg vs. DPP-4-i (Table 59) in add on to insulin 
therapy.  The summary of costs by health state are shown for canagliflozin 100mg and 300mg vs. DPP-4-i (Table 60), and cost for predicted 
resource for 100mg and 300mg vs. DPP-4 (Table 61). 


 
Table 59.  Summary of QALY loss by health state for canagliflozin 100mg and 300mg vs. DPP-4-i in add on to insulin therapy) 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


QALY Cana 
100mg 


QALY 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


QALY Cana 
300mg 


QALY 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


Survival  - 0.001 -0.001 0.001 4.8%  - 0.007 -0.007 0.007 14.6% 


Macro-vascular health states                     


MI 0.073 0.073 0.000 0.000 0.6% 0.074 0.074 0.000 0.000 0.5% 


IHD 0.037 0.037 0.000 0.000 0.1% 0.037 0.037 0.000 0.000 0.1% 


Stroke 0.131 0.131 0.000 0.000 0.0% 0.133 0.133 0.000 0.000 0.1% 


CHF 0.017 0.018 0.000 0.000 0.6% 0.017 0.018 0.000 0.000 0.4% 


Retinopathy 0.027 0.027 0.000 0.000 0.8% 0.028 0.028 0.000 0.000 0.1% 


Nephropathy 0.051 0.051 0.000 0.000 0.3% 0.051 0.051 0.000 0.000 0.6% 


Neuropathy 0.392 0.391 0.001 0.001 2.8% 0.396 0.395 0.001 0.001 1.8% 


Hypoglycaemia 1.720 1.705 0.015 0.015 57.0% 1.688 1.712 -0.025 0.025 52.2% 


Other AEs  0.004 0.002 0.002 0.002 6.7% 0.005 0.002 0.003 0.003 5.8% 


Obesity 0.694 0.701 -0.007 0.007 26.4% 0.691 0.702 -0.011 0.011 23.8% 


Total  3.147 3.138 0.009 0.027 100% 3.120 3.159 -0.039 0.047 100% 
Abbreviations:  QALY, quality-adjusted life year; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 
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Table 60.  Summary of costs incurred by health state for canagliflozin 100mg and 300mg vs. DPP-4-i in add on to insulin therapy 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


Costs Cana 
100mg 


Costs 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


Costs Cana 
300mg 


Costs 
DPP-4 


Increment Absolute 
increment 


% absolute 
increment 


Macro-vascular health states                     


MI 3,318 3,325 -7 7 8.4% 3,328 3,345 -17 17 8.9% 


IHD 1,562 1,564 -1 1 1.4% 1,560 1,562 -2 2 1.2% 


Stroke 1,083 1,084 0 0 0.5% 1,090 1,091 -2 2 0.9% 


CHF 1,047 1,057 -10 10 12.0% 1,052 1,063 -12 12 6.1% 


Retinopathy 1,263 1,259 4 4 4.6% 1,261 1,263 -2 2 0.9% 


Nephropathy 2,640 2,644 -4 4 4.4% 2,657 2,641 16 16 8.3% 


Neuropathy 6,248 6,242 6 6 7.0% 6,288 6,271 17 17 8.7% 


Hypoglycaemia 398 403 -5 5 6.0% 527 501 26 26 13.4% 


Other AEs  74 50 24 24 27.8% 88 50 38 38 19.4% 


Hypertension 137 142 -5 5 5.9% 134 143 -8 8 4.2% 


Dyslipidaemia  3,654 3,673 -19 19 22.1% 3,624 3,678 -55 55 28.1% 


Total  21,424 21,442 -18 87 100% 21,608 21,609 -1 194 100% 
Abbreviations:  QALY, quality-adjusted life year; DPP-4-i, dipeptidyl peptidase 4 inhibitor; MI, myocardial infarction; IHD, ischaemic heart disease; CHF, congestive heart failure 


 


Table 61.  Summary of predicted resource use by category of cost for canagliflozin 100mg and 300mg vs. DPP-4-i in add on to insulin therapy 


Health state Canagliflozin 100mg vs. DPP-4-i Canagliflozin 300mg vs. DPP-4-i 


Cost Cana 
100mg 


Cost 
DPP-4-i 


Increment Absolute 
increment 


% absolute 
increment 


Cost Cana 
300mg 


Cost 
DPP-4 


Increment Absolute 
increment 


% absolute 
increment 


Technology cost 827 791 37 37 71.7% 1210 784 426 426 84.9% 


Insulin costs 7,183 7,169 14 14 28.3% 7127 7203 -76 76 15.1% 


Total 8,010 7,959 51 51 100% 8337 7987 350 502 100% 


Abbreviations:  QALY, quality-adjusted life year; SU, sulfonylurea; DPP-4-i, dipeptidyl peptidase 4 inhibitor 
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Base-case analysis 


7.7.6 Please present your results in the following table. List 
interventions and comparator(s) from least to most expensive 
and present ICERs in comparison with baseline (usually 
standard care) and then incremental analysis ranking 
technologies in terms of dominance and extended dominance.  


ECHO-T2DM generates pairwise comparisons, using cohorts of simulated patients 
that are specific for each comparison from the probability distribution of patient 
characteristics.  Since each simulation run will generate slightly different cohorts of 
patients (with the expected differences decreasing with number of patients), there 
can arise differences in the absolute magnitudes of the outcomes from run to run for 
identical scenarios.  For example, a greater proportion of patients with a stroke 
history at baseline will generally lead to fewer estimated life-years and QALYs, but 
this is the same for both treatment arms and has at most a second order impact on 
the incremental results.  It should be cautioned, however, that for this reason it would 
be inappropriate to mix and match simulation results from different runs for 
supplementary analysis (e.g., constructing the comparison of SU vs. DPP-4-i from 
the comparisons of canagliflozin 100mg vs. SU and canagliflozin 100mg vs. DPP-4-i 
in dual therapy).  The results are, thus, presented pairwise in the tables below, and 
calculations of extended cost-effectiveness have not been carried out. 


Dual therapy  


Canagliflozin 100mg shows QALY gains and a slight increase in costs when 
compared with SU, DPP-4-i and dapagliflozin, and the resulting ICER’s are £1,537, 
£97, and £8,674 per QALY gained, respectively, considered well within the bounds of 
cost-effectiveness (Table 62).  Against GLP-1-a, canagliflozin 100mg treatment is 
less costly but also slightly less effective (with an incremental loss of 0.048 QALYs) 
resulting in a cost saving per QALY lost of £50,005.  Looking at it the other way, this 
implies that the ICER for GLP-1-a vs. canagliflozin 100mg is quite high (above 
£50,000).  If the assumption is made that the NHS is willing to forego 1 QALY as long 
as savings of at least £20,000 are made, using canagliflozin 100mg instead of GLP-
1-a would be considered cost-effective.   


Canagliflozin 300mg generates both higher costs and higher QALY gains than 
canagliflozin 100mg, and is cost-effective when compared to SU and DPP-4-i, with 
ICERs of £4,899 and £18,349, respectively (Table 63).  The ICER when compared 
against dapagliflozin is £27,419, so cost-effective at a willingness to pay (WTP) of 
£30,000 per QALY.  As in the case of the 100mg dose, canagliflozin 300mg is less 
costly but also less effective than GLP-1-a; the incremental cost saved per QALY lost 
is £76,214.   Thus canagliflozin 300mg can be considered cost-effective against 
GLP-1-a. 


The assumption of greater pioglitazone durability (i.e., based on the rate of metabolic 
drift observed for rosiglitazone in ADOPT combined with low annual cost of therapy 
leads to pioglitazone dominating both canagliflozin 100mg and 300mg (i.e. is cheaper 
and more effective). (157)  It is noted, however, that there are increasing concerns 
about the AEs associated with pioglitazone and its use is therefore decreasing, and 
thus is not considered a key comparator. (59) 
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Table 62.  Base case incremental cost-effectiveness results for canagliflozin 100mg in 
dual therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


TZD £23,236 13.667 9.119       
 


Cana 100mg* £26,069 13.669 8.960 £2,833 0.001 -0.159 Dominated 


SU £25,894 13.664 8.751       
 


Cana 100mg* £26,182 13.666 8.938 £288 0.003 0.188 £1,537 


Dapagliflozin £26,086 13.673 8.923 
    


Cana 100mg* £26,149 13.678 8.930 £63 0.005 0.007 £8,674 


DPP-4-i £26,100 13.688 8.928       
 


Cana 100mg* £26,102 13.692 8.941 1 0.003 0.013 £97  


GLP-1-a £28,390 13.650 8.970 
    


Cana 100mg* £25,966 13.644 8.921 -£2,424 -0.006 -0.048 £50,005  # 


# Canagliflozin 100mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a  to replace 
canagliflozin 100mg 
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor; Dapa, dapagliflozin 


 
Table 63.  Base case incremental cost-effectiveness results for canagliflozin 300mg in 
dual therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


TZD £23,204 13.665 9.092       
 Cana 300mg* £26,556 13.663 8.951 £3,353 -0.003 -0.141 Dominates   


SU £25,753 13.671 8.761       
 


Cana 300mg* £26,729 13.690 8.961 £976 0.019 0.199 £4,899  


DPP-4-i £25,926 13.644 8.902       
 Cana 300mg* £26,501 13.655 8.933 £576 0.011 0.031 £18,349  


Dapagliflozin £26,044 13.670 8.910 
    


Cana 300mg* £26,668 13.679 8.932 £625 0.009 0.023 £27,419 


GLP-1-a £28,515 13.652 8.972 
    


Cana 300mg* £26,624 13.657 8.947 -£1,892 0.005 -0.025 £76,214  # 


# Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a  to replace 
canagliflozin 300mg 
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 


Triple therapy (Met+SU and Met+TZD) 


Canagliflozin 100mg is both cost-saving and more effective than DPP-4-i and GLP-1-
a, and thus is dominant in triple therapy combination with Met+SU, though it should 
be noted that as in most scenarios, the cost increments vs. DPP-4-i, and the QALY 
gains vs. GLP-1-a is very small (Table 64).  Both canagliflozin 100mg and 300mg are 
cost-effective vs. Insulin LA, with ICERs of £263 and £607, respectively.  
Canagliflozin 300mg is cost effective when compared to DPP-4-i, with an ICER of 
£13,287 per QALY (Table 65).  Canagliflozin 300mg dominates GLP-1-a, with 
incremental cost-saving and greater efficacy. 
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In combination with Met+TZD, the cost increment is greater for canagliflozin vs. DPP-
4i, thus the ICER is £1,095 for canagliflozin 100mg vs. DPP-4-i, and £21,430 for 
canagliflozin 300mg vs. DPP-4-i (Table 66and Table 67). 


 


Table 64  Base case incremental cost-effectiveness results for canagliflozin 100mg in 
triple therapy (Met+SU) 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4-i £25,776 12.964 7.060       
 


Cana 100mg £25,734 12.967 7.076 £-42 0.004 0.016 Dominates  


Insulin LA £25,577 12.972 5.193       
 


Cana 100mg £25,712 12.982 5.707 £135 0.010 0.514 £263   


GLP-1-a £27,119 12.978 7.101 
    


Cana 100mg £25,822 12.980 7.102 -£1,297 0.002 0.001 Dominates 


ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 
Table 65  Base case incremental cost-effectiveness results for canagliflozin 300mg in 
triple therapy (Met+SU) 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4-i £26,196 12.967 7.047       
 


Cana 300mg £26,657 12.976 7.082 £461 0.009 0.035 £13,287  


Insulin LA £26,326 12.992 5.139       
 


Cana 300mg £26,705 12.993 5.763 £379 0.002 0.624 £607   


GLP-1-a £27,153 12.936 7.068 
    


Cana 300mg £26,468 12.944 7.072 -£685 0.008 0.004 Dominates 


ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 
Table 66  Base case incremental cost-effectiveness results for canagliflozin 100mg in 
triple therapy (Met+TZD) 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4-i £22,557 8.294 8.287 
    


Cana 100mg £22,565 12.597 12.595 £7 0.002 0.007 £1,095 


ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 
Table 67  Base case incremental cost-effectiveness results for canagliflozin 300mg in 
triple therapy (Met+TZD) 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4-i £22,586 12.606 8.274 
    


Cana 300mg £23,277 12.623 8.306 £691 0.017 0.032 £21,430 


ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 
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Add-on to insulin 


In combination with insulin, canagliflozin 100mg dominates dapagliflozin, although it 
should be noted that incremental gains in costs and QALYs are small (Table 68).  
When compared with DPP-4-i and GLP-1-a, although cost-saving, canagliflozin is not 
cost-effective as the cost per QALY lost is £1,340 and £12,915, respectively 
(maintaining the assumption that cost-effectiveness in this comparison would require 
savings of at least £20,000 per QALY lost).  The incremental QALY losses that drive 
this result are small. 


Canagliflozin 300mg generates a greater number of QALYs in combination with 
insulin, and is thus cost-effective when compared to DPP-4-i and dapagliflozin, with 
ICERs of £7,975 and £5,992, respectively (Table 69).  In comparison with GLP-1-a, 
canagliflozin 300mg is less effective but cost-saving, and thus can be considered 
cost-effective with £35,575 saved per QALY lost. 


 


Table 68  Base case incremental cost-effectiveness results for canagliflozin 100mg in 
add-on to insulin therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4-i £29,423 10.858 5.612       
 


Cana 100mg £29,410 10.855 5.602 -£13 -0.003 -0.010 £1,340  #  


Dapagliflozin £29,580 10.852 5.550       
 


Cana 100mg £29,508 10.846 5.553 -£72 -0.007 0.003 Dominates 


GLP-1-a £30,229 10.834 5.653       
 


Cana 100mg £29,393 10.836 5.588 -£836 0.002 -0.065 £12,915  #  


# Canagliflozin 100mg is both cheaper and less effective than the other therapies, therefore the ICER is for canagliflozin 100mg 
to be replaced 
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 
Table 69  Base case incremental cost-effectiveness results for canagliflozin 300mg in 
add-on to insulin therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


DPP-4-i £29,328 10.829 5.585       
 


Cana 300mg £29,650 10.838 5.625 £322 0.009 0.040 £7,975                


Dapagliflozin £29,618 10.853 5.572       
 


Cana 300mg £29,946 10.863 5.627 £327 0.009 0.055 £5,992 


GLP-1-a £30,333 10.851 5.636       
 


Cana 300mg £29,807 10.859 5.621 -£526 0.007 -0.015 £35,575  # 


# Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a  to replace 
canagliflozin 300mg 
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 
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Summary of base case cost-effectiveness 


In dual therapy, both canagliflozin doses in combination with metformin are cost 
effective compared to the key comparators, SU and DDP-4-i (with all ICERs less than 
£18,500/QALY). Canagliflozin is also cost-effective compared to dapagliflozin at the 
100mg dose (£8,674/QALY).  Although the ICER is higher at the 300mg dose 
(£27,419/QALY), this is still within the threshold of other NICE approved treatments. 
Compared to GLP-1-a, canagliflozin is a cheaper option but generates fewer QALYs, 
resulting in GLP-1a not being cost-effective against either dose.  Both doses of 
canagliflozin are dominated by TZD, although the relevance of this comparison to 
usual UK practice is limited by safety concerns with this class, and its use is 
declining. 


Both doses of canagliflozin when used in triple therapy regimens are more cost-
effective than triple therapy with DPP-4-i, insulin LA or GLP-1a. Triple therapy with 
canagliflozin dominates triple therapy with GLP-1-a and generates ICERs below 
£21,500/QALY when compared with DPP-4-i. 


It is anticipated that canagliflozin would be used most commonly as add-on therapy 
to metformin in dual therapy, or when combined with two other AHAs in triple 
therapy.  In current UK clinical practice, clinicians would typically either select an SU 
or DDP-4-i (dual therapy) or a DDP-4-i added to two other agents (typically metformin 
and an SU) in triple therapy. From this perspective, it is important to emphasise that 
the base case results support the cost-effectiveness of canagliflozin 100mg and 
300mg doses compared to the most relevant currently used agents at this stage of 
the treatment pathway. 


The model demonstrated that it is more cost-effective to add a 300mg canagliflozin 
dose to an insulin regimen than to add on DPP-4-i or dapagliflozin (<£7.975/QALY).  
Compared to GLP-1-a in combination with insulin, canagliflozin 300mg+insulin is 
cost-effective, as it costs less and generates slightly fewer QALYs (the ICER for 
GLP-1a to replace canagliflozin 300mg is £35,575/QALY).  Canagliflozin 100mg 
+insulin was cost-effective to dapagliflozin, but not when compared to GLP-1-a or 
DPP-4-i in combination with insulin. 


Sensitivity analyses 


7.7.7 Please present results of deterministic sensitivity analysis. 


Consider the use of tornado diagrams.  


DSAs were performed for the eight ‘systematic’ analyses:  comparison against SU 
and DPP-4-i in dual therapy and against DPP-4-i in triple therapy and add-on to 
insulin therapy.  The details were presented in Section 7.6.2.  For the sake of brevity, 
the full tabulated results are presented in Tables 195 to 202, in Section 10.13 for 
Appendix 13, and the tornado diagrams of the key comparisons are presented below. 


In dual therapy comparisons against SU, the ICERs of both doses of canagliflozin 
varied little under the variation of the 35 DSA parameters (Figure 65 and Figure 67).  
The most influential parameter on the ICER was the metabolic drift of HbA1c (both 
for SU and for canagliflozin). 
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As show in Table 62, for canagliflozin 100mg vs. DPP-4-i the change in costs and 
QALYs (i.e., the numerator and denominator of the ICER) were small so that small 
changes in either (both) could potentially cause large swings in the ICER under DSA.  
In fact, however, the ICER is relatively stable across the DSAs; only the changes in 
HbA1c drift and non-AE costs changed the result from cost-effective to not cost-
effective (Figure 66).  In a number of instances, the base case ICER does not lie 
within the range created by the ICER’s of the Upper and Lower parameter estimates 
for the DSA because of stochastic variability and the small changes observed in the 
incremental costs and QALYs.  In none of these cases, was a qualitative result 
reversed. 


For canagliflozin 300mg vs. DPP-4-i in dual therapy (Figure 68), the base case ICER 
is higher and there are a greater number of DSAs that change the results and bring 
them closer to conventional acceptability thresholds of £20 -30K.  The greatest 
impact on the base case ICER is metabolic drift, cholesterol and SBP therapeutic 
effects and discontinuation rate of DPP-4-i. 


In triple therapy (Met+SU), canagliflozin 100mg is consistently dominant when 
compared to DPP-4-i across the majority of the parameters, and thus a tornado 
diagram is not presented.  The key drivers are HbA1c and the rate of severe 
hypoglycaemic events for DPP-4-i.  For the canagliflozin 300mg vs. DPP-4-i in triple 
therapy, only varying the HbA1c drift changed the result significantly (Figure 69).  


In add-on to insulin, canagliflozin 100mg was dominated by DPP-4-i in most DSAs as 
in the base case, therefore a tornado diagram was not prepared.  Only increasing the 
DPP-4-i HbA1c drift, or decreasing the canagliflozin HbA1c drift switched the result 
from not cost-effective to cost-effective (and in those scenarios, canagliflozin 
dominated DPP-4-i illustrating the similarity of the drug profiles simulated and the 
small incremental differences).  For canagliflozin 300mg vs. DPP-4-i in combination 
with insulin, as with all the other DSAs, HbA1c drift was a major factor, and was the 
only factor that changed the result from cost-effective to not cost-effective (Figure 
70).  Other than this, rates of severe hypoglycaemic event impacted the ICER to a 
moderate extent.  It should be remembered that the evidence base for add-on to 
insulin was less robust than for earlier lines of therapy, being based on a sub-study of 
the CANVAS trial out to only 18 weeks. 
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Figure 65.  Tornado diagram of the DSA for canagliflozin 100mg vs. SU in dual therapy, with upper end analyses in blue and lower in green. 
Dominant and dominated results have been removed from the tornado diagram. 
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Figure 66.  Tornado diagram of the DSA for canagliflozin 100mg vs. DPP-4-i in dual therapy, with upper end analyses in blue and lower in green. 
Dominant and dominated results have been removed from the tornado diagram. 
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Figure 67.  Tornado diagram of the DSA for canagliflozin 300mg vs. SU in dual therapy, with upper end analyses in blue and lower in green. 
Dominant and dominated results have been removed from the tornado diagram.   
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Figure 68.  Tornado diagram of the DSA for canagliflozin 300mg vs. DPP-4-i in dual therapy, with upper end analyses in blue and lower in green. 
Dominant and dominated results have been removed from the tornado diagram. 
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Figure 69.  Tornado diagram of the DSA for canagliflozin 300mg vs. DPP-4-i in triple therapy (Met+SU), with upper end analyses in blue and lower 
in green. Dominant and dominated results have been removed from the tornado diagram. 
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Figure 70.  Tornado diagram of the DSA for canagliflozin 300mg vs. DPP-4-i in add-on to insulin therapy, with upper end analyses in blue and lower 
in green. Dominant and dominated results have been removed from the tornado diagram. 
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7.7.8 Please present the results of a PSA, and include scatter plots 
and cost-effectiveness acceptability curves.  


Dual therapy (+Met) base case key comparisons  
 
Met+canagliflozin 100mg vs. Met+SU  


Figure 71 shows the cost-effectiveness plane for canagliflozin 100mg vs. SU in dual 
therapy (combination with metformin).  The 95% CI for the upper and lower 95% CIs 
are shown in Table 70.  Figure 72 shows the cost-effectiveness acceptability curve.  
Canagliflozin 100mg has a 92.9% probability of being cost-effective at a WTP 
threshold of £20,000/QALY, and a 93.6% probability of being cost effective at a WTP 
of £30,000/QALY. 


 
Figure 71. Dual therapy - cost effectiveness plane for Met+canagliflozin 100mg vs. 
Met+SU 
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Table 70.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Met+canagliflozin 100mg vs. Met+SU 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs 0.188 -0.049 0.421 
Δ Costs 288 -1383 1858 
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Figure 72. Dual therapy - acceptability curve for Met+canagliflozin 100mg vs. Met+SU 
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Met+canagliflozin 300mg vs. Met+SU  


Figure 73 shows the cost-effectiveness plane for canagliflozin 300mg vs. SU in dual 
therapy (combination with metformin).  The 95% CI for the upper and lower 95% CIs 
are shown in Table 71.  Figure 74 shows the cost-effectiveness acceptability curve.  
Canagliflozin 300mg has an 89.5% probability of being cost-effective at a WTP 
threshold of £20,000/QALY, and a 92.1% probability of being cost effective at a WTP 
of £30,000/QALY. 


 
Figure 73. Dual therapy - cost effectiveness plane for Met+canagliflozin 300mg vs. 
Met+SU 
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Table 71.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Met+canagliflozin 300mg vs. Met+SU 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs 0.199 -0.034 0.444 
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Δ  Costs 976 -620 2604 


 
Figure 74. Dual therapy - acceptability curve for Met+canagliflozin 300mg vs. Met+SU 
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Met+canagliflozin 100mg vs. Met+DPP-4-i 


Figure 75 shows the cost-effectiveness plane for canagliflozin 100mg vs. DPP-4-i in 
dual therapy (combination with metformin).  The 95% CI for the upper and lower 95% 
CIs are shown in Table 72. Figure 76 shows the cost-effectiveness acceptability 
curve.  Canagliflozin 100mg has a 54.5% probability of being cost-effective at a WTP 
threshold of £20,000/QALY, and a 54.9% probability of being cost effective at a WTP 
of £30,000/QALY. 
 
Figure 75. Dual therapy - cost effectiveness plane for Met+canagliflozin 100mg vs. 
Met+DPP-4-i 
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Table 72.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Met+canagliflozin 100mg vs. Met+DPP-4-i 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs 0.013 -0.185 0.233 
Δ Costs 1 -1618 1500 


 
Figure 76. Dual therapy - acceptability curve for Met+canagliflozin 100mg vs. Met+DPP-
4-i 
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Met+canagliflozin 300mg vs. Met+DPP-4-i 


Figure 77  shows the cost-effectiveness plane for canagliflozin 300mg vs. DPP-4-i in 
dual therapy (combination with metformin).  The 95% CI for the upper and lower 95% 
CIs are shown in Table 73.  Figure 78 shows the cost-effectiveness acceptability 
curve.  Canagliflozin 300mg has a 51.6% probability of being cost-effective at a WTP 
threshold of £20,000/QALY, and a 54.9% probability of being cost effective at a WTP 
of £30,000/QALY. 
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Figure 77. Dual therapy - cost effectiveness plane for Met+canagliflozin 300mg vs. 
Met+DPP-4-i 
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Table 73.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Met+canagliflozin 300mg vs. Met+DPP-4-i 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs 0.031 -0.197 0.249 
Δ Costs 576 -1087 2233 


 
Figure 78. Dual therapy - acceptability curve for Met+canagliflozin 300mg vs. Met+DPP-
4-i 
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Triple therapy (Met+SU) - base case key comparisons 


Met+SU+canagliflozin 100mg vs. Met+SU+DPP-4-i 


Figure 79 shows the cost-effectiveness plane for canagliflozin 100mg vs. DPP-4-i in 
triple therapy (combination with metformin and SU).  The 95% CI for the upper and 
lower 95% CIs are shown in Table 74.  Figure 80 shows the cost-effectiveness 
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acceptability curve.  Canagliflozin 100mg has a 55.7% probability of being cost-
effective at a WTP threshold of £20,000/QALY, and a 55.6% probability of being cost 
effective at a WTP of £30,000/QALY. 


 
Figure 79.  Triple therapy   cost effectiveness plane for Met+SU+canagliflozin 100mg 
vs. Met+SU+DPP-4-i 
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Table 74.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Met+SU+Cana100mg vs. Met+SU+DPP-4-i 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ  QALYs 0.016 -0.200 0.283 
Δ  Costs -42 -1842 1616 


 
Figure 80.  Triple therapy - acceptability curve for Met+SU+canagliflozin 100mg vs. 
Met+SU+DPP-4-i 
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Met+SU+canagliflozin 300mg vs. Met+SU+DPP-4-i  


Figure 81 shows the cost-effectiveness plane for canagliflozin 300mg vs. DPP-4-i in 
triple therapy (combination with metformin and SU).  The 95% CI for the upper and 
lower 95% CIs are shown in Table 75.  Figure 82 shows the cost-effectiveness 
acceptability curve.  Canagliflozin 300mg has a 55.1% probability of being cost-
effective at a WTP threshold of £20,000/QALY, and a 58.2% probability of being cost 
effective at a WTP of £30,000/QALY. 


 
Figure 81. Triple therapy - cost effectiveness plane for Met+SU+canagliflozin 300mg vs. 
Met+SU+DPP-4-i 


-3000


-2000


-1000


0


1000


2000


3000


4000


-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8


C
o


st


QALY


 
 
Table 75.  Results of the PSA:  95% CI around incremental QALYs and costs; 
met+SU+canagliflozin 300mg vs. Met+SU+DPP-4-i 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs 0.035 -0.159 0.237 
Δ Costs 461 -1332 2233 
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Figure 82. Triple therapy - acceptability curve for Met+SU+canagliflozin 300mg vs. 
Met+SU+DPP-4-i 
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Add-on to insulin - key comparison base case 


Insulin+SoC+canagliflozin 100mg vs. Insulin+SoC+DPP-4-i 


Figure 83 shows the cost-effectiveness plane for canagliflozin vs. DPP-4-i as an add-
on to insulin therapy.  The 95% CI for the upper and lower 95% CIs are shown in 
Table 76.  Figure 84 shows the cost-effectiveness acceptability curve.  Canagliflozin 
100mg has a 44.7% probability of being cost-effective at a WTP threshold of 
£20,000/QALY, and a 45.2% probability of being cost effective at a WTP of 
£30,000/QALY. 


Figure 83. Add-on to insulin therapy - cost effectiveness plane for Ins+SoC 
+Cana100mg vs. Ins+SoC+DPP-4-i 
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Table 76.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Ins+SoC+Cana100mg vs. Ins+SoC+DPP-4-i 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs -0.009 -0.187 0.169 
Δ Costs 33 -1715 1808 


 
Figure 84. Add-on to insulin  therapy - acceptability curve for Ins+SoC+Cana100mg vs. 
Inst+SoC+DPP-4-i 


 
 
 
Insulin+SoC+canagliflozin 300mg vs. Insulin+SoC+DPP-4-i 


Figure 85shows the cost-effectiveness plane for canagliflozin vs. DPP-4-i as an add-
on to insulin therapy.  The 95% CI for the upper and lower 95% CIs are shown in 
Table 77.  Figure 86 shows the cost-effectiveness acceptability curve.  Canagliflozin 
100mg has a 60.7% probability of being cost-effective at a WTP threshold of 
£20,000/QALY, and a 63.7% probability of being cost effective at a WTP of 
£30,000/QALY. 
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Figure 85. Add-on to insulin therapy - cost effectiveness plane for 
Ins+SoC+Cana300mg vs. Ins+SoC+DPP-4-i 
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Table 77.  Results of the PSA:  95% CI around incremental QALYs and costs; 
Ins+SoC+Cana300mg vs. Ins+SoC+DPP-4-i 


Outcome Point estimate LL 95% CI UL 95% CI 


Δ QALYs 0.039 -0.146 0.225 
Δ Costs 349 -1431 2082 


 
Figure 86. Add-on to insulin therapy - acceptability curve for Ins+SoC+Cana300mg vs. 
Ins+SoC+DPP-4-i 
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7.7.9 Please present the results of scenario analysis. Include details 
of structural sensitivity analysis. 


As described in Section 7.6.1, scenario analyses were carried out on a select set of 
comparisons.  Full scenario analyses were performed for the key comparisons, vs. 
SU in dual therapy, and vs. DPP-4-i in dual therapy, triple therapy (Met+SU) and in 
add-on to insulin therapy.  Selected sets of scenario analysis were conducted on the 
remaining comparisons. 
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Table 78.  Results of the scenario analysis for canagliflozin 100mg vs. SU in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £288 0.188 £1,537 


Time horizon 40 years 20 years £424 0.178 £2,380 


Discount rate 3.5% for costs and outcomes 
0% for both -£85 0.308 Dominating 


6% for both £437 0.142 £3,069 


Dose modification No Dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% in 
first year, and 100mg tolerated 


£399 0.232 £1,721 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£282 0.196 £1,440 


HbA1c switch threshold 7.5% (59mmol/mol) 8% £609 0.237 £2,567 


HbA1c metabolic drift 0.14% for canagliflozin (157) Canagliflozin set at 0.24%, as  for SU £819 0.027 £30,358 


Patient baseline characteristics RCT data THIN data £160 0.106 £2,159 


Risk equations UKPDS 68 (133) UKPDS82 (144) £217 0.187 £1,515 


BMI rebound on treatment 
discontinuation 


Full weight rebound 


No rebound £108 0.244 £442 


Weight rebound occurs two years following treatment 
discontinuation 


£80 0.248 £321 


Therapy treatment effect 52 week NMA 
26 week NMA £283 0.219 £1,288 


RCT data £267 0.295 £905 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £318 0.178 £1,786 


-0.014 (128) £263 0.227 £1,158 


Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) £226 0.188 £1,201 


Insulin choice for rescue 
therapy 


Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin aspart 


Start on 0.5 iU/kg insulin aspart; with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus 


£806 0.195 £4,125 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 £346 0.187 £1,846 


Dyslipidaemia  
Management of dyslipidaemia according to 
NICE CG67 


All patients on simvastatin 80mg at baseline; no rescue 
medication implemented 


£445 0.195 £2,286 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 79.  Results of the scenario analysis for canagliflozin 100mg vs. DPP-4-i in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £1 0.013 £97 


Time horizon 40 years 20 years £25 0.007 £3,528 


Discount rate 3.5% for costs and outcomes 
0% for both £268 0.015 £18,180 


6% for both £39 0.014 £2,727 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% in 
first year, and 100mg tolerated 


-£14 0.054 Dominating 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£55 0.016 £3,480 


HbA1c switch threshold 7.50% 8% £41 0.011 £3,696 


Patient baseline 
characteristics 


RCT data THIN data £28 0.008 £3,663 


Risk equations UKPDS68 UKPDS82 £55 0.019 £2,928 


BMI rebound on treatment 
discontinuation 


Full weight rebound 
No rebound -£44 0.038 Dominating 


Weight rebound occurs two years following treatment 
discontinuation 


£1 0.030 £47 


Therapy treatment effect 52 week NMA 
26 week NMA £36 0.012 £3,082 


RCT data £41 0.006 £6,886 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £67 0.005 £12,884 


-0.014 (128) £64 0.032 £1,995 


Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) £39 0.012 £3,172 


Insulin choice for rescue 
therapy 


Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin aspart 


Start on 0.5 iU/kg insulin aspart;    with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus 


£112 0.021 £5,295 


Renal discontinuation 
threshold 


Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 £37 0.009 £4,178 


Dyslipidaemia  
Management of dyslipidaemia according to NICE 
CG67 


All patients on simvastatin 80mg at baseline; no rescue 
medication implemented 


£83 0.009 £8,809 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 80.  Results of the scenario analysis for canagliflozin 300mg vs. SU in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £976 0.199 £4,899 


Time horizon 40 years 20 years £1,143 0.188 £6,097 


Discount rate 3.5% for costs and outcomes 
0% for both £704 0.328 £2,143 


6% for both £1,061 0.146 £7,274 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£955 0.194 £4,916 


HbA1c switch threshold 7.50% 8% £1,518 0.245 £6,204 


HbA1c metabolic drift 0.14% for canagliflozin Canagliflozin set at 0.24%, as  for SU £1,470 0.021 £69,464 


Patient baseline characteristics RCT data THIN data £770 0.111 £6,915 


Risk equations UKPDS68 UKPDS82 £1,008 0.214 £4,715 


BMI rebound on treatment 
discontinuation 


Full weight rebound 


No rebound £764 0.264 £2,895 


Weight rebound occurs two years following treatment 
discontinuation 


£762 0.262 £2,912 


Therapy treatment effect 52 week NMA 
26 week NMA £934 0.206 £4,534 


RCT data £944 0.316 £2,990 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £941 0.186 £5,064 


-0.014 (128) £1,039 0.247 £4,197 


Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) £950 0.194 £4,906 


Insulin choice for rescue therapy 
Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin aspart 


Start on 0.5 iU/kg insulin aspart;    with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus 


£1,520 0.202 £7,529 


Dyslipidaemia  
Management of dyslipidaemia according to NICE 
CG67 


All patients on simvastatin 80mg at baseline; no rescue 
medication implemented 


£1,077 0.202 £5,342 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 81.  Results of the scenario analysis for canagliflozin 300mg vs. DPP-4-i in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £576 0.031 £18,349 


Time horizon 40 years 20 years £534 0.032 £16,765 


Discount rate 3.5% for costs and outcomes 
0% for both £615 0.040 £15,410 


6% for both £485 0.026 £18,556 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£537 0.025 £21,351 


HbA1c switch threshold 7.50% 8% £785 0.050 £15,745 


Patient baseline characteristics RCT data THIN data £320 0.020 £16,031 


Risk equations UKPDS68 UKPDS82 £531 0.032 £16,573 


BMI rebound on treatment 
discontinuation 


Full weight rebound 


No rebound £495 0.054 £9,228 


Weight rebound occurs two years following treatment 
discontinuation 


£488 0.049 £9,868 


Therapy treatment effect 52 week NMA 
26 week NMA £568 0.032 £17,479 


RCT data £552 0.045 £12,223 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £554 0.026 £21,359 


-0.014 (128) £540 0.047 £11,580 


Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) £535 0.040 £13,359 


Insulin choice for rescue therapy 
Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin aspart 


Start on 0.5 iU/kg insulin aspart; with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus) 


£565 0.027 £21,047 


Dyslipidaemia  
Management of dyslipidaemia according to NICE 
CG67 


All patients on simvastatin 80mg at baseline; no rescue 
medication implemented 


£667 0.034 £19,509 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 82.  Results of the scenario analysis for canagliflozin 100mg vs. TZD in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £2,839 -0.003 Dominated 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% 
in first year, and 100mg tolerated 


£2,802 -0.108 Dominated 


HbA1c switch threshold 7.50% 8% £3,950 -0.157 Dominated 


HbA1c metabolic drift 0.14% for canagliflozin Canagliflozin set to 0.07%, as for TZD £2,354 0.003 £698,330 


Patient baseline characteristics RCT data THIN data £1,543 -0.051 Dominated 


Risk equations UKPDS68 UKPDS82 £2,856 -0.190 Dominated 


BMI rebound on treatment 
discontinuation 


Full weight rebound No rebound £2,730 -0.096 Dominated 


Therapy treatment effect 52 week NMA 26 week NMA £2,834 -0.166 Dominated 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £2,838 -0.171 Dominated 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 £2,751 -0.154 Dominated 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
 


Table 83.  Results of the scenario analysis for canagliflozin 300mg vs. TZD in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £3,356 -0.142 Dominated 


HbA1c switch threshold 7.50% 8% £4,626 -0.108 Dominated 


HbA1c metabolic drift 0.14% for canagliflozin Canagliflozin set to 0.07%, as for TZD £2,997 0.028 £106,296 


Patient baseline characteristics RCT data THIN data £1,913 -0.048 Dominated 


Risk equations UKPDS68 UKPDS82 £3,379 -0.154 Dominated 


BMI rebound on treatment 
discontinuation 


Full weight rebound No rebound £3,186 -0.072 Dominated 


Therapy treatment effect 52 week NMA 26 week NMA £3,379 -0.155 Dominated 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £3,402 -0.155 Dominated 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 84.  Results of the scenario analysis for canagliflozin 100mg vs. dapagliflozin in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £63 0.005 £8,674 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% 
in first year, and 100mg tolerated 


-£20 0.056 Dominating 


HbA1c switch threshold 7.50% 8% £110 0.005 £22,200 


Patient baseline characteristics RCT data THIN data £10 0.001 £8,949 


Risk equations UKPDS68 UKPDS82 £46 0.005 £8,916 


BMI rebound on treatment 
discontinuation 


Full weight rebound No rebound £72 0.003 £24,697 


Therapy treatment effect 52 week NMA 26 week NMA £202 0.021 £9,656 


Disutility from weight gain 0.0061 per BMI point gained (130) -0.0038 per BMI point (130) £33 0.012 £2,792 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 £112 -0.001 Dominated 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 
 
Table 85.  Results of the scenario analysis for canagliflozin 300mg vs. dapagliflozin in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £625 0.009 £27,419 


HbA1c switch threshold 7.50% 8% £812 0.020 £39,786 


Patient baseline characteristics RCT data THIN data £327 0.004 £73,992 


Risk equations UKPDS68 UKPDS82 £568 0.026 £22,191 


BMI rebound on treatment discontinuation Full weight rebound No rebound £644 0.019 £33,368 


Therapy treatment effect 52 week NMA 26 week NMA £658 0.038 £17,177 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £620 0.010 £60,971 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 86.  Results of the scenario analysis for canagliflozin 100mg vs. GLP-1-a in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case -£2,424 -0.006 £50,005  # 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if 
HbA1c>7.5% in first year, and 100mg tolerated 


-£2,498 0.007 Dominating 


Therapy treatment effect 52 week NMA 26 week NMA -£2,308 -0.022 £106,281  # 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 -£2,341 -0.030 £77,994  # 
# Canagliflozin 100mg is cheaper but less effective than GLP-1-a, therefore the ICER is for GLP-1-a to replace canagliflozin 100mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 
Table 87.  Results of the scenario analysis for canagliflozin 300mg vs. GLP-1-a in dual therapy 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case -£1,892 0.005 £76,214  # 


Therapy treatment effect 52 week NMA 26 week NMA -£1,797 -0.005 £393,825  # 


# Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a to replace canagliflozin 300mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 88.  Results of the scenario analysis for canagliflozin 100mg vs. DPP-4-i in triple therapy (Met+SU) 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case -£42 0.004 Dominating 


Time horizon 40 years 20 years -£33 0.017 Dominating 


Discount rate 3.5% for costs and outcomes 
0% for both -£56 0.024 Dominating 


6% for both -£48 0.017 Dominating 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if 
HbA1c>7.5% in first year, and 100mg tolerated 


-£84 0.083 Dominating 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£7 0.023 £308 


HbA1c switch threshold 7.50% 8% -£115 0.020 Dominating 


Patient baseline characteristics RCT data THIN data -£38 0.013 Dominating 


Risk equations UKPDS68 UKPDS82 -£66 0.020 Dominating 


BMI rebound on treatment 
discontinuation 


Full weight rebound 
No rebound -£93 0.022 Dominating 


Weight rebound occurs two years following 
treatment discontinuation 


-£92 0.041 Dominating 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) -£61 0.018 Dominating 


-0.014 (128) £4 0.043 £90 


Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) -£18 0.022 Dominating 


Rescue therapy applied following 
failure of first therapy 


Insulin rescue therapy is applied upon 
discontinuation of initial therapy 


Additional rescue step of Met+SU+GLP-1 applied 
following discontinuation of initial therapy 


£180 0.026 £7,028 


Insulin choice for rescue therapy 
Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin aspart 


Start on 0.5 iU/kg insulin aspart; with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus) 


-£85 0.022 Dominating 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 -£36 0.023 Dominating 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 89.  Results of the scenario analysis for canagliflozin 300mg vs. DPP-4-i in triple therapy (Met+SU) 


Scenario  Base New value 
Incremental 


Costs 
Incrementa


l QALYs 
ICER 


Base case £461 0.009 £13,287 


Time horizon 40 years 20 years £534 0.020 £26,459 


Discount rate 3.5% for costs and outcomes 
0% for both £589 0.027 £21,708 


6% for both £439 0.022 £20,005 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£491 0.025 £19,820 


HbA1c switch threshold 7.50% 8% £714 0.040 £17,977 


Patient baseline characteristics RCT data THIN data £155 0.020 £7,592 


Risk equations UKPDS68 UKPDS82 £462 0.029 £16,008 


BMI rebound on treatment 
discontinuation 


Full weight rebound 


No rebound £390 0.049 £8,018 


Weight rebound occurs two years following 
treatment discontinuation 


£479 0.061 £7,887 


Therapy treatment effect   RCT data £666 0.032 £21,117 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £483 0.016 £30,729 


-0.014 (128) £437 0.042 £10,519 


Disutility values for macro-
vascular complications 


Dataset from Bagust et al. 2005 (130) Dataset from Clarke et al. 2002 (127) £570 0.028 £20,408 


Rescue therapy applied following 
failure of first therapy 


Insulin rescue therapy is applied upon 
discontinuation of initial therapy 


Additional rescue step of Met+SU+GLP-1 applied 
following discontinuation of initial therapy 


£500 0.032 £15,774 


Insulin choice for rescue therapy 
Start on 0.5 iU/kg glargine;  upon insulin 
intensification, add 0.5 iU/kg insulin aspart 


Start on 0.5 iU/kg insulin aspart;    with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus 


£498 0.028 £18,102 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 90.  Results of the scenario analysis for canagliflozin 100mg vs. GLP-1-a in triple therapy (Met+SU) 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case £-1297 0.001 Dominating 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if 
HbA1c>7.5% in first year, and 100mg tolerated 


-£1,302 0.081 Dominating 


HbA1c switch threshold 7.50% 8% -£2,000 -0.009 £217,020  # 


Patient baseline characteristics RCT data THIN data -£867 0.000 Dominating 


Risk equations UKPDS68 UKPDS82 -£1,282 -0.004 £330,086   # 


BMI rebound on treatment discontinuation Full weight rebound No rebound -£1,249 -0.003 £357,581  # 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) -£1,163 -0.010 £122,336  # 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 -£1,249 -0.002 £509,837  # 
# Canagliflozin 100mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a to replace canagliflozin100mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 
Table 91.  Results of the scenario analysis for canagliflozin 300mg vs. GLP-1-a in triple therapy (Met+SU) 


Scenario  Base case Alternative value 
Incremental 


Costs 
Incremental 


QALYs 
ICER 


Base case -£685 0.004 Dominating 


HbA1c switch threshold 7.50% 8% -£983 0.002 Dominating 


Patient baseline characteristics RCT data THIN data -£561 -0.002 £271,910  # 


Risk equations UKPDS68 UKPDS82 -£488 0.017 Dominating 


BMI rebound on treatment discontinuation Full weight rebound No rebound -£574 0.011 Dominating 


Disutility from weight gain -0.0061 (Bagust 2005) -0.0038 (Bagust 2005) -£617 0.000 Dominating 
#  Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a to replace canagliflozin300mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 







 


266 


 


 


Table 92.  Results of the scenario analysis for canagliflozin 100mg vs. Insulin LA in triple therapy (Met+SU) 


Scenario  Base case Alternative value 
Scenario result 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £135 0.514 £263 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% 
in first year, and 100mg tolerated 


£48 0.557 £87 


HbA1c switch threshold 7.50% 8% £265 0.505 £525 


HbA1c metabolic drift 
0.14% for canagliflozin; 0.15% for Insulin 
LA 


Canagliflozin set to 0.15%, as for Insulin LA £198 0.367 £538 


Patient baseline characteristics RCT data THIN data £70 0.250 £279 


Risk equations UKPDS68 UKPDS82 £81 0.489 £165 


BMI rebound on treatment 
discontinuation 


Full weight rebound No rebound £138 0.499 £275 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £107 0.476 £225 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years  


 
 


Table 93.  Results of the scenario analysis for canagliflozin 300mg vs. Insulin LA in triple therapy (Met+SU) 


Scenario  Base case Alternative value 


Scenario result 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £379 0.624 £607 


HbA1c switch threshold 7.50% 8% £671 0.601 £1,116 


HbA1c metabolic drift 
0.14% for canagliflozin; 0.15% for Insulin 
LA 


Canagliflozin set to 0.15%, as for Insulin LA £456 0.499 £913 


Patient baseline characteristics RCT data THIN data £22 0.315 £71 


Risk equations UKPDS68 UKPDS82 £394 0.574 £687 


BMI rebound on treatment 
discontinuation 


Full weight rebound No rebound £354 0.598 £591 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £351 0.563 £624 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 94.  Results of the scenario analysis for canagliflozin 100mg vs. DPP-4-i in triple therapy (Met+TZD) 


Scenario  Base case Alternative value 
Scenario result 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £7 0.007 £1,095 


Time horizon 40 years 20 years £71 0.014 £5,178 


Discount rate 3.5% for costs and outcomes 6% for both -£3 0.011 Dominating 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% 
in first year, and 100mg tolerated 


-£44 0.045 Dominating 


HbA1c switch threshold 7.50% 8% £8 0.014 £606 


Patient baseline characteristics RCT data THIN data £20 0.011 £1,806 


Risk equations UKPDS 68 UKPDS82 -£68 0.008 Dominating 


BMI rebound on treatment discontinuation Full weight rebound No rebound -£6 0.039 Dominating 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £9 0.006 £1,517 


Renal discontinuation threshold Discontinue at eGFR<60mL/min/1.73m2 Discontinue at eGFR<45mL/min/1.73m2 -£38 0.008 Dominating 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 
Table 95.  Results of the scenario analysis for canagliflozin 300mg vs. DPP-4-i in triple therapy (Met+TZD) 


Scenario  Base case Alternative value 


Scenario result 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £691 0.032 £21,430 


Time horizon 40 years 20 years £687 0.027 £25,754 


Discount rate 3.5% for costs and outcomes 6% for both £591 0.025 £23,684 


HbA1c switch threshold 7.50% 8% £913 0.045 £20,401 


Patient baseline characteristics RCT data THIN data £215 0.014 £15,169 


Risk equations UKPDS 68 UKPDS82 £694 0.033 £21,195 


BMI rebound on treatment discontinuation Full weight rebound No rebound £604 0.063 £9,640 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £661 0.014 £47,579 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 







 


268 


 


Table 96.  Results of the scenario analysis for canagliflozin 100mg vs. DPP-4-i in add on to insulin therapy  


Scenario  Base case Alternative value 
Scenario result 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £-13 -0.010 £1,340  # 


Time horizon 40 years 20 years £28 -0.010 Dominated 


Discount rate 3.5% for costs and outcomes 
0% for both -£17 -0.019 £894  # 


6% for both £39 -0.008 Dominated 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% in 
first year, and 100mg tolerated 


£19 0.037 £503 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£96 -0.004 Dominated 


HbA1c switch threshold 7.50%  
8% £67 -0.018 Dominated 


Treatment switch once HbA1c >9% -£40 -0.065 £603 


Patient baseline characteristics RCT data THIN data -£16 -0.064 £253  # 


Risk equations UKPDS68 UKPDS82 £66 -0.012 Dominated 


BMI rebound on treatment 
discontinuation 


Full weight rebound 


No rebound £9 0.004 £1,965 


Weight rebound occurs two years following treatment 
discontinuation 


-£19 0.014 Dominating 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £59 -0.005 Dominated 


-0.014 (128) -£20 -0.004 £4,575 


Disutility values for macro-vascular 
complications 


Dataset from Bagust et al. 2005 
(130) 


Dataset from Clarke et al. 2002 (127) £83 -0.006 Dominated 


Insulin choice for rescue therapy 
Start on 0.5 iU/kg glargine;  upon 
insulin intensification, add 0.5 iU/kg 
insulin aspart 


Start on 0.5 iU/kg insulin aspart;    with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus) 


£77 -0.006 Dominated 


Renal discontinuation threshold 
Discontinue at 
eGFR<60mL/min/1.73m2 


Discontinue at eGFR<45mL/min/1.73m2 -£22 0.002 Dominating 


#  Canagliflozin 100mg is both cheaper and less effective than DPP-4-i, therefore the ICER is for DPP-4-i to replace canagliflozin100mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 97.  Results of the scenario analysis for canagliflozin 300mg vs. DPP-4-i in add on to insulin therapy 


Scenario  Base case Alternative value 
Scenario results 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £322 0.040 £7,975 


Time horizon 40 years 20 years £325 0.042 £7,701 


Discount rate 3.5% for costs and outcomes 
0% for both £334 0.050 £6,702 


6% for both £341 0.040 £8,626 


Treatment discontinuation rate RCT data 
Comparator discontinuation rate set at that of the 
canagliflozin arm 


£316 0.054 £5,828 


HbA1c switch threshold 7.50% 
8% £471 0.023 £20,648 


Treatment switch once HbA1c >9% £536 -0.052 Dominated 


Patient baseline characteristics RCT data THIN data £59 -0.045 Dominated 


Risk equations UKPDS68 UKPDS82 £298 0.037 £7,974 


BMI rebound on treatment 
discontinuation 


Full weight rebound 


No rebound £195 0.055 £3,541 


Weight rebound occurs two years following treatment 
discontinuation 


£228 0.069 £3,316 


Disutility from weight gain -0.0061 per BMI point gained (130) 
-0.0038 per BMI point (130) £374 0.039 £9,486 


-0.014 (128) £376 0.056 £6,690 


Disutility values for macro-vascular 
complications 


Dataset from Bagust et al. 2005 
(130) 


Dataset from Clarke et al. 2002 (127) £297 0.039 £7,585 


Insulin choice for rescue therapy 
Start on 0.5 iU/kg glargine;  upon 
insulin intensification, add 0.5 iU/kg 
insulin aspart 


Start on 0.5 iU/kg insulin aspart with insulin 
intensification, add 0.5 iU/kg Glargine (Lantus) 


£402 0.047 £8,484 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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Table 98.  Results of the scenario analysis for canagliflozin 100mg vs. dapagliflozin in add on to insulin therapy  


Scenario  Base case Alternative value 
Scenario results 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case -£72 0.003 Dominating 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if HbA1c>7.5% 
in first year, and 100mg tolerated 


-£21 0.063 Dominating 


HbA1c switch threshold 7.50% 
8% -£55 0.005 Dominating 


Treatment switch once HbA1c >9% £18 0.005 £3,698 


Patient baseline characteristics RCT data THIN data -£9 0.011 Dominating 


Risk equations UKPDS68 UKPDS82 -£31 0.004 Dominating 


BMI rebound on treatment discontinuation Full weight rebound No rebound -£9 0.014 Dominating 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £46 0.007 £6,198 


Renal discontinuation threshold 
Discontinue at 
eGFR<60mL/min/1.73m2 


Discontinue at eGFR<45mL/min/1.73m2 £38 0.022 £1,776 


#  Canagliflozin 100mg is both cheaper and less effective than dapagliflozin, therefore the ICER is for dapagliflozin to replace canagliflozin100mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 
Table 99.  Results of the scenario analysis for canagliflozin 300mg vs. dapagliflozin in add on to insulin therapy  


Scenario  Base case Alternative value 


Scenario results 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £327 0.055 £5,992 


HbA1c switch threshold 7.50% 
8% £427 0.056  £7,577 


Treatment switch once HbA1c >9% £647 0.028  £23,413 


Patient baseline characteristics RCT data THIN data £132 0.009  £14,867 


Risk equations UKPDS68 UKPDS82 £345 0.057  £6,084 


BMI rebound on treatment discontinuation Full weight rebound No rebound £237 0.066  £3,582 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) £385 0.056  £6,880 


ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years  
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Table 100.  Results of the scenario analysis for canagliflozin 100mg vs. GLP-1-a in add-on to insulin therapy  


Scenario  Base case Alternative value 


Scenario analysis 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case -£836 -0.065 £12,915  # 


Dose modification No dose modification applied 
Dose increase from 100mg to 300mg if 
HbA1c>7.5% in first year, and 100mg tolerated 


-£834 -0.019 £44,237  # 


HbA1c switch threshold 7.50% 
8% -£1,427 -0.089 £16,030  # 


Treatment switch once HbA1c >9% -£2,811 -0.118 £23,898  # 


Patient baseline characteristics RCT data THIN data -£947 -0.081 £11,672  # 


Risk equations UKPDS68 UKPDS82 -£799 -0.067 £11,869  # 


BMI rebound on treatment discontinuation Full weight rebound No rebound -£754 -0.067 £11,193  # 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) -£848 -0.068 £12,523  # 


Renal discontinuation threshold 
Discontinue at 
eGFR<60mL/min/1.73m2 


Discontinue at  eGFR<45mL/min/1.73m2 -£820 -0.059 £13,820  # 


#  Canagliflozin 100mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a to replace canagliflozin100mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 


 


Table 101.  Results of the scenario analysis for canagliflozin 300mg vs. GLP-1-a in add-on to insulin therapy  


Scenario  Base case Alternative value 


Scenario analysis 


Incremental 
Costs 


Incremental 
QALYs 


ICER 


Base case £-526 -0.015 £35,575  # 


HbA1c switch threshold 7.50% 
8% -£1,151 -0.048 £23,960  # 


Treatment switch once HbA1c >9% -£2,078 -0.108 £19,242  # 


Patient baseline characteristics RCT data THIN data -£756 -0.078 £9,656  # 


Risk equations UKPDS68 UKPDS82 -£482 -0.014 £35,605  # 


BMI rebound on treatment discontinuation Full weight rebound No rebound -£604 -0.016 £38,933  # 


Disutility from weight gain -0.0061 per BMI point gained (130)  -0.0038 per BMI point (130) -£507 -0.016 £32,169  # 
#  Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a to replace canagliflozin300mg 
ICER, incremental cost-effectiveness ratio; NMA, Network Meta-Analysis; QALYs, quality-adjusted life years 
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7.7.10 What were the main findings of each of the sensitivity 
analyses? 


The economic modelling estimates of the changes in costs and QALYs that could be 
expected to result from canagliflozin treatment in the dual, triple and add-on to insulin 
therapy of T2DM are for the most part small in magnitude across the different 
comparisons made.  This is consistent with previous submissions made to NICE. (59)  
It might be expected that the ICER, as a ratio made up of two small numbers, could 
be very sensitive to small changes in either the numerator or denominator. However, 
the ICERs in the vast majority of cases in fact remain cost-effective under the many 
DSAs applied and scenarios explored. 


PSA confirmed that comparisons where the incremental changes in costs and 
QALYs were small (e.g., canagliflozin 100mg vs. DPP-4-i in dual therapy and triple 
therapy (metformin + SU)) naturally exhibited greater uncertainty.  Estimates were 
spread across all four quadrants of the cost-effectiveness plane and the probabilities 
of cost-effectiveness were 54.5 and 55.6%, respectively, at a WTP of £20,000/QALY.  
In contrast, comparisons against SU in dual therapy and for the canagliflozin 300mg 
dose exhibited less uncertainty. 


The multiple comparisons of canagliflozin 100mg and 300mg against other 
alternative treatments do show that canagliflozin brings incremental value to the 
treatment of these patients, and the DSA, scenario analyses and PSA show that this 
incremental gain is consistent across a broad set of conditions. 


Modelling the dose increase from the 100mg to 300mg was specifically explored as a 
scenario rather than being incorporated into the base case modelling due to the late 
finalisation of the posology in the SmPC (Appendix 1 in Section 10.1).  The use of 
canagliflozin in clinical practice in the UK will incorporate a dose increase step in 
those patients requiring greater glycaemic control and therefore the dose 
modification scenario is of particular relevance.  Economic modelling for the dose 
modification scenario showed that this step improved the cost-effectiveness in each 
line of therapy and against each comparator (a total of 12 comparisons), with the 
exception of dual therapy vs. SU (where the ICER changed to being slightly less 
cost-effective (from £1,537 to £1,721).  For all comparisons in which a dose increase 
was applied, in dual, triple and in combination with insulin therapy, canagliflozin was 
the more cost-effective option, with the exception of comparison against TZD, which 
continued to dominate canagliflozin 100mg.  Crucially, in combination with insulin, 
where the base case ICERs vs. DPP-4-i or GLP-1-a were not cost-effective, the dose 
modification step sufficiently improved the ICER to the extent that canagliflozin 
100mg is estimated to be cost-effective vs. DPP-4-i or GLP-1-a in combination with 
insulin (Table 96 and Table 100).  The conclusion of this scenario analysis is 
therefore that dose intensification schedule from 100mg to 300mg is a cost-effective 
strategy. When compared to discrete analyses of the two doses, the ICERs in almost 
all cases did not increase and indeed tended to decrease. 


There are a number of assumptions within the base case that might be considered 
conservative.  Due to a lack of clinical data for comparators, the triple therapy 
modelling has used the 26 week NMA.  The clinical trial (DIA3006) does, however, 
show that at 52 weeks, the reduction in HbA1c is greater for canagliflozin compared 
to sitagliptin than at 26 weeks (an incremental difference of canagliflozin 300mg over 
sitagliptin of -0.23 at 26 weeks compared with -0.37 at 52 weeks).  Secondly, it is 
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assumed that patient bodyweight immediately returns to baseline upon 
discontinuation of canagliflozin.  This immediate regain of weight is less plausible 
than a gradual weight gain.  In both these respects, the base case assumption is 
more conservative than may be the reality. 


 


7.7.11 What are the key drivers of the cost-effectiveness results? 


The relative contribution of parameters to the cost-effectiveness differed across the 
different comparisons.  Some factors were universally important (e.g., therapeutic 
effects on biomarkers and their change over time), whereas other factors only gained 
prominence in comparisons where there was a significant difference in that factor 
between the two therapies compared (e.g., weight assumptions had far more impact 
in comparisons of canagliflozin to SU than to dapagliflozin and GLP-1-a). 


A consistent finding across DSA and scenario modelling was the paramount 
importance of HbA1c drift on cost-effectiveness, as this has a direct influence on the 
duration of effectiveness of a therapy (i.e. time to reach the threshold of HbA1c of 
7.5%. As described in section 7.3.1, and two year data for canagliflozin shown in 
Section 6.5.3.1.2, this assumption is considered reasonable.   


The greater HbA1c lowering associated with canagliflozin, especially the 300mg 
dose, and the lower metabolic drift versus SU, combined to generate QALYs and 
cost offsets, both due to reductions in micro- and macro-vascular co-morbidities but 
also a lengthening of the time to insulin rescue and associated weight gain and 
increases in hypoglycaemic events.  As these events often occur after many years, 
however, their impact is greatly lessened by discounting. 


In many comparisons, especially for the canagliflozin 300mg dose, cost-savings are 
derived from the delay to start of insulin therapy.  The disutility from weight gain and 
hypoglycaemic events associated with insulin therapy also contributes to delay to 
insulin as a driver of cost-effectiveness.  This is borne out by the comparisons of 
canagliflozin 100mg and 300mg vs. Insulin LA being robustly cost-effective in favour 
of canagliflozin. 


In a number of comparisons, a cost difference is seen for the management of 
dyslipidaemia, often in favour of canagliflozin.  This result is a feature of how ECHO-
T2DM manages the dyslipidaemia of the hypothetical patient cohort.  The relatively 
high cost compared for example with the management of hypertension in the model, 
results from the combination of the stringent thresholds for treatment from NICE 
clinical guidelines (148) and the high baseline lipid profile for the patients.  When 
correcting for management of dyslipidaemia, the ICERs were not greatly affected.  
For canagliflozin vs. SU in dual therapy, the changes were from £1,537 to £2,286 
and £4,899 to £5,342, for the 100mg and 300mg respectively (Table 78 and Table 
80).  For canagliflozin 300mg vs. DPP-4-i, the ICER increased from £18,349 to 
£19,509 (Table 81).  For the 100mg dose vs. DPP-4-i in dual therapy, the ICER 
changed to a relatively greater extent, from £97 to £8,809 (Table 79), but this 
seemingly large swing is as a result of the numerator and denominator in the base 
case ICER being very small.  In addition, scenario analysis using the macro-vascular 
and mortality risk equations from the revised UKPDS Outcomes Model (UKPDS82)  , 
which uses LDL and HDL lipid values separately, rather than Total-to-HDL 
cholesterol ratio as included in the original UKPDS Outcomes Model (UKPDS68, has 
little impact on the ICER (Table 79 and Table 81). (133;144) 
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7.8 Validation 


7.8.1 Please describe the methods used to validate and quality 
assure the model. Provide references to the results produced 
and cross-reference to evidence identified in the clinical, 
quality of life and resources sections.  


Naturally, the usefulness of a model depends upon its ability to predict accurately the 
actual health and economic outcomes of patients in a real-life treatment setting.  The 
latest joint International Society for Pharmacoeconomics and Outcomes Research/ 
Society for Medical Decision Making (ISPOR/SMDM) good research guidelines 
describe five principal forms of validation.(135;136) 


 Face validity is the extent to which a model, its assumptions, and the 
applications for which it is used accurately reflect current scientific evidence 
(as judged by experts).  


 Verification examines the extent to which the model calculations are correctly 
implemented.  


 Cross-validation (often called convergent validity) consists of simulating 
identical scenarios with different models and comparing the results and 
examining differences.  


 Simulating scenarios based on actual events that have occurred and 
assessing concordance is termed external validation, and called ‘dependent’ if 
the source data were used in model construction and ‘independent’ otherwise.  


 Finally, predictive validation consists of external validation in which the study 
has not yet been conducted, ensuring that the external validation is 
independent.   


 
We followed the ISPOR/SMDM principles of good practice, with the exception of the 
impractical prediction in advance of the outcomes of a trial not yet conducted, and 
the actions are described below. (131) 


 


Face Validity 


The face validity of ECHO-T2DM has been evaluated throughout the model 
development process and upon completion in several ways. We obtained clinical 
expert feedback during the design and programming phase of the key model 
features, and we have presented the model at numerous conferences to experts in 
T2DM modelling, including the Fifth and Sixth Mount Hood. (200;201) 


 


Verification 


The model has been thoroughly tested and de-bugged, including artificial simulations 
designed to reveal errors in both logic and programming (i.e., so-called ‘stress tests’). 
Idiosyncratic results were investigated and any identified errors in programming or 
logic were corrected. 
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Cross-validation 


We have assessed cross-validity by replicating the intensive vs. conventional blood 
glucose control analysis conducted and published by the NIH using the seminal 
model of T2DM and then examining the degree of concordance between the two sets 
of predictions. (159;160)  Specifically, we loaded the model with the same 
distributions of baseline patient characteristics, applied identical treatment effects 
and assumptions about drift (annual evolution in subsequent years) in biomarker 
values over time, simulated for the same lifetime horizon, and then extracted the 
same set of predicted cumulative incidence values.  The outcomes are presented in. 
(131)  The outcomes tracked generally well, though there was a small tendency for 
ECHO-T2DM to generate higher estimates.  But with any true cross-validation 
exercise, one cannot conclude which (if either) of the models accurately predicted 
reality. 


In addition, ECHO-T2DM has been subjected to cross-validation as part of the Fifth 
and Sixth Mount Hood Challenges, in which a large number of modelling groups 
predicted end-points for a number of standardised scenarios. (200;201)  Like each of 
the other models, ECHO-T2DM predicted the results of some of the study trials 
closely and others less closely.  Overall, regression trend lines through the 
scatterplot fit well. 


 


External validation (dependent and independent) 


The external validity of ECHO-T2DM was evaluated by simulating the key features of 
a broad set of clinical trials and then compared the model predictions with the 
corresponding actual observed outcomes for a variety of clinical end-points. (131)  
The choice of studies is important and, for a multi-application model, should include 
data from differing settings. Published studies were chosen for validation based on 
importance, relevance, and replicability (i.e., the publicly available data on baseline 
patient characteristics and outcomes were sufficiently comprehensive to allow 
modelling). With inspiration from Eddy et al (2003), Palmer et al. (2013), and The 
Mount Hood 4 Modelling Group (139;201;202), five published studies were selected, 
as was the NIH cross-validation study mentioned above. 


Two of these studies were used in construction of the model and form a sub-set of 
dependent external validation studies; the UK Prospective Diabetes Study (UKPDS) 
is the source of macro-vascular and mortality risks, and the Wisconsin Epidemiologic 
Study of Diabetic Retinopathy (WESDR) is the source of many of the micro-vascular 
transition probabilities.(203) The other three studies were not part of model 
construction, and formed the independent external validation sub-set (204;205) which 
investigated the role of lipid-lowering therapy in preventing CVD in a cohort of T2DM 
patients, was recommended by The Mount Hood 4 Modelling Group (202); 
MICROHOPE, a large interventional trial of ACE Inhibitors in T2DM patients with high 
risk of CVD, was used in validation of ARCHIMEDES; and the Osaka study of T2DM 
survival, an observational 15-year study of nearly 2000 patients in Japan , was used 
in validation of CDM. (139;142;202;206-208) 
 
The results are summarised in the following figure, where the predicted values are 
represented on the vertical axis and the actual observed values on the horizontal 
axis.  The results track well and the coefficient of determination (R2) indicates that 
almost 95% of the variation in the predictions can be explained by variation in the 
actual values.  While the slope is greater than the theoretical value of 1, the null 
hypothesis of concordance could not be statistically rejected with a formal F test.  
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ECHO-T2DM has also been validated against the recent ADVANCE, ACCORD and 
ASPEN trials as part of the fifth Mt. Hood Challenge, observational data from Kaiser 
Permanent Northwest (KPNW), and the Swedish NDR as part of the Sixth Mt Hood. 
Using conventional methods, ECHO-T2DM simulated the treatment, progression, 
and patient outcomes observed in important clinical trials with accuracy consistent 
with other well-accepted models. More detailed is provided in the ECHO-T2DM 
Technical Report. (132;142;200) 


 


Internal validation exercise 


To assess the importance of stochastic variability in the case in which small changes 
vs. comparators were observed, the comparison of canagliflozin 100mg vs. DPP-4-i 
in dual therapy (which had limited treatment effect differences) was simulated 10 
times with identical input parameters.  The total costs and total QALY’s varied from 
simulation to simulation, but the degree of variation was quite small in relative terms 
(Table 102).  The coefficients of variation, in fact, were less than 1% in each case.  
The incremental costs and incremental QALYs were also fairly stable, though the 
much lower incremental differences were associated with larger coefficients of 
variation, approximately 0.54 for costs and 0.21 for QALYs (which can still be 
considered relatively low).  The coefficient of variation for the ICER was 0.57, and 
importantly the ICER was £6,533 or less in each of the 10 simulations.  This 
engenders confidence that, even in cases with modest incremental benefits, 
stochastic variability does not override the signal generated in the model simulations. 







 


277 


 


 
Table 102.  Absolute and incremental costs and QALYs for 10 replications of a single 
comparison, canagliflozin 100mg vs. DPP-4-i in dual therapy  


Model 
run # 


Absolute 
costs Cana 


100mg 


Absolute costs 
DPP-4-i 


Absolute 
QALYs 
cana 


Absolute 
QALYs 
DPP-4-i 


Incremental 
cost change 


Incremental 
QALY 


change 
ICER 


1 £26,102 £26,100 8.94 8.93 1 0.013 £97 


2 £26,055 £26,001 8.95 8.93 54 0.013 £4,133 


3 £25,871 £25,807 8.92 8.91 64 0.010 £6,533 


4 £26,034 £25,996 8.94 8.93 37 0.015 £2,424 


5 £26,057 £26,010 8.95 8.93 46 0.015 £3,114 


6 £25,936 £25,891 8.92 8.91 46 0.013 £3,414 


7 £25,917 £25,894 8.93 8.92 23 0.009 £2,538 


8 £26,058 £26,025 8.94 8.92 34 0.017 £1,993 


9 £25,967 £25,946 8.93 8.92 21 0.009 £2,374 


10 £26,062 £25,987 8.94 8.92 75 0.014 £5,289 


 
 
Modelling cross-validation exercise 


The results of preliminary ECHO-T2DM simulation results were cross-validated using 
CDM (v 8.5; IMS Health, Danbury, CT, USA)  to simulate a set of five standardised 
canagliflozin treatment comparisons (and 11 scenario analyses each) independently.   
Because aligning the input sets as closely as possible for two distinct models 
required some compromise and because direct trial data rather than the NMA for 
therapeutic effect were used, the results do differ numerically (but not directionally or 
qualitatively) from the ECHO-T2DM presented in this submission (Section 7.7.1).  
When comparing the results across the 12 versions of each of the treatment 
comparisons, net monetary benefit (NMB) was used to circumvent discontinuity 
problems that occurred in cases where canagliflozin dominated the comparator 
(more QALYs at lower cost).  A monetary value of £20,000 per QALY gained was 
assumed.   


The models naturally generated different quantitative results (Table 103).  Estimates 
of total costs, LY’s, and QALY’s, for example, were consistently higher in the CDM 
simulations than in the ECHO-T2DM simulations, primarily related to differences in 
the dosage of rescue insulin therapy (CDM applies a fixed dose, while ECHO-T2DM 
titrates as needed to maintain control), in non-diabetes-related mortality risks (CDM 
uses a UK life table while ECHO-T2DM uses UKPDS risk equations), and in QALY’s 
(CDM uses utilities approach while ECHO-T2DM uses disutilities). 


The incremental differences between canagliflozin and the comparator followed a 
clear pattern.  CDM generated larger gains in life expectancy and (with one 
exception) greater cost savings or smaller cost increases.  CDM also generated 
larger gains in QALYs versus sitagliptin, though ECHO-T2DM estimated greater 
QALY gains vs. SU, largely attributable to using the ADOPT upward drift in HbA1c for 
SU and differences in time on agent.  CDM limited time on canagliflozin and the 
comparator to 2 to 3 years, whereas 50%, 25%, and 2% of the patients were still 
taking canagliflozin at 5, 10, and 20 years, respectively, in the ECHO-T2DM 
simulations.   


Despite these quantitative differences, the qualitative results were remarkably robust.  
Both doses of canagliflozin were cost-effective (indeed cost-saving in many cases) in 
dual therapy for both models, irrespective of comparator, for both models, which was 
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robust in sensitivity analysis.  In triple therapy, CDM found canagliflozin was to be 
cost-saving, while ECHO-T2DM estimated an ICER on the border of cost-
effectiveness (£20,908 per QALY gained).  Sensitivity analysis suggested that the 
ECHO-T2DM estimate may be conservatively high and that the CDM estimate may 
be optimistic, an artefact of the assumptions required to achieve model alignment. 


In particular, three differences were important in explaining the results.  Time on 
agent before discontinuation was shorter in the CDM simulations, though the 
differences between agents may have been greater because of model alignment 
(magnifying the benefits).  Differences in HbA1c and SBP lowering by agent were 
reversed immediately in the ECHO-T2DM simulations, but were eliminated gradually 
in the CDM simulations which prolonged two of canagliflozin’s key benefits.  Finally, 
the difference in how QALY’s are applied are likely to affect the results, though it is 
not entirely obvious in which direction. 


In summary, while there were some quantitative differences in the ICERs generated, 
the results of the models were qualitatively similar, indicating a high likelihood that 
canagliflozin is cost-effective in the comparisons modelled.  A wide range of 
sensitivity analyses confirmed this finding.  


Table 103.  Summary of base case results for CDM and ECHO-T2DM modelling 
comparisons 


Comparison DIA3006: canagliflozin 100mg vs. DPP-4-i in dual therapy 


Model CDM ECHO 


Incremental cost (£) -£266 -£14 


Incremental QALYs 0.027 0.011 


ICER Dominant Dominant 


NMB £806 £244 


  DIA3006: canagliflozin 300mg vs. DPP-4-i in dual therapy 


Incremental cost (£) -£212 £328 


Incremental QALYs 0.072 0.034 


ICER Dominant £9,654 


NMB £1,652 £352 


  DIA3009: canagliflozin 100mg vs. SU in dual therapy 


Incremental cost (£) £381 £265 


Incremental QALYs 0.078 0.257 


ICER £4,907 £1,031 


NMB £1,179 £4,874 


  DIA3009: canagliflozin 300mg vs. SU in dual therapy 


Incremental cost (£) £480 £901 


Incremental QALYs 0.101 0.280 


ICER £4,740 £3,215 


NMB £1,540 £4,703 


  DIA30015 - canagliflozin 300mg vs. DPP-4-i in triple therapy (Met+SU) 


Incremental cost (£) -£886 £600 


Incremental QALYs 0.265 0.029 


ICER Dominant £20,908 


NMB £6,186 -£26 
ICER, incremental cost-effectiveness ratio;  NMB, net monetary benefit 
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7.9 Subgroup analysis 


For many technologies, the capacity to benefit from treatment will differ 
for patients with differing characteristics. This should be explored as 
part of the reference-case analysis by providing separate estimates of 
clinical and cost effectiveness for each relevant subgroup of patients.  


This section should be read in conjunction with NICE’s ‘Guide to the 
methods of technology appraisal’, section 5.10.  


Types of subgroups that are not considered relevant are those based 
solely on the following factors. 


 Individual utilities for health states and patient preference. 


 Subgroups based solely on differential treatment costs for 
individuals according to their social characteristics. 


 Subgroups specified in relation to the costs of providing treatment in 
different geographical locations within the UK (for example, when the 
costs of facilities available for providing the technology vary 
according to location). 


 


7.9.1 Please specify whether analysis of subgroups was undertaken 
and how these subgroups were identified. Were they identified 
on the basis of an a priori expectation of differential clinical or 
cost effectiveness because of known, biologically plausible, 
mechanisms, social characteristics or other clearly justified 
factors? Cross-reference the response to section 6.3.7. 


Pre-specified sub-group analyses were undertaken to assess the differences in 
change in HbA1c between canagliflozin and comparators (sitagliptin and glimepiride) 
or placebo according to different baseline patient and disease characteristics (Table 
15).  
 


7.9.2 Please clearly define the characteristics of patients in the 
subgroup. 


The patient subgroup of interest is those patients with an HbA1c exceeding 9% 
(75 mmol/mol) at baseline. 
 


7.9.3 Please describe how the statistical analysis was undertaken. 


Sub-group analyses were conducted using the same statistical methods as described 
in table 14 6.3.6]. Due to the paucity of data on the efficacy of other AHAs in this 
subgroup of patients, analysis and economic modelling was only conducted for the 
comparisons for which direct comparative data were generated in the canagliflozin 
clinical trial programme, i.e. for canagliflozin vs. DPP-4-i and SU in dual therapy, and 
against DPP-4-i in triple therapy combination with metformin plus SU. 
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7.9.4 What were the results of the subgroup analysis/analyses, if 
conducted? Please present results in a similar table as in 
section 7.7.6 (Base-case analysis). 


In dual therapy of patients with baseline HbA1c>9%, canagliflozin 100mg is 
marginally more effective and cost-saving than DPP-4-i and is thus dominant (Table 
104).  Canagliflozin 100mg also dominates SU, but the gain in QALYs is more 
substantial.  Canagliflozin 300mg is cost-effective when compared to SU and to DPP-
4-i in this population, with ICERs of £1,001 and £1,029 per QALY, respectively.   
 
In comparison, the base case ICERs for canagliflozin 100mg vs. SU and DPP-4-i are 
£1,537 and £97, respectively (Table 62).  For canagliflozin 300mg the ICERs vs. SU 
and DPP-4-i are £4,899 and £18,349, respectively (Table 63).  This suggests that 
canagliflozin is more cost-effective in this subgroup than SU and DPP-4-i in dual 
therapy. 


 
Table 104.  Incremental cost-effectiveness results for canagliflozin 100mg and 300mg 
vs. DPP-4-i in dual therapy in patients with baseline HbA1c>9% 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incrementa
l costs 


Incrementa
l LYG 


Incrementa
l QALYs 


ICER 


SU £30,457 13.592 7.924 
    


Cana 100mg £30,285 13.596 8.155 -£172 0.004 0.232 Dominating 


DPP-4-i £33,226 13.583 7.588       
 


Cana 100mg* £33,169 13.586 7.624 -£56 0.003 0.037 Dominating  


SU £30,581 13.653 7.913 
    


Cana 300mg* £30,816 13.661 8.147 £234 0.008 0.234 £1,001 


DPP-4-i £33,216 13.584 7.602       
 


Cana 300mg* £33,326 13.597 7.709 £110 0.013 0.107 £1,029 


ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 
In triple therapy (combination with Met+SU) of patients with baseline HbA1c>9%, 
canagliflozin 100mg is marginally less effective but cost-saving than DPP-4-i and is 
therefore not cost-effective, with the ICER for DPP-4-i to replace canagliflozin 100mg 
being £1,200/QALY.  In contrast, canagliflozin 300mg is cost-effective when 
compared to DPP-4-i in this population, with an ICER of £699 (Table 105).  Both 
base case comparisons are cost-effective, with the canagliflozin 100mg dose 
dominating DPP-4-i (Table 68) and canagliflozin 300mg has an ICER of £13,287 
(Table 69).  These results suggest that canagliflozin 300mg but not 100mg is 
differentially more cost-effective in this subgroup of patients with baseline HbA1c 
>9%.. 
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Table 105.  Incremental cost-effectiveness results for canagliflozin vs. DPP-4-i in triple 
therapy (Met+SU) in patients with baseline HbA1c>9% 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incrementa
l costs 


Incrementa
l LYG 


Incrementa
l QALYs 


ICER 


DPP-4-i £31,502 13.348 5.070       
 Cana 100mg* £31,390 13.362 4.978 -£112 0.014 -0.092 £1,220  # 


DPP-4-i £31,604 13.458 5.300 
    


Cana 300mg* £31,759 13.465 5.523 £155 0.007 0.222 £699  


# Canagliflozin 100mg is both cheaper and less effective than DPP-4-i, therefore the ICER is for DPP-4-i  to replace 
canagliflozin 100mg 
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; DPP-4-i, dipeptidyl 
peptidase 4 inhibitor 


 


7.9.5 Were any obvious subgroups not considered? If so, which 
ones, and why were they not considered? Please refer to the 
subgroups identified in the decision problem in section 5. 


As reported in the subgroup analyses in Section 6, the response to canagliflozin by 
baseline BMI was consistent, and so given the lack of differential effectiveness for 
canagliflozin, no further assessment of the cost-effectiveness by BMI was 
considered. 


 


7.10 Interpretation of economic evidence  


7.10.1 Are the results from this economic evaluation consistent with 
the published economic literature? If not, why do the results 
from this evaluation differ, and why should the results in the 
submission be given more credence than those in the 
published literature? 


The systematic review of the literature described in Section 7.1.1 did not identify any 
previously published cost-effectiveness analysis for canagliflozin.  A de novo 
economic analysis was therefore conducted, as is standard practice for economic 
evaluations of chronic and progressive diseases such as T2DM.  The drivers of cost-
effectiveness identified in the current modelling application were consistent with 
previous modelling exercises for other therapies, in particular the magnitude of 
improvements in HbA1c, SBP, BMI and hypoglycaemic events. 


 


7.10.2 Is the economic evaluation relevant to all groups of patients 
who could potentially use the technology as identified in the 
decision problem in section 5? 


The canagliflozin economic analyses can be considered relevant for the patients 
identified in Section 5, with the exception of dual therapy in combination with SU 
which, as stated previously, is not expected to be commonly used.  There was no 
subgroup of patients identified in the economic analysis where canagliflozin 
demonstrated differentially inferior cost-effectiveness.  
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In the add-on to insulin, the application of dose increase of canagliflozin 100mg to 
300mg increased QALY gains so that a strategy of starting patients on 100mg 
canagliflozin and switching to 300mg during the first year if tighter glycaemic control 
was required was demonstrably cost-effective when compared to either DPP-4-i or 
dapagliflozin.  


In patients treated with insulin in combination with other AHAs, the need for more 
effective treatment is higher, increasing the prominence of the canagliflozin 300mg 
results and canagliflozin 100mg with the dose modification scenario results.  Also, 
these patients are likely to have a lower renal function thus making canagliflozin, with 
its discontinuation threshold of <45mL/min/1.73m2 the preferential choice over 
dapagliflozin, which is discontinued at <60mL/min/1.73m2. (209) 


Analysis of the subgroup of patients with high baseline HbA1c (>9%; Section 7.9.4) 
shows that both doses of canagliflozin are differentially more cost-effective than SU 
and DPP-4i in dual therapy compared to the base case.  In triple therapy, 
canagliflozin 300mg but not 100mg is differentially more cost-effective than DPP-4-i 
in a subgroup of patients with baseline HbA1c>9% compared to the base case. 


 


7.10.3 What are the main strengths and weaknesses of the 
evaluation? How might these affect the interpretation of the 
results? 


Strengths of the evaluation 


 The evaluation was informed by data from the largest trial programme in 
T2DM to date, including three head to head RCTs, enrolling more than 
10,000 patients. 


 A large NMA was performed to facilitate consistent comparisons with 
comparators not included in the clinical trial programme (and for which head-
to-head data are not available). For consistency, the NMA was used in favour 
of the trial data even for comparators included in the trials. 


 A validated and previously published model was used for the canagliflozin 
modelling analysis.  A large sub-set of the modelling analyses were cross-
validated by running them with another model of T2DM, CDM (CORE model). 
(142)  The additional results using CDM were directionally consistent and 
showed canagliflozin was cost-effective when compared to SU or DPP-4-i 
across all scenarios tested. The ECHO-T2DM results were more conservative 
across many of the scenarios. 


 A comprehensive set of modelling analyses were conducted, including over 
900 comparisons against six different agents in four different lines of therapy, 
and in the number of DSAs and scenarios conducted, allowing for a broad 
assessment of the cost-effectiveness of canagliflozin in T2DM. 


 The unit costs, resource use and disutility weights used to load the 
simulations are consistent with previous models and relevant for the UK 
setting.  Where there were data gaps, e.g. disutility for GMI and UK-specific 
baseline patient characteristics, research was conducted to identify input 
values.  Sensitivity analyses were conducted where alternative data were 
available. 
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 From the perspective of canagliflozin, the analyses were intentionally 
conservative in a number of aspects. In particular, a number of arguably 
minor AE’s specific to the class of SGLT-2 inhibitors were included, but most 
AEs tied to other drug classes (with the exception of nausea and vomiting for 
the GLP-1-a’s) were excluded.  Limitation of the NMA to 26-week data in 
triple therapy (in combination with metformin and SU) reduced the difference 
in HbA1c lowering between canagliflozin 300mg and sitagliptin 100mg by 
about 50% vs. the 52-week difference in the DIA3015 trial.  


 
Collectively, these strengths speak to the high likelihood that the benefits and cost-
effectiveness of canagliflozin have not been overestimated and that the modelling 
results for both doses are credible and robust. 
 
Limitations of the evaluation 


 As with other economic evaluations of T2DM interventions, the main limitation 
is the need to extrapolate short-term trial data (maximum two years) over a 40 
year time horizon using economic modelling techniques. In particular, 
assumptions must be made about drug durability, treatment intensification, 
and the consequences (bio-marker rebound) of discontinuing agents.    


 While direct comparative trial data are available for both doses for 
comparisons with SU and DPP-4-i in dual and for the canagliflozin 300mg vs. 
DPP-4i in triple therapy, there are no direct comparisons against GLP-1-a.  
There are, moreover, no direct comparative data in add-on to insulin.  A NMA 
was performed to address these data gaps and ensure consistency across 
the different comparisons 


 ECHO-T2DM is a stochastic micro-simulation model, capturing both first and 
second order uncertainty.  Relatively large numbers of replications were 
performed to minimise the first order uncertainty and ensure convergence of 
the second order uncertainty.  In order to complete more than 900 
simulations, each requiring upwards of 12 hours to run, endlessly large 
sample sizes were not feasible. Some degree of first order uncertainty is 
noticeable in some sensitivity analyses of the same scenario, manifest as 
slight differences in the distribution of mean patient characteristics leading to 
difference in the absolute magnitudes of life-years and QALY’s.  However, 
this did not impact the incremental differences in costs or QALY’s.  Second 
order uncertainty was larger when using the base case assumption of NMA 
efficacy than in the sensitivity analyses based on actual trial results, an 
artefact of building networks.   


 


7.10.4 What further analyses could be undertaken to enhance the 
robustness/completeness of the results? 


It has already been stated that a pragmatic decision was made to conduct a focussed 
rather than exhaustive set of analyses (Section 7.6.1).  While additional comparisons 
could be selected for which to conduct the full DSAs and scenario analyses, it is not 
considered that these additional analyses would add to what is known about the cost-
effectiveness of canagliflozin. 


Analyses using data from real life treatment, and conducting analyses using 
treatment thresholds for HbA1c, dyslipidaemia and hypertension based on real life 
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databases would be interesting to compare with the modelling results based on RCT 
data, and using assumptions of treatment based on clinical guidelines. 


Other analyses that might be conducted in the future include use of longer term data 
once trial data matures, e.g. 104 week RCT data in dual therapy for DIA3009.  Also, 
further examination of cost-effectiveness of other therapies with the updated UKPDS  
could be conducted. (144) 


To further examine the variation observed in the model, it could be possible to re-run 
the base case analyses with a very large number of hypothetical patients and cohort 
replications, in order to ensure that first order uncertainty is all but eliminated and that 
the second order has converged.  As stated in Section 7.8.1, however, running the 
comparisons with larger replications is very unlikely to change the result generated. 







 


285 


 


Section C – Implementation 


8 Assessment of factors relevant to the NHS and 


other parties  


The purpose of this section is to provide an analysis of any factors 
relevant to the NHS and other parties that may fall outside the remit of 
the assessments of clinical effectiveness and cost effectiveness. This 
will allow the subsequent evaluation of the budget impact analysis. Such 
factors might include issues relating to service organisation and 
provision, resource allocation and equity, societal or ethical issues, plus 
any impact on patients or carers.  


8.1 How many patients are eligible for treatment in England and 
Wales? Present results for the full marketing authorisation/CE 
marking and for any subgroups considered. Also present 
results for the subsequent 5 years. 


In 2011, there were 2.8 million people diagnosed with diabetes in the UK(40); 
however, it was estimated that roughly 850,000 of T2DM remained undiagnosed. 
(43)  With an average prevalence of 4.57%, it is anticipated that by 2025 five million 
people will have diabetes in the UK. (40;43)  Approximately 90% of adults currently 
diagnosed with diabetes have T2DM. (43) The incidence of diagnosed T2DM and 
prevalence has increased markedly and consistently for more than a decade in the 
UK.(210;211)  The proportion of very early onset T2DM continues to increase as a 
proportion of those diagnosed and these people have a greater opportunity to 
develop long-term complications. (211) 


Not all patients receive anti-diabetic therapy immediately after diagnosis.  Initial 
management of T2DM typically involves lifestyle interventions, although as the 
condition progresses glucose-lowering agents may be required to control blood 
glucose levels. It is estimated that 80% of diagnosed diabetic patients receive anti-
diabetic therapy. (186) 


As described in Section 2.5, most T2DM patients start treatment on a monotherapy; 
once blood glucose control remains or becomes inadequate it is recommended to 
add a second AHA. (37) 


The anticipated recommendation for canagliflozin is for its use after failure to control 
blood glucose with metformin monotherapy. Of the 1,700,000 T2DM patients 
estimated to receive pharmacological intervention, it is predicted that approximately 
50% (212) of these patients would be eligible to be treated with canagliflozin 
combination therapy; a figures that account for those patients that may: be at high 
risk of hypoglycaemia; have weight management difficulties; or not be suitable for 
injection therapy. This figure of 50% is based on the number of patients estimated to 
be receiving dual-, triple- or add-on to insulin therapy. 


National population data were taken from the Office of National Statistics Annual Mid-
year Population Estimates, 2011 and 2012. (56)  The estimated number of patients 
with T2DM eligible for treatment with canagliflozin is shown in Table 106. The 
prevalence data to inform these projections originate from the National Diabetes 
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Audit 2010-2011, Report 1 (40); 87.61% of people with diagnosed diabetes in 
England and over 85,000 people from almost 50 per cent of the practices in Wales 
are included. Diabetes prevalence in England and Wales is estimated at 4.07% and 
4.70%, respectively. (40) 


To calculate the proportion of patients receiving dual- (23%), triple (9%) and add-on 
to insulin (18%) therapy a prescribing report generated by Cegedim in May 2013 was 
consulted  (212)  Patient cohorts considered as part of the budget impact are those 
presented within the economic analysis. This same report was consulted to further 
determine the fraction of patients treated with particular combination treatment within 
each treatment line: 93% of patients treated at dual therapy receive metformin in 
combination with another anti-diabetic therapy; 96% of patients treated at triple 
therapy either receive metformin + SU or metformin + TZD in combination with 
another anti-diabetic therapy; and 52% receive intensification treatment add-on to 
insulin ± AHA. 


Table 106. T2DM Patient population in England and Wales eligible for pharmacological 
intervention 


  2014 2015 2016 2017 2018 


Population in England and Wales 57,369,963 57,775,367 58,183,681 58,594,926 59,009,123 


Diabetes population in the England 
and Wales 


2,354,455 2,371,020 2,387,704 2,404,508 2,421,432 


T2DM population in the England 
and Wales 


2,119,009 2,133,918 2,148,934 2,164,057 2,179,289 


T2DM patients receiving 
pharmacological intervention 


1,695,207 1,707,135 1,719,147 1,731,246 1,743,431 


T2DM patients receiving dual 
therapy 


389,898 392,641 395,404 398,187 400,989 


T2DM patients receiving triple 
therapy 


169,521 170,713 171,915 173,125 174,343 


T2DM patients receiving INS±AHA 305,137 307,284 309,446 311,624 313,818 


 


8.2 What assumption(s) were made about current treatment 
options and uptake of technologies? 


The budget impact of current treatment is based on 80% of diagnosed T2DM patients 
receiving anti-diabetic therapy (Table 106). (186) 


The proportion of patients receiving dual, triple or add-on to insulin combination 
therapies was estimated for 5 years using the Cegedim prescribing Report, May 
2013. (212) Patient numbers were projected forward using a constant inflation rate of 
8% across all treatment combinations. (212)  


Although patient treatment varies with individual response, lifestyle, and 
comorbidities, data of prescribing patterns suggests the use of some common 
approaches in managing diabetes. (213)  Therefore, for simplicity, combination 
treatments considered within the canagliflozin NICE scope have been assumed to 
make up one hundred per cent of the current diabetes market. 


Patient uptake of treatment has been adjusted to account for uptake of treatment 
throughout the year and it is assumed that patients will remain on treatment for an 
average of three years within this budget impact model. 







 


287 


 


8.3 What assumption(s) were made about market share (when 
relevant)?  


Estimates are based on the assumption of canagliflozin receiving positive NICE 
guidance for use in combination with Met, Met+SU, Met+TZD and as add-on to 
insulin, at the start of Q3 2014. Market share was estimated based on existing 
technologies in this therapeutic area; in particular the uptake trend of sitagliptin 
(Januvia) was considered as a relevant model in the projection process. 


The resource impact for England and Wales will differ depending upon the 
comparator chosen.  In the case of canagliflozin, this is complicated by the range of 
existing therapies, which canagliflozin may displace.  


For simplicity the proportion of patients on a given treatment class was assumed 
constant across a 5 year period in the scenario when canagliflozin is not considered. 
The predicted displacement by the SGLT-2 class was applied to these values, of 
which canagliflozin gains a percentage in the scenario considering positive 
canagliflozin recommendation by NICE. 


At dual therapy it was anticipated that the drugs displaced by canagliflozin would 
primarily be those from the DPP-4i class (e.g. sitagliptin), and GLP-1-a class (e.g. 
liraglutide), rather than from the SU (e.g. gliclazide) and the TZD class (pioglitazone), 
with estimated displacement rates at year 5 of 7.04%, 4.88% 3.10% and 0.62%, 
respectively. The anticipated low displacement rate of the TZD class is due to the 
observed decline in the TZD market share. (214) Canagliflozin is expected to gain 
approximately 53% of the predicted SGLT-2i class displacement, at year 5. 


At triple therapy it was anticipated that the drugs displaced would again primarily be 
those from the DPP-4i class, and GLP-1a class rather than the TZD class and 
insulin, with estimated displacement rates at year 5 of 18.69%, 18.06%, 6.65% and 
5.85%, respectively. For insulin treatments there were no assumptions around which 
forms of insulin were most likely to be displaced; the expected level of displacement 
was applied to a weighted use and cost of the three most commonly used insulin. 


Canagliflozin is anticipated to displace intensification strategies when treating 
patients with an insulin backbone. Therefore, it is assumed that it would be 
inappropriate to consider replacing metformin or SU added on to insulin as these are 
most commonly prescribed as part of the backbone of insulin therapy. Therefore, 
canagliflozin is anticipated to most likely displace medicines from the DPP-4i and 
GLP-1 classes, rather than from the TZD class or intensified insulin, at this line of 
therapy; with estimated displacement rates at year 5 of 4.21%, 3.38%, 2.28% and 
1.17%, respectively. Canagliflozin is expected to gain 40% of the predicted SGLT-2i 
class displacement, at year 5. 


Estimates of the uptake of canagliflozin are included in the table below. The 
displacement of existing therapies by canagliflozin was derived discussion within 
Janssen.  
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Table 107.  Estimated uptake of canagliflozin across treatment lines, a 5-year 
projection 
 2014 2015 2016 2017 2018 


% uptake of canagliflozin at dual therapy, in 
combination with metformin 


0.44% 2.16% 2.87% 3.12% 3.24% 


% uptake of canagliflozin at triple therapy, in 
combination with MET+SU or MET+TZD 


5.78% 10.00% 11.56% 11.56% 13.07% 


% uptake of canagliflozin as add-on to 
INS±AHA 


0.18% 1.10% 1.46% 1.46% 1.46% 


 
8.4 In addition to technology costs, please consider other 


significant costs associated with treatment that may be of 
interest to commissioners (for example, procedure codes and 
programme budget planning). 


Costs of treatment and monitoring associated with canagliflozin are outlined in 
section 7.5. No additional costs related to AEs are included, as canagliflozin is 
assumed to have no incremental impact on the cost of treating AEs in this patient 
population when compared to other anti-diabetic therapies.  


 
8.5 What unit costs were assumed? How were these calculated? If 


unit costs used in health economic modelling were not based 
on national reference costs or the PbR tariff, which HRGs 
reflected activity?  


Costs of treatments have been taken from the BNF September 2013. No other costs 
have been considered for incorporation into the BIM. Unit costs for treatment and 
monitoring can be found in Section 7.5.4. 


 
8.6 Were there any estimates of resource savings? If so, what 


were they? 


It was assumed that the introduction of canagliflozin for the treatment of T2DM would 
not be associated with any resource savings that would be suitable for inclusion into 
this budget impact review. All resource use and service implications have been 
identified throughout the economic analysis, Section 7.5.5. 


 


8.7 What is the estimated annual budget impact for the NHS in 
England and Wales? 


Assuming NICE guidance is available in Q3 2013, and that canagliflozin achieves 
market shares as presented above, the net incremental budget impact would be 
£308,596 in 2014 until year end, increasing to £7,523,237 in 2018. 
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Table 108.  Budget Impact by treatment line for the NHS in England and Wales, Dual Therapy 


 2014 2015 2016 2017 2018 


Patients receive dual therapy add-on to metformin 362,605  365,156  367,726  370,313  372,920  


Current Practice without canagliflozin 


SU + Met % of patients receiving SU 70.00% 69.05% 67.94% 67.62% 67.46% 


No. of patients receiving SU 63,456                188,665                310,548                372,990                374,726  


Annual cost  £       1,243,819   £       3,698,079   £       6,087,158   £       7,311,102   £       7,345,134  


TZD + Met % of patients receiving TZD 10.22% 10.18% 10.12% 10.11% 10.11% 


No. of patients receiving TZD                   9,265                  27,815                  46,258                  55,767                  56,159  


Annual cost  £          331,432   £          995,049   £       1,654,830   £       1,995,000   £       2,009,040  


DPP-4i + Met % of patients receiving DPP-4i 15.00% 13.83% 13.60% 13.48% 13.42% 


No. of patients receiving DPP-4i                 13,598                  37,788                  62,165                  74,355                  74,545  


Annual cost  £       5,789,420   £    16,088,648   £    26,467,489   £    31,657,922   £    31,738,815  


GLP-1a + Met % of patients receiving GLP-1a 3.15% 2.96% 2.96% 2.96% 2.96% 


No. of patients receiving GLP-1a                   2,856                    8,088                  13,530                  16,327                  16,442  


Annual cost  £       2,614,782   £       7,405,769   £    12,389,295   £    14,950,829   £    15,056,047  


DAPA + Met % of patients receiving DAPA 1.64% 3.98% 5.38% 5.83% 6.05% 


No. of patients receiving DAPA                   1,487                  10,875                  24,592                  32,158                  33,607  


Annual cost  £          709,582   £       5,190,335   £    11,737,376   £    15,348,855   £    16,040,152  


Total Annual Cost of Treatment  £    10,689,034   £    33,377,880   £    58,336,149   £    71,263,708   £    72,189,187  


Future with canagliflozin 


SU > CANA % displacement of patients receiving SU+Met 0.51% 1.65% 2.66% 2.95% 3.10% 


No. of SU patients displaced by CANA                       324                    3,113                    8,261                  11,003                  11,617  


Incremental cost  £          152,358   £       1,465,539   £       3,888,958   £       5,180,145   £       5,468,881  


TZD > CAN % displacement of patients receiving TZD+Met 0.08% 0.17% 0.56% 0.62% 0.62% 


No. of TZD patients displaced by CANA                            7                          47                        259                        346                        348  


Incremental cost  £               3,369   £             21,496   £          117,764   £          157,183   £          158,289  


DPP-4-i > CANA  % displacement of patients receiving DPP-4i+Met 1.05% 6.12% 6.37% 6.82% 7.04% 


No. of DPP-4i patients displaced by CANA                       143                    2,313                    3,960                    5,071                    5,248  


Incremental cost  £               9,226   £          149,442   £          255,891   £          327,695   £          339,130  


GLP-1-a > CANA % displacement of patients receiving GLP-1a+CANA 1.06% 5.43% 4.88% 4.88% 4.88% 


No. of GLP-1a patients displaced by CANA                         30                        439                        660                        797                        802  


Incremental cost -£            12,873  -£          186,777  -£          280,815  -£          338,875  -£          341,260  


DAPA > CANA % displacement of patients receiving DAPA+Met 26.60% 54.43% 53.39% 53.56% 53.65% 


No. of TZD patients displaced by CANA                       395                    5,919                  13,129                  17,224                  18,030  


Incremental cost  £               5,178   £             77,498   £          171,904   £          225,513   £          236,066  


Total Incremental Cost of Treatment with CANA  £          157,258   £       1,527,198   £       4,153,702   £       5,551,662   £       5,861,107  


Net Budget Impact at Dual Therapy  £    10,846,291   £    34,905,077   £    62,489,851   £    76,815,370   £    78,050,294  


 







 


290 


 


Table 109.  Budget Impact by treatment line for the NHS in England and Wales, Triple Therapy 


  2014 2015 2016 2017 2018 


Patients receive triple therapy add-on to Met+SU or Met+TZD               162,740                163,885                165,038                166,200                167,369  


Current Practice without canagliflozin 


 + TZD % of patients receiving TZD 26.11% 26.11% 26.11% 26.11% 26.11% 


No. of patients receiving TZD                 10,623                  32,018                  53,564                  64,638                  65,093  


Annual cost  £          380,023   £       1,145,418   £       1,916,198   £       2,312,379   £       2,328,652  


 + DPP-4-i % of patients receiving DPP-4i 46.68% 46.68% 46.68% 46.68% 46.68% 


No. of patients receiving DPP-4i                 18,992                  57,242                  95,762                115,562                116,375  


Annual cost  £       8,086,025   £    24,371,860   £    40,772,293   £    49,202,120   £    49,548,383  


 + GLP-1-a % of patients receiving GLP-1a 11.01% 11.01% 11.01% 11.01% 11.01% 


No. of patients receiving GLP-1a                   4,479                  13,501                  22,587                  27,257                  27,448  


Annual cost  £       4,101,782   £    12,363,066   £    20,682,482   £    24,958,664   £    25,134,312  


 + INS % of patients receiving INS 16.19% 16.19% 16.19% 16.19% 16.19% 


No. of patients receiving INS                   6,587                  19,853                  33,213                  40,080                  40,362  


Annual cost  £       1,554,007   £       4,683,889   £       7,835,795   £       9,455,876   £       9,522,422  


Total Annual Cost of Treatment  £    14,121,839   £    42,564,233   £    71,206,768   £    85,929,038   £    86,533,770  


Future with canagliflozin 


TZD > 
CANA 


% displacement of patients receiving TZD+SU+Met 3.12% 5.45% 6.23% 6.23% 6.65% 


No. of TZD patients displaced by CANA                       331                    1,745                    3,337                    4,027                    4,329  


Incremental cost  £          150,673   £          793,290   £       1,517,050   £       1,830,706   £       1,967,876  


DPP-4-i > 
CANA 


% displacement of patients receiving  
DPP-4-i+SU+Met 


7.88% 13.78% 15.75% 15.75% 18.69% 


No. of DPP-4-i patients displaced by CANA                   1,497                    7,888                  15,083                  18,201                  21,750  


Incremental cost  £             96,708   £          509,730   £          974,649   1,176,162   £       1,405,534  


GLP-1-a > 
CANA 


% displacement of patients receiving  
GLP-1-a+SU+Met 


7.65% 13.38% 15.29% 15.29% 18.06% 


No. of GLP-1-a patients displaced by CANA 343                    1,806                    3,453                    4,168                    4,957  


Incremental cost -£          145,743  -£          768,310  -£      1,468,805  -£      1,772,486  -£      2,108,331  


INS > 
CANA 


% displacement of patients receiving INS+SU+Met 2.76% 4.14% 5.53% 5.53% 5.58% 


No. of INS patients displaced by CANA 182                        822                    1,837                    2,216                    2,252  


Incremental cost  £             46,261   £          209,150   £          467,368   £          563,998   £          573,103  


Total Incremental Cost of Treatment with CANA  £          147,899   £          743,860   £       1,490,262   £       1,798,380   £       1,838,183  


Net Budget Impact at Dual Therapy  £    14,269,738   £    43,308,093   £    72,697,030   £    87,727,418   £    88,371,953  
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Table 110.  Budget Impact by treatment line for the NHS in England and Wales, Add-on to Insulin Therapy 


 2014 2015 2016 2017 2018 


Patients receive intensification to add-on INS±AHA               158,671                159,788                160,912                162,045                163,185  


Current Practice without canagliflozin 


 + TZD % of patients receiving TZD 0.56% 0.55% 0.54% 0.54% 0.54% 


No. of patient receiving TZD                       222                        658                    1,080                    1,303                    1,313  


Annual cost  £               7,947   £             23,525   £             38,640   £             46,628   £             46,957  


 + DPP-4i % of patients receiving DPP-4i+INS±AHA 6.03% 5.88% 5.73% 5.73% 5.73% 


No. of patients receiving DPP-4i+INS±AHA                   2,392                    7,030                  11,461                  13,831                  13,928  


Annual cost  £       1,018,418   £       2,993,228   £       4,879,705   £       5,888,602   £       5,930,044  


 + GLP-1a % of patients receiving GLP-1a+INS±AHA 7.34% 7.19% 7.04% 7.04% 7.04% 


No. of patients receiving GLP-1a+INS±AHA                   2,912                    8,596                  14,081                  16,993                  17,112  


Annual cost  £       2,666,159   £       7,871,770   £    12,894,147   £    15,560,061   £    15,669,566  


 + INS % of patients receiving INT INS±AHA 84.25% 83.64% 83.03% 83.03% 83.03% 


No. of patients receiving INT INS±AHA                 33,420                100,001                166,075                200,411                201,822  


Annual cost  £    11,826,902   £    35,389,030   £    58,771,414   £    70,922,627   £    71,421,751  


 + DAPA % of patients receiving DAPA + Met 1.83% 2.74% 3.66% 3.66% 3.66% 


No. of patients receiving DAPA + Met                       726                    3,276                    7,321                    8,834                    8,896  


Annual cost  £          346,477   £       1,563,608   £       3,494,097   £       4,216,514   £       4,246,188  


Total Annual Cost of Treatment  £    15,865,903   £    47,841,161   £    80,078,001   £    96,634,433   £    97,314,505  


Future with canagliflozin 


TZD > 
CANA 


% displacement of patients receiving TZD+INS±AHA 0.28% 1.68% 2.28% 2.28% 2.28% 


No. of TZD patients displaced by CANA                            1                          11                          25                          30                          30  


Incremental cost  £                   283   £               5,022   £             11,195   £             13,510   £             13,605  


DPP-4i > 
CANA 


% displacement of patients receiving  
DPP-4i+INS±AHA 


0.50% 3.07% 4.21% 4.21% 4.21% 


No. of DPP-4i patients displaced by CANA                         12                        216                        483                        582                        586  


Incremental cost  £                   773   £             13,947   £             31,180   £             37,627   £             37,892  


GLP-1a > 
CANA 


% displacement of patients receiving  
GLP-1a+INS±AHA 


0.40% 2.48% 3.38% 3.38% 3.38% 


No. of GLP-1a patients displaced by CANA                         12                        213                        476                        574                        578  


Incremental cost -£              4,953  -£            90,673  -£          202,425  -£          244,277  -£          245,996  


INS > 
CANA 


% displacement of patients receiving INT INS±AHA 0.14% 0.87% 1.17% 1.17% 1.17% 


No. of INS patients displaced by CANA                         47                        870                    1,943                    2,345                    2,361  


Incremental cost  £               6,387   £          118,758   £          265,232   £          320,069   £          322,322  


DAPA > 
CANA 


% displacement of patients receiving DAPA+Met 10.00% 40.00% 40.00% 40.00% 40.00% 


No. of DAPA patients displaced by CANA                         73                    1,310                    2,928                    3,534                    3,559  


Incremental cost  £                   950   £             17,157   £             38,340   £             46,267   £             46,592  


Total Incremental Cost of Treatment with CANA  £               3,439   £             64,211   £          143,522   £          173,196   £          174,415  


Net Budget Impact at Dual Therapy  £    15,869,342   £    47,905,372   £    80,221,524   £    96,807,629   £    97,488,920  
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Table 111.  Overall Budget Impact for the NHS in England and Wales 


 2014 2015 2016 2017 2018 


Dual Total Annual Cost of Treatment w/o CANA  £    10,689,034   £    33,377,880   £    58,336,149   £    71,263,708   £    72,189,187  


Total Incremental Cost of Treatment with CANA  £          157,258   £       1,527,198   £       4,153,702   £       5,551,662   £       5,861,107  


Net Budget Impact at Dual Therapy  £    10,846,291   £    34,905,077   £    62,489,851   £    76,815,370   £    78,050,294  


Triple Total Annual Cost of Treatment w/o CANA  £    14,121,839   £    42,564,233   £    71,206,768   £    85,929,038   £    86,533,770  


Total Incremental Cost of Treatment with CANA  £          147,899   £          743,860   £       1,490,262   £       1,798,380   £       1,838,183  


Net Budget Impact at Dual Therapy  £    14,269,738   £    43,308,093   £    72,697,030   £    87,727,418   £    88,371,953  


INS Add-
on 


Total Annual Cost of Treatment w/o CANA  £    15,865,903   £    47,841,161   £    80,078,001   £    96,634,433   £    97,314,505  


Total Incremental Cost of Treatment with CANA  £               3,439   £             64,211   £          143,522   £          173,196   £          174,415  


Net Budget Impact at Dual Therapy  £    15,869,342   £    47,905,372   £    80,221,524   £    96,807,629   £    97,488,920  


Across all 
Tx lines 


Net Incremental Costs across all treatment lines  £          308,596   £       2,335,269   £       5,787,487   £       7,523,237   £       7,873,704  


Net Budget Impact across all treatment lines  £    40,985,371   £  126,118,542   £  215,408,405   £  261,350,416   £  263,911,167  
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8.8 Are there any other opportunities for resource savings or redirection 
of resources that it has not been possible to quantify? 


The below service use and associated costs have been considered for inclusion into the 
Budget Impact Model (BIM), however, on the grounds that there is a paucity of cost data on 
such services it has been assumed that they are not expected to be significant in terms of 
budget impact nationally and all costs have sequentially been discounted from inclusion into 
the BIM. 


 SMBG strips for insulin, SU and GLP-1-a treated patients 


 Health care professional (HCP;  e.g. nurse) time taken to train patients before 
injection use (insulin and GLP-1) 


 SGLT-2 specific AEs; i.e. less hypoglycaemia is expected, and no additional 
monitoring is required compared to current used treatment. 
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Error in presentation of change in lipid data in the NICE submission 
 
In the canagliflozin NICE submission of 15th October 2013, the change in lipid levels over 
time were incorrectly described as being described as change in HDL-C and LDL-C in 
mmol/L.  The data presented were instead the percent change in HDL-C and LDL-C over 
time.   
 
Table 1.  Tables and Figures in the canagliflozin submission incorrectly labelled as mmol/L 
that are in fact percent change in HDL-C and LDL-C over time 


 Main submission Appendices 


Dual therapy Figures 13 and 14 Appendix 6, Tables 19 and 20 


Triple therapy Figures 25, 26 and 27 Appendix 6, Tables 26, 27 and 28 


Add-on to insulin Figure 32 Appendix 6, Tables 33, 34 and 35. 


 
 
For completeness, below is given the data as change in HDL-C and LDL-C in mmol/L. 
 
Change in lipids - Dual therapy 
 
The change in HDL-C and LDL-C reported in DIA3006 and DIA3009 trials were presented in 
Tables 19 to 21 of Appendix 6 and in Figure 13 and Figure 14 of the submission relate to the 
percent change in HDL-C and LDL-C between baseline and either the primary time point (for 
the tables) or the end of the trials (for the figures). 
 
When considering the absolute change in HDL-C and LDL-C in mmol/L, the results are as 
follows: 
 


 DIA3006: Canagliflozin 300mg and 100mg (in combination with metformin) resulted 
in an increase in both mean HDL-C and LDL-C.  


 
o At week 26, the mean change in HDL-C from baseline was 0.05mmol/L (95% 


CI: 0.028;0.065) for sitagliptin, 0.11mmol/L (95% CI: 0.085;0.130) for 
canagliflozin 100mg and 0.12mmol/L (95% CI: 0.101;0.147) for canagliflozin 
300mg.  The mean change in LDL-C from baseline was 0.02mmol/L (95% CI: 
-0.051;0.098) for sitagliptin 100mg, 0.11mmol/L (95% CI: 0.036;0.185) for 
canagliflozin 100mg, and 0.20mmol/L (95% CI: 0.123;0.284) for canagliflozin 
300mg. (1) 


 
o At week 52, the mean change in HDL-C was 0.06mmol/L (95% CI: 


0.038;0.075) for sitagliptin, 0.11mmol/L (95% CI: 0.091;0.130)for canagliflozin 
100mg and 0.13mmol/L (95% CI: 0.108;0.160)for canagliflozin 300mg.  The 
LS mean change for LDL-C (mmol/L) was 0.11mmol/L (95% CI: 0.034;0.184) 
for sitagliptin, and 0.16mmol/L (95% CI: 0.077;0.248) and 0.16mmol/L (95% 
CI: 0.077;0.243)for canagliflozin 100mg and 300mg, respectively. (2) 


 


 DIA3009:  
 


o At week 52, canagliflozin 100mg and 300mg resulted in an increase in LS 
mean in HDL-C of 0.07mmol/L (95% CI: 0.056;0.093), 0.09mmol/L (95% CI: 
0.070;0.106) respectively versus -0.01mmol/L (95% CI: -0.029;0.003) for 
glimepiride. The mean change in LDL-C from baseline was 0.13mmol/L (95% 
CI: 0.072;0.197) and 0.22mmol/L (95% CI: 0.151;0.289) for canagliflozin 
100mg and 300mg respectively versus 0.04mmol/L (95% CI: -0.023;0.103) for 
glimepiride. (3) 







 
o At week 104, the mean change in HDL-C from baseline was -0.01mmol/L 


(95% CI: -0.032;0.004) for glimepiride, 0.09mmol/L (95% CI: 0.067;0.106)for 
canagliflozin 100mg and 0.10mmol/L (95% CI: 0.079;0.118)for canagliflozin 
300mg.  The mean change in LDL-C from baseline was 0.05mmol/L (95% CI: 
-0.021;0.111) for glimepiride, 0.15mmol/L (95% CI: 0.088;0.220) for 
canagliflozin 100mg, and 0.20mmol/L (95% CI: 0.129;0.273 )for canagliflozin 
300mg. (4) These results demonstrated that change in lipid levels plateaued 
after 52 weeks indicating that the main effect of canagliflozin on lipids is 
observed within the first year of therapy. (4) 


 
 
Change in lipid levels – Triple therapy 
 
Similarly, the change in HDL-C and LDL-C reported in DIA3015, DIA3002 and DIA3012 trials 
and which were presented in Tables 26 to 28 of Appendix 6 and in Figure 25 to Figure 27 of 
the submission relate to the percent change in HDL-C and LDL-C between baseline and 
either the primary time point (for the tables) or the end of the trials (for the figures). 
 
When considering the absolute change in HDL-C and LDL-C in mmol/L, the results are as 
follows: 
 
DIA3015 (in combination with metformin and a SU) 
 


 At week 52, canagliflozin 300mg in combination with MET+SU resulted in an 
increase in HDL-C mmol/L of -0.08 (95% CI: 0.063;0.102) was observed in 
canagliflozin 300mg versus a change of and -0.00 (95% CI: -0.023;0.015) for 
sitagliptin 100mg. An increase in LDL-C mmol/L of 0.13mmol/L (95%CI: 0.049;0.217) 
versus an increase of 0.01mmol/L (95% CI: -0.056;0.082) for sitagliptin 100mg. (5;6) 


 
DIA3002 (in combination with metformin and a SU)  
 


 At week 26, canagliflozin 100mg and 300mg resulted in an increase in HDL-C of 
0.06mmol/L (95% CI: 0.035;0.088) and 0.07mmol/L (95% CI: 0.044;0.097) 
respectively versus 0.02mmol/L 95% CI: (-0.011;0.050) for placebo and an increase 
in LDL-C of 0.01mmol/L (95% CI: -0.091;0.115) and 0.14mmol/L (95% CI: 
0.032;0.255)respectively versus -0.00mmol/L (95% CI: -0.116;0.106) for placebo. (7) 


 


 At week 52, canagliflozin 100mg and 300mg resulted in an increase in HDL-C (minus 
placebo) of 0.04mmol/L (95%CI: 0.005;0.085) and 0.06mmol/L (95%CI: -
0.019;0.099), respectively, and an increase in LDL-C (minus placebo) of -0.14mmol/L 
(95%CI: -0.302;0.026) and 0.15mmol/L (95%CI: -0.017;0.311) respectively. (8) 


 
In DIA3012 (in combination with metformin and a TZD) 
 


 At week 26, canagliflozin 100mg and 300mg resulted in an increase in HDL-C of 
0.08mmol/L (95% CI: 0.048;0.119) and 0.09mmol/L (95% CI: 0.052;0.126) 
respectively, versus 0.02mmol/L 95% CI: (-0.013;0.049) for placebo, and an increase 
in LDL-C of 0.11mmol/L (95% CI: -0.007;0.221) and 0.23mmol/L (95% CI: 
0.104;0.365) versus -0.11mmol/L (95% CI: -0.254;0.035) for placebo. (9) 


 


 At week 52, canagliflozin 100mg and 300mg resulted in an increase in HDL-C of 
0.08mmol/L (95% CI: 0.036;0.125) and 0.14mmol/L (95% CI: 0.089;0.184) 







respectively, and an increase in LDL-C of 0.08mmol/L (95% CI: -0.056;0.220) and 
0.21mmol/L (95% CI: -0.001;0.424) respectively. (10) 


 
 
Change in lipid levels – Add-on to Insulin 
 
Similarly, the change in HDL-C and LDL-C reported in DIA3008 insulin sub-study were 
presented in Tables 33 to 35 of Appendix 6 and in Figure 32 of the submission relate to the 
percent change in HDL-C and LDL-C between baseline and 18 weeks. 
 
When considering the absolute change in HDL-C and LDL-C in mmol/L, the results for 
DIA3008 insulin sub-study (in combination with insulin and standard of care) are as follows: 


 At week 18, canagliflozin 100mg and 300mg resulted in an increase in HDL-C of 
0.03mmol/L (95% CI: 0.011;0.042) and 0.07mmol/L (95% CI: 0.049;0.082) 
respectively versus 0.01mmol/L (95% CI: -0.004;0.028) for placebo and an increase 
in LDL-C of 0.04mmol/L (95% CI: -0.021;0.100) and 0.10mmol/L (95% CI: 
0.043;0.160) respectively versus 0.01mmol/L (95% CI: -0.048;0.063) for placebo. 
(11) 
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 Single Technology Appraisal (STA) 


Canagliflozin in combination therapy for treating type 2 diabetes [ID554] 


XXXXXXXXXXXX 


 


The Evidence Review Group, Southampton Health Technology Assessment Centre 


(SHTAC), and the technical team at NICE have now had an opportunity to take a look at the 


submission received on the 15 October 2013 by Janssen-Cilag. In general terms they felt 


that it is well presented and clear. However, the ERG and the NICE technical team would 


like further clarification relating to the clinical and cost effectiveness data.    


Both the ERG and the technical team at NICE will be addressing these issues in their 


reports.  


 


We request you to provide a written response to this letter to the Institute by 5pm on 21st 


November 2013. Two versions of this written response should be submitted; one with 


academic/commercial in confidence information clearly marked and one from which this 


information is removed. 


 


Please underline all confidential information, and separately highlight information that is 


submitted under ‘commercial in confidence’ in turquoise, and all information submitted under 


‘academic in confidence’ in yellow. 


 


If you present data that is not already referenced in the main body of your submission and 


that data is seen to be academic/commercial in confidence information, please complete the 


attached checklist for in confidence information. 


 


Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this 


may result in your information being displaced or unreadable. Any supporting documents 


should be emailed to us separately as attachments or sent on a CD.  


 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX


XXXXXXXXXXXXXX 


 


Yours sincerely  


 


Janet Robertson  


Associate Director – Appraisals 


Centre for Health Technology Evaluation 


 


Encl. checklist for in confidence information 
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Section A: Clarification on effectiveness data 


 


Literature review 


 


A1. In section 6.2.2 on page 54 and figure 1 in Amaris 2013, ref 72 (PRISMA flow 
diagram, page 26), it is stated that 208 citations were identified for data extraction. It 
is unclear how the 12 potentially relevant canagliflozin RCTs listed in section 6.2.4 on 
page 56 were selected from these 208 citations. Please clarify how these 12 RCTs 
were selected and please provide reasons for why others were excluded, along with 
the number of studies excluded for each reason at this stage. 


A2. In figure 1 in Amaris 2013, ref 72 (PRISMA flow diagram, page 26) the number of 
references that did not meet the inclusion criteria for the network meta-analysis sums 
to 123 (in box titled ‘Discarded from the NMA as did not meet inclusion criteria’). 
Please provide a list of these references. 


A3. In figure 1 in Amaris 2013, ref 72 (PRISMA flow diagram, page 26) a total of 648 full 
texts were screened for eligibility, and the total number of references ‘discarded as 
did not meet the inclusion criteria’ sums to 434. This should leave 214 publications 
for inclusion in the narrative review, rather than the 208 publications as specified. 
Please explain this discrepancy. 


A4. Please provide reference number 57 ‘CEGEDIM. Patient Data Report: Diabetes 
Treatment Combinations - Report AH  [JAN2364513_ADH.DN2].  2013’.  


Clinical effectiveness 


A5. It is stated on page 107 that there were no differences in change in HbA1c over time 
according to baseline BMI. However, data from the sub-group analyses by baseline 
BMI have not been reported. Please provide these results. 


A6.  The DIA3008 insulin sub-study compares canagliflozin plus standard of care (SoC) 
compared with placebo plus SoC in subjects with T2DM.  


 Please clarify whether SoC is analogous to other terms used in the submission 
for this study, such as ‘AHA medications’?  


 Please clarify whether there is a specific definition of SoC in this study? 


 Please provide data showing which AHA medications were being taken in 
addition to insulin and canagliflozin/placebo in that trial. 
 


A7.  On page 112, in reference to the network meta-analysis, it is stated “According to 
clinical experts, background therapies are an important treatment effect modifier. 
Therefore, analyses were conducted by background therapy. Trials assessing 
treatments on top of a “mixed” background were therefore excluded from the NMA.” 
Please explain what is meant by ‘mixed background’. 
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A8.  On page 112, in reference to the network meta-analysis, it is stated “Treatments not 
recommended in the UK (i.e. by NICE or the SMC) were excluded from the NMA 
(e.g. insulin degludec and liraglutide 1.8 mg)”. Please provide a list of all treatments 
which were excluded from the NMA. 


A9.  On page 123 it is stated “SAS and WinBUGS programs are reported in Appendix 7 in 


section 10.7.10 (Clinical SRL – Winbugs and SAS programs)”. In the appendix 
there only appears to be Winbugs code. Please clarify whether the SAS code 
should have been included here too? If so please provide the SAS code or a 
summary of what the code does. 
 


Section B: Clarification on cost-effectiveness data 


B1.  In table 33 on page 176 the economic model chooses one comparator within each 
class of treatment. Please clarify whether other treatments in each class were 
examined in scenario analyses? 


B2.  On page 179 it states for some treatments BMI was estimated by weight using a 
weighted average of male and female heights in the UK general population.  


 Please clarify for which treatments did this estimation occur? 


 Please clarify whether this was tested in sensitivity analysis? 


 Please clarify what happened if there was neither BMI nor weight data?  
 


B3.  Please clarify how and why the CODE-2 study for HRQoL data was chosen from the 
80 included HRQoL studies reported on page 194. 


B4.  On page 175, it is stated that “The relationship between hypoglycaemic event rate 
and HbA1c is described by a user-defined hazard ratio for event rates corresponding 
to each 1% point decrease in HbA1c, defined by the user.  In an analysis based on 
DCCT data, the multivariate regression estimate of the RR was 1.43.” Please confirm 
whether a hazard ratio or a relative risk (RR) was applied to model the relationship 
between hypoglycaemic event rate and HbA1c? 


 
B5.  On page 175, the economic model input data sheet does not appear to contain 


profiles for some of the dual therapy comparisons shown in table 32.  Please provide 
the profiles for the canagliflozin dual therapy comparisons with TZD, GLP-1-a and 
dapagliflozin, and the profiles which concern its use as an add-on to insulin (or 
advise where these are located if already supplied). 


B6.  On page 273, appendices section 10.7.15, for dual therapy with a metformin 
background, the submission gives a mean difference versus placebo of -0.63 in 
HbA1c change at 52 weeks for Cana 100mg QD (table 133).  However the economic 
model input data sheet gives a value of -0.77 versus placebo for ‘Fixed First-Year 
Change in HbA1c (Unrelated to HbA1c at Treatment Start)’ for the treatment profile 
‘NMA DUAL 52WKS (MET BACKGROUND) CANA100 VS. SITA’. (This treatment 
profile is specified as the intervention arm in the input data spreadsheet.)  Other 
figures given in table 133 are also not the same as those presented for the HbA1c 
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treatment effect in the economic model input data spreadsheet.  Please explain why 
these figures are different? 


B7.  On page 277, appendices section 10.7.15, the mean results for the difference in BMI 
versus placebo presented in table 140 do not agree with figures used in the input 
data spreadsheet.  For example the mean of-0.56 for Cana 100mg QD contrasts with 
the value of -0.595379183 used in the input data spreadsheet for the ‘NMA DUAL 
52WKS (MET BACKGROUND) CANA100 VS. SITA’ profile.  Other figures given in 
Table 140 are also not the same as those presented for the ‘First-Year Change in 
BMI in Responders’ in the economic model input data.  Please explain why these 
figures are different? 


Section C: Clarification on the economic technical guide 


C1.  Please clarify whether the equation given in the text on page 60 is correct as it does 
not appear to be correctly specified for a model with time-varying covariates Xt. 


C2.  Please confirm that the 1000 stochastic draws of parameter values provided by Philip 
Clarke on page 61 include correlation between parameters. 


C3.  Please explain what is shown in table 6 on page 61 as it is not referred to in the text. 


 








Canagliflozin STA:  Janssen response to Clarification Questions 


21st November 2013 


 


Section A: Clarification on effectiveness data 


 


Literature review 


A1. In section 6.2.2 on page 54 and figure 1 in Amaris 2013, ref 72 (PRISMA flow 
diagram, page 26), it is stated that 208 citations were identified for data extraction. It 
is unclear how the 12 potentially relevant canagliflozin RCTs listed in section 6.2.4 on 
page 56 were selected from these 208 citations. Please clarify how these 12 RCTs 
were selected and please provide reasons for why others were excluded, along with 
the number of studies excluded for each reason at this stage. 


Of the 12 canagliflozin randomised controlled trials (RCTs), two were discarded as they 
included patients who received canagliflozin as monotherapy, which is outside the NICE 
canagliflozin STA scope and one of them is an RCT in an Asian population conducted 
through all lines of therapy, which was not considered generalisable. 


Ten RCTs assessing canagliflozin were provided to Amaris by Janssen and were presented 
in the cell “additional papers identified through other sources” of the PRISMA diagram. 
These trials were not selected using the systematic literature review as they were 
unpublished at the time of the literature search. Therefore they have been included as 
“additional papers” and were screened and extracted using the same process as all other 
papers.  


A2. In figure 1 in Amaris 2013, ref 72 (PRISMA flow diagram, page 26) the number of 
references that did not meet the inclusion criteria for the network meta-analysis sums 
to 123 (in box titled ‘Discarded from the NMA as did not meet inclusion criteria’). 
Please provide a list of these references. 


The list of 123 papers discarded from the network meta-analysis (NMA), as well as the 
reason for exclusion, are provided in Table 6, in the Appendix. 


A3. In figure 1 in Amaris 2013, ref 72 (PRISMA flow diagram, page 26) a total of 648 full 
texts were screened for eligibility, and the total number of references ‘discarded as 
did not meet the inclusion criteria’ sums to 434. This should leave 214 publications 
for inclusion in the narrative review, rather than the 208 publications as specified. 
Please explain this discrepancy. 


Five conference abstracts were included as sensitivity analyses for the NMA but were not 
described as part of the narrative review (please note that the narrative review was not 
included as part of the core submission).  In addition, one trial that assessed a mixed 
background (i.e. metformin ± thiazolidinedione [TZD]) was included in a sensitivity analysis 
for the metformin plus TZD background due to the limited number of trials included in the 
base case analysis.  References of these six studies are reported in Table 7, in the 
Appendix. 


A4. Please provide reference number 57 ‘CEGEDIM. Patient Data Report: Diabetes 
Treatment Combinations - Report AH  [JAN2364513_ADH.DN2].  2013’.  







This reference has now been sent. 


Clinical effectiveness 


A5. It is stated on page 107 that there were no differences in change in HbA1c over time 
according to baseline BMI. However, data from the sub-group analyses by baseline 
BMI have not been reported. Please provide these results. 


A sub-group analysis by baseline body BMI (<25, 25 to <30, 30 to <35, and ≥35 kg/m2) was 
conducted in a pooled population of placebo-controlled studies and was reported in the 
Summary of Clinical Efficacy submitted to the EMA. Results of this subgroup analysis by 
baseline BMI indicate that canagliflozin was similarly effective in lowering HbA1c across the 
full range of baseline BMI, from individuals with T2DM who are non-overweight/non-obese to 
individuals with more severe obesity. Clinically sizeable reductions in HbA1c were observed 
with canagliflozin 300 mg and 100 mg compared to placebo in all BMI subgroups (p<0.001 
for all comparisons within each BMI subgroup): -0.75% and -0.71%, respectively, for <25 
kg/m2 subgroup; -0.81% and -0.65%, respectively, for 25 to <30 kg/m2 subgroup; -0.82 and -
0.70, respectively, for 30 to <35 kg/m2 subgroup; and -0.89% and -0.71%, respectively, for 
≥35 kg/m2 subgroup. 
 
Furthermore, some pre-specified sub-group analyses by baseline BMI (<30 and ≥30 kg/m2) 
were conducted in most trials (as presented below). 
 
 DIA3009 DIA3006 DIA3015 DIA3002 DIA3012 DIA3008 


Sub-group analysis by Week 52 Week 52 Week 52 Week 26 Week 26 Week 18 


Baseline BMI       


 
The difference in LS mean change in HbA1c from baseline to the primary time point (i.e. 18 
weeks for DIA3008 insulin sub-study, 26 weeks for DIA3002, DIA3006 and DIA3012, and 52 
weeks for DIA3015) were based on an ANCOVA analysis with baseline BMI group and 
treatment as fixed effects, and baseline HbA1c as a covariate. The results 
(placebo/comparator-subtracted LS mean change and 95% confidence intervals [CI]) of 
these analyses are presented in Error! Reference source not found. and Error! 
Reference source not found.. 
 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
 







 


 


 
Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxx 


Trial  Canagliflozin 100mg Canagliflozin 300mg Placebo Active comparator 


Dual therapy 


DIA3006 (in combination with MET)     


Change from baseline to week 26 in HbA1c (%)     
Baseline BMI of <30kg/m2, N     


Mean baseline HbA1c (SD)     
LS Mean change at 26 weeks in HbA1c (SE)      
Difference in LS Mean change minus placebo (95% CI)*     


Baseline BMI of ≥30kg/m2, N     
Mean baseline HbA1c (SD)     
LS Mean change at week 26 in HbA1c (SE)     
Difference in LS Mean change minus placebo (95% CI)*     


Triple therapy 


DIA3015 (in combination with MET+SU)     


Change from baseline to week 52 in HbA1c (%)     
Baseline BMI of  <30kg/m2, N     


Mean baseline HbA1c (SD)     
LS Mean change at 52 weeks in HbA1c (SE)      
Difference in LS Mean change minus sitagliptin (95% CI)*     


Baseline BMI of ≥30kg/m2, N     
Mean baseline HbA1c (SD)     
LS Mean change at week 52 in HbA1c (SE)     
Difference in LS Mean change minus sitagliptin (95% CI)*     


DIA3002 (in combination with MET+SU)     


Change from baseline to week 26 in HbA1c (%)     
Baseline BMI of  <30kg/m2, N     


Mean baseline HbA1c (SD)     
LS Mean change at 26 weeks in HbA1c (SE)      
Difference in LS Mean change minus placebo (95% CI)*     


Baseline BMI of ≥30kg/m2, N     
Mean baseline HbA1c (SD)     
LS Mean change at week 26 in HbA1c (SE)     
Difference in LS Mean change minus placebo (95% CI)*     







 


 


Trial  Canagliflozin 100mg Canagliflozin 300mg Placebo Active comparator 


DIA3012 (in combination with MET+TZD)     


Change from baseline to week 26 in HbA1c (%)     
Baseline BMI of  <30kg/m2, N     


Mean baseline HbA1c (SD)     
LS Mean change at 26 weeks in HbA1c (SE)      
Difference in LS Mean change minus placebo (95% CI)*     


Baseline BMI of ≥30kg/m2, N     
Mean baseline HbA1c (SD)     
LS Mean change at week 26 in HbA1c (SE)     
Difference in LS Mean change minus placebo (95% CI)*     


 


DIA3008 insulin sub-study (in combination with MET+SoC)     


Change from baseline to week 18 in HbA1c (%)     
Baseline BMI of  <30kg/m2, N     


Mean baseline HbA1c (SD)     
LS Mean change at 18 weeks in HbA1c (SE)      
Difference in LS Mean change minus placebo (95% CI)*     


Baseline BMI of ≥30kg/m2, N     
Mean baseline HbA1c (SD)     
LS Mean change at week 18 in HbA1c (SE)     
Difference in LS Mean change minus placebo (95% CI)*     


DIA3006: CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator Trial; DIA3015: CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second Comparator Trial; DIA3002: CANagliflozin 
Treatment And Trial Analysis - Metformin and Sulphonylurea; DIA3012: CANagliflozin Treatment and Trial Analysis - Metformin and Pioglitazone;  DIA3008 insulin sub-study: CANagliflozin cardioVascular 
Assessment Study (CANVAS insulin sub-study). 
CI: confidence interval; Met+: in combination with metformin; SU+: in combination with sulfonylurea; LOCF: last observation carried forward; mITT: modified intent-to-treat; SD: standard deviation; SE: standard 
error 
* Pairwise Comparison are based on ANCOVA with treatment and baseline BMI group as fixed effects, and baseline HbA1c as a covariate. 
** DIA3008 insulin sub-study population 2 (patients who received ≥30 IU per day alongside standard of care) 
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A6.  The DIA3008 insulin sub-study compares canagliflozin plus standard of care (SoC) 
compared with placebo plus SoC in subjects with T2DM.  


 Please clarify whether SoC is analogous to other terms used in the submission 
for this study, such as ‘AHA medications’?  


 Please clarify whether there is a specific definition of SoC in this study? 


 Please provide data showing which AHA medications were being taken in 
addition to insulin and canagliflozin/placebo in that trial. 


 
Insulin-based treatment of T2DM patients has to be individualised to address patient needs 
and many combinations of insulins and standard of care (SoC) are used. Clinical guidelines 
recommend that T2DM patients initiated on insulin should continue metformin and 
sulfonylurea (and acarbose, if used), but only continue other drugs that are licensed for use 
with insulin. The use of sulfonylurea should be reviewed if hypoglycaemia is a concern 
(NICE submission reference 63).  
 
In DIA3008 insulin sub-study, canagliflozin or placebo was added to insulin concomitantly to 
standard of care which included: 


 No other therapies (i.e. insulin monotherapy) 


 Metformin (i.e. insulin + MET) 


 Other AHAs (i.e. Insulin + AHAs) 
 
Based on the design of the DIA3008 insulin sub-study study, patients were on a stable 
background of insulin (alone or with AHAs) for at least 8 weeks prior to screening (NICE 
submission reference 84). Patients were kept on a stable regimen of their previous AHA 
regimen from screening through week 18 of the double-blind core treatment phase, unless 
down-titration was required to manage or avoid hypoglycaemia, or unless glycaemic rescue 
criteria were met (NICE submission reference 84). It should be noted that investigators were 
to indicate on a specific electronic case report form (eCRF) whether changes made to the 
insulin doses constituted glycaemic rescue. The population of patients on insulin mono-
therapy or insulin + metformin represents the largest proportion (75%) of patients described 


in “Population 2” (patients that are on an insulin dose of 30 IU/day +/- AHAs) of the 
DIA3008 Insulin sub-study. 
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


 
Placebo 


CANA 
100 mg 


CANA 
300 mg 


CANA 
Total Total 


      
      


 Subjects in the mITT analysis set      
 Subjects in the safety analysis set      


 mITT subjects on insulin monotherapy      
 mITT subjects on insulin + metformin      
 mITT subjects on insulin + AHA      


Insulin + Metformin + SU      
Insulin + SU      
Insulin+ other AHAs      


Note: Percentages calculated with the number of subjects in each group as denominator.  
 


 
Error! Reference source not found. shows the summary of baseline medications for the 
patients within Population 2 of DIA3008 that received insulin alone, insulin + metformin or 
insulin + other AHA.  







 


 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxx 


 3008 - Insulin Substudy Population 2 (≥ 30 IU/day) 


     


Baseline insulin type (all patients) Total     


 Basal + Bolus     


 Basal Alone     


 Bolus Alone     


 Not specified     


 


AHA category (all patients) Total     


 Insulin + Metformin Alone at Screening     


 Insulin Alone at Screening     


 Insulin + Other AHA(s) at Screening     


 


Categories of Insulin + other AHA(s) at Screening Total     


 Insulin + Metformin + SU, Urea Derivatives     


 Insulin + Other AHA combination     


 Insulin + SU, Urea Derivatives     


 
 







 


 


A7.         On page 112, in reference to the network meta-analysis, it is stated “According to 
clinical experts, background therapies are an important treatment effect modifier. 
Therefore, analyses were conducted by background therapy. Trials assessing 
treatments on top of a “mixed” background were therefore excluded from the NMA.” 
Please explain what is meant by ‘mixed background’. 


“Mixed background” as defined here was used to indicate substantial heterogeneity in 
background agents taken by trial subjects, in particular in how many agents were being 
taking (e.g., dual vs. triple therapy).  As suggested by the clinical experts, data for dual and 
triple lines of therapy should probably be handled separately, which was done in the NMA 
thus making studies that pooled lines of therapies (and for which sub-groups were not 
reported) inappropriate for inclusion within the NMA. 


Otherwise, these trials were described as part of the narrative review (please note that the 
narrative review was not part of the core submission) but were excluded from the NMA. 


A8.         On page 112, in reference to the network meta-analysis, it is stated “Treatments not 
recommended in the UK (i.e. by NICE or the SMC) were excluded from the NMA 
(e.g. insulin degludec and liraglutide 1.8 mg)”. Please provide a list of all treatments 
which were excluded from the NMA. 


A total of three treatments were excluded as they were not recommended (at the time of the 
analysis) in the UK.  These were insulin degludec, liraglutide 1.8mg and lixisenatide.  


A9.         On page 123 it is stated “SAS and WinBUGS programs are reported in Appendix 7 
in section 10.7.10 (Clinical SRL – Winbugs and SAS programs)”. In the appendix 
there only appears to be Winbugs code. Please clarify whether the SAS code should 
have been included here too? If so please provide the SAS code or a summary of 
what the code does. 


SAS programs were prepared for dataset manipulation (preparation of data inputs and 
imputation of missing data), direct comparisons and heterogeneity assessment. The 
programs related to direct comparisons and heterogeneity assessment are reported below. 


Fixed effects model (direct comparison) 
proc sql; 
create table temp2 as select cc, sum(w_lnOR) as sum_lnOR, sum(w) as sum_w, /*sum(w_lnOR_p) 
as sum_lnOR_p,*/ /*Continuity*/ 
sum(nom) as sum_nom, sum(den) as sum_den,              /*MH estimate*/ 
sum(pr) as sum_pr, sum(ps_qr) as sum_ps_qr, sum(qs) as sum_qs, sum(r) as sum_r, sum(s) as 
sum_s /*MH variance*/ 
from temp1; 
quit; 
 
Data temp3; /* Table with results of the fixed-effects model*/ 
      set temp2; 
      format C1 $80.; 
if cc=0 then do; 
      C1="Fixed-effects model: inverse variance-weighted method"; 
                  estimate=sum_lnOR/sum_w; 
                  StdErr=sqrt(1/sum_w); 
                  SE=round(StdErr,0.01); 
      HR=round(exp(estimate),0.001); 
      lowerlimit=round(exp(estimate-1.96*StdErr),0.001); 
      upperlimit=round(exp(estimate+1.96*StdErr),0.001); 
      C2=compress(HR||" ["||lowerlimit||";"||upperlimit||"]"); 
                  trt=&t2; 







 


 


                  trt2=&t1; 
end; 
if cc=1 then do; 
C1="Fixed-effects model: Mantel-Haenszel's Method"; 
                  estimate=sum_nom/sum_den; 
                  StdErr=sum_pr/(2*sum_r*sum_r)+sum_ps_qr/(2*sum_r*sum_s)+sum_qs/(2*sum_s*sum_s
); 
                  HR=round(estimate,0.001); 
                  SE=round(StdErr,0.01); 
      lowerlimit=round(exp(log(estimate)-1.96*StdErr),0.001); 
      upperlimit=round(exp(log(estimate)+1.96*StdErr),0.001); 
      C2=compress(HR||" ["||lowerlimit||";"||upperlimit||"]"); 
                  trt=&t2; 
                  trt2=&t1; 
end; 
keep C1 C2;  
run; 
 


Heterogeneity assessment 
%if &nbstudies>1 %then %do; 
proc glm data=temp1 outstat=temp6; 
      model lnOR=/inverse; 
      weight w; 
      run; 
 
data temp7; * p-value of the Cochran test; 
      set temp6; 
      where _source_="ERROR"; 
      Q=SS; 
      C1="pvalue of the Cochran test";  
      C2=put(round(1-probchi(Q,DF),0.0001),BEST.); 
      keep C1 C2; 
      run; 
       
data temp8; * calculation of Isquare; 
      set temp6; 
      where _source_="ERROR"; 
      Q=SS; 
      C1="Isquare";  
      tp=100*(Q-DF)/Q; 
      if tp>0 then Isquare=tp; 
      else Isquare=0; 
      C2=compress(round(Isquare,0.01)||"%"); 
      keep C1 C2; 
      run; 
 
 
Random effects model (direct comparison) 
data temp9; 
      set temp1; 
      row=input(Studyname,best5.); 
      col=input(Studyname,best5.); 
      value=var_lnOR; 
      keep row col value; 
      run; 
 
ods output SolutionF=temp10; 
proc mixed data=temp1 covtest;   
      class Studyname; 







 


 


      model lnOR=/s cl; 
      random Studyname/gdata=temp9 g; 
      repeated diag; 
      parms / nobound; 
      run; 
 
Data temp11; * table with results of random-effects model; 
      set temp10; 
      C1="Random-effects model"; 
      HR=round(exp(estimate),0.01); 
      lowerlimit=round(exp(estimate-1.96*StdErr),0.01); 
      upperlimit=round(exp(estimate+1.96*StdErr),0.01); 
      C2=compress(HR||" ["||lowerlimit||";"||upperlimit||"]"); 
      keep C1 C2;  
      run; 


 
 


Section B: Clarification on cost-effectiveness data 
B1.  In table 33 on page 176 the economic model chooses one comparator within each 


class of treatment. Please clarify whether other treatments in each class were 
examined in scenario analyses? 


Because the number of simulation results increases proportionately with the number of 
comparators (and one comparator agent per comparison was associated with approximately 
850 sets of simulation results as it was), the submission was limited to one leading member 
of each drug class. The one exception to this is the GLP-1-a class, where liraglutide data in 
triple therapy (metformin + SU) and add-on to insulin were not available from the NMA, and 
so exenatide was selected as the GLP-1-a for comparisons conducted.  That is, two different 
GLP-1 agents were analysed, though only one of them in each line of therapy. 


While we see little gain in analysing the differences between the DPP-4-i’s, both in that 
sitagliptin is the clear agent of choice and the cost and efficacies are very similar within the 
class, there are some variations across the SU class.  Gliclazide is the most-frequently SU 
prescribed in the UK (NICE submission reference 150) and a treatment profile was built from 
available data.  One evidence gap was the rate of hypoglycaemic events for gliclazide, and 
so the glimepiride rate was used.  While change in HbA1c, SBP and patient weight can be 
expected to be consistent between glimepiride and gliclazide, there is some evidence that 
the rate of hypoglycaemic events is lower for gliclazide (as the modified release (MR) 
presentation; (1)).  Some information about the sensitivity of the modelling results to 
hypoglycaemic rates was provided in the NICE submission deterministic sensitivity analyses 
(DSA).  Varying hypoglycaemic rates by +/- 20% show little change in the ICER (NICE 
Appendix , Tables 195 and 197). 


In an attempt to find further data on the hypoglycaemic event rate for gliclazide, the 
publication of the GUIDE trial (1) was re-examined but was again excluded from the NMA for 
4 reasons: the trial used a mixed treatment, the duration of 27 weeks did not match with the 
52 week basecase NMA, the baseline HbA1c was inclusion criteria are considered broad, 
and the definition of hypoglycaemia differed from that used in the canagliflozin trial 
programme.  The modelling comparison can be conducted using an ad hoc assumption from 
the GUIDE trial for hypoglycaemic event rate for gliclazide upon request by NICE, but we 
would maintain that an estimate of hypoglycaemic events for gliclazide from this this data 
source would not be robust. 


 







 


 


On a separate note, please be aware that there is an error in Figure 43 of the NICE 
submission.  The line showing odds ratios of hypoglycaemic events versus canagliflozin 
should read glipizide rather than gliclazide. 


 


B2.  On page 179 it states for some treatments BMI was estimated by weight using a 
weighted average of male and female heights in the UK general population.  


 Please clarify for which treatments did this estimation occur? 


 Please clarify whether this was tested in sensitivity analysis? 


 Please clarify what happened if there was neither BMI nor weight data?  
 
When BMI data were unavailable from the NMA, changes in patient body weight were 
converted to BMI using gender-specific mean heights in the UK population (1.75m for males, 
1.613m for females (2)) using the equation below.   


 


 


There were six comparisons for which this was necessary:  Dapagliflozin and liraglutide 
1.2mg in dual therapy (metformin background), exenatide and Insulin LA in triple therapy 
(metformin + SU background), and sitagliptin and dapagliflozin in add-on to insulin.  The 
details are presented in Cells B4:D13 in the accompanying Excel spreadsheet (“Answer 
B2.xlsx”). 


Please note that we identified an inconsistency in the implementation for the dual and triple 
therapy scenarios.  Specifically, we inadvertently used change in the actual BMI reported in 
the clinical programme for canagliflozin in these simulations rather than the calculated value 
from the above formula. The values are presented in Cells F4:J29 in the accompanying 
Excel spreadsheet (“Answer B2.xlsx”).  


 In dual therapy, the decrease in BMI assigned to canagliflozin was considerably 
smaller than it would have been using consistent methods for both arms (-0.560 vs. 
0.912 kg/m2 for canagliflozin 100mg;  -0.690 vs. -1.042 kg/m2 for canagliflozin 
300mg), thus producing conservative cost-effectiveness estimates (from the 
standpoint of canagliflozin) for the comparisons against dapagliflozin and liraglutide 
1.2mg.  We have corrected this and re-run the simulations (Table 3). 
 


 In triple therapy (metformin + SU background), the BMI lowering assigned to 
canagliflozin was slightly greater than it would have been using consistent methods 
for arms, which may have resulted in a slight favourable bias to canagliflozin in the 
cost-effectiveness results (-0.400 vs. -0.358 kg/m2 for canagliflozin 100mg ; -0.619 
vs. -0.576 kg/m2 for canagliflozin 300mg). The estimates using the corrected values 
for BMI are largely unchanged (Table 3). 


 


Table 1.  Revised basecase ICERs incorporating correct kg to BMI conversion data described 
in answer to B2. 


Comparison Submitted ICER Corrected ICER 


Dual therapy 


Canagliflozin 100mg vs. dapagliflozin £8,674 £2,993 


Canagliflozin 300mg vs. dapagliflozin £27,419 £21,626 


Canagliflozin 100mg vs. GLP-1-a £50,005  # £71,619  # 


Canagliflozin 300mg vs. GLP-1-a £76,214  # £107,181  # 







 


 


Triple therapy (Met+SU) 


Canagliflozin 100mg vs. GLP-1-a Dominating £265,928  # 


Canagliflozin 300mg vs. GLP-1-a Dominating Dominating 


Canagliflozin 100mg vs. Insulin LA £263 £183 


Canagliflozin 300mg vs. Insulin LA £607 £671 
 # Canagliflozin is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a  to replace canagliflozin 


 


There were no sensitivity analyses specifically designed to assess the impact of converting 
patient body weight treatment effect to BMI treatment effects as it was not thought that this 
would have a material impact on the ICER.  As part of routine DSA, however, the differences 
in the treatment effects (i.e., canagliflozin vs. the comparator) for each of the bio-markers 
(including BMI) were adjusted by +/- 20% in scenario analysis.  These analyses are shown 
in the NICE submission Appendix 13, Tables 195 to 202.  However, to generate a +/- 20% in 
the BMI (as modelled in the DSA) using the equation detailed above, assuming body weight 
data was constant and using the canagliflozin 100mg in dual therapy data as an example, 
the height range explored in the DSA is 1.60m to 1.96m for males and 1.47m to 1.80m for 
females.  That is to say, to achieve a +20% change in BMI, the average height for 
males/females needs to be changed to 1.60m/1.47m. 


As body weight is the numerator of the equation above, varying BMI by +/-20% will generate 
the same results as varying body weight by +/-20%. 


There were two cases for which neither BMI nor body weight treatment effects were 
available in the NMA.  For gliclazide in dual therapy, the BMI change was sourced as the 
BMI change for glimepiride from the NMA.  For sitagliptin in triple therapy (with metformin 
and TZD background), it was assumed that sitagliptin would not affect BMI and the placebo 
BMI change from the placebo arm of the 3012 RCT (-0.05 at 26 weeks).  The canagliflozin 
BMI changes were taken from the same trial (-0.91 and -1.26 kg/m2 at 26 weeks for the 
100mg and 300mg doses, respectively). 


 
B3.  Please clarify how and why the CODE-2 study for HRQoL data was chosen from the 


80 included HRQoL studies reported on page 194. 


As evidenced by the 80 HrQoL studies referenced in the submission, there are many 
estimates of HrQoL for patients with T2DM.  These estimates differ in many respects, with 
some of the most important characteristics being:  (i) the methods used to solicit the 
estimates, (ii) the setting, (iii) the health states encompassed, (iv) any technique used to 
derive health-state-specific values, and (v) the sample size.  CODE-2 was chosen as the 
base case because it used well-validated techniques (the EQ-5D and the UK tariff) to solicit 
HrQoL, it is based on patients in the European setting (including the UK as well as Belgium, 
the Netherlands, Italy, Spain, and Sweden), prevalence data were concomitantly captured 
for a large number of demographic, clinical, and health history characteristics enabling 
attribution of disutility to individual health complications using multivariate regression 
techniques and reducing the risk of the results being confounded, and the sample included 
more than 4,000 patients with T2DM.   


This is detailed further on page 198 of the NICE submission (Table 38).  Indeed, CODE-2 
disutility weights were used for a number of the input parameters for ECHO-T2DM, reducing 
the need to mix- and match between different data sources (with the biggest exception that 
for adverse events) thus increasing the internal validity.   


The UKPDS QoL utilities are another multivariate-adjusted set of disutility weights, but they 
were rejected as they included a smaller sub-set of the health states in the model 
(introducing the possibility of greater confounding and the need to complement with more 







 


 


external sources) and they did not include a disutility for the important BMI covariate 
(whereas CODE-2 does include such a coefficient).  As detailed in the NICE submission 
alternative disutility assumptions were explored for BMI and macrovascular events 
(modelling scenarios 16, 17 and 19, described in Table 44 of the submission).  


 
B4.  On page 175, it is stated that “The relationship between hypoglycaemic event rate 


and HbA1c is described by a user-defined hazard ratio for event rates corresponding 
to each 1% point decrease in HbA1c, defined by the user.  In an analysis based on 
DCCT data, the multivariate regression estimate of the RR was 1.43.”   Please 
confirm whether a hazard ratio or a relative risk (RR) was applied to model the 
relationship between hypoglycaemic event rate and HbA1c? 


 
The statement is correct.  ECHO-T2DM models this relationship as a hazard ratio, i.e. the 
ratio of the hazard rates associated with two different values of HbA1c value during each 
annual cycle. 


The best available data on the relationship between HbA1c and hypoglycaemic event rates 
come from the DCCT study (NICE submission reference 149), where multivariate adjustment 
for confounding factors and a large sample size engender relatively high confidence in the 
results. Although this study is in Type 1 diabetes, we have not found similar data for T2DM 
(even of low quality). The statistical estimation methods used by the DCCT analysts did not 
yield empirical estimates entirely consistent with the structural set-up of ECHO-T2DM, 
however, as the relationship was estimated as an RR (with the primary difference that the 
differences are cumulated over the entire study rather than as the instantaneous risk through 
the study period or some subset of the study period).  While the match may be imperfect, we 
would argue that the implementation is a credible solution.   


Results specific to T2DM based on a meta-analysis of 82 studies (155 trial arms) were 
presented at the most recent ISPOR European Congress (3).  While the methods used 
differed from those used in the DCCT analysis, for example the DCCT analysis was 
estimated using proportional hazards regression on long-term patient-level data and the 
recent analysis was estimated using log-linear regression on (presumably much shorter) 
aggregated trial data, exponentiation of the reported coefficients from the new meta-analysis 
generates roughly comparable hazard ratios that are, in fact, larger (1.95 for non-severe and 
2.06 for severe hypoglycaemic events) than the DCCT figures.  Differences in the timing of 
the HbA1c measurement may explain part of the difference (current HbA1c in the DCCT 
analysis and baseline HbA1c in the new analysis), however, and we interpret the new 
evidence more as confirmatory of the DCCT estimate used in the model comparisons than 
as suitable for a new base case. 


Because rescue medication leads generally to convergence of HbA1c curves, it is unlikely to 
be a major driver of the results, but additional comparisons have been run to explore the 
impact on the ICER of reducing the HR for event rates corresponding to each 1% decrease 
in HbA1c (Table 4).  Comparisons against SU in dual therapy were selected for this analysis 
as there are likely to be greatest differences between treatment arms in rates of 
hypoglycaemia in these comparisons, and thus will be most sensitive to the HR assumption 
tested. 







 


 


Table 2.  Impact on the cost-effectiveness of canagliflozin vs. SU in dual therapy of the HR for 
hypoglycaemic event rates corresponding with decrease in HbA1c 


 ICER 
Canagliflozin 100mg vs. SU 


ICER 
Canagliflozin 300mg vs. SU 


Basecase  
(Tables 31 and 32 from NICE submission) 


£1,537 £4,899 


HR reduced by 50% £1,714 £5,284 


HR reduced by 100% £1,878 £5,469 


 


B5.  On page 175, the economic model input data sheet does not appear to contain 
profiles for some of the dual therapy comparisons shown in table 32.  Please provide 
the profiles for the canagliflozin dual therapy comparisons with TZD, GLP-1-a and 
dapagliflozin, and the profiles which concern its use as an add-on to insulin (or 
advise where these are located if already supplied). 


Yes, this is correct.  With the intention of reducing the burden of files to analyse within the 
canagliflozin assessment by NICE, the sample spreadsheet submitted with the model was 
limited to the profiles required to run a subset of key simulations.  As offered on the 
teleconference to NICE and the ERG, the individual input spreadsheets used to run each of 
the simulation scenarios (which also contain the inputs required by that modelling 
comparison) can be sent on request. 


The spreadsheets for the requested comparisons are the following Excel workbooks which 
are located in the attached zip file (“Input sheets requested by ERG.zip”): 


 Dual therapy 
o Canagliflozin vs. TZD: “CANA vs TZD in DUAL INPUTS 13-11-08.xlsx” 
o Canagliflozin vs. GLP-1-a: “CANA vs GLP in DUAL INPUTS 13-11-08.xlsx” 
o Canagliflozin vs. dapagliflozin: “CANA vs Dapa in DUAL INPUTS 13-11-


08.xlsx” 


 Add-on to insulin 
o Canagliflozin vs. dapagliflozin: “CANA vs Dapa in ADD-ON INPUTS 13-11-


08.xlsx” 
o Canagliflozin vs. DPP-4-i: “CANA vs DPP in ADD-ON INPUTS 13-11-08.xlsx” 
o Canagliflozin vs. GLP-1-a: “CANA vs GLP in ADD-ON INPUTS 13-11-08.xlsx” 


 


B6.  On page 273, appendices section 10.7.15, for dual therapy with a metformin 
background, the submission gives a mean difference versus placebo of -0.63 in 
HbA1c change at 52 weeks for Cana 100mg QD (table 133).  However the economic 
model input data sheet gives a value of -0.77 versus placebo for ‘Fixed First-Year 
Change in HbA1c (Unrelated to HbA1c at Treatment Start)’ for the treatment profile 
‘NMA DUAL 52WKS (MET BACKGROUND) CANA100 VS. SITA’. (This treatment 
profile is specified as the intervention arm in the input data spreadsheet.)  Other 
figures given in table 133 are also not the same as those presented for the HbA1c 
treatment effect in the economic model input data spreadsheet.  Please explain why 
these figures are different? 


Yes, this is by design and not an error. The treatment effect sizes reported in the submission 
are the actual 52-week (in some cases 26-week) therapeutic effects from the NMA and the 
trials.  These figures are net changes, reflecting both the effects of starting a drug treatment 
and the natural drift in bio-markers.   


Because ECHO-T2DM applies upward drift in cycle 1 (separately from the treatment effect), 
the effect of drift would be double-counted if we did not adjust the treatment effect for the 







 


 


drift in the first year.  Specifically, we subtracted the assumed annual drift for each bio-
marker from its NMA treatment effect, so that the patient will have the RCT change from 
baseline as reported in the NMA at the end of the first cycle (i.e., the annual drift is offset for 
that initial cycle since it is implicitly included in the treatment effect). 


As an example:  assuming the HbA1c-lowering in the trial was 1.00 at 52-weeks and we 
model an upward drift of 0.15 per year.  We would assign an HbA1c lowering of 1.15, which 
after the drift is applied, leads to the net lowering at the end of the cycle of 1.00 seen in the 
RCT.   


B7.  On page 277, appendices section 10.7.15, the mean results for the difference in BMI 
versus placebo presented in table 140 do not agree with figures used in the input 
data spreadsheet.  For example the mean of-0.56 for Cana 100mg QD contrasts with 
the value of -0.595379183 used in the input data spreadsheet for the ‘NMA DUAL 
52WKS (MET BACKGROUND) CANA100 VS. SITA’ profile.  Other figures given in 
Table 140 are also not the same as those presented for the ‘First-Year Change in 
BMI in Responders’ in the economic model input data.  Please explain why these 
figures are different? 


As for B6, the annual drift for each bio-marker is offset in the first cycle by subtracting the 
drift from the baseline figure.    


Section C: Clarification on the economic technical guide 
 
C1.  Please clarify whether the equation given in the text on page 60 is correct as it does 


not appear to be correctly specified for a model with time-varying covariates Xt. 


Yes, the description of the equation is correct. The fRR and the RR are extra features that 
have not been applied in the simulations in the simulations submitted to NICE.  These can 
be considered as 1’s for the current modelling purposes (though strictly speaking, the fRR and 
the RR are adjustments that can be applied if desired, e.g., there is some evidence that 
TZD’s may increase the risk for CHF). 


The next question is whether the term 1-exp(exp(Xtβ)⋅(tρ- (t+1)ρ)) is the correct specification 
for a model with time-varying covariates (Xt).  This is, however, the form that was used in the 
UKPDS 68 modelling and which we have matched (see the Appendix of Clarke et al. (2004) 
(NICE reference 133) where the “unconditional probability of an event occurring in the 
interval t to t+1 is: 1- exp(H(t|xtj)-H(t+1|xtj)).”). We have, moreover, exactly matched the 
predicted probabilities versus the examples included in a spreadsheet provided by Philip 
Clarke. 


 


C2.  Please confirm that the 1000 stochastic draws of parameter values provided by Philip 
Clarke on page 61 include correlation between parameters. 


Yes, the 1,000 stochastic draws of parameter values used boot-strap methods of drawing 
from with replacement from the patient sample so intra-covariate correlation is contained 
naturally in the sets of parameter estimates.  ECHO-T2DM draws at random from the 1,000 
sets of covariates, so this correlation is captured.  The covariate values are not drawn 
individually, which would have required explicit use of a covariance matrix, something which 
the UKPDS Team has not made publically available. 


Note, though, that equivalent sets of parameter values for the new UKPDS equations 
(UKPDS 82) have not yet been made available (personal communications with Philip Clarke 
indicate that they have prioritised validation work, but do promise to generate and share the 







 


 


data).  Until then, we naively model no correlation between the parameters in those 
sensitivities. 


C3.  Please explain what is shown in table 6 on page 61 as it is not referred to in the text. 


Apologies, the description in the technical report is poorly worded.  Table 6 describes the 
format of the relative risk (RR) variable at the end of the equation mentioned in question C1.  
The “,” marker preceding it should be a “*” as this is a multiplicative RR adjustment.  This is 
an optional feature for modelling BMI-related gradients in the risk of macrovascular events.  
It was programmed for a specific purpose, but it is not a feature that we usually employ (i.e., 
by setting the RR’s to 1) and we did not use it in these simulations submitted to NICE. 


The difference between the fRR at the beginning (which should have been followed with a “*” 
as it is also multiplicative) denotes RR’s that the user cannot change (e.g., for use of statins) 
and the RR represents those that are optional. 


In summary, the correct formulation should have been: 


           (   (   ) ⋅ ( 
  (   ) ))     


and the RR at the end of the line should have been properly identified as taking the form in 
Table 5 (see below).  These features were not included in the comparisons presented to 
NICE. 


Table 3:  Relative risk adjustments 
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Event RR adjustment 


MI      MI.obesity
𝑚𝑎𝑥(0,𝐵𝑀𝐼𝑡−25) 


IHD      IHD.obesity
𝑚𝑎𝑥(0,𝐵𝑀𝐼𝑡−25) 


CHF      if oedema.   agent 


Stroke 
  


   Stroke.obesity
𝑚𝑎𝑥(0,𝐵𝑀𝐼𝑡−25) 







 


 


Table 4.  List of papers discarded from the NMA 


Title Authors Year Journal 
Reason for 
exclusion 


DURAbility of basal versus lispro mix 75/25 insulin efficacy (DURABLE) trial 24-week results: 
safety and efficacy of insulin lispro mix 75/25 versus insulin glargine added to oral 
antihyperglycemic drugs in patients with type 2 diabetes 


Buse J. B.;Wolffenbuttel B. H.;Herman W. 
H.;Shemonsky N. K.;Jiang H. 
H.;Fahrbach J. L., et al. 


2009 Diabetes Care Mixed background 


Dose-dependent effects of the once-daily GLP-1 receptor agonist lixisenatide in patients with 
Type 2 diabetes inadequately controlled with metformin: a randomized, double-blind, placebo-
controlled trial 


Ratner R. E.;Rosenstock J.;Boka 
G.;Investigators D. R. I. Study 


2010 
Diabetic 
Medicine 


Time of assessment 


Less nocturnal hypoglycemia and better post-dinner glucose control with bedTime of 
assessment insulin glargine compared with bedTime of assessment NPH insulin during insulin 
combination therapy in type 2 diabetes. HOE 901/3002 Study Group 


Yki-Jarvinen H.;Dressler A.;Ziemen 
M.;Group H. O. E. s Study 


2000 Diabetes Care Mixed background 


Effect of a peroxisome proliferator-activated receptor-gamma agonist on myocardial blood 
flow in type 2 diabetes 


McMahon G. T.;Plutzky J.;Daher 
E.;Bhattacharyya T.;Grunberger 
G.;DiCarli M. F. 


2005 Diabetes Care Time of assessment 


Comparison of once-daily insulin detemir with NPH insulin added to a regimen of oral 
antidiabetic drugs in poorly controlled type 2 diabetes.[Erratum appears in Clin Ther. 2006 
Nov;28(11):1967] 


Philis-Tsimikas A.;Charpentier 
G.;Clauson P.;Ravn G. M.;Roberts V. 
L.;Thorsteinsson B. 


2006 
Clinical 
Therapeutics 


Mixed background 


Effect of glibenclamide in insulin-treated diabetic patients with a residual insulin secretion 
Mauerhoff T.;Ketelslegers J. M.;Lambert 
A. E. 


1986 
Diabete et 
Metabolisme 


Time of assessment 


Glyburide decreases insulin requirement, increases beta-cell response to Mixed background 
meal, and does not affect insulin sensitivity: effects of short- and long-term combined 
treatment in secondary failure to sulfonylurea 


Gutniak M.;Karlander S. G.;Efendic S. 1987 Diabetes Care Time of assessment 


Effects of the combination of insulin and glibenclamide in type 2 (non-insulin-dependent) 
diabetic patients with secondary failure to oral hypoglycaemic agents 


Stenman S.;Groop P. H.;Saloranta 
C.;Totterman K. J.;Fyhrqvist F.;Groop L. 


1988 Diabetologia Partially published1 


Effects of combined insulin-sulfonylurea therapy in type II patients 
Lewitt M. S.;Yu V. K.;Rennie G. C.;Carter 
J. N.;Marel G. M.;Yue D. K., et al. 


1989 Diabetes Care Time of assessment 


Effects of combination therapy with glyburide and insulin on serum lipid levels in NIDDM 
patients with secondary sulfonylurea failure 


Karlander S. G.;Gutniak M. K. M.;Efendic 
S. 


1991 Diabetes Care Partially published 


Combination insulin and sulfonylurea therapy in insulin-requiring type 2 diabetes mellitus 
Feinglos M. N.;Thacker C. R.;Lobaugh 
B.;Deatkine D. D.;McNeill D. B.;English J. 
S., et al. 


1998 
Diabetes 
Research and 
Clinical Practice 


Time of assessment 


The effects of metformin on glycemic control and serum lipids in insulin-treated NIDDM 
patients with suboptimal metabolic control 


Robinson A. C.;Burke J.;Robinson 
S.;Johnston D. G.;Elkeles R. S. 


1998 Diabetes Care Time of assessment 


The lipoprotein profile differs during insulin treatment alone and combination therapy with Lindstrom T.;Nystrom F. H.;Olsson A. 1999 Diabetic Time of assessment 


                                                           
1
 Partially published: data available in the publication and/or additional sources were not sufficient to be used as data inputs for the network meta-analysis 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


insulin and sulphonylureas in patients with type 2 diabetes mellitus G.;Ottosson A. M.;Arnqvist H. J. Medicine 


Comparison of bedTime of assessment insulin regimens in patients with type 2 diabetes 
mellitus. A randomized, controlled trial 


Yki-Jarvinen H.;Ryysy L.;Nikkila 
K.;Tulokas T.;Vanamo R.;Heikkila M. 


1999 
Annals of 
Internal 
Medicine 


Time of assessment 


Combined metformin and insulin therapy for patients with type 2 diabetes mellitus 
Ponssen H. H.;Elte J. W.;Lehert 
P.;Schouten J. P.;Bets D. 


2000 
Clinical 
Therapeutics 


Partially published 


Long-term glycaemic improvement after addition of metformin to insulin in insulin-treated 
obese type 2 diabetes patients 


Hermann L. S.;Kalen J.;Katzman 
P.;Lager I.;Nilsson A.;Norrhamn O., et al. 


2001 
Diabetes, 
Obesity & 
Metabolism 


Time of assessment 


Glyburide/metformin combination product is safe and efficacious in patients with type 2 
diabetes failing sulphonylurea therapy 


Blonde L.;Rosenstock J.;Mooradian A. 
D.;Piper B. A.;Henry D. 


2002 
 


Time of assessment 


Improved glycaemic control with metformin-glibenclamide combined tablet therapy 
(Glucovance) in Type 2 diabetic patients inadequately controlled on metformin 


Marre M.;Howlett H.;Lehert P.;Allavoine 
T. 


2002 
 


Time of assessment 


Effects of pioglitazone on metabolic control and blood pressure: a randomised study in 
patients with type 2 diabetes mellitus 


Gerber P.;Lubben G.;Heusler S.;Dodo A. 2003 
Current Medical 
Research & 
Opinion 


Mixed background 


A one-year, randomised, multicentre trial comparing insulin glargine with NPH insulin in 
combination with oral agents in patients with type 2 diabetes 


Massi Benedetti M.;Humburg E.;Dressler 
A.;Ziemen M. 


2003 
Hormone & 
Metabolic 
Research 


Mixed background 


The Treat-to-Target Trial: Randomized addition of glargine or human NPH insulin to oral 
therapy of type 2 diabetic patients 


Riddle M. C.;Rosenstock J.;Gerich J. 2003 Diabetes Care Mixed background 


Addition of pioglitazone or bedTime of assessment insulin to maximal doses of sulfonylurea 
and metformin in type 2 diabetes patients with poor glucose control: a prospective, 
randomized trial 


Aljabri K.;Kozak S. E.;Thompson D. M. 2004 
American 
Journal of 
Medicine 


Time of assessment 


Effects of two different glibenclamide dose-strengths in the fixed combination with metformin 
in patients with poorly controlled T2DM: a double blind, prospective, randomised, cross-over 
clinical trial 


Brunetti P.;Pagano G.;Turco C.;Gori 
M.;Perriello G. 


2004 
Diabetes, 
nutrition & 
metabolism 


Time of assessment 


GUIDE study: double-blind comparison of once-daily gliclazide MR and glimepiride in type 2 
diabetic patients 


Schernthaner G.;Grimaldi A.;Di Mario 
U.;Drzewoski J.;Kempler P.;Kvapil M., et 
al. 


2004 


European 
Journal of 
Clinical 
Investigation 


Mixed background 


Long-term efficacy and tolerability of add-on pioglitazone therapy to failing monotherapy 
compared with addition of gliclazide or metformin in patients with type 2 diabetes 


Charbonnel B.;Schernthaner G.;Brunetti 
P.;Matthews D. R.;Urquhart R.;Tan M. H., 
et al. 


2005 Diabetologia Time of assessment 


Secondary prevention of macrovascular events in patients with type 2 diabetes in the 
PROactive Study (PROspective pioglitAzone Clinical Trial in macroVascular Events): A 


Dormandy J. A.;Charbonnel B.;Eckland 
D. J.;Erdmann E.;Massi-Benedetti 


2005 Lancet Mixed background 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


randomised controlled trial M.;Moules I. K., et al. 


Pioglitazone with sulfonylurea: glycemic and lipid effects in Taiwanese type 2 diabetic patients Tseng C. H.;Huang T. S. 2005 
Diabetes 
Research & 
Clinical Practice 


Time of assessment 


Does metformin decrease blood pressure in patients with Type 2 diabetes intensively treated 
with insulin? 


Wulffele M. G.;Kooy A.;Lehert P.;Bets 
D.;Donker A. J.;Stehouwer C. D. 


2005 
Diabetic 
Medicine 


Post-hoc analysis / 
secondary 
publication 


Double-blind, randomized, multicentre study of the efficacy and safety of gliclazide-modified 
release in the treatment of Chinese type 2 diabetic patients 


Lu C. H.;Chang C. C.;Chuang L. 
M.;Wang C. Y.;Jiang Y. D.;Wu H. P. 


2006 
Diabetes, 
Obesity and 
Metabolism 


Mixed background 


Effect of pioglitazone compared with glimepiride on carotid intima-media thickness in type 2 
diabetes: A randomized trial 


Mazzone T.;Meyer P. M.;Feinstein S. 
B.;Davidson M. H.;Kondos G. 
T.;D'Agostino, Sr., et al. 


2006 


Journal of the 
American 
Medical 
Association 


Mixed background 


Patient-reported outcomes in a trial of exenatide and insulin glargine for the treatment of type 
2 diabetes 


Secnik Boye K.;Matza L. S.;Oglesby 
A.;Malley K.;Kim S.;Hayes R. P., et al. 


2006 
Health & Quality 
of Life 
Outcomes 


Post-hoc analysis / 
secondary 
publication 


Effect of glyburide-metformin combination tablet in patients with type 2 diabetes 
Chien H. H.;Chang C. T.;Chu N. F.;Hsieh 
S. H.;Huang Y. Y.;Lee I. T., et al. 


2007 


Journal of the 
Chinese 
Medical 
Association: 
JCMA 


Time of assessment 


Addition of biphasic, prandial, or basal insulin to oral therapy in type 2 diabetes 
Holman R. R.;Thorne K. I.;Farmer A. 
J.;Davies M. J.;Keenan J. F.;Paul S., et 
al. 


2007 
New England 
Journal of 
Medicine 


Partially published 


Effects of once-weekly dosing of a long-acting release formulation of exenatide on glucose 
control and body weight in subjects with type 2 diabetes 


Kim D.;MacConell L.;Zhuang D.;Kothare 
P. A.;Trautmann M.;Fineman M., et al. 


2007 Diabetes Care Mixed background 


A comparison of twice-daily exenatide and biphasic insulin aspart in patients with type 2 
diabetes who were suboptimally controlled with sulfonylurea and metformin: a non-inferiority 
study 


Nauck M. A.;Duran S.;Kim D.;Johns 
D.;Northrup J.;Festa A., et al. 


2007 
 


Time of assessment 


Efficacy and treatment satisfaction of once-daily insulin glargine plus one or two oral 
antidiabetic agents versus continuing preMixed background human insulin in patients with 
type 2 diabetes previously on long-term conventional insulin therapy: the Switch pilot study 


Schiel R.;Müller U. A. 2007 
 


Time of assessment 


The effect of adding exenatide to a thiazolidinedione in suboptimally controlled type 2 
diabetes: a randomized trial.[Erratum appears in Ann Intern Med. 2007 Jun 19;146(12):896], 
[Summary for patients in Ann Intern Med. 2007 Apr 3;146(7):I18; PMID: 17404346] 


Zinman B.;Hoogwerf B. J.;Duran Garcia 
S.;Milton D. R.;Giaconia J. M.;Kim D. D., 
et al. 


2007 
Annals of 
Internal 
Medicine 


Time of assessment 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


Once-daily basal insulin glargine versus thrice-daily prandial insulin lispro in people with type 
2 diabetes on oral hypoglycaemic agents (APOLLO): an open randomised controlled trial 


Bretzel R. G.;Nuber U.;Landgraf 
W.;Owens D. R.;Bradley C.;Linn T. 


2008 The Lancet Mixed background 


Differences in effects of insulin glargine or pioglitazone added to oral anti-diabetic therapy in 
patients with type 2 diabetes. What to add-Insulin glargine or pioglitazone? 


Dorkhan M.;Frid A.;Groop L. 2008 
Diabetes 
Research and 
Clinical Practice 


Partially published 


Exenatide once weekly versus twice daily for the treatment of type 2 diabetes: a randomised, 
open-label, non-inferiority study 


Drucker D. J.;Buse J. B.;Taylor 
K.;Kendall D. M.;Trautmann M.;Zhuang 
D., et al. 


2008 The Lancet Mixed background 


Effects of pioglitazone on major adverse cardiovascular events in high-risk patients with type 
2 diabetes: Results from PROspective pioglitAzone Clinical Trial In macro Vascular Events 
(PROactive 10) 


Wilcox R.;Kupfer S.;Erdmann E. 2008 
American Heart 
Journal 


Mixed background 


Liraglutide once a day versus exenatide twice a day for type 2 diabetes: a 26-week 
randomised, parallel-group, multinational, open-label trial (LEAD-6) 


Buse J. B.;Rosenstock J.;Sesti 
G.;Schmidt W. E.;Montanya E.;Brett J. 
H., et al. 


2009 The Lancet Mixed background 


Earlier triple therapy with pioglitazone in patients with type 2 diabetes 
Charpentier G.;Halimi S.;Investigators F. 
Pio- Study 


2009 
Diabetes, 
Obesity & 
Metabolism 


Mixed background 


Exenatide compared with long-acting insulin to achieve glycaemic control with minimal weight 
gain in patients with type 2 diabetes: Results of the helping evaluate exenatide in patients with 
diabetes compared with long-acting insulin (HEELA) study 


Davies M. J.;Donnelly R.;Barnett A. 
H.;Jones S.;Nicolay C.;Kilcoyne A. 


2009 
Diabetes, 
Obesity and 
Metabolism 


Mixed background 


Comparison of glycaemic control in patients with Type 2 diabetes on basal insulin and fixed 
combination oral antidiabetic treatment: results of a pilot study 


De Mattia G.;Laurenti O.;Moretti A. 2009 
Acta 
Diabetologica 


Time of assessment 


Effect of pioglitazone versus insulin glargine on cardiac size, function, and measures of fluid 
retention in patients with type 2 diabetes 


Dorkhan M.;Dencker M.;Stagmo 
M.;Groop L. 


2009 
Cardiovascular 
Diabetology 


Mixed background 


Efficacy and safety of exenatide in patients of Asian descent with type 2 diabetes 
inadequately controlled with metformin or metformin and a sulphonylurea 


Gao Y.;Yoon K. H.;Chuang L. M.;Mohan 
V.;Ning G.;Shah S., et al. 


2009 
Diabetes 
Research & 
Clinical Practice 


Mixed background 


Three-year efficacy of complex insulin regimens in type 2 diabetes 
Holman R. R.;Farmer A. J.;Davies M. 
J.;Levy J. C.;Darbyshire J. L.;Keenan J. 
F., et al. 


2009 
New England 
Journal of 
Medicine 


Mixed background 


Long-term effects of metformin on metabolism and microvascular and macrovascular disease 
in patients with type 2 diabetes mellitus 


Kooy A.;De Jager J.;Lehert P.;Bets 
D.;Wulffele M. G.;Donker A. J. M., et al. 


2009 
Archives of 
Internal 
Medicine 


Time of assessment 


Effects of initiating insulin and metformin on glycemic control and inflammatory biomarkers 
among patients with type 2 diabetes: The LANCET randomized trial 


Pradhan A. D.;Everett B. M.;Cook N. 
R.;Rifai N.;Ridker P. M. 


2009 
JAMA - Journal 
of the American 
Medical 


Partially published 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


Association 


Long-term glycaemic effects of pioglitazone compared with placebo as add-on treatment to 
metformin or sulphonylurea monotherapy in PROactive (PROactive 18) 


Scheen A. J.;Tan M. H.;Betteridge D. 
J.;Birkeland K.;Schmitz O.;Charbonnel B. 


2009 
Diabetic 
Medicine 


Post-hoc analysis / 
secondary 
publication 


Long-term glycaemic control with metformin-sulphonylurea-pioglitazone triple therapy in 
PROactive (PROactive 17) 


Scheen A. J.;Tan M. H.;Betteridge D. 
J.;Birkeland K.;Schmitz O.;Charbonnel B. 


2009 
Diabetic 
Medicine 


Time of assessment 


Comparison of effect of metformin in combination with glimepiride and glibenclamide on 
glycaemic control in patient with type 2 Diabetes Mellitus 


Shimpi R. D.;Patil P. H.;Kuchake V. 
G.;Ingle P. V.;Surana S. J.;Dighore P. N. 


2009 


International 
Journal of 
PharmTech 
Research 


Time of assessment 


A study of dapagliflozin in patients with type 2 diabetes receiving high doses of insulin plus 
insulin sensitizers: Applicability of a novel insulin-independent treatment 


Wilding J. P. H.;Norwood P.;T'Joen 
C.;Bastien A.;List J. F.;Fiedorek F. T. 


2009 Diabetes Care Time of assessment 


Initiating insulin therapy in elderly patients with Type 2 diabetes: Efficacy and safety of lispro 
mix 25 vs. basal insulin combined with oral glucose-lowering agents 


Wolffenbuttel B. H. R.;Klaff L. J.;Bhushan 
R.;Fahrbach J. L.;Jiang H.;Martin S. 


2009 
Diabetic 
Medicine 


Post-hoc analysis / 
secondary 
publication 


Twelve weeks treatment with the DPP-4 inhibitor, sitagliptin, prevents degradation of peptide 
YY and improves glucose and non-glucose induced insulin secretion in patients with type 2 
diabetes mellitus 


Aaboe K.;Knop F. K.;Vilsboll T.;Deacon 
C. F.;Holst J. J.;Madsbad S., et al. 


2010 
Diabetes, 
Obesity & 
Metabolism 


Time of assessment 


DURATION-1: Exenatide once weekly produces sustained glycemic control and weight loss 
over 52 weeks 


Buse J. B.;Drucker D. J.;Taylor K. L.;Kim 
T.;Walsh B.;Hu H., et al. 


2010 Diabetes Care Partially published 


Pioglitazone use in combination with insulin in the prospective pioglitazone clinical trial in 
macrovascular events study (PROactive19) 


Charbonnel B.;DeFronzo R.;Davidson 
J.;Schmitz O.;Birkeland K.;Pirags V., et 
al. 


2010 


Journal of 
Clinical 
Endocrinology 
and Metabolism 


Post-hoc analysis / 
secondary 
publication 


Once weekly exenatide compared with insulin glargine titrated to target in patients with type 2 
diabetes (DURATION-3): an open-label randomised trial 


Diamant M.;van Gaal L.;Stranks 
S.;Northrup J.;Cao D.;Taylor K., et al. 


2010 The Lancet Mixed background 


A randomized, treat-to-target trial comparing insulin lispro protamine suspension and insulin 
detemir in insulin-naive patients with Type 2 diabetes 


Fogelfeld L.;Dharmalingam M.;Robling 
K.;Jones C.;Swanson D.;Jacober S. 


2010 
Diabetic 
Medicine 


Mixed background 


Linagliptin (BI 1356), a potent and selective DPP-4 inhibitor, is safe and efficacious in 
combination with metformin in patients with inadequately controlled Type 2 diabetes 


Forst T.;Uhlig-Laske B.;Ring A.;Graefe-
Mody U.;Friedrich C.;Herbach K., et al. 


2010 


Diabetic 
medicine : a 
journal of the 
British Diabetic 
Association 


Time of assessment 


Pioglitazone in addition to metformin improves erythrocyte deformability in patients with Type 
2 diabetes mellitus 


Forst T.;Weber M. M.;Lobig M.;Lehmann 
U.;Muller J.;Hohberg C., et al. 


2010 Clinical Science 
Post-hoc analysis / 
secondary 
publication 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


Adding liraglutide to oral antidiabetic drug therapy: onset of treatment effects over time of 
assessment 


Gallwitz B.;Vaag A.;Falahati A.;Madsbad 
S. 


2010 
International 
Journal of 
Clinical Practice 


Post-hoc analysis / 
secondary 
publication 


Effect of exenatide on heart rate and blood pressure in subjects with type 2 diabetes mellitus: 
a double-blind, placebo-controlled, randomized pilot study 


Gill A.;Hoogwerf B. J.;Burger J.;Bruce 
S.;Macconell L.;Yan P., et al. 


2010 
Cardiovascular 
Diabetology 


Mixed background 


Patient-reported outcomes in patients with type 2 diabetes treated with liraglutide or 
glimepiride, both as add-on to metformin 


Hermansen K.;Kolotkin R. L.;Hammer 
M.;Zdravkovic M.;Matthews D. 


2010 
 


Post-hoc analysis / 
secondary 
publication 


Improved glycaemic control with minimal hypoglycaemia and no weight change with the once-
daily human glucagon-like peptide-1 analogue liraglutide as add-on to sulphonylurea in 
Japanese patients with type 2 diabetes 


Kaku K.;Rasmussen M. F.;Clauson 
P.;Seino Y. 


2010 
Diabetes, 
Obesity & 
Metabolism 


Mixed background 


Effects of insulin initiation on patient-reported outcomes in patients with type 2 diabetes: 
results from the durable trial 


Lee L. J.;Fahrbach J. L.;Nelson L. 
M.;McLeod L. D.;Martin S. A.;Sun P., et 
al. 


2010 
Diabetes 
Research & 
Clinical Practice 


Mixed background 


Effects of vildagliptin on glucose control in patients with type 2 diabetes inadequately 
controlled with a sulphonylurea 


Garber A. J.;Foley J. E.;Banerji M. 
A.;Ebeling P.;Gudbjornsdottir 
S.;Camisasca R. P., et al. 


2008 
Diabetes, 
Obesity and 
Metabolism 


Mixed background 


Vildagliptin add-on to metformin produces similar efficacy and reduced hypoglycaemic risk 
compared with glimepiride, with no weight gain: results from a 2-year study 


Matthews D. R.;Dejager S.;Ahren 
B.;Fonseca V.;Ferrannini E.;Couturier A., 
et al. 


2010 
 


Time of assessment 


Effects of intensive insulin therapy alone and with added pioglitazone on renal salt/water 
balance and fluid compartment shifts in type 2 diabetes 


Mudaliar S.;Chang A. R.;Aroda V. 
R.;Chao E.;Burke P.;Baxi S., et al. 


2010 
Diabetes, 
Obesity & 
Metabolism 


Time of assessment 


Safety and efficacy of treatment with sitagliptin or glipizide in patients with type 2 diabetes 
inadequately controlled on metformin: a 2-year study 


Seck T.;Nauck M.;Sheng D.;Sunga 
S.;Davies M. J.;Stein P. P., et al. 


2010 
 


Time of assessment 


Addition of insulin lispro protamine suspension or insulin glargine to oral type 2 diabetes 
regimens: a randomized trial 


Strojek K.;Shi C.;Carey M. A.;Jacober S. 
J. 


2010 
Diabetes, 
Obesity & 
Metabolism 


Mixed background 


Triple oral fixed-dose diabetes polypill versus insulin plus metformin efficacy demonstration 
study in the treatment of advanced type 2 diabetes (TrIED study-II) 


Bell D. S.;Dharmalingam M.;Kumar 
S.;Sawakhande R. B. 


2011 
 


Time of assessment 


Weight-related quality of life, health utility, psychological well-being, and satisfaction with 
exenatide once weekly compared with sitagliptin or pioglitazone after 26 weeks of treatment 


Best J. H.;Rubin R. R.;Peyrot M.;Li 
Y.;Yan P.;Malloy J., et al. 


2011 Diabetes Care 
Post-hoc analysis / 
secondary 
publication 


DURATION-5: Exenatide once weekly resulted in greater improvements in glycemic control 
compared with exenatide twice daily in patients with type 2 diabetes 


Blevins T.;Pullman J.;Malloy J.;Yan 
P.;Taylor K.;Schulteis C., et al. 


2011 
Journal of 
Clinical 
Endocrinology 


Mixed background 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


and Metabolism 


Safety and efficacy of saxagliptin in combination with submaximal sulphonylurea versus up-
titrated sulphonylurea over 76 weeks 


Chacra A. R.;Tan G. H.;Ravichandran 
S.;List J.;Chen R.;Investigators C. V. 


2011 


Diabetes & 
Vascular 
Disease 
Research 


Time of assessment 


Liraglutide improves treatment satisfaction in people with Type 2 diabetes compared with 
sitagliptin, each as an add on to metformin 


Davies M.;Pratley R.;Hammer 
M.;Thomsen A. B.;Cuddihy R. 


2011 
 


Post-hoc analysis / 
secondary 
publication 


Insulin glargine compared to NPH among insulin-naive, U.S. inner city, ethnic minority type 2 
diabetic patients 


Hsia S. H. 2011 
Diabetes 
Research & 
Clinical Practice 


Mixed background 


Improved glycemic control and reduced bodyweight with exenatide: A double-blind, 
randomized, phase 3 study in Japanese patients with suboptimally controlled type 2 diabetes 
over 24 weeks 


Kadowaki T.;Namba M.;Imaoka 
T.;Yamamura A.;Goto W.;Boardman M. 
K., et al. 


2011 
Journal of 
Diabetes 
Investigation 


Mixed background 


Safety and efficacy of vildagliptin versus placebo in patients with type 2 diabetes and 
moderate or severe renal impairment: A prospective 24-week randomized placebo-controlled 
trial 


Lukashevich V.;Schweizer A.;Shao 
Q.;Groop P. H.;Kothny W. 


2011 
Diabetes, 
Obesity and 
Metabolism 


Mixed background 


Long-term efficacy and safety of linagliptin in patients with type 2 diabetes and severe renal 
impairment 


Newman J.;McGill J. B.;Patel S.;Friedrich 
C.;Sauce C.;Woerle H. J. 


2011 
 


Post-hoc analysis / 
secondary 
publication 


Long-term treatment with the dipeptidyl peptidase-4 inhibitor saxagliptin in patients with type 2 
diabetes mellitus and renal impairment: A randomised controlled 52-week efficacy and safety 
study 


Nowicki M.;Rychlik I.;Haller H.;Warren 
M.;Suchower L.;Gause-Nilsson I., et al. 


2011 
International 
Journal of 
Clinical Practice 


Mixed background 


Saxagliptin improves glycaemic control and is well tolerated in patients with type 2 diabetes 
mellitus and renal impairment 


Nowicki M.;Rychlik I.;Haller H.;Warren M. 
L.;Suchower L.;Gause-Nilsson I., et al. 


2011 
Diabetes, 
Obesity & 
Metabolism 


Mixed background 


Addition of sitagliptin to ongoing glimepiride therapy in Japanese patients with type 2 diabetes 
over 52 weeks leads to improved glycemic control 


Tajima N.;Kadowaki T.;Odawara M.;Nishii 
M.;Taniguchi T.;Ferreira J. C. A. 


2011 
Diabetology 
International 


Time of assessment 


Efficacy of pioglitazone on glycemic control and carotid intima-media thickness in type 2 
diabetes patients with inadequate insulin therapy 


Yasunari E.;Takeno K.;Funayama 
H.;Tomioka S.;Tamaki M.;Fujitani Y., et 
al. 


2011 
Journal of 
Diabetes 
Investigation 


Time of assessment 


Vildagliptin action on some adipocytokine levels in type 2 diabetic patients: A 12-month, 
placebo-controlled study 


Derosa G.;Ragonesi P. D.;Carbone 
A.;Fogari E.;D'Angelo A.;Cicero A. F., et 
al. 


2012 


Expert Opinion 
on 
Pharmacothera
py 


Post-hoc analysis / 
secondary 
publication 


Safety and efficacy of once-weekly exenatide compared with insulin glargine titrated to target Diamant M.;van Gaal L.;Stranks 2012 Diabetes Care Mixed background 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


in patients with type 2 diabetes over 84 weeks S.;Guerci B.;MacConell L.;Haber H., et al. 


Exenatide twice daily versus glimepiride for prevention of glycaemic deterioration in patients 
with type 2 diabetes with metformin failure (EUREXA): an open-label, randomised controlled 
trial 


Gallwitz B.;Guzman J.;Dotta F.;Guerci 
B.;Simó R.;Basson B. R., et al. 


2012 
 


Time of assessment 


2-year effi cacy and safety of linagliptin compared with glimepiride in patients with type 2 
diabetes inadequately controlled on metformin: A randomised, double-blind, non-inferiority 
trial 


Gallwitz B.;Rosenstock J.;Rauch 
T.;Bhattacharya S.;Patel S.;von Eynatten 
M., et al. 


2012 The Lancet Time of assessment 


Efficacy and Safety Profile of Exenatide Once Weekly Compared With Insulin Once Daily in 
Japanese Patients With Type 2 Diabetes Treated With Oral Antidiabetes Drug(s): Results 
From a 26-Week, Randomized, Open-Label, Parallel-Group, Multicenter, Noninferiority Study 


Inagaki N.;Atsumi Y.;Oura T.;Saito 
H.;Imaoka T. 


2012 
Clinical 
Therapeutics 


Mixed background 


The effect of sitagliptin versus glibenclamide on arterial stiffness, blood pressure, lipids, and 
inflammation in type 2 diabetes mellitus patients 


Koren S.;Shemesh-Bar L.;Tirosh A.;Peleg 
R. K.;Berman S.;Hamad R. A., et al. 


2012 
Diabetes 
Technology and 
Therapeutics 


Time of assessment 


One-year safety, tolerability and efficacy of vildagliptin in patients with type 2 diabetes and 
moderate or severe renal impairment 


Kothny W.;Shao Q.;Groop P. 
H.;Lukashevich V. 


2012 
Diabetes, 
Obesity and 
Metabolism 


Mixed background 


Dapagliflozin has no effect on markers of bone formation and resorption or bone mineral 
density in patients with inadequately controlled type 2 diabetes mellitus on metformin 


Ljunggren O.;Bolinder J.;Johansson 
L.;Wilding J.;Langkilde A. M.;Sjostrom C. 
D., et al. 


2012 
Diabetes, 
Obesity and 
Metabolism 


Time of assessment 


Effect of canagliflozin, a sodium glucose co-transporter 2 (SGLT2) inhibitor, on bacteriuria and 
urinary tract infection in subjects with type 2 diabetes enrolled in a 12-week, phase 2 study 


Nicolle L. E.;Capuano G.;Ways K.;Usiskin 
K. 


2012 
Current Medical 
Research and 
Opinion 


Time of assessment 


Reduction of oxidative stress and inflammation by blunting daily acute glucose fluctuations in 
patients with type 2 diabetes: Role of dipeptidyl peptidase-IV inhibition 


Rizzo M. R.;Barbieri M.;Marfella 
R.;Paolisso G. 


2012 Diabetes Care Time of assessment 


Dose-ranging effects of canagliflozin, a sodium-glucose cotransporter 2 inhibitor, as add-on to 
metformin in subjects with type 2 diabetes 


Rosenstock J.;Aggarwal N.;Polidori 
D.;Zhao Y.;Arbit D.;Usiskin K., et al. 


2012 Diabetes Care Time of assessment 


Baseline factors associated with glycemic control and weight loss when exenatide twice daily 
is added to optimized insulin glargine in patients with type 2 diabetes 


Rosenstock J.;Shenouda S. 
K.;Bergenstal R. M.;Buse J. B.;Glass L. 
C.;Heilmann C. R., et al. 


2012 Diabetes Care 
Post-hoc analysis / 
secondary 
publication 


Efficacy and safety of linagliptin 2.5mg twice daily versus 5mg once daily in patients with type 
2 diabetes inadequately controlled on metformin: A randomised, double-blind, placebo-
controlled trial 


Ross S. A.;Rafeiro E.;Meinicke 
T.;Toorawa R.;Weber-Born S.;Woerle H. 
J. 


2012 
Current Medical 
Research and 
Opinion 


Time of assessment 


Comparing the efficacy and safety profile of sitagliptin versus glimepiride in patients of type 2 
diabetes mellitus inadequately controlled with metformin alone 


Srivastava S.;Saxena G. N.;Keshwani 
P.;Gupta R. 


2012 


Journal of the 
Association of 
Physicians of 
India 


Time of assessment 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


Exenatide once weekly versus liraglutide once daily in patients with type 2 diabetes 
(DURATION-6): A randomised, open-label study 


Buse J. B.;Nauck M.;Forst T.;Sheu W. H. 
H.;Shenouda S. K.;Heilmann C. R., et al. 


2013 The Lancet Mixed background 


Efficacy of vildagliptin in combination with insulin in patients with type 2 diabetes and severe 
renal impairment 


Lukashevich V.;Schweizer A.;Foley J. 
E.;Dickinson S.;Groop P. H.;Kothny W. 


2013 
Vascular Health 
and Risk 
Management 


Post-hoc analysis / 
secondary 
publication 


The effect of hydrochloride pioglitazone on urinary 8-hydroxy -deoxyguanosine excretion in 
type 2 diabetics 


Wang Y.;Ye S.;Hu Y.;Zhao L.;Zheng M. 2013 
Journal of 
Diabetes and its 
Complications 


Time of assessment 


Combined therapy with insulin lispro Mix 75/25 plus metformin or insulin glargine plus 
metformin: a 16-week, randomized, open-label, crossover study in patients with type 2 
diabetes beginning insulin therapy.[Erratum appears in Clin Ther. 2005 Jul;27(7):1112] 


Malone J. K.;Kerr L. F.;Campaigne B. 
N.;Sachson R. A.;Holcombe J. H.;Lispro 
Mixture-Glargine Study Group 


2004 
Clinical 
Therapeutics 


Time of assessment 


Combined glyburide and insulin therapy in type II diabetes Reich A.;Abraira C.;Lawrence A. M. 1987 


Diabetes 
research 
(Edinburgh, 
Scotland) 


Partially published 


Sustained efficacy and reduced hypoglycemia during one year of treatment with vildagliptin 
added to insulin in patients with type 2 diabetes mellitus 


Fonseca V.;Baron M.;Shao Q.;Dejager S. 2008 


Hormone and 
metabolic 
research = 
Hormon- und 
Stoffwechselfors
chung = 
Hormones et 
métabolisme 


Time of assessment 


A Randomized, Double-Blind, Placebo-Controlled, 3-Arm, Parallel-Group, 26-Week, 
Multicenter Study With a 26-Week Extension, to Evaluate the Efficacy, Safety, and Tolerability 
of Canagliflozin in the Treatment of Subjects With Type 2 Diabetes Mellitus Who Have 
Moderate Renal Impairment 26-Week Core Double-Blind Period 


Janssen 
 


Study report Mixed background 


A Randomized, Multicenter, Double-Blind, Parallel, Placebo-Controlled Study of the Effects of 
JNJ-28431754 on Cardiovascular Outcomes in Adult Subjects With Type 2 Diabetes Mellitus 


Janssen 
 


Study report Mixed background 


A Randomized, Double-Blind, Placebo-Controlled, Parallel-Group, Multicenter Study to 
Evaluate the Efficacy, Safety, and Tolerability of Canagliflozin Compared With Placebo in the 
Treatment of Older Subjects With Type 2 Diabetes Mellitus Inadequately Controlled on 
Glucose Lowering Therapy 


Janssen 
 


Study report Mixed background 


A Randomized, Double-Blind, Active-Controlled, Multicenter Study to Evaluate the Efficacy, 
Safety, and Tolerability of Canagliflozin Versus Sitagliptin in the Treatment of Subjects With 
Type 2 Diabetes Mellitus With Inadequate Glycemic Control on Metformin and Sulphonylurea 


Janssen 
 


Study report Time of assessment 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


Therapy 


Dapagliflozin add-on to metformin in type 2 diabetes inadequately controlled with metformin: a 
randomized, double-blind, placebo-controlled 102-week trial 


C. J. Bailey, J. L. Gross, D. Hennicken, 
N. Iqbal, T. A. Mansfield and J. F. List 


2013 BMC Medicine Time of assessment 


Once-weekly exenatide versus once- or twice-daily insulin detemir: randomized, open-label, 
clinical trial of efficacy and safety in patients with type 2 diabetes treated with metformin alone 
or in combination with sulfonylureas 


M. Davies, S. Heller, S. Sreenan, H. 
Sapin, O. Adetunji, A. Tahbaz and J. 
Vora 


2013 Diabetes Care Mixed background 


Saxagliptin vs. glipizide as add-on therapy in patients with type 2 diabetes mellitus 
inadequately controlled on metformin alone: long-term (52-week) extension of a 52-week 
randomised controlled trial 


B. Goke, B. Gallwitz, J. G. Eriksson, A. 
Hellqvist and I. Gause-Nilsson 


2013 
International 
Journal of 
Clinical Practice 


Time of assessment 


Linagliptin provides effective, well-tolerated add-on therapy to pre-existing oral antidiabetic 
therapy over 1year in Japanese patients with type 2 diabetes 


N. Inagaki, H. Watada, M. Murai, T. 
Kagimura, Y. Gong, S. Patel and H. J. 
Woerle 


2013 
Diabetes, 
Obesity & 
Metabolism 


Mixed background 


Safety and efficacy of twice-daily exenatide in Taiwanese patients with inadequately 
controlled type 2 diabetes mellitus 


C. H. Lu, T. J. Wu, K. C. Shih, E. Ni, V. 
Reed, M. Yu, W. H. Sheu and L. M. 
Chuang 


2013 


Journal of the 
Formosan 
Medical 
Association 


Mixed background 


Long-term efficacy and safety comparison of liraglutide, glimepiride and placebo, all in 
combination with metformin in type 2 diabetes: 2-year results from the LEAD-2 study 


M. Nauck, A. Frid, K. Hermansen, A. B. 
Thomsen, M. During, N. Shah, T. 
Tankova, I. Mitha and D. R. Matthews 


2013 
Diabetes, 
Obesity & 
Metabolism 


Time of assessment 


Comparative study of sitagliptin with pioglitazone in Japanese type 2 diabetic patients: the 
COMPASS randomized controlled trial 


M. Takihata, A. Nakamura, K. Tajima, T. 
Inazumi, Y. Komatsu, H. Tamura, S. 
Yamazaki, Y. Kondo, M. Yamada, M. 
Kimura and Y. Terauchi 


2013 
Diabetes, 
Obesity & 
Metabolism 


Mixed background 


Addition of sitagliptin to ongoing metformin monotherapy improves glycemic control in 
Japanese patients with type 2 diabetes over 52weeks 


T. Kadowaki, N. Tajima, M. Odawara, M. 
Nishii, T. Taniguchi and J. C. A. Ferreira 


2013 
Journal of 
Diabetes 
Investigation 


Time of assessment 


Efficacy and safety of exenatide once-weekly vs exenatide twice-daily in Asian patients with 
type 2 diabetes mellitus 


L. Ji, Y. Onishi, C. W. Ahn, P. Agarwal, C. 
W. Chou, H. Haber, K. Guerrettaz and M. 
K. Boardman 


2013 
Journal of 
Diabetes 
Investigation 


Mixed background 


Safety of exenatide once weekly for 52weeks in Japanese patients with type 2 diabetes 
mellitus 


Y. Onishi, H. Koshiyama, T. Imaoka, H. 
Haber, J. Scism-Bacon and M. K. 
Boardman 


2013 
Journal of 
Diabetes 
Investigation 


Mixed background 


Saxagliptin added to a submaximal dose of sulphonylurea improves glycaemic control 
compared with uptitration of sulphonylurea in patients with type 2 diabetes: a randomised 
controlled trial.[Erratum appears in Int J Clin Pract. 2010 Jan;64(2):277] 


Chacra A. R.;Tan G. H.;Apanovitch 
A.;Ravichandran S.;List J.;Chen R., et al. 


2009 
International 
Journal of 
Clinical Practice 


Mixed background 


Pioglitazone hydrochloride in combination with sulfonylurea therapy improves glycemic control Kipnes M. S.;Krosnick A.;Rendell M. 2001 American Mixed background 







 


 


Title Authors Year Journal 
Reason for 
exclusion 


in patients with type 2 diabetes mellitus: a randomized, placebo-controlled study S.;Egan J. W.;Mathisen A. L.;Schneider 
R. L. 


Journal of 
Medicine 


Effects of exenatide (exendin-4) on glycemic control over 30 weeks in sulfonylurea-treated 
patients with type 2 diabetes 


Buse J. B.;Henry R. R.;Han J.;Kim D. 
D.;Fineman M. S.;Baron A. D. 


2004 Diabetes Care Mixed background 


The effect of pioglitazone on the liver: Role of adiponectin 
Gastaldelli A.;Miyazaki Y.;Mahankali 
A.;Berria R.;Pettiti M.;Buzzigoli E., et al. 


2006 Diabetes Care Mixed background 


 


Table 5.  List of studies included in sensitivity analyses but not selected for the narrative review 


Title Authors Year Journal 
Reason for exclusion from 
the narrative review* 


Vildagliptin efficacy and safety in patients with type 2 
diabetes inadequately controlled on dual metformin 
plus sulfonylurea therapy 


Lukashevich V.;Wang M.;Del Prato 
S.;Araga M.;Kothny W. 


2012 
Conference: 48th Annual Meeting of the European 
Association for the Study of Diabetes, EASD 2012 
Berlin Germany. 


Results published as a 
conference abstract only 


Sitagliptin more effectively improved left ventricular 
diastolic function compared with bedtime nph insulin 
as third-line agent in t2dm patients 


Nogueira K. C.;Fukui R.;Rocha D. 
M.;Correia M. R.;Santos R. 
F.;Furtado M., et al. 


2012 
Conference: 72nd Scientific Sessions of the 
American Diabetes Association Philadelphia, PA 
United States. 


Results published as a 
conference abstract only 


Efficacy and safety of linagliptin as add-on therapy to 
basal insulin in patients with type 2 diabetes 


Yki-Jarvinen H.;Duran-Garcia 
S.;Pinnetti S.;Bhattacharya 
S.;Thiemann S.;Patel S., et al. 


2012 
Conference: 72nd Scientific Sessions of the 
American Diabetes Association Philadelphia, PA 
United States. 


Results published as a 
conference abstract only 


Long-term safety and efficacy of linagliptin as add-on 
therapy to basal insulin in patients with type 2 
diabetes: A 52-week randomised, placebocontrolled 
trial 


Yki-Jarvinen H.;Rosenstock J.;Duran-
Garcia S.;Pinnetti S.;Bhattacharya 
S.;Thiemann S., et al. 


2012 
Conference: 48th Annual Meeting of the European 
Association for the Study of Diabetes, EASD 2012 
Berlin Germany. 


Results published as a 
conference abstract only 


Exenatide vs. insulin aspart in patients with type 2 
diabetes: Results of a randomised, open-label study 


B. Gallwitz, M. Bohmer, T. Segiet, A. 
Molle, K. Milek, B. Becker, K. 
Helsberg, H. Petto, N. Peters and O. 
Bachmann 


2010 
Conference: 46th Annual Meeting of the European 
Association for the Study of Diabetes, EASD 2010 
Stockholm Sweden. 


Results published as a 
conference abstract only 


A placebo-controlled trial of exenatide twice-daily 
added to thiazolidinediones alone or in combination 
with metformin 


Liutkus J.;Rosas Guzman J.;Norwood 
P.;Pop L.;Northrup J.;Cao D., et al. 


2010 Diabetes, Obesity and Metabolism 
Mixed background (met +/- 
TZD) 


* These studies were included in sensitivity analyses only 
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Thank you for agreeing to give us a statement on your organisation’s view of the 
technology and the way it should be used in the NHS. 
 
Healthcare professionals can provide a unique perspective on the technology within 
the context of current clinical practice which is not typically available from the 
published literature. 
 
To help you in making your statement, we have provided a template. The questions 
are there as prompts to guide you. It is not essential that you answer all of them.  
 
Please do not exceed the 8-page limit. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


About you 
 
Your  name:XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXX 
 
Name of your organisation: Association of British Clinical Diabetologists 
(ABCD) and Royal College of Physicians (RCP). 
 
Are you (tick all that apply): 
 


- a specialist in the treatment of people with the condition for which NICE is 
considering this technology?   


 
- a specialist in the clinical evidence base that is to support the technology (e.g. 


involved in clinical trials for the technology)? 
 


- an employee of a healthcare professional organisation that represents 
clinicians treating the condition for which NICE is considering the technology? 
If so, what is your position in the organisation where appropriate (e.g. policy 
officer, trustee, member etc)?  


 
- other? (please specify) 
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What is the expected place of the technology in current practice? 
 
How is the condition currently treated in the NHS? Is there significant geographical 
variation in current practice?  
Type 2 diabetes is common, affecting 5-7% of the adult population with a 
projected prevalence of 10% by 2020. The vast majority of cases are managed 
within primary care. Recent National Diabetes Audit shows significant 
geographical variation in care processes and outcomes. There is a clear 
evidence base demonstrating that early effective control of blood glucose can 
reduce the development and progression of microvascular (and potentially 
macrovascular) complications.  
 
Are there differences of opinion between professionals as to what current practice 
should be? 
The algorithm for placement of different therapies in Type 2 diabetes is 
consensus rather than evidence based . Although the American Diabetes 
Association and the European Association for the Study of Diabetes have 
produced broad guidance to help selection of therapy for diabetes , this is not 
totally aligned with the current (although under revision) NICE guidelines for 
type 2 diabetes . The early use of injectable (insulin  and GLP-1 analogue) 
therapy and the relative risks of weight gain and hypoglycaemia versus the 
established evidence base for the beneficial impact of glycaemic control with 
older sulfonylurea agents  remains an area of contention amongst opinion 
leaders in diabetes . 
 
What are the current alternatives (if any) to the technology, and what are their 
respective advantages and disadvantages? 
In terms of the oral therapies available for the treatment of type 2 diabetes, 
there, there are a number of other therapeutic agents. 
Metformin therapy is the accepted first line of treatment. It has a good safety 
record and has been shown to have several beneficial properties. It acts by 
improving insulin sensitivity although the mechanism is not totally clear. As 
monotherapy it may not be sufficient to treat T2DM to target. There is a 
significant proportion of individuals who are intolerant, usually GI disturbance. 
It is contraindicated in renal impairment. 
Sulphonyl ureas stimulate insulin secretion at a distal point in the pathway. 
They have a good safety record but there is a serious risk of hypoglycaemia as 
the glucose sensing mechanisms are overridden. There is ongoing debate on 
their effect on cardiac remodelling. 
Pioglitazone acts through improvement of insulin sensitivity, acting on a 
nuclear receptor. Rosiglitazone in the same class was withdrawn due to 
questions over cardiovascular safety and troglitazone withdrawn due to liver 
toxicity. None of these applies to pioglitazone although it has been found to 
cause peripheral osteoporosis and to increase the risk of bladder cancer. Due 
to fluid accumulation there is a risk of cardiac failure and there is considerable 
weight gain. Due to the above, use is declining. 
Acarbose as a glucose absorption inhibitor is mild and little used in the UK. 
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The DPPIV inhibitors are relatively new to the market and clinical experience is 
limited. They effectively lower blood glucose but there are questions 
surrounding their longer term safety and particularly the risk of pancreatitis. 
 
Are there any subgroups of patients with the condition who have a different prognosis 
from the typical patient? Are there differences in the capacity of different subgroups 
to benefit from or to be put at risk by the technology? 
Patients with a family history of diabetes with adverse outcomes, those with 
the ‘full house’ of features of metabolic syndrome , renal disease (assessed by 
albuminuria and eGFR) , smokers , early onset T2, consistent poor control  all 
carry a worse prognosis  
 
In what setting should/could the technology be used – for example, primary or 
secondary care, specialist clinics? Would there be any requirements for additional 
professional input (for example, community care, specialist nursing, other healthcare 
professionals)? 
Ultimately this therapy will be used in primary care, although early clinical 
experience is likely to be through specialist recommendation. 
 
If the technology is already available, is there variation in how it is being used in the 
NHS? Is it always used within its licensed indications? If not, under what 
circumstances does this occur? 
Not curently licensed in the UK. 
 
Please tell us about any relevant clinical guidelines and comment on the 
appropriateness of the methodology used in developing the guideline and the specific 
evidence that underpinned the various recommendations. 
NICE –Type 2 – under review  
ADA-EASD best practice guidelines for T2DM 2012 
 
The advantages and disadvantages of the technology. NICE is particularly interested 
in your views on how the technology, when it becomes available, will compare with 
current alternatives used in the UK. Will the technology be easier or more difficult to 
use, and are there any practical implications (for example, concomitant treatments, 
other additional clinical requirements, patient acceptability/ease of use or the need 
for additional tests) surrounding its future use? 
The advantage of this class of agent is that they work through a different 
mechanism when compared to the other oral agents currently available. There 
is potential, therefore, that the SGLT2 inhibitors, including canagliflozin, will be 
a useful adjunct to other first line therapies or in addition to insulin treatment. 
The fact that the treatment is orally effective in a common condition is likely to 
lead to widespread use. Clinical trials suggest a slightly higher rate of side 
effects associated with this class compared with alternatives, but clinical 
experince will be a deciding factor. The reported weight loss with canagliflozin 
treatment is valuable given that T2DM is associated with weight gain and 
insulin, glitazones and SU therapy exacerbate this. 
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If appropriate, please give your view on the nature of any rules, informal or formal, for 
starting and stopping the use of the technology; this might include any requirements 
for additional testing to identify appropriate subgroups for treatment or to assess 
response and the potential for discontinuation. 
The standard rules surrounding postmarketing surveillance and adverse event 
reporting will apply. 
 
If you are familiar with the evidence base for the technology, please comment on 
whether the use of the technology under clinical trial conditions reflects that observed 
in clinical practice. Do the circumstances in which the trials were conducted reflect 
current UK practice, and if not, how could the results be extrapolated to a UK setting? 
What, in your view, are the most important outcomes, and were they measured in the 
trials? If surrogate measures of outcome were used, do they adequately predict long-
term outcomes? 
The clinical trials have largely focussed on individuals with type 2 diabetes 
who have levels of glycaemic control which are only slightly over target. While 
this is the appropriate target group, it is highly likely that individuals with 
considerably higher glycaemic indices will receive this treatment in routine 
clinical practice. Outcomes in these individuals have not been thoroughly 
explored. 
The trials use the usual surrogate markers of response in diabetes, namely 
measurement of blood glucose and HbA1c. Lipid parameters have been 
measured and a rise in LDL cholesterol noted. In this context, cardiovascular 
outcomes will need to be closely monitored in longer term studies. 
 
What is the relative significance of any side effects or adverse reactions? In what 
ways do these affect the management of the condition and the patient’s quality of 
life? Are there any adverse effects that were not apparent in clinical trials but have 
come to light subsequently during routine clinical practice? 
In view of the mode of action of this agent and class, side effects focus on 
osmotic symptoms and risk of bladder and mycotic infection. These may 
severely impact on quality of life, but ongoing clinical experience is required. 
Trial data to date are encouraging in this regard suggesting relatively low level 
side effects and good tolerability. 
 
Any additional sources of evidence 
Can you provide information about any relevant evidence that might not be found by 
a technology-focused systematic review of the available trial evidence? This could be 
information on recent and informal unpublished evidence, or information from 
registries and other nationally coordinated clinical audits. Any such information must 
include sufficient detail to allow a judgement to be made as to the quality of the 
evidence and to allow potential sources of bias to be determined. 
Data accumulation is ongoing. See the abstract data from ADA and EASD (and 
IDF later in 2013). 
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Implementation issues 
 
The NHS is required by the Department of Health and the Welsh Assembly 
Government to provide funding and resources for medicines and treatments that 
have been recommended by NICE technology appraisal guidance. This provision has 
to be made within 3 months from the date of publication of the guidance. 
 
If the technology is unlikely to be available in sufficient quantity, or the staff and 
facilities to fulfil the general nature of the guidance cannot be put in place within 
3 months, NICE may advise the Department of Health and the Welsh Assembly 
Government to vary this direction. 
 
Please note that NICE cannot suggest such a variation on the basis of budgetary 
constraints alone. 
 
How would possible NICE guidance on this technology affect the delivery of care for 
patients with this condition? Would NHS staff need extra education and training? 
Would any additional resources be required (for example, facilities or equipment)? 
 
Other than prescribing costs, there should be no associated increase in 
budgetary requirement. 
 
Equality 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this appraisal:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which [the treatment(s)] is/are/will 
be licensed;  
 - could lead to recommendations that have a different impact on people protected by 
the equality legislation than on the wider population, e.g. by making it more difficult in 
practice for a specific group to access the technology;  
 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   
 
Please tell us what evidence should be obtained to enable the Committee to identify 
and consider such impacts. 
No issues identified 
 
 
 
 
 
 
 
 
 








[Insert footer here]  1 of 1 


Dear Bijal,  
 
Nurses working in this area of health were invited to submit a professional 
organisation statement to inform the above health technology appraisal. 
 
Feedback from them suggests that there are no further comments to submit at this 
stage on behalf of the Royal College of Nursing. 
 
Thank you for the invitation to submit professional statement and we look forward to 
participating in the next stage of the appraisal. 
 
Please acknowledge receipt. 
 
Kind Regards  
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SUMMARY 
 
 
Scope of the manufacturer submission (MS) 
 
The scope of the submission was to assess the clinical effectiveness and cost effectiveness of 


canagliflozin (100mg and 300mg) as combination therapy in the treatment of type 2 diabetes 


mellitus (T2DM), compared to other treatments: sulfonylureas (SU), the thiazolidinedione (TZD) 


drug pioglitazone, dipeptidyl peptidase-4 inhibitors (DPP-4-i), glucagon-like peptide-1 analogues 


(GLP-1-a), insulin, and the sodium glucose co-transporter 2 (SGLT-2) dapagliflozin. 


 
Summary of submitted clinical effectiveness evidence 
 
The manufacturer’s submission to NICE included:  


 A systematic literature review comprising 11 randomised controlled trials of canagliflozin 


 A systematic literature review of 174 studies (in a total of 208 publications) of the diabetes 


treatments covered in the scope (including the trials of canagliflozin). This was described in 


a separate report, and was conducted to support the manufacturer’s network meta-analysis. 


 A network meta-analysis of 64 trials to provide direct and indirect evidence of canagliflozin 


compared to the other diabetes treatments in the scope. 


 


Of the 11 included canagliflozin trials:  


 three assessed dual therapy 


o canagliflozin 300mg and 100mg versus sulfonylurea (glimepiride) on a background of 


metformin (DIA3009) 


o canagliflozin 300mg and 100mg versus placebo or DPP-4 inhibitor (sitagliptin) on a 


background of metformin (DIA3006) 


o canagliflozin 300mg and 100mg versus placebo (DIA3008 sulfonylurea sub-study) 


 


 three assessed triple therapy 


o Canagliflozin 300 mg versus DPP-4 inhibitor sitagliptin 100 mg on a background of 


metformin and sulfonylurea (DIA3015) 


o canagliflozin 300 mg and 100 mg versus placebo on a background of metformin and 


sulfonylurea (DIA3002)1;21;21;21;2 


o canagliflozin 300mg and 100mg versus placebo/ DPP-4 inhibitor (sitagliptin) on a 


background of metformin and thiazolidinedione (DIA3012) 
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 one assessed add-on to insulin therapy 


o canagliflozin 300mg and 100mg versus placebo on a background of insulin and 


standard of care (DIA3008 insulin sub-study) 


 
Four trials evaluated canagliflozin in various patient populations (older patients, with moderate 


renal impairment, Asian patients, patients at high risk for cardiovascular disease (CVD). These 


all appear to be placebo controlled trials and are not considered in great detail in the 


submission. 


 


The ERG considered that only the trials with active comparator arms were relevant to the NICE 


scope and has focused on these in this report: two dual therapy trials (DIA3009 and DIA3006) 


and one triple therapy trial (DIA3015). All three were non-inferiority trials and were judged to be 


of to be of generally good methodological quality.  


 
A number of outcome measures were included in the decision problem, matching the NICE 


scope, including HbA1c control, hypoglycaemia, cardiovascular risk factors (e.g. blood pressure, 


serum lipids), weight change, diabetes complications (e.g. cardiovascular), mortality, and 


adverse effects of treatment.   


 


Canagliflozin 100mg was shown to be non-inferior to glimepiride at week 52 (-0.01%, (95% CI -


0.109; 0.085)). Canagliflozin 300mg in combination with metformin was shown to be statistically 


superior to glimepiride in combination with metformin in HbA1c at week 52 (difference of mean 


change, minus glimepiride: -0.12%, (95% CI -0.217;-0.023)), based on modified intention to 


treat analysis (mITT). However, per-protocol analysis showed it to be only non-inferior and not 


superior to glimepiride. Canagliflozin 100mg in combination with metformin was non-inferior to 


sitagliptin and metformin in the difference of mean change in HbA1c at week 52, 0.00% (95% CI -


0.12; 0.12). Likewise, canagliflozin 300mg in combination with metformin was non-inferior to 


sitagliptin and metformin in the difference of mean change in HbA1c at week 52, -0.15% (95% CI 


-0.27; -0.03)). Canagliflozin 300mg also demonstrated statistical superiority to sitagliptin in 


reducing HbA1c (with the upper limit of the 95% CI less than 0.0%), however it was not found to 


be superior in per-protocol analysis. 


 
Canagliflozin 300mg in combination with metformin and sulfonylurea was non-inferior to 


sitagliptin in combination with metformin and sulfonylurea in the difference of mean change in 
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HbA1c at week 52 (-0.37% (95 CI -.05; -0.25). Canagliflozin 300mg also demonstrated statistical 


superiority in both mITT and per-protocol analysis.  


 
The two dual therapy trials found that, at week 52, both doses of canagliflozin (100mg and 


300mg) in combination with metformin were associated with statistically significant greater 


decreases in patients’ systolic and diastolic blood pressure from baseline levels than the 


comparators (glimepiride and sitagliptin, both combined with metformin). The triple therapy trial 


found that canagliflozin (300mg) combined with metformin and a sulfonylurea resulted in the 


statistically significant greater improvement in both systolic and diastolic blood pressure at 52 


weeks than the DPP-4-i sitagliptin combined with metformin and a sulfonylurea. 


 
In both the dual therapy trials canagliflozin 300mg and 100mg were associated with statistically 


significant greater weight loss at 52 weeks than sulfonylurea glimepiride or the DPP-4-i 


sitagliptin. In the triple therapy trial, at 52 weeks canagliflozin (300mg) combined with metformin 


and a sulfonylurea resulted in a statistically significant greater improvement in BMI than the 


DPP-4-i sitagliptin (100mg) combined with metformin and a sulfonylurea. 


 
The manufacturer’s pooled analysis of all active- and placebo- controlled canagliflozin trials 


showed a similar rate of any adverse events between canagliflozin and non-canagliflozin (76.8% 


for all canagliflozin and 75.8% for all non canagliflozin). There was a slightly higher percentage 


of patients discontinuing due to adverse events for canagliflozin versus comparator (6.4% 


versus 5.0%), and a 10% higher rate of patients experiencing adverse events related to the 


study drug for all canagliflozin. The percentage of patients with serious adverse events and the 


percentage of deaths was similar between canagliflozin and non-canagliflozin.  


 


The MS includes a network meta-analysis (NMA) to compare canagliflozin 100mg and 300mg to 


other active treatments included in the decision problem. Separate networks of evidence were 


constructed by background therapy: metformin (26 weeks and 52 weeks); metformin and 


sulfonylurea (26 weeks); insulin (26 weeks). A number of outcomes were included, though it is 


only HbA1c and BMI from the NMA that appear to be consistently used as input data in the 


economic model. The probability of canagliflozin ranking as best treatment varied across the 


networks and by outcome measure. For the metformin background at 52 weeks canagliflozin 


300mg was the third highest ranking treatment in terms of reducing HbA1c (probability of 71%) 


behind the SU glibenclamide (73%) and the GLP-1 agonist liraglutide 1.2mg once daily  (89%). 
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Canagliflozin 300mg also ranked highly in the triple therapy and insulin background networks on 


this outcome.  


 
Summary of submitted cost effectiveness evidence 


 
The manufacturer’s submission to NICE includes: 


i) A review of published economic evaluations of treatments for T2DM. 


ii) A report of an economic evaluation undertaken for the NICE STA process. The cost 


effectiveness of canagliflozin in dual therapy with metformin is compared with 


dapagliflozin, DPP-4-i, GLP-1-a, SU and TZD.  The cost effectiveness of canagliflozin in 


triple therapy is compared with DPP-4-i, GLP-1-a and insulin.  The cost effectiveness of 


canagliflozin as an add-on to insulin is compared with DPP-4-i, GLP-1-a, and 


dapagliflozin. 


 
A systematic search of the literature was conducted by the manufacturer to identify economic 


evaluations in T2DM of canagliflozin, agents in the class of SGLT-2 inhibitors (dapagliflozin) and 


intended comparators (DPP-4-i, GLP-1-a, SU).  The MS does not make any general 


conclusions about the systematic review.  


 
The cost effectiveness analysis (CEA) uses a stochastic micro-simulation model (the ECHO-


T2DM model) to estimate the cost-effectiveness of canagliflozin compared with SU, TZD, DPP-


4-i, GLP-1-a, dapagliflozin and insulin in adults with T2DM.  Cohorts of individual hypothetical 


patients are created and simulated over time.  Parameter uncertainty is captured by many 


cohorts of patients.  The model adopts a 40 year time horizon and has an annual cycle length. 


 


The model has three parallel sets of micro-vascular complications and five types of macro-


vascular complications represented as Markov states. There is a health state where the patient 


is free from complications, and then micro-vascular health states relating to chronic kidney 


disease (includes 7 stages); neuropathy (includes 5 conditions); and retinopathy (includes 4 


conditions). Patients can also experience macro-vascular complications and peripheral vascular 


disease.   


 


Twenty one scenario analyses were performed. Deterministic sensitivity analyses were 


undertaken on 35 parameters or sets of parameters.  Probabilistic sensitivity analysis is a 


default feature of the ECHO-T2DM model and was conducted on all simulations.  
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For dual therapy combinations pairwise incremental costs per QALYs gained were calculated 


compared with TZD, SU, dapagliflozin, DPP-4-i and GLP-1-a. Canagliflozin 100mg was 


dominated by TZD. Other ICERs were £1,537 for SU, £8,674 for dapagliflozin, £97 for DPP-4-i 


and £50,005 for GLP-1-a where canagliflozin was less expensive and less effective than GLP-1-


a. In the base case canagliflozin 300mg was dominated (MS states dominates in error) by TZD 


and led to ICERs of £4,899 compared with SU, £18,349 compared with DPP-4-i, £27,419 


compared with dapagliflozin, and £76,214 compared with GLP-1-a where canagliflozin was less 


expensive and less effective. 


 


For triple therapy combinations with metformin and SU, canagliflozin 100mg dominates DPP-4-i 


and GLP-1-a. The ICER compared with insulin LA was £263. Canagliflozin 300mg dominates 


GLP-1-a and has ICERs of £13,287 and £607 for DPP-4-i and insulin LA respectively. 


 


For triple therapy combinations with metformin and TZD canagliflozin 100mg led to an ICER of 


£1,095 compared with DPP-4-i and canagliflozin 300mg led to an ICER of £21,430 compared 


with DPP-4-i. 


 
 
Commentary on the robustness of submitted evidence  
 
 
Strengths 
 


The assessment of clinical effectiveness is based on a systematic review generally conducted 


to a reasonable standard and reported in adequate detail, though with some uncertainties (see 


below). 


 


The manufacturer has conducted an extensive clinical trials programme to evaluate 


canagliflozin in both dual and triple therapy, employing a range of relevant outcome measures. 


The methodological quality of the trials is generally good. However, not all of the trials included 


active comparators, and therefore many of the comparisons in the scope are not covered by 


direct trial evidence.  


 


The economic model captures all important aspects of the disease pathway and extrapolates 


intermediate outcomes to final outcomes in a robust and consistent manner, drawing upon 
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standard sources from the literature.  The model has been very well validated against external 


data. 


 
Weaknesses and Areas of uncertainty 


 
The manufacturer’s decision problem does not fully meet the scope in terms of interventions 


and comparators included. Principally, the submission does not cover people with T2DM 


inadequately controlled on monotherapy with a sulfonylurea. It is stated that relatively few 


patients would receive sulfonylurea monotherapy (most would receive metformin), and those 


that did would not be suitable for canagliflozin due to renal impairment. Expert clinical advice to 


the ERG suggests that not all people taking a sulfonylurea monotherapy would do so because 


metformin was contraindicated on this basis. Omission of this intervention could exclude a 


significant minority of people with diabetes who may be treated in the NHS. (Note that the only 


trial identified by the manufacturer evaluating a canagliflozin on a sulfonylurea background 


would not meet the scope in the view of the ERG as there was no active comparator.) 


Furthermore, there is no direct evidence comparing canagliflozin with other anti-diabetic drugs 


as add-on to insulin presented in the submission.  


 


The NMA has been conducted to a reasonable standard, and is reported in adequate detail. 


However, caution is advised due to the low volume of direct evidence for some of the links in the 


networks. It should be noted that not all of the results of the NMA are used in the economic 


model (HbA1c and BMI are the two NMA outcomes that are used most consistently in the 


model). 


 
The manufacturer’s quality assessment of trials included in the NMA noted some uncertainties 


in methodological quality, presumably due to poor reporting in the primary publications. 


Furthermore, the ERG notes that the quality assessment judgements appear not to have been 


fully checked by a second reviewer or done independently. There is potential for the results of 


the NMA to be subject to bias (though trials which were not double-blinded were excluded as a 


sensitivity analysis).  


 
The economic model is complicated, consisting of around 20,000 lines of R code (in 29 


separate files) with an Excel front- and back-end which contain additional lines of visual basic 


for applications (VBA) code.  There are around 800 user-specifiable inputs.  It has not been 


possible in the time available to fully check all inputs or model wiring.   
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The model uses patient-level simulation.  This is common in models of T2DM due to the 


potentially complex nature of the disease pathway.  However base case results are reported 


from simulations which use only 1000 patients and which may not therefore robustly capture the 


ICERs.  Base case results also incorporate parameter uncertainty.   


 


The manufacturer does not supply a fully incremental base case analysis and consequently the 


place of canagliflozin in the cost-effectiveness hierarchy is not clear.  


 


The base case results reported in the MS generally show few incremental QALYs accruing to 


canagliflozin over a lifetime horizon of 40 years, at small incremental cost.  Canagliflozin 


generally appears cost-effective in these results.  However because of its small incremental 


benefit even slight variation to parameter assumptions can lead to a large change in the ICER. 


 


Parameter distributions used in probabilistic sensitivity analysis (PSA) are not well documented.  


The extent to which PSA explores uncertainty in the decision problem is not clear.   


 


Summary of additional work undertaken by the ERG     


 
The ERG conducted additional analyses to: 


 


 examine the variation in final ICER associated with re-running the base cases 


 examine the variation in final ICER arising with no parameter uncertainty and 100,000 


patients 


 perform fully incremental analyses for dual therapy 


 identify the probability that canagliflozin is cost effective in comparison with dapagliflozin 


 examine the effect of modifications to the assumed clinical efficacy of glimepiride and 


exenatide 


 


Fully incremental analysis conducted by the ERG for dual therapy in combination with metformin 


found that, with no parameter uncertainty and 100,000 patients, canagliflozin 100 mg is 


associated with an ICER of £84,800 compared to the next best option, DPP-4-i.  The 


incremental differences for this comparison are £245 in total costs and 0.003 total QALYs over 


the lifetime horizon of the model.  Canagliflozin 300 mg is associated with an ICER of £17,903 
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compared to the next best option, DPP-4-i, with incremental total costs of £585 and incremental 


total QALYs of 0.033 over the lifetime horizon of the model. 


 


Canagliflozin 300 mg has a lower probability of being cost-effective than dapagliflozin in dual 


therapy with metformin at a WTP threshold of £20,000 per QALY (46.7% probability).  It has a 


50% probability of being cost-effective compared to dapagliflozin at the £30,000 WTP 


threshold.  Canagliflozin 100 mg has a 52.5% probability of being cost-effective compared to 


dapagliflozin at both the £20,000 and £30,000 WTP thresholds. 
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1 Introduction to ERG Report 


 
This report is a critique of the manufacturer’s submission (MS) to NICE from Janssen-Cilag Ltd 


on the clinical effectiveness and cost effectiveness of canagliflozin for treating type 2 diabetes 


mellitus (T2DM). It identifies the strengths and weaknesses of the MS. Clinical experts were 


consulted to advise the ERG and to help inform this review.  


 


Clarification on some aspects of the MS was requested from the manufacturer by the ERG via 


NICE on 7th November 2013. A response from the manufacturer via NICE was received by the 


ERG on 22nd November 2013 and this can be seen in the NICE evaluation report for this 


appraisal.  


 
The submission comprises the following key documents: 


 The main MS document (310 pages) 


 Appendices document (386 pages) 


 Systematic clinical effectiveness literature review and network meta-analysis (NMA) report3 


(433 pages) 


 Systematic review of Health Related Quality of Life (HRQoL) in diabetes patients report (174 


pages) 


 Swedish Institute for Health Economics systematic review of diabetes economic models and 


cost effectiveness4 (116 pages) 


 Economic model Technical Report5 (152 pages) 


 Economic model User Guide6 (99 pages) 


 


2 BACKGROUND  


2.1 Critique of manufacturer’s description of underlying health problem  


 


The MS provides a clear and accurate overview of T2DM. 


 


2.2 Critique of manufacturer’s overview of current service provision  


 


The MS details the current management approach to T2DM in clinical practice, including the 


use of individualised treatment goals for patients, and the current clinical pathway for the use of 
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blood-glucose-lowering therapy in T2DM, drawing on NICE clinical guidelines for diabetes7-11 


and NICE Pathways in Diabetes.12 The description is accurate and reflects NICE guidance, 


except that it does not detail that: 


 acarbose may used as a monotherapy instead of metformin or a sulfonylurea in patients 


unable to use other oral glucose-lowering medications13 (but this is a minor point as this 


agent is not specified to be of interest in the NICE scope for any comparisons of 


canagliflozin with or against other therapies and it is not mentioned in the NICE scope).  


 of the thiazolidinediones, the marketing authorisation for rosiglitazone has been suspended7 


and, although pioglitazone is still recommended by NICE and used in practice, from March 


2009 it has had black triangle status7 and in July 2011the MHRA raised concerns about the 


increased risk of bladder cancer in patients taking this drug.7;14;15 However, the manufacturer 


does note in the economic analysis section (MS p. 233) that there are increasing concerns 


about adverse events associated with pioglitazone and that its use in clinical practice is 


decreasing.   


 


The MS states that the recommendation in CG 877 that patients can receive triple therapy with 


metformin, sulfonylurea and insulin if dual therapy with metformin and sulfonylurea fails is not 


favoured in clinical practice, because many patients do not want to start injectable treatment. 


The clinical expert consulted by the ERG concurred that many patients would prefer to use an 


oral agent first and that a minority of triple therapy patients use insulin. 


 


The manufacturer details on MS p. 35 the proportion and number of patients who are treated on 


different mono-, dual and triple therapy and add-on therapy to insulin regimens, using data from 


an unpublished report (CEGEDIM, 2013).16 The data presented in the MS suggest that most 


people with diabetes will be treated with metformin as part of their therapy. Metformin is the 


standard first-line therapy recommended by NICE7 and clinical expert advice to the ERG is that 


most patients will receive metformin. In the systematic literature review, the manufacturer has 


focused on regimens involving metformin and patients treated on a background of metformin. 


However, canagliflozin’s licenced indication does not limit its use to regimens involving 


metformin and states that it may be used as an add-on therapy to other anti-hyperglycaemic 


agents. The manufacturer has not provided data on the proportion or number of patients 


receiving other therapeutic combinations to which canagliflozin potentially could be added (e.g. 


it could be used as part of dual therapy with a sulfonylurea or triple therapy with agents other 


than metformin). It is therefore unclear what proportion of patients may receive triple or dual 
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therapy regimens other than those including metformin and who could also potentially receive 


canagliflozin as part of their treatment in practice17 (and who are thus not represented in the 


systematic literature review; see section 3.1.2 of this report). The clinical expert consulted by the 


ERG estimated that around 5-10% of patients experience persistent problems with metformin 


that lead to discontinuation. He stated that although this is proportionally a minority of patients, 


given the high prevalence of diabetes this means that a large number of patients do not receive 


metformin.  


2.3 Critique of manufacturer’s definition of decision problem  


 
Population 
 


Table 1 summarises the patient populations included in the manufacturer’s decision problem for 


the assessment of dual, triple and add-on therapy to insulin and whether they match those 


specified in the final scope issued by NICE. In line with the final scope, the manufacturer has 


included adults with T2DM that has been inadequately controlled with monotherapy (for the 


assessment of dual therapy), dual therapy (for the assessment of triple therapy) and insulin 


alone or with other agents (for the assessment of add-on therapy to insulin). However, they 


have not included patient populations treated on all the background therapies specified in the 


scope (as we outline below). 


 


For the assessment of dual therapy, the manufacturer has included only patients treated on a 


background of monotherapy with metformin and has excluded patients treated on a background 


of monotherapy with a sulfonylurea. They state two reasons for this: 1) the sulfonylurea sub-


study of the DIA3008 trial18 showed a high rate of hypoglycaemic events when sulfonylurea was 


used in combination with canagliflozin (though the ERG considers that this study does not meet 


the decision problem as there was no active comparator), and 2) they argue that a high 


proportion of patients treated with a sulfonylurea would not be eligible for treatment with 


canagliflozin as many patients receiving a sulfonylurea would have been treated with it rather 


than metformin as they have renal impairment (specifically those with a CrCl < 45 mL/min), 


which is also a contraindication for canagliflozin. Clinical expert advice to the ERG suggests that 


the manufacturer’s rationale is not completely justified, as not all patients taking a sulfonylurea 


monotherapy would do so because metformin was contraindicated due to renal impairment. For 


example, some patients experience gastrointestinal problems on metformin and may therefore 


be prescribed a sulfonylurea instead. The clinical expert consulted by the ERG also stated that 


hypoglycaemia is an adverse event commonly associated with sulfonylureas and the high rate 
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of hypoglycaemia observed for dual therapy with sulfonylurea and canagliflozin is to be 


expected and is not a reasonable justification for excluding this patient group (though as stated 


above, the DIA3008 SU sub-study18 does not meet the decision problem in the view of the 


ERG). While most patients treated with dual therapy will receive an add-on to metformin (which 


is the standard first-line therapy recommended by NICE7), the ERG suggests that the exclusion 


of patients treated on a background of a sulfonylurea is not reasonable, and that given the high 


prevalence of diabetes in the UK, this excludes a significant number of diabetes patients who 


may be treated in the NHS and who fall within the licenced indication outlined in the SmPC (i.e. 


canagliflozin can be used as an add-on therapy to sulfonylureas). We discuss the implications of 


this omission for the clinical and cost-effectiveness analysis in section 4.4 of this report. 


 


For the assessment of triple therapy, the manufacturer considers patients inadequately 


controlled on a background of a) metformin and a sulfonylurea, and b) metformin and a 


thiazolidinedione. Other patient groups specified in the scope that are not included are: patients 


whose diabetes was inadequately controlled on dual therapy with metformin in combination with 


a DPP-4-inhibitor or a GLP-1 analogue, or with a sulfonylurea in combination with a 


thiazolidinedione, a DPP-4-inhibitor or a GLP-1 analogue. 


*************************************************************************************************************


*************************************************************************************************************


*************************************************************************************************************


**** Patients on GLP-1-a and metformin would probably move to insulin, and a SGLT-2 inhibitor 


would only be considered as a third line agent with a DPP-4-i and metformin for a minority of 


patients in whom sulfonylurea is contraindicated. The manufacturer has not provided reasons 


for not including patients treated with a sulfonylurea in combination with a thiazolidinedione, a 


DPP-4-inhibitor or a GLP-1 analogue. 


 


In summary, the population described in the decision problem covers most of the people with 


T2DM inadequately controlled on mono- and dual therapy in the NHS, who would have been 


treated on drug combinations including metformin (which is the standard first line therapy 


recommended by NICE).7 However, the smaller proportion of patients treated with other agents, 


and who could potentially be eligible for treatment with canagliflozin according to its licenced 


indication, is not represented in the decision problem. In particular, the ERG considers that the 


omission of patients treated on a background of monotherapy with a sulfonylurea was not 


justified. 
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Table 1: Adult T2DM populations included in the manufacturer’s decision problem  
Treatment 
regimen 


Population included in the 
decision problem 


Matches NICE final scope? 


Dual therapy Adults with T2DM inadequately 
controlled on monotherapy with 
metformin  


Yes, but does not include adults with 
T2DM inadequately controlled on 
monotherapy with a sulfonylurea, which 
was also stated to be a population of 
interest in the scope 


Triple therapy Adults with T2DM inadequately 
controlled on dual therapy with 
either : 


 metformin and a 
sulfonylurea  


 metformin and a 
thiazolidinedione 


Yes, but does not include all the triple 
populations which were stated to be of 
interest in scope. Specifically, it omits 
adults with T2DM inadequately controlled 
on dual therapy with: 


 metformin in combination with a 
DPP-4-inhibitor or a GLP-1 
analogue 


 a sulfonylurea in combination with 
a thiazolidinedione, a DPP-4-
inhibitor or a GLP-1 analogue 


Add-on 
therapy to 
insulin 


Adults with T2DM inadequately 
controlled on monotherapy with 
insulin and standard of care 


Yes. Scope states that population of 
interest is adults with T2DM inadequately 
controlled on insulin monotherapy or on 
insulin with up to two oral agents. 
Although, note that the manufacturer has 
not specified how many agents are used 
as part of “standard of care”.  


 


 
Intervention 
 
The marketing authorisation for canagliflozin was granted in November 2013. In line with the 


final scope and the licenced indication, the intervention described in the decision problem is 


canagliflozin at a dose of 100mg or 300mg once daily in combination with oral anti-diabetic 


agents and/or insulin in patients whose diabetes was inadequately controlled on other 


agents/insulin. As detailed in the MS, the SmPC states that canagliflozin is initially administered 


at a dose of 100mg once daily, and this can then be increased to 300mg once daily if better 


glycaemic control is needed, patients have tolerated canagliflozin and the higher dose is not 


contraindicated.17  


 


On MS p. 14 of the decision problem section of the MS, the manufacturer states that in clinical 


practice, it is expected that canagliflozin will be used in combination with metformin for dual 


therapy, in combination with metformin and a sulfonylurea for triple therapy and in combination 


with insulin plus standard of care. The MS focuses on these intervention combinations, plus 


triple therapy with canagliflozin, metformin and a thiazolidinedione, in the decision problem (MS 


p. 47) and the systematic literature review. These uses of canagliflozin only partly reflect the 
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licenced indication and NICE’s final scope – which states that the aim of this appraisal is to 


examine the effectiveness of canagliflozin within its licensed indication. The SmPC does not 


limit use of canagliflozin to only dual and triple therapy regimens including metformin; it states 


that canagliflozin can be used as an add-on therapy to other anti-hyperglycaemic agents, 


including insulin. Therefore the use of canagliflozin specified in the decision problem is narrower 


than defined in the licenced indication and may not reflect all the potential uses of canagliflozin 


in clinical practice. Furthermore, the ERG notes that the combination of canagliflozin, metformin 


and thiazolidinedione may be of limited relevance to clinical practice. Clinical expert advice to 


the ERG is that the use of thiazolidinediones is declining due to concerns about weight gain, 


heart failure and osteoporosis. 


 
Comparators 
 
For the assessment of dual therapy with a combination of canagliflozin and metformin, the 


comparators stated in the manufacturer’s decision problem are all those specified in the final 


scope: sulfonylureas, thiazolidinediones (although the scope more specifically states 


‘pioglitazone’), DPP-4-inhibitors, GLP-1 receptor agonists and dapagliflozin, all in combination 


with metformin. These comparators are appropriate for the NHS and reflect the drug 


combinations recommended by NICE in CG 87,7 TA 203,10 TA 248,9 and TA 288.8  


 


For the assessment of triple therapy with a combination of canagliflozin, metformin and a 


sulfonylurea, the comparators stated in the manufacturer’s decision problem are: DPP-4-


inhibitors and GLP-1 analogues, both in combination with metformin and a sulfonylurea. The 


manufacturer has therefore included two of the four comparators stated to be of interest in the 


final scope. These comparators are appropriate for the NHS and reflect the drug combinations 


recommended by NICE in CG 87,7 TA 248,9 and TA 203.10 The comparators specified in the 


scope that have not been considered by the manufacturer are: thiazolidinediones (although, 


again, the scope more specifically states ‘pioglitazone’) and insulin, both combined with 


metformin and a sulfonylurea. The manufacturer states that these comparators have not been 


included as “insufficient clinical data were found to populate the NMA [network meta-analysis]” 


(MS p. 41). For the assessment of the triple therapy combination of canagliflozin, metformin and 


thiazolidinediones, the comparator is DPP-4-inhibitors combined with metformin and 


thiazolidinediones. Clinical expert advice to the ERG is that this combination is not generally 


used in clinical practice, and, as noted above, the use of thiazolidinediones is declining. The 


ERG therefore suggests that this comparator is of less relevance to clinical practice. 







  Confidential until published 


24 
 


Comparators stated to be of interest in NICE’s scope and that have not been included are: GLP-


1-a and insulin, both combined with metformin and thiazolidinediones. The manufacturer has 


not included these as again they state that there was insufficient evidence to populate the NMA.  


 


For the assessment of add-on therapy to insulin (canagliflozin in combination with insulin with or 


without metformin), the comparators stated in the manufacturer’s submission are: DPP-4-i, 


GLP-1-a and dapagliflozin, all with or without metformin. The manufacturer states that although 


NICE does not recommend use of DPP-4-i or GLP-1-a in combination with insulin, these 


combinations are used in clinical practice. Clinical expert advice to the ERG concurs that these 


agents are used in clinical practice with insulin.  


 


On the whole, the comparators outlined in the decision problem are appropriate for the NHS and 


are those recommended in NICE guidance. The most notable potential comparator not included 


(due to insufficient evidence) is insulin, metformin and sulfonylurea, which is the main triple 


therapy regimen recommended by NICE in CG 87,7 but as noted above, clinical expert advice to 


the ERG indicated that this regimen is not commonly used in practice. 


 
Outcomes 


The manufacturer has included all the outcomes specified in the final scope in the decision 


problem: 


 HbA1c control 


 Frequency and severity of hypoglycaemia 


 Change in cardiovascular risk factors (including blood pressure and serum lipids) 


 Weight change 


 Complications of diabetes (for example, cardiovascular, renal and eye) 


 Mortality 


 Adverse effects of treatment (including genitourinary tract infection and urinary tract 


infection) 


 HRQoL 


 


The outcomes are appropriate and are clinically meaningful. The manufacturer has not omitted 


any clinically important outcomes. 


 
 
 







  Confidential until published 


25 
 


 
Economic analysis 
The economic analysis proposed in the decision problem matches the final scope and is 


appropriate for the NHS. The manufacturer has used a 40 year time horizon, which is sufficient 


for capturing differences in outcomes and costs for intervention in diabetes.  


 
 
Other relevant factors 
In line with the final scope, the decision problem states that subgroup analyses based on 


patients’ baseline HbA1c will be included in the submission (the manufacturer has used a HbA1c 


level of ≥ 9% as this is the pre-defined category used in some of the trials, which the ERG 


agrees is reasonable). The manufacturer states that they have not included subgroup analyses 


by patients’ baseline BMI, as suggested in the final scope, because the trial data showed that 


this was not associated with change in HbA1c and other outcomes. The ERG again agrees that 


this is reasonable following clarification provided by the manufacturer. 


 


The MS states that there are no known equity or equality issues and the ERG agrees with this.   


 


3 CLINICAL EFFECTIVENESS 


3.1 Critique of manufacturer’s approach to systematic review 


3.1.1 Description of manufacturer’s search strategy  


 


Summary 


Overall, the literature searches in the MS are systematic and of a reasonable standard.  They 


do contain some minor inconsistencies, though these are not deemed sufficient for amendment 


or re-run. There is good coverage of grey literature, especially for conferences and some hand 


searching was undertaken. Only one clinical trial registry, clinicaltrials.gov, was documented as 


having been searched. The ERG elected to run searches on some additional clinical trial 


registries and websites (see below). 


 


Clinical effectiveness searches 


The database selection matched the minimum NICE criteria (MS section 6.1 and MS Appendix 


2). The MS reports the database host platforms used and the years searched.  Searches were 


undertaken in February 2013 and updated in August 2013 (NB. The accompanying clinical 


systematic literature review (SLR) report by Amaris3 does not mention that searches were 
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updated in August 2013, yet the same number of references are reported as having been 


screened in both the SLR report and the MS. The ERG would have expected there to be an 


updated number of screened references in the MS). A good range of relevant conference 


proceedings have been searched (eight in total).  


 


The clinical effectiveness literature search (which was conducted jointly for the clinical SLR and 


the NMA) is clearly split into three logical sets to represent population/disease, intervention and 


trial design.  There is a reasonable balance of database index descriptor terms (e.g. MeSH) and 


free text terms in the strategy. Syntax and Boolean operators are used correctly. A precision-


optimised RCT search filter (similar to the one in the Cochrane Handbook) has been utilised and 


the search was restricted to English language. Search strategy terms have been successfully 


translated from Medline to Embase.  In the Cochrane Central Register of Controlled Trials 


(Central) it is correct that no trials search filter has been applied as it is a trials database. 


 


There is a minor discrepancy in the reporting of the choice of database host, as in MS appendix 


2  section 10.2.3 Table 1 page 36 states “Ovid” whereas the text in MS section 6.1.1 Table 8 


page 51, records  “Medline and Embase were searched using the Embase.com interface”.  


 


There were no details in the search strategy tables in MS appendix 2 of the number of hits per 


line, nor total recall, making it hard to quickly check the return of hits. The searching of in-house 


company databases is specified by the MS as not applicable, with no further details given. 


However, MS table 10 provides citations from canagliflozin clinical study reports ‘from the 


Janssen internal database’.   


 


Only one on-going trials registry has been searched (ClinicalTrials.gov) on March 11th 2013 (MS 


appendix 10.2.1). It would have been advisable for this search to have been updated in August 


2013 to synchronise with the update searches of the bibliographic databases. A more extensive 


search for on-going trials could have been undertaken using other trial registries. Hand 


searching of NICE, SMC, AWSMG was undertaken in Feb and updated in August 2013.  The 


ERG conducted searches of the following on-going trials registries: UK Medicines Information 


(UKMi); National Horizon Scanning; European Medicines Agency (EMA); Food and Drugs 


Administration (FDA); Johnson & Johnson; UK Clinical Research Network Study Portfolio 


(UKCRN); controlled-trials.com multi register search; World Health Organisation International 
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Clinical Trials Registry Platform (WHO ICTRP); Australian and New Zealand trial Registry. The 


results of this search are discussed below.  


 


Cost effectiveness searches 


MS section 7.1, outlines the approach to the search for cost-effectiveness studies. The search 


strategies are provided in a separate report by the Swedish Institute for Health Economics 


(IHE).4 They were undertaken in November 2012, with no mention of update searches.  A 


variety of appropriate databases have been searched.  There is a typo in text referring to the 


search strategy description - “sulfonlyurea” instead of sulfonylurea,  however it appears correct 


in the search table in Appendix 1 of the IHE report.4 A succinct cost filter has been used. The 


Pubmed search appears to have used only free text terms in any field rather than using a 


combination of free text and index terms. In Embase, index terms have been used to represent 


T2DM, however only free text terms have been used to represent cost effectiveness, although 


the terms would appear to be appropriate and correctly linked. 


 


Cost of resource use searches  


Cost of resource use searches were conducted in November 2012 and appear in a separate 


report by the manufacturer.19 A wide range of co-morbidities have been included in the search 


and there is a balance of index terms and free text terms.  The Medline search is reported in the 


text to have been conducted in Ovid, however the ERG notes that the syntax used suggests a 


different host platform was used. 


 


Quality of life searches 


The searches were conducted on consultancy by York Health Economics Consortium (YHEC) 


and contain an appropriate quality of life search filter to identify specific utility values such as 


EQ5D or SF-36. in diabetes or complications of the condition. There is a good balance of index 


and free text terms. Lines 5-16 are repeated perhaps unnecessarily again in lines 22-32, making 


sets 16 and 33 identical, although perhaps the rationale was  for greater overtness for the 


linking of T2DM and quality of life and all types of diabetes and complications and quality of life. 


The anatomy of the search strategy is clearly explained. A good range of grey literature and 


clinical trials registries were also efficiently searched. 
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3.1.2 Statement of the inclusion/exclusion criteria used in the study selection  


 


The inclusion and exclusion criteria are clearly stated on MS p. 53. The same exclusion and 


inclusion criteria were used to select studies for both the systematic literature review and the 


NMA. Therefore, the criterion regarding the type of intervention to be included (“at least one 


treatment of interest” [MS p. 53]) was wider than interventions/comparators specified in the 


decision problem and included all those stated to be of interest in the NICE scope, so that 


indirect comparisons of canagliflozin and the comparators listed in the scope could be made.  


 


The manufacturer restricted inclusion to studies that focused on patients whose T2DM was 


inadequately controlled. This is wider than the populations described in the decision problem, 


which more specifically focused on patients inadequately controlled on mono-, dual and insulin 


therapy on specified combinations of agents as their background therapy. Studies of children 


were excluded, which is in line with the decision problem and licence, which is for use of 


canagliflozin in adults only.  


 


In terms of outcomes, the manufacturer restricted inclusion to studies that had measured HbA1c, 


fasting plasma glucose (FPG), blood pressure, body weight/BMI and the incidence of 


hypoglycaemia. These outcomes reflect those specified in the decision problem, except for FPG 


which was not stated to be of interest in the decision problem. The ERG considers that FPG 


provides little clinically meaningful information as an outcome, as it is an acute parameter that 


easily fluctuates and only reflects an individual’s glycaemic control at one moment in time.20 


However, results for FPG are reported in the SLR publication accompanying the MS3 (reference 


72 in the MS), and, in line with the decision problem, are not reported in the MS. The 


manufacturer omitted other outcomes stated in the decision problem and scope from their 


inclusion criteria, specifically: change in cardiovascular risk factors other than blood pressure, 


complications of diabetes, mortality, adverse effects of treatment and HRQoL, though they do 


report results of these for the canagliflozin trials included the MS. This means that the review 


may not have identified all relevant studies that measured these outcomes.   


 


The manufacturer also restricted study selection to only RCTs and studies of 12 weeks or more 


duration, and excluded studies not in English, which the ERG agrees is reasonable. No limits 


were placed on inclusion regarding the methodological quality or risk of bias of the RCTs. 
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Setting was not used as an inclusion criterion and this reflects the decision problem and the 


NICE scope. 


 


Overall, the ERG considers that the inclusion criteria were appropriate, but in parts were wider 


than the decision problem. The restriction of the outcomes criteria to only some of those 


specified in the decision problem and scope means that potentially relevant studies may have 


been missed for the systematic literature review and the NMA. 


 


Additional inclusion criteria were applied to screen studies for the NMA (see MS p. 112). Trials 


including special populations (renal impairment, CVD or risk of CVD) (for the analysis of 


metformin, MET+SU and MET+TZD background), or patients on mixed background therapies or 


therapies not recommended in the UK (specifically insulin degludec, liraglutide 1.8mg and 


lixisenatide), and were excluded. Special populations were excluded to reduce heterogeneity 


(with the exception of the DIA3008 insulin sub-study which included patients at increased risk of 


CVD, on the basis that this was the only canagliflozin trial available to be included in the insulin 


background NMA). Trials reporting outcomes at 26 or 52 weeks ± 4 weeks (for the base case) 


or at 26 or 52 weeks ± 10 weeks (for the sensitivity analyses) were included. For the triple 


therapy networks trials that did not examine outcomes at 26 +/- 10 weeks were excluded. 


Please see Table 4 for the ERG’s appraisal of the appropriateness of these criteria. 


 


A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart is 


available in Figure 1 in the accompanying SLR report3 (p. 26). This shows the number of 


references included and excluded at each stage of the review, as well as reasons for exclusion 


at the initial and full text screening stages. However, it is unclear how the 208 citations that were 


identified for data extraction and use in the systematic literature review in the accompanying 


SLR report (MS p. 54 and SLR3 p. 26) were further refined to the 11 canagliflozin studies 


detailed on MS p. 57 that were eventually considered for inclusion in the MS. The manufacturer 


has not detailed the process or criteria used for further study selection. The ERG requested 


clarification from the manufacturer about this. In their response, the manufacturer stated that 


Janssen had provided 10 studies (totalling to the 11 studies identified when including the two 


sub-studies of one RCT) to Amaris (who conducted the SLR on behalf of the manufacturer), and 


that these had not been identified through the original searches, as the studies were 


unpublished at the time the searches were conducted. These are shown in the PRISMA 


diagram in the cell for “additional papers identified through other sources”. They stated that the 
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studies were screened using the same process as for all the other papers. The ERG considers 


the process for selecting these studies to be acceptable.  


 


Furthermore, a total of 648 full texts were screened for eligibility, and the total number of 


references ‘discarded as did not meet the inclusion criteria’ sums to 434 by the ERG’s 


calculation. This should leave 214 publications for inclusion in the systematic literature review 


detailed in the accompanying report,3 rather than 208 publications as specified. The ERG asked 


the manufacturer to clarify this discrepancy, and they responded stating that there were an 


additional 6 studies (5 of which were conference abstracts) that did not meet the criteria for the 


clinical systematic review but which were included in the sensitivity analysis of the NMA 


(citations provided).  


 


The manufacturer has not discussed any potential biases in their study selection. 


3.1.3 Identified studies 


 
The MS identified 11 Phase 3 RCTs (reported in 17 publications in addition to a number of 


conference abstracts) as relevant to the MS (MS p. 54), including two sub-studies of one trial 


(DIA3008) (MS p.55). The manufacturer did not identify any relevant non-RCTs, as they 


restricted inclusion to RCTs only. The manufacturer supplied the ERG with electronic copies of 


the CSRs and all the linked publications for 10 of the 11 identified RCTs. They did not supply a 


copy of the CSR for the DIA3014 trial (the “Asian study”), which was the only publication 


identified for this trial. All of the RCTs were sponsored by Janssen Research & Development, 


LLC. Of the 11 RCTs, the manufacturer excluded five from further consideration and gave 


reasons for this on MS p. 57 and p. 58 (though note, these trials were included in various pooled 


sets of analyses for adverse events reported in the MS). This resulted in six RCTs finally being 


included in the review (MS p. 59) (DIA3009,21 DIA3006,22 DIA3015,23 DIA3002, DIA3012, and 


the DIA3008 insulin sub-study). The six studies identified for inclusion by the manufacturer meet 


the inclusion criteria, but three are not relevant to the decision problem or final scope, as we 


detail below. 


 


The ERG checked the relevance of the originally identified 11 RCTs against the final scope and 


decision problem and Table 2 shows our assessment of whether or not these trials are relevant. 


The ERG agreed with the five exclusions the manufacturer had made, but also identified that 
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three of the included RCTs (DIA3002, DIA3012, and the DIA3008 insulin sub-study) were not 


relevant, for the reasons detailed in Table 2 – namely the absence of active comparators.  


 


Therefore, the following trials identified by the manufacturer were assessed by the ERG as 


relevant to the review, and we have focused our review of the evidence submitted by the 


manufacturer to these:  


 DIA300921 - CANagliflozin Treatment And Trial Analysis-Sulfonylurea SGLT2 Add-on to 


Metformin Versus Glimepiride (CANTATA-SU)  


 DIA300622 - CANagliflozin Treatment and Trial Analysis - DPP-4 Inhibitor Comparator 


(CANTATA-D) 


 DIA301523 - CANagliflozin Treatment And Trial Analysis - DPP-4 Inhibitor Second 


Comparator (CANTATA-D2) 


 


Two of these three trials examined dual therapy with canagliflozin (at a dose of 100mg or 


300mg) among patients treated on a background of metformin, with DIA300921 comparing it to 


sulfonylurea (glimepiride, titrated up to a maximum dose of 6mg or 8mg depending on local 


regulations – see trial CSR p. 36) and DIA300622 comparing it to sitagliptin (a DPP-4-i) (100mg). 


The other trial (DIA301523) examined triple therapy with canagliflozin (300mg) compared to 


sitagliptin (100mg) among patients treated on a background of metformin and a sulfonylurea. 


There were no relevant add-on to insulin therapy studies. 


 
Table 2: The manufacturer and ERG’s assessment of whether the identified 11 Phase 3 
RCTs were relevant to the systematic literature review (as defined in the scope and 
decision problem) 
Trial Intervention Patient 


population – 
treatment 
background 


Manufacturer’s 
assessment of 
trial relevance 


ERG’s assessment of trial 
relevance for this report 


DIA3009 Dual therapy - 
canagliflozin 
300mg and 
100mg versus 
SU (glimepiride) 


MET Include Include 


DIA3006 Dual therapy - 
canagliflozin 
300mg and 
100mg versus 
placebo or 
versus DPP-4-i 
(sitagliptin) 


MET Include Include 


DIA3008 SU 
sub-study 


Dual therapy - 
canagliflozin 


MET + SU Exclude Exclude - not relevant to the 
decision problem as no active 
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300mg and 
100mg versus 
placebo 


comparator 


DIA3015 Triple therapy - 
canagliflozin 
300 mg versus 
sitagliptin 100 
mg 


MET + SU Include Include 


DIA3002  Triple therapy - 
canagliflozin 
300 mg and 100 
mg versus 
placebo 


MET + SU Include Exclude - not relevant to the 
decision problem as no active 
comparator 


DIA3012 Triple therapy - 
canagliflozin 
300mg and 
100mg versus 
placebo/sitaglipti
n 


MET + TZD Include Exclude – purpose of the study 
was to compare the efficacy and 
safety of two different doses of 
canagliflozin with placebo. 
Patients received placebo up to 
26 weeks and then switched to 
sitagliptin for the next 26 weeks 
to maintain the double-blind 
design. Trial publication and MS 
do not report efficacy data for 
this arm up to 52 weeks.  


DIA3008 
insulin sub-
study  


Add-on to 
insulin therapy - 
canagliflozin 
300mg and 
100mg versus 
placebo 


Insulin and 
standard of care 


Included Exclude – trial compares two 
different doses of canagliflozin 
and placebo in a sub-population 
of patients receiving insulin ≥30 
IU/day and each group was 
stratified at randomisation for 
patients receiving different 
background therapy 
combinations of insulin and other 
agents or insulin alone. 
**************************************
**************************************
**************************************
**************************************
**************************************
**************************************
**************************************
**************************************
**************** Around a third of 
patients randomised to the 
placebo group had no 
background therapy apart from 
insulin. Thus the study does not 
match the comparator specified 
in the scope, “ One or more oral 
anti-diabetic agents (in 
combination with insulin)”. 


Special population studies 


DIA3010 
“Older 
subjects” 


Placebo or 
canagliflozin 
100mg or 
300mg 


Any approved oral 
or injectable 
treatment 


Exclude Exclude 
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DIA3004 
“Renal 
impairment
” 


Placebo or 
canagliflozin 
(100mg or 
300mg) 


Any approved oral 
or injectable 
treatment 


Exclude Exclude 


DIA3014 
“Asian 
study” 


Unclear All lines of therapy Exclude Exclude – a copy of the trial 
publication was not provided to 
ERG, but the manufacturer 
stated that patients in this trial 
had been in receipt of “all lines of 
therapy” (MS p. 58) as their 
background treatment so it is 
likely that this study is not 
relevant to the decision problem 
or the scope 


DIA3008 
“CV safety 
study” 


Placebo, 
canagliflozin 
100 mg, or 
canagliflozin 
300 mg 


Patients with 
increased 
cardiovascular risk 


Exclude Exclude 


 
The MS provides an overview of the trial designs and interventions used in DIA300921, 


DIA300622 and DIA301523 trials in MS p. 60, and p. 61, Table 6 in Appendix 3, and Tables 7 and 


8 in Appendix 4, MS Figure 5 (p. 60) and Figures 1 to 6 in Section 10.4.2 of Appendix 4. The 


patient inclusion and exclusion criteria are provided in Table 11 (MS p. 63 and 64) and Table 12 


(MS p. 65). Consort flow charts showing the number of patients eligible, randomised, and who 


completed each stage of the trials or dropped out are provided in Figures 7 to 12 in Section 


10.4.5 in Appendix 4 (p. 69 to 71). Baseline characteristics are shown in Tables 9 and 11 in 


section 10.4.3. The manufacturer has provided a list of the outcomes reported in the review and 


clinical justification for their inclusion in the review on MS p. 67 to 68. Table 13 in section 10.4.4 


of Appendix 4 (p. 66 to 68) details the primary and secondary outcomes measured in each 


study and includes information about the reliability, validity and current use of each measure in 


current clinical practice. Information about the statistical analyses in the trials is provided in 


Table 14 (MS p. 69 to 72), including power and sample size calculations, description of the 


mITT analysis, and information about the subgroup analyses are available on MS p. 73. In 


summary, the ERG considers that the MS provides an adequate level of detail about the 


canagliflozin trial characteristics. 


 


The MS states that baseline patient characteristics were similar across treatment arms within 


the DIA3009,21 DIA300622 and DIA301523 trials (MS p. 67) and the ERG agrees with this 


conclusion. The MS also states that patient baseline characteristics were similar between the 


dual therapy studies (DIA300921 and DIA300622), except that the duration of diabetes was 


slightly higher in DIA3006 than in DIA3009 (MS p. 67), and the ERG agrees with this. The ERG 
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notes that, as might be expected, proportionally more patients in the triple therapy study 


(DIA3015) than in the dual therapy studies had an HbA1c of > 9% and had experienced 


diabetes-related complications. These patients also had a longer duration of disease. 


 


The MS states that there is currently only one ongoing study of canagliflozin for T2DM: the 


CANVAS trial (DIA3008) of patients with a diagnosis of T2DM who have an elevated 


cardiovascular risk. This a safety study carried out in 4,330 patients which will report in 2017. 


The ERG notes that this trial is not relevant to the decision problem or scope, as it compares 


canagliflozin plus standard of care and placebo plus standard of care.  


 


The MS appears to have identified all relevant head-to-head trials of canagliflozin. Other than 


this, the ERG identified one further ongoing RCT which is possibly relevant from searches of the 


UK Clinical Research Network (UKCRN) database (UKCRN study ID 7616). The study is a four-


arm Phase 3 RCT comparing the efficacy, safety and tolerability of canagliflozin with placebo 


and sitagliptin in the treatment of patients with T2DM that is inadequately controlled on 


metformin and sulfonylurea. The ERG were unable to identify any further information about this 


study from internet searches and were unable to establish contact with the lead investigator, but 


note that it is funded by the manufacturer (Johnson & Johnson Pharmaceutical Research and 


Development).  


 
Finally, although the ERG deemed the three placebo-controlled trials DIA3002, DIA3012, and 


DIA3008 (insulin sub-study) as relevant to this report, it is noted that these trials are included in 


the NMA with the placebo arms used to connect treatments together indirectly. Furthermore, the 


economic model requires treatment effectiveness versus placebo to be specified. Whilst the 


ERG has not focused on these three trials in this report for the reasons stated above, given their 


inclusion in the NMA and the use of placebo comparison in the economic model, there is a brief 


discussion of their methodological quality in section 3.1.4. 


 


3.1.4 Description and critique of the approach to validity assessment 


 


The MS quality assessed all the included trials, and they used the NICE criteria (MS section 


6.4). The canagliflozin clinical trials appear to be of good methodological quality and the ERG 


generally agrees with the manufacturer’s assessment of study quality (Table 3). 
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Table 3: Manufacturer and ERG assessment of trial quality 
  DIA3009 DIA3006 DIA3015 


1. Was randomisation carried out 
appropriately? 


MS: Yes Yes Yes 


ERG: Yes Yes Yes 


Comment: Computer generated randomisation 


2. Was concealment of treatment 
allocation adequate? 


MS: Yes Yes Yes 


ERG: Yes Yes Yes 


Comment: An interactive web/voice response system was used 


3. Were groups similar at outset in 
terms of prognostic factors? 


MS: Yes Yes Yes 


ERG: Yes Yes Yes 


Comment:  


4. Were care providers, participants 
and outcome assessors blind to 
treatment allocation?  


MS: Yes Yes Yes 


ERG: Yes Yes Yes 


Comment: In all three trials blinding was maintained throughout the core double blind period until 
database lock whereby the study was unblinded to permit completion of CSR for regulatory filing 
(though Centre, patients and local sponsor personnel remained blinded). Unblinding could also 
occur if rescue mediation was required. 


5. Were there any unexpected 
imbalances in drop-outs between 
groups? 


MS: No No No 


ERG: No No No 


Comment: There was a slightly higher rate of discontinuations in the active comparator arms of 
the trials (e.g. sitagliptin, and glimepiride)  


6. Is there any evidence that authors 
measured more outcomes than 
reported? 


MS: No No No 


ERG: No No No  


Comment: Generally all outcomes specified in MS Appendix 4 (Tables 7 and 8) are reported, with 
following exceptions: time to initiation of rescue therapy (DIA3009 and DIA3006); time to 


discontinuation; coefficient of durability (DIA3015); and time to develop an increase in HbA1c 


≥0.3% from week 26 to week 52 (in patients with decrease from baseline in HbA1c ≥ 
0.4%)(DIA3015). Limited data are reported for exploratory outcomes such as HRQOL and PROs 
(all three trials).  


7. Did the analysis include an ITT 
analysis? If so, was this appropriate 
and were appropriate methods used 
to account for missing data? 


MS: Yes Yes Yes 


ERG: Yes Yes Yes 


Comment: Primary efficacy analysis was performed in the modified intent-to-treat (mITT) 
population (randomised participants who received ≥1 dose of study drug) using a last observation 
carried forward (LOCF) approach. The number of randomised patients not dosed (and therefore 
excluded from the mITT) was minimal (DIA3006 n=0; DIA3009 n=2; DIA3015 n=1). The MS does 
not discuss the appropriateness of using the LOCF approach in the evaluation of diabetes 


treatment (e.g. the assumption that change in HbA1c would be maintained following treatment 
withdrawal). A per-protocol analysis was performed as supportive analyses. Only mITT results are 
reported in the MS (some per-protocol results are reported in the trial journal publications). 


 


 


The manufacturer judged the quality of three placebo controlled RCTs included in the MS 


(DIA3002, DIA3012 and the DIA3008 insulin sub-study) to be similar to the three active 


comparator trials (MS Table 16). As discussed above, the ERG has not focused on the placebo 


controlled trials in this report, but does note their inclusion in the NMA and the use of placebo 
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comparison in the economic model. Whilst the ERG has not undertaken an independent quality 


assessment of these three trials it is noted that they are similar in design to the active 


comparator trials, having been conducted as part of the canagliflozin clinical trial programme. It 


would therefore be reasonable to assume they are of similar good quality to the other trials in 


the programme.  


 


3.1.5 Description and critique of manufacturer’s outcome selection 


 


The outcomes addressed in the manufacturer’s decision problem include all of those specified 


in the scope, and are generally reported in the manufacturer’s systematic review of the literature 


(though see below).  


 


Generally the outcomes measured in the trials are reported in the MS, however see the specific 


exceptions noted in Table 3 (Manufacturer and ERG assessment of trial quality). Body Mass 


Index (BMI) is not reported in the MS but is included in the NMA. 


 


MS Appendix 10.4.1 (Table 7) reports that a variety of exploratory HRQoL measures and 


Patient Reported Outcomes (PRO) were assessed using questionnaires, in the trials. These 


included established generic instruments such as the EQ-5D, SF-36, and Current Health 


Satisfaction Questionnaire (CHES-Q) and disease-specific instruments: Impact of Weight on 


Quality of Life Lite (IWQOL-Lite); Multi-dimensional Diabetes Questionnaire (MDQ); Diabetes 


Utility Index (DUI);  Diabetes Intention, Attitude, and Behavior Questionnaire (DIAB-Q). 


 


The HRQoL and PRO outcomes are not reported in the main submission document (or in the 


trial journal publications), however MS Appendix 14 reports various sets of analyses of these 


instruments, some of which are pooled across trials, and some which are reported by trial (e.g. 


mainly trial DIA3009). Regression analyses are also reported to identify predictors of HRQoL. A 


description of the HRQoL and PRO instruments with supporting references is also provided. 


Some of the instruments are reported to have been validated, with some having been 


developed by the manufacturer.  
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3.1.6 Description and critique of the manufacturer’s approach to trial statistics 


 


The MS reports the results for the relevant outcomes in the DIA3009,21 DIA300622 and 


DIA301523 trials in MS section 6.5.3.1 (p. 79 to 108) and Section 10.6 of Appendix 6 


(specifically, change in HbA1c, blood pressure, body weight and lipid levels). No interim data for 


the DIA3009,21 DIA300622 and DIA301523 trials are presented. Trial results for weight change 


are only reported in kg in the SLR and not in terms of BMI, which was also reported in the trial 


CSRs. However, BMI results are reported in the NMA. Limited results for the HRQoL and PRO 


outcomes are reported in MS Appendix 14.  


 


The MS states that analyses of the change in HbA1c, blood pressure, body weight and lipid 


levels endpoints were performed using ANCOVA. The MS reports that non-inferiority and 


superiority analyses were conducted for the HbA1c outcome in each of the three trials. The trials 


used a pre-specified non-inferiority margin of 0.3% for the upper limit of the two-sided 95% 


confidence interval for each comparison. If non-inferiority was shown superiority was concluded 


when the upper limit of the 95% CI was less than 0.0%. The ERG notes that the non-inferiority 


analyses were adequately powered in each of the trials. Units of measurement, effect sizes, 


measures of variance and the number of patients included in each analysis are provided. The 


results presented are based on the mITT population (defined as all randomised patients who 


took at least one dose of the study drug), which used a LOCF approach to impute missing data. 


As mentioned in section 3.1.4 of this report, the MS does not discuss the appropriateness of the 


LOCF approach in the evaluation of diabetes treatment (e.g. the assumption that change in 


HbA1c would be maintained following treatment withdrawal). Per-protocol analyses were also 


reported in the original trial publications, with the per-protocol populations defined as all patients 


who completed follow-up, did not need glycaemic rescue therapy and who had no protocol 


violations. The manufacturer has only presented the mITT analyses in the MS and has not 


provided any commentary on any differences or similarities between the per-protocol and mITT 


analyses. In our presentation of the trial results in this report (see section 3.3), the ERG has 


commented on whether or not the mITT and per-protocol population analyses were consistent. 


 


For all three trials, the manufacturer has presented a post-hoc analysis of the proportion of 


patients achieving an HbA1c of less than 7.5%, the current NHS target in the Quality Outcomes 


Framework (QOF),24 rather than the pre-defined endpoints in the trials of patients achieving less 


than 7% or less than 6.5% at week 52. 
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*************************************************************************************************************


*************************************************************************************************************


**************************************************************************************** 


 


The manufacturer presents the results for the sub-group analyses by baseline HbA1c in 


DIA300622 and DIA301523 on MS p. 107, using the following categories: <8%, 8% to <9% and 


≥9%. Subgroup analyses by baseline HbA1c were not conducted in DIA3009.25 The subgroup 


analysis results by baseline BMI are not presented, with the MS just stating that “there were no 


significant difference [sic] in terms of change in mean HbA1c over time by BMI groups” (MS p. 


107 and p. 108).  


 


In summary, the manufacturer’s approach to trial statistics is on the whole appropriate, but the 


ERG considers that the MS should have discussed the appropriateness of the LOCF approach 


to imputing missing data in the mITT analyses and made apparent any differences and 


similarities between the mITT and per-protocol analyses for the HbA1c outcome. Furthermore, 


the ERG suggests that the post-hoc analyses of the proportion of patients achieving an HbA1c 


of less than 7.5% should be interpreted with caution. 


 


3.1.7 Description and critique of the manufacturer’s approach to the evidence synthesis 


 


A narrative synthesis is provided of the canagliflozin trials, with data presented in tables and 


figures with some textual commentary (MS Section 6.5).  


 


The main form of synthesis in the MS is the NMA. Separate networks were constructed for: 


metformin background at 26 weeks, metformin background at 52 weeks, metformin and 


sulfonylurea background at 26 weeks, metformin and pioglitazone background at 26 weeks, and 


insulin (with or without oral antidiabetic drugs (OAD)) background at 26 weeks. 


 


Meta-analyses of direct evidence (i.e. two or more trials of a comparison) were conducted, when 


possible, for each of the networks of the NMA. Direct meta-analysis was conducted using a 


frequentist model. The inverse variance method was used, or in cases of zero events the 


Mantel-Haenszel method was used (MS section 6.7.5.3). Heterogeneity was suspected if 


Cochran’s Q test was significant (at <10%), or I2 was higher than 50%. These are standard 


methods for assessing the likelihood of heterogeneity in meta-analysis.26 The results of the 
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direct comparisons are provided in the accompanying SLR report,3 but do not appear to be in 


the main MS.  


 


Outcomes of relevance to the economic model (i.e. change in HbA1c, weight, BMI and SBP, and 


incidence of hypoglycaemia) are reported in the main submission (see MS p. 111) and further 


outcomes such as FPG are reported in the accompanying SLR report3. However, as noted later 


in this report (section 4.2.4) the economic model appears to use data from the NMA for HbA1c 


and BMI, but for other outcomes input data is taken from the NMA or from specific clinical trials. 


Consequently, of all the outcomes included in the NMA the results for HbA1c and BMI have most 


influence on the cost-effectiveness results in the submission.  


 


Table 4 reports the ERG’s critical appraisal of the manufacturer’s NMA. In general the NMA is 


judged to be of reasonable quality according to the criteria, with a few caveats as noted in the 


table. The key caveats are: 


 


 For the triple therapy networks, studies which did not measure outcomes at 26 +/- 10 weeks 


were excluded from the NMA after full text screening. This raises the possibility that some of 


those excluded could have been used to construct 52 week networks for triple therapy. This 


would have meant less reliance on 26 week effectiveness data in the economic model, and 


therefore the assumption of maintenance of treatment effects between 26 and 52 weeks 


(see point 4 in Table 4). 


 Critical appraisal of included studies appears to have been conducted by one reviewer and 


only a 20% sample checked by a second. From a brief examination of the manufacturer’s 


tabulated critical appraisal judgments it appears that the methodological quality is 


reasonable, however, for a number of studies quality was judged to be unclear (see point 7 


in Table 4). 


 Some of the networks include few studies, particularly for triple therapy.  The volume of 


direct evidence for some of the loops in the networks was low (approximately 2 trials for 


each loop, typically), with several treatments connected directly by only one trial (see point 8 


in Table 4). 


 Statistically significant heterogeneity was noted in a number of the direct comparisons 


across the networks, and was suggested to be caused by differences in variables such as 


HbA1c and weight/BMI at baseline between studies (see point 9 in Table 4). 
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 It is not stated whether the inconsistency tests reported were adjusted to take account of 


multi-arm studies or multiple testing in networks with multiple loops. Very little information is 


given on the methods adopted for these tests, which do not appear to follow the methods 


outlined by the Decision Support Unit (DSU).  


 
Table 4: ERG appraisal of Network Meta Analysis (NMA) 
 


Appraisal criteria Criteria met  


A. CONCEPTUAL BASIS 


1. Is a justification given 
for conducting an MTC? 


No. An explicit rationale is not given. However, given the number of comparators 
included in the scope it would be expected that canagliflozin would not yet have 
been directly compared to all of them, hence the justification for indirect 
comparison. 


B. SYSTEMATIC PROCESSES 


2. Is a comprehensive 
and transparent search 
strategy reported? 


Yes. The manufacturer conducted one overall literature search (MS section 6.1, 
and MS Appendix 10.2) to inform their clinical SLR of canagliflozin trials (MS 
sections 6.2 to 6.5) and their NMA (MS section 6.7). The ERG considers the 
search to be generally comprehensive (see ERG report section 3.11). 


3. Are inclusion / 
exclusion criteria 
adequately reported? 


Yes. MS Table 9 specifies the inclusion criteria for the clinical systematic literature 
review, and additional criteria for the NMA are specified in MS section 6.7.2.1. 
The additional criteria were proposed to ensure comparable pooling across trials 
(e.g. in terms of background therapy, trial length, patient co-morbidities). The 
ERG considers that the additional criteria are generally appropriate. The criteria 
exclude treatments not recommended in the UK by NICE or the Scottish 
Medicines Consortium.  


4. Is the number of 
included /excluded 
studies from the MTC 
reported, with reasons for 
exclusions?  


Yes, Figure 1 of the accompanying SLR
3
 shows a PRISMA diagram, reporting the 


number of studies included (n=64 in the base case, plus a further in 21 in 
sensitivity analysis) and excluded (n=123) from the NMA and the reasons for 
exclusion. The manufacturer supplied a list of references excluded from the NMA 
at the request of the ERG. The ERG notes from the PRISMA flow chart that a 
total of 51 references were discarded from the NMA for not meeting the inclusion 
criteria. Specifically, studies with a time assessment not within the ranges of 26 
weeks (+/- 10 weeks) or 52 weeks (+/- 10 weeks - only for the metformin 
background) were excluded. It is possible that some of these discarded studies 
could have been used to construct 52 week networks for triple therapy (i.e. MET 
and SU, and MET and TZD) and insulin therapy background, though the ERG has 
not conducted a thorough check of the list of excluded references provided due to 
time constraints.  


5. Is a visual 
representation of the data 
networks provided? 


Yes. MS Figures 34 to 38 illustrate the evidence networks for the five separate 
networks. The accompanying SLR report


3
 provides separate network diagrams 


for each outcome included in each network.  


6. Are the data from 
included studies 
extracted and tabulated?  


Yes. Data were extracted by one reviewer. All data included in the meta-analysis 
were checked by a second analyst. Tables 48 to 104 in MS Appendix 10.7 
provide data on study and patient characteristics, and data inputs into the NMA. 
The ERG consider that the level of detail provided is generally adequate. 


7. Is the quality of the 
included studies 
assessed?   


Yes. The manufacturer used the NICE recommended critical appraisal criteria as 
also used for the canagliflozin trials in MS section 6.4. The results of the appraisal 
are in MS Appendix 10.7.8 (Tables 105 to Table 108). No commentary or overall 
summary of study methodological quality is provided. It should be noted that 
critical appraisal appears to have been conducted by one reviewer and only a 
20% sample checked by a second. The ERG considers this a limitation of the 
manufacturer’s systematic review (see section 3.2). The ERG has not performed 
an independent critical appraisal of the studies included in the NMA due to the 
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large number of studies. From a brief examination of the manufacturer’s tabulated 
critical appraisal judgments it appears that the methodological quality is 
reasonable, however, for a number of studies quality was uncertain due to 
deficiencies in reporting.  
 
Studies that the manufacturer considered to be lower quality (defined as not 
double blinded) were excluded in sensitivity analysis. 


C. STATISTICAL ANALYSIS 


8. Are the statistical 
procedures adequately 
described and executed? 


Yes. The MS reports details of the type of model (Bayesian hierarchical), 
inconsistency assessment, adjustments for multi-arm and cross over trials, 
procedures for selection of random and fixed effect models, assumptions and 
procedures for binary and continuous outcome data, model simulation procedures 
(e.g. number of iterations); methods of handling missing data; and other 
assumptions. Nodes of the NMA were treatment and dose-specific with the 
exception of insulin, and metformin and SU dual therapy. A class effect was 
assumed for insulin in line with NICE guidelines for management of T2DM. 
 
One of the main assumptions is that background therapies are important 
treatment effect modifiers, hence the decision to model separate networks by 
background therapy (i.e. MET; MET+SU; MET+TZD; insulin). This appears to be 
a reasonable assumption given that, for example, incidence of hypoglycaemia is 
higher with certain drugs than others (e.g. SU, insulin). To reiterate, however, the 
manufacturer has not created networks for all background therapies in the scope 
(e.g. SU monotherapy), as discussed earlier in the ERG report. Furthermore, not 
all comparisons in the decision problem were made due to insufficient evidence 
on certain outcomes to create a network. This mainly applied to the MET+TZD 
background where there were few available clinical trials. 
 
The ERG noted that the some of the networks are quite small, particularly for 
triple therapy. Also, the volume of direct evidence for some of the loops in the 
networks was low (approximately 2 trials for each loop, typically), with several 
treatments connected directly by only one trial. The results of the NMA in places 
are therefore reliant on methodological quality of individual studies, and as stated 
above, there are some uncertainties regarding methodological quality.  


9. Is there a sufficient 
discussion of 
heterogeneity? 


Yes. The MS states various assumptions to increase comparability of studies in 
the NMA (i.e. separate networks by background therapy; inclusion of trials with 
similar outcome assessment periods; exclusion of trials considered as a potential 
source of heterogeneity in sensitivity analysis). Fixed effect (FE) and random 
effects (RE) models were developed and the one associated with the lowest 
Deviance Information Criterion (DIC) was selected (MS section 6.7) (see also 
below). 
 
For pairwise direct comparisons statistical heterogeneity was assessed through 
Cochran’s Q test and the I


2
 statistic. MS Appendix 10.7.11 discusses cases of 


statistical heterogeneity amongst the direct comparisons. The accompanying SLR 
report


3
  provides further discussion of suspected heterogeneity for direct pairwise 


comparisons and provides forest plots for comparisons associated with a 
suspected heterogeneity (based on I²>50%) to visually assess the heterogeneity 
between results from individual trials and pooled analyses (though only for HbA1c 
in the metformin background network at 26 weeks). Statistically significant 
heterogeneity was noted in a number of the direct comparisons across the 
networks, and was suggested to be caused by differences in variables such as 
HbA1c and weight/BMI at baseline between studies. 


10. Is the type of model 
used (i.e. fixed or random 
effects) reported and 


Yes. Use of a fixed or random effects model was governed by the DIC (a 
measure of the goodness of fit of models), and the model with the lowest DIC was 
selected. In the majority of cases a fixed effect model was used in the base case 
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justified?  analysis. When a random effects model was used in the base case the fixed 
effect model was reported as sensitivity analysis (though not vice versa) (MS 
Page 120, and MS Table 21). However, the ERG is not convinced by the decision 
adopted in the MS to select between random and fixed effects models based on 
the DIC. While this rule may be considered to be generally appropriate (see DSU 
TSD 2,


27
 page 14) it is not clear that the evidence networks presented in the MS 


are adequate to support this, with the majority of links in each network being 
based on a single trial. 


11. Was sensitivity 
analysis conducted? 


Yes. MS section 6.7.5.12 reports a number of parameters varied in the sensitivity 
analysis, including addition of trials with longer outcome assessment timepoints, 
and omission of poorer quality trials and trials with a potential source of 
heterogeneity or inconsistency. 


12. Is any of the 
programming code used 
in the statistical 
programme provided (for 
potential verification?) 


Yes. The ERG have checked the WinBUGS code for the NMA reported in the MS, 
Appendix 10.7.10 of the MS. These conform with example code provided in DSU 
Technical Support Documents (TSD 2


27
) and include appropriate adjustments for 


multi-arm studies. Appropriate models have been adopted for fixed effect and 


random effect models both of continuous outcomes (HbA1c, weight, BMI, SBP) 
and of binomial data. The ERG checked a sample of the input data used in the 
NMA (tabulated in Appendix 10.7.7 of the MS) and re-ran a sample of the 
analyses producing results consistent with those presented in the MS. 


D. PRESENTATION AND INTERPRETATION OF THE EVIDENCE 


13. Is there a tabulation/ 
illustration of results for 
each intervention and for 
each outcome?   


Yes. MS section 6.7.6 provides forest plots for treatments by outcome measure, 
in terms of mean differences or OR. Note that the forest plots do not include all of 
the individual treatments within each of the drug classes that were included in the 
NMA. However, MS Appendix 10.7.14 tabulates results for all of the treatments 
included in the NMA, in terms of mean differences, SD, credible interval, and the 
probability that canagliflozin was more effective for outcomes in relation to other 
comparators using the Surface Under the Cumulative Ranking (SUCRA). The 
accompanying SLR report


3
 also reports the probabilities of ranking treatments 


(e.g. the probability that canagliflozin is ranked 1
st
, 2


nd
 etc).  


 
The main submission document only reports outcomes used in the cost-
effectiveness model (i.e. change from baseline in HbA1c, weight, BMI and SBP 
and incidence of all hypoglycaemic events). However, some additional outcomes 
are reported in the MS appendix and in MS reference 72 (proportion of patients 
reaching HbA1c <7%; FPG).  


14. Is there a narrative 
commentary on the 
results?  


Yes. Results are summarised in bullet form in the MS section 6.7.6 with 
accompanying forest plots. MS appendix 10.7.14 and MS reference 72 both 
provide tabular results, but MS reference 72 provides more narrative commentary 
of these results.  


15. Does the discussion 
of the results reflect the 
data presented?  


Yes 


16. Have the authors 
commented on how their 
results compare with 
other published studies 
(e.g. MTCs), and offer 
any explanation for 
discrepancies?  


No. 


17. Have the authors 
discussed whether or not 
there are any differences 
in effects between the 
direct and indirect 


Yes. The manufacturer conducted inconsistency assessments for each loop of 
each network by performing an indirect comparison and comparing it to the direct 
evidence from the NMA (citing a DSU Technical Support Document 4


28
 on 


methods for handling inconsistency) (see MS section 6.7.5.8). Inconsistent loops 
were identified in the MET (52 weeks) and MET+SU networks. Trials considered 
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evidence?  to cause inconsistency were excluded in sensitivity analysis (see MS appendix 
10.7.12 and 10.7.13) 
 
While DSU Technical Support Document 4


28
 does indeed indicate that 


comparisons of direct and indirect evidence (the latter derived using the method 
described by Bucher et al


29
) may be used for assessing consistency they raise 


concerns over their use in networks containing multi-arm trials (such as DIA3006 
and DIA3009) and the multiple testing required in networks with multiple loops. 
Neither the MS nor the accompanying SLR report


3
 state whether the 


inconsistency tests reported were adjusted to take account of multi-arm studies or 
multiple testing in networks with multiple loops. Both reports provide very little 
information on the methods adopted for these tests, which do not appear to follow 
the methods outlined in the DSU document.


28
 


 


 


3.2 Summary statement of manufacturer’s approach  


 


The quality of the manufacturer’s systematic review is reasonable with some exceptions (see 


below), based on the CRD criteria (see Table 5). The MS provides a high level of detail on the 


procedures followed and the evidence included, though much of this detail can only be found in 


the appendices and also in a separate SLR report.3 


 


There is a slight discrepancy in the description of the screening process for titles and abstracts 


between the MS and the separate SLR report3 The MS states that titles and abstracts were 


screened by a first reviewer and a second reviewer quality checked the assessment. However, 


the SLR report3 mentions that titles and abstracts ‘were reviewed by two independent reviewers’ 


(page 17), rather than them being checked (which would imply that the person checking would 


have seen the first reviewer’s screening decision). 


 


The MS does not explicitly state the process for screening full publications for inclusion in the 


systematic review. However, the SLR report3 reports that screening decisions were quality 


checked by a second reviewer, with discrepancies resolved through discussion between the two 


reviewers (page 17). 


 


Data extraction (and, it is implied, quality assessment) was conducted by one reviewer and a 


second reviewer performed a quality check of 20% of the publications included in the systematic 


literature review.  The CRD recommend that as a minimum, one researcher should extract the 


data with a second researcher independently checking the data extraction forms for accuracy 


and detail. The ERG considers that the data extraction of all of the publications should have 


been checked, rather than just 20% of them. The MS reports that all data included in the meta-
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analysis were checked by a second analyst. This is appropriate given the possibility of human 


error in data entry and consequent impact on the meta-analysis results, particularly given the 


prominence of the NMA in the MS. The CRD also recommend that quality assessment is 


performed independently by two reviewers. The ERG notes that this does not appear to have 


been done in the MS and given that quality assessment can involve subjective interpretations 


this is a significant limitation of the manufacturer’s systematic review.  


 


The submitted evidence only partially reflects the decision problem in the MS for the reasons 


already outlined (see ERG sections 2.3 and 3.1.2). Overall there is a low chance of systematic 


error in the systematic review of the MS based on the methods employed, with the caveat about 


the assessment of quality assessment of studies. 


 


Table 5: Quality assessment (CRD criteria) of MS systematic review  


CRD Quality Item 
1. Are any inclusion/exclusion criteria 
reported relating to the primary studies 
which address the review question? 


Yes  


2. Is there evidence of a substantial effort 
to search for all relevant research? i.e. all 
studies identified 


Yes 


3. Is the validity of included studies 
adequately assessed? 


Partial. The MS uses the NICE recommended criteria. The 
quality of the canagliflozin RCTs is generally good and the 
ERG agrees with the manufacturer’s assessment, though 
with a few caveats (see Table 3). There is minimal discussion 
of the results of the quality assessment in the MS. The trials 
included in the NMA are assessed using the same quality 
assessment criteria (MS Appendix 10.7.8, Tables 105 to 
Table 108). However, there is no discussion of the results of 
the quality assessment of the trials included in the NMA. 
(although a sensitivity analysis was conducted in which trials 
which were not double-blinded were excluded (see SLR 
report 24


3
)). The ERG notes that there are some 


uncertainties regarding quality of some of the studies in the 
NMA due to poor reporting in the primary studies (see Table 
4) Independent quality assessment by two reviewers does 
not appear to have been performed on studies included in 
the manufacturer’s systematic review and this is a significant 
limitation of the systematic review. 


4. Is sufficient detail of the individual 
studies presented? 


Yes, however, much of the detail can only be found in the 
appendices. 


5. Are the primary studies summarised 
appropriately? 


Yes, though see Table 4 for the ERG appraisal of the NMA 
for discussion of limitations in the analysis. 
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3.3 Summary of submitted evidence  


 
Results are presented in the following sub-sections for the three canagliflozin trials the ERG 


consider relevant to the decision problem (DIA3006, DIA3009 and DIA3015), at week 26 or 52 


as appropriate and for the mITT (NB. DIA3009 measured outcomes up to 104 weeks, however 


limited data are presented for this time point, and none of the study hypotheses included this 


time point, therefore we have not reported results here). The results are reported by each 


outcome measure in turn (outcomes that are included in the manufacturer’s economic model 


have been prioritised here). Data have been reproduced here from the MS as well as from the 


trial journal publications where necessary. The results of the manufacturer’s NMA are also 


presented, by outcome measure. The main manufacturer’s submission document provides NMA 


forest plots showing mean differences between canagliflozin and selected comparators from 


each NMA model (MS section 6.7.6). However the following sub-sections report tabulated data 


showing median differences and rankings for all treatments included in each NMA (taken from 


MS appendix 10.7, and MS reference 72, which only present model median differences, rather 


than study mean differences, for comparisons of canagliflozin against active comparators) as 


the ERG considered these to be more informative than the findings reported in the MS for only 


selected comparators. The tabulated NMA results are ranked with a SUCRA of 100% indicating 


that the treatment always ranks first, and a SUCRA of 0% indicating that a treatment always 


ranks last.  


 


 
3.3.1 Summary of results for HbA1c 


 
Dual therapy 
 


In DIA3009, canagliflozin 300mg in combination with metformin was shown to be statistically 


superior to glimepiride in combination with metformin in reducing HbA1c from baseline to week 


52 (difference of mean change, minus glimepiride: -0.12%, (95% CI -0.217;-0.023)) (Table 6). 


Canagliflozin 100mg was shown to be non-inferior to glimepiride at week 52 (-0.01%, (95% CI -


0.109;0.085)). The ERG notes that the per protocol analyses presented in the journal 


publication show similar results for canagliflozin 100mg, with it found to be non-inferior to 


glimepiride at week 52 (difference of LS means: 0.05% (95% CI -0.05;0.14)).21 However, in the 


per protocol analysis, canagliflozin 300mg was only found to be non-inferior, and not superior, to 


glimepiride at week 52 (difference of LS means: -0.06% (95% CI -0.15;0.03)). 
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In DIA3006, canagliflozin 300mg,100mg and sitagliptin, each in combination with metformin, 


were statistically superior to placebo and metformin in the difference of mean change in HbA1c 


at week 26 (-0.77% (95% CI -0.914;-0.636); -0.62% (95% CI -0.758;-0.481); -0.66% (95% CI -


0.795;-0.516, respectively)) (Table 6). At week 52 both canagliflozin 100mg and 300mg were 


non-inferior to sitagliptin in the difference of mean change in HbA1c (0.00% (95% CI -0.12; 0.12) 


and -0.15% (95% CI -0.27; -0.03)) respectively. Canagliflozin 300mg also demonstrated 


statistical superiority to sitagliptin in reducing HbA1c (with the upper limit of the 95% CI less than 


0.0%). The per-protocol analyses are not reported in the journal publication for DIA3006. The 


ERG notes that the trial CSR shows that in the per-protocol analyses both canagliflozin 100mg 


and 300mg were non-inferior to sitagliptin at week 52 (difference of LS means: 0.12% (95% CI 


0.005;0.242) and -0.03% (95% CI -0.145;0.088), respectively). In this analysis, however, 


canagliflozin 300mg was not superior to sitagliptin. Overall, the per-protocol analyses for both 


dual therapy trials showed less favourable results for canagliflozin than the mITT analyses. 


 
Table 6: RCT results for dual therapy, MET background (HbA1c %)  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 LOCF     
 


  


Mean (SD) 7.00 (0.769) 6.90 (0.806) 
 


7.04 (0.984) 


Change from baseline     
 


  


LS Mean (SE) -0.82 (0.039) -0.93 (0.039) 
 


-0.81 (0.039) 


Diff. of LS Means (SE) 
(minus glimepiride at 
week 52) 


-0.01 (0.050) -0.12 (0.050) 
  


(95% CI) (-0.109;0.085) (-0.217;-0.023) 
  


DIA3006 (n = 368) (n = 367) (n = 181) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Value at Week 26 LOCF         


Mean (SD) 7.13 (0.861) 6.98 (0.819) 7.76 (1.216) 7.08 (0.970) 


Change from baseline         


LS Mean (SE) -0.79 (0.044) -0.94 (0.044) -0.17 (0.060) -0.82 (0.044) 


Diff. of LS Means (SE) 
(minus placebo at week 
26) 


-0.62 (0.071) -0.77 (0.071) 
 


-0.66 (0.071) 


P-Value <0.001 <0.001 
 


N/A
a
 


95%CI (-0.758;-0.481) (-0.914;-0.636) 
 


(-0.795;-0.516) 


Change from baseline     
LS Mean (± SE change) 
week 52


b
 


-0.73 (0.05) -0.88 (0.05)  -0.73 (0.05) 


Diff. of LS Means (minus 0.00 (-0.12; 0.12) -0.15    
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sitagliptin at week 52)
b 


(95% CI) 
(-0.27; -0.03) 


mITT population
 


a 
 Statistical comparison between canagliflozin and sitagliptin was not performed at week 26, though in the 


text of the MS it is stated p<0.001 versus placebo for all active treatment arms (page 79)  
b Data from trial publication


22 
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Table 7: Proportion of patients achieving HbA1c targets, dual therapy MET background 52 
weeks 
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Table 8 reports the HbA1c % results of the random effects NMA for the metformin background at 


26 weeks, with treatments ranked according to the SUCRA. This network comprised 28 trials, of 


which there were six direct comparisons (i.e. comparisons where at least two studies compared 


the same interventions, varying from 2 to 6 studies). Statistical heterogeneity (according to the p 


value of the Cochran test) was present for five of the six comparisons, which the manufacturer 


suggests could be due to different levels of HbA1c at baseline across studies.3 (NB. The ERG 


notes that there appears to be a seventh direct comparison depicted in the NMA illustration in 


the accompanying SLR report,3 of exenatide 10µg versus placebo (2 trials), but no details of 


heterogeneity are given). The percentage that the treatment always ranks first was highest for 


the GLP-1-a drugs exenatide 2mg and liraglutide (93% and 79% respectively). Canagliflozin 


100mg had a probability of lowering HbA1c of 4% and 11% compared to exenatide 2mg and 


liraglutide respectively. The corresponding probabilities for canagliflozin 300mg were 8% and 


22%. The percentage that the treatment always ranks first for canagliflozin 300mg and 100mg 


was 61% and 44% respectively 


 


 


Table 8: NMA results for dual therapy 26 weeks, MET background (HbA1c %) 
 Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Media
n 


sd Crl Prob  


Exenatide 2mg 
QWK 


0.63 0.36 [-0.08 ; 1.35] 4% 0.51 0.36 [-0.20 ; 1.22] 8% 93% 


Liraglutide 1.2mg 
QD 


0.32 0.27 [-0.21 ; 0.85] 11% 0.19 0.27 [-0.34 ; 0.72] 22% 79% 


Pioglitazone 45mg 
QD 


0.33 0.37 [-0.39 ; 1.06] 17% 0.21 0.37 [-0.52 ; 0.93] 28% 75% 


Glimepiride 0.14 0.20 [-0.25 ; 0.54] 22% 0.02 0.20 [-0.38 ; 0.42] 46% 64% 


Glibenclamide 0.18 0.41 [-0.62 ; 0.99] 32% 0.06 0.41 [-0.74 ; 0.87] 44% 63% 


Pioglitazone 30mg 
QD 


0.13 0.25 [-0.37 ; 0.65] 29% 0.01 0.25 [-0.49 ; 0.52] 49% 61% 
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Cana 300mg QD 0.13 0.20 [-0.26 ; 0.51] 25%     61% 


Sitagliptin 100mg 
QD 


0.03 0.20 [-0.36 ; 0.43] 43% -0.09 0.20 [-0.49 ; 0.30] 69% 48% 


Linagliptin 5mg QD -0.01 0.34 [-0.69 ; 0.67] 51% -0.13 0.34 [-0.82 ; 0.55] 66% 45% 


Cana 100mg QD     -0.13 0.20 [-0.51 ; 0.26] 75% 44% 


Exenatide 10µg 
BID 


-0.02 0.28 [-0.57 ; 0.54] 53% -0.15 0.28 [-0.69 ; 0.42] 70% 43% 


Saxagliptin 5mg 
QD 


-0.04 0.28 [-0.60 ; 0.52] 56% -0.17 0.28 [-0.73 ; 0.40] 73% 41% 


Vildagliptin 100mg 
QD 


-0.05 0.23 [-0.50 ; 0.42] 58% -0.17 0.23 [-0.62 ; 0.30] 78% 38% 


Dapagliflozin 10mg 
QD 


-0.24 0.28 [-0.80 ; 0.32] 81% -0.36 0.28 [-0.92 ; 0.20] 91% 21% 


Exenatide 5µg BID -0.29 0.35 [-0.97 ; 0.41] 80% -0.41 0.35 [-1.10 ; 0.28] 89% 21% 


Placebo -0.65 0.20 [-1.04 ; -
0.26] 


100
% 


-0.77 0.20 [-1.17 ; -
0.38] 


100
% 


1% 


 


 
Table 9 reports the HbA1c % results of the random effects NMA for the metformin background at 


52 weeks. This network comprised 17 trials, of which only one was a direct comparison (i.e. 


comparison where at least two studies compared the same intervention). This was canagliflozin 


300mg versus 100mg (two trials), of which there was no statistical heterogeneity present, 


though the manufacturer notes that the mean duration of diabetes at baseline across the studies 


was quite heterogeneous.3 The percentage that the treatment always ranks first was highest for 


the GLP-1-a liraglutide (89%), followed by the SU glibenclamide (73%) and canagliflozin 300mg 


(71%). The percentage for canagliflozin 100mg was 51%. Canagliflozin 100mg was associated 


with the probability of lowering HbA1c of at least 54% compared to the DPP-4-i drugs sitagliptin 


vildagliptin and saxagliptin, and compared to the SUs gliclazide and glipizide. It was also 


associated with a probability of lowering HbA1c of 74% compared to the SGLT2 drug 


dapagliflozin. The corresponding probability for canagliflozin 300mg compared to these drugs 


was at least 81% (except for the probability of gliclazide).  


 
Table 9: NMA results for dual therapy 52 weeks, MET background (HbA1c %) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Liraglutide 1.2mg QD 0.40 0.36 [-0.33 ; 1.11] 10% 0.27 0.36 [-0.46 ; 0.98] 17% 89% 


Glibenclamide 0.19 0.34 [-0.55 ; 0.78] 26% 0.06 0.34 [-0.69 ; 0.65] 41% 73% 


Cana 300mg QD 0.13 0.19 [-0.25 ; 0.52] 18%     71% 


Pioglitazone 30mg QD 0.11 0.32 [-0.44 ; 0.84] 32% -0.02 0.32 [-0.57 ; 0.72] 53% 68% 


Exenatide 10µg BID 0.02 0.30 [-0.65 ; 0.55] 47% -0.11 0.30 [-0.78 ; 0.42] 69% 52% 


Glimepiride 0.00 0.22 [-0.45 ; 0.46] 50% -0.13 0.22 [-0.58 ; 0.33] 78% 51% 


Cana 100mg QD     -0.13 0.19 [-0.52 ; 0.25] 82% 51% 
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Sitagliptin 100mg QD -0.01 0.22 [-0.48 ; 0.44] 54% -0.14 0.23 [-0.61 ; 0.31] 81% 49% 


Gliclazide -0.03 0.39 [-0.79 ; 0.78] 54% -0.16 0.39 [-0.92 ; 0.66] 71% 48% 


Glipizide -0.08 0.31 [-0.72 ; 0.53] 65% -0.20 0.31 [-0.85 ; 0.40] 82% 41% 


Vildagliptin 100mg QD -0.07 0.27 [-0.60 ; 0.51] 64% -0.20 0.27 [-0.73 ; 0.39] 82% 40% 


Saxagliptin 5mg QD -0.13 0.41 [-0.99 ; 0.67] 69% -0.26 0.41 [-1.11 ; 0.54] 82% 35% 


Dapagliflozin 10mg QD -0.14 0.32 [-0.81 ; 0.47] 74% -0.27 0.32 [-0.94 ; 0.34] 87% 31% 


Placebo -0.62 0.26 [-1.17 ; -0.12] 99% -0.75 0.26 [-1.31 ; -0.25] 99% 2% 


 
 
The ERG has not reported NMA results for the proportion of patients reaching HbA1c <7% 


For these results please refer to MS Appendix 10.7.14. 


 
Triple therapy 
 
 
The DIA3015 trial found that canagliflozin 300mg in combination with metformin and 


sulfonylurea was non-inferior to sitagliptin in combination with metformin and sulfonylurea in the 


difference of mean change in HbA1c at week 52 (-0.37% (95 CI -.05; -0.25) ( 


 
Table 10). Canagliflozin 300mg also demonstrated statistical superiority (upper limit of the 95% 


CI less than 0.0%). The ERG notes that per protocol analysis results reported in the trial paper 


were consistent with the mITT analyses (difference of LS means: -0.21% (95% CIs -0.34 to -


0.08)). 


 


Table 10: RCT results for triple therapy, MET and SU background (HbA1c %) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 LOCF 
- Mean (SD), % 


7.12 (0.875) 7.50 (1.083) 


Change from baseline - 
LS Mean (SE) 


-1.03 (0.048) -0.66 (0.049) 


Diff. of LS Means (SE) 
(minus sitagliptin) 


-0.37 (0.064) 
 


95% CI (-0.50; -0.25)  


mITT analysis  


*******11****************************************************************************************************


*************************************************************************************************************


*************************************************************************************************************


**************************************************************************************************************


************************************************* 
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Table 12 reports the HbA1c % results of the random effects NMA for the metformin and 


sulfonylurea background at 26 weeks. This network comprised nine trials, including one direct 


comparison (i.e. comparison where at least two studies compared the same intervention). This 


was long acting insulin versus biphasic insulin (two trials), of which there was no statistical 


heterogeneity present, though the manufacturer notes that both of these trials had a lower mean 


BMI at baseline than other trials in the network.3 The percentage that the treatment always 


ranks first was highest for biphasic insulin (90%) followed by long-acting insulin (70%). The 


percentage that the treatment always ranks first for canagliflozin 300mg and 100mg was 65% 


and 45% respectively. Canagliflozin 100mg had a probability of lowering HbA1c of 12% and 24% 


compared to biphasic insulin and long-acting insulin, respectively. The corresponding 


probabilities for canagliflozin 300mg were 18% and 40%. 


 
Table 12: NMA results for triple therapy 26 weeks, MET and SU background (HbA1c %) 
  Cana 100mg Cana 300 mg SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Biphasic insulin 0.70 0.99 [-1.13 ; 2.62] 12% 0.46 0.92 [-1.22 ; 2.25] 18% 90% 


Long-acting insulin 0.35 0.94 [-1.43 ; 2.16] 24% 0.11 0.87 [-1.52 ; 1.77] 40% 70% 


Cana 300mg QD 0.24 0.70 [-1.09 ; 1.58] 26%     65% 


Sitagliptin 100mg QD 0.07 0.82 [-1.48 ; 1.64] 43% -0.17 0.60 [-1.30 ; 0.97] 72% 51% 


Exenatide 10µg BID 0.03 0.94 [-1.78 ; 1.79] 47% -0.21 0.87 [-1.87 ; 1.42] 69% 47% 


Cana 100mg QD     -0.24 0.70 [-1.58 ; 1.09] 74% 45% 


Exenatide 5µg BID -0.08 1.00 [-1.98 ; 1.82] 56% -0.32 0.93 [-2.10 ; 1.44] 75% 40% 


Linagliptin 5mg QD -0.13 1.00 [-2.04 ; 1.79] 61% -0.37 0.95 [-2.15 ; 1.43] 78% 37% 


Placebo -0.75 0.70 [-2.08 ; 0.59] 93% -1.00 0.60 [-2.12 ; 0.16] 97% 5% 
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Table 13 reports the HbA1c % results of the fixed effect NMA for the metformin and 


thiazolidinediones (pioglitazone) background at 26 weeks. This was the smallest network with 


only two RCTs included and no direct comparisons, so caution is advised in the interpretation of 


the results. The percentage that the treatment always ranks first was highest for canagliflozin 


300mg (87%) followed by sitagliptin (67%) and canagliflozin 100mg (46%). 


 
Table 13: NMA results for triple therapy 26 weeks, MET and TZD background (HbA1c %) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Canagliflozin 300mg 0.14 0.10 [-0.05 ; 0.33] 8%     87% 


Sitagliptin 100mg 0.07 0.13 [-0.19 ; 0.33] 29% -0.07 0.13 [-0.33 ; 0.19] 69% 67% 


Canagliflozin 100mg     -0.14 0.10 [-0.33 ; 0.05] 92% 46% 


Placebo -0.63 0.10 [-0.82 ; -0.44] 100% -0.77 0.10 [-0.96 ; -0.58] 100% 0% 


 
 
Insulin background 


 
As stated earlier (see section 3.1.3), there were no RCTs of canagliflozin included in the MS 


with insulin as a background therapy that the ERG considered were relevant to the scope. This 


sub-section therefore just comprises the NMA results (fixed effect) for insulin background 


therapy at 26 weeks (Table 14). This network comprised 14 trials, of which two were direct 


comparisons. This was vildagliptin versus placebo (two trials), and pioglitazone versus 


metformin (2 trials). Statistically significant heterogeneity was found for vildagliptin versus 


placebo. The manufacturer notes that baseline HbA1c and duration of diabetes was 


heterogeneous across trials.3 The manufacturer also states that of the 14 trials, 9 trials included 


patients taking insulin with oral antidiabetic drugs, and 5 included patients taking insulin 


monotherapy. 3 Further, the manufacturer points out that the one canagliflozin trial included in 


this network (DIA3008 insulin sub-study) included patients with a history of, or who were at 


increased risk of, cardiovascular disease (CVD). A sensitivity analysis was not possible for this 


background and the manufacturer notes this as a limitation of the analysis. Caution is advised 


given the clinical and statistical heterogeneity present in this network. 
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Table 14: NMA results 26 weeks, for insulin background (HbA1c %) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Pioglitazone 45mg 
QD 


0.34 0.18 [-0.01; 0.69] 3% 0.20 0.18 [-0.15; 0.54] 14% 91% 


Cana 300mg QD 0.14 0.04 [0.06; 0.22] 0%     78% 


Glibenclamide 0.53 0.75 [-0.92; 2.00] 24% 0.39 0.75 [-1.06; 1.86] 30% 76% 


Exenatide 10µg 
BID 


0.09 0.13 [-0.17; 0.35] 25% -0.05 0.13 [-0.31; 0.21] 64% 65% 


Pioglitazone 30mg 
QD 


0.04 0.14 [-0.23; 0.30] 40% -0.10 0.14 [-0.37; 0.17] 78% 56% 


Cana 100mg QD     -0.14 0.04 [-0.22; -0.06] 100% 49% 


Sitagliptin 100mg 
QD 


-0.01 0.08 [-0.17; 0.16] 55% -0.15 0.08 [-0.31; 0.02] 96% 47% 


Dapagliflozin 10mg 
QD 


-0.01 0.08 [-0.17 ; 0.15] 55% -0.15 0.08 [-0.31; 0.01] 96% 47% 


Metformin -0.02 0.18 [-0.38; 0.33] 55% -0.16 0.18 [-0.52; 0.19] 82% 45% 


Vildagliptin 100mg 
QD 


-0.11 0.11 [-0.32; 0.10] 84% -0.25 0.11 [-0.46; -0.04] 99% 29% 


Saxagliptin 5mg 
QD 


-0.20 0.10 [-0.40; 0.00] 98% -0.34 0.10 [-0.54; -0.14] 100% 17% 


Placebo -0.61 0.04 [-0.69; -0.53] 100% -0.75 0.04 [-0.83; -0.67] 100% 1% 


 
The percentage that the treatment always ranks first was highest for pioglitazone 45mg (91%) 


followed by canagliflozin 300mg (78%). The percentage that the treatment always ranks first for 


canagliflozin 100mg was 49%. Canagliflozin 100mg had a probability of lowering HbA1c of 55% 


and higher compared to all three DPP-4-i drugs included in the network (sitagliptin, vildagliptin, 


saxagliptin), dapagliflozin, metformin and placebo. For canagliflozin 300mg this probability was 


96% (except for metformin). 


 
3.3.2 Summary of results for blood pressure 
 
Dual therapy 


In DIA3009, at week 52, both doses of canagliflozin (100mg and 300mg) in combination with 


metformin were associated with statistically significant greater decreases in patients’ systolic 


and diastolic blood pressure from baseline levels than the SU glimepiride combined with 


metformin (Table 15 and Table 16). The DIA3006 trial similarly found that at week 52, both 


doses of canagliflozin in combination with metformin resulted in statistically significant greater 


reductions in patients’ systolic and diastolic blood pressure from baseline levels than the DPP-4-


i sitagliptin 100mg combined with metformin. 
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Table 15: RCT results for dual therapy MET background (SBP [mmHg])  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 
LOCF 
Mean (SD) 


126.1 (12.6) 124.8 (12.8)  129.4 (13.9) 


Change from baseline 
LS Mean (SE) 


-3.27 (0.6) -4.56 (0.6)  0.20 (0.6) 


Diff. of LS Means (SE) 
(minus glimepiride) 
(95% CI) 


-3.48(0.7) 


(-4.9;-2.1) 
-4.76 (0.7) 
(-6.2;-3.4) 


  


DIA3006 (n = 368) (n = 367) (n = 183) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Value at Week 26 
LOCF 
Mean (SD) 


124.5 (13.908) 123.7 (12.691)  
129.9 


(13.453) 
126.5 (12.714) 


Change from baseline 
LS Mean (SE) 


-3.84 (0.602) -5.06 (0.605) 1.52 (0.829) -1.83 (0.611) 


Diff. of LS Means (SE) 
(minus placebo) 
P-Value 
(95% CI) 


-5.36 (0.979) 
<0.001 


(-7.280;-3.439) 


-6.58 (0.981) 
<0.001 


(-8.504;-4.653) 
 


-3.34 (0.984) 
N/A 


(-5.273;-1.413) 


Change from baseline 
LS Mean (SE change) 
week 52


b
 


−3.5 (0.6) −4.7 (0.6)  −0.7 (0.6) 


Diff. of LS Means 
(minus sitagliptin at 
week 52)


b
 


P-Value 
(95% CI) 


−2.9  
<0.001 


(−4.5, –1.3) 


−4.0  
<0.001 


(−5.6, –2.4) 
  


b Data from journal publication
22 


 
 
Table 16: RCT results for dual therapy MET background (DBP [mmHg])  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 
LOCF 
Mean (SD) 


76.85 (8.5) 76.35 (8.1)  78.66 (8.9) 


Change from baseline 
LS Mean (SE) 


-1.84 (0.4) -2.54 (0.4)  -0.14 (0.4) 


Diff. of LS Means (SE) 
(minus glimepiride) 
(95% CI) 


-1.70 (0.5) 


(-2.7;-0.8) 
-2.39 (0.5) 
(-3.4;-1.5) 


  


DIA3006 (n = 368) (n = 367) (n = 183) 
DPP-4 i 


(sitagliptin) 
(n = 366)  
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Value at Week 26 
LOCF 
Mean (SD) 


75.72 (9.261) 75.93 (7.864) 
78.21 


(8.038) 
76.68 (8.062) 


Change from baseline 
LS Mean (SE) 


-2.19 (0.391) -2.09 (0.394) 0.28 (0.539) -1.11 (0.398) 


Diff. of LS Means (SE) 
(minus placebo) 
(95% CI) 


-2.47 (0.637) 
(-3.716;-1.217) 


-2.37 (0.638) 
(-3.618;-1.113) 


 
-1.39 (0.640) 


(-2.641;-0.131) 


Change from baseline 
LS Mean (SE change) 
week 52


b
 


−1.8 (0.4) −1.8 (0.4)  −0.3 (0.4) 


Diff. of LS Means 
(minus sitagliptin at 
week 52)


b
 


(95% CI) 


−1.4  
(−2.4, –0.5) 


−1.5  
(−2.5, –0.5) 


  


mITT analysis  
b Data from trial publication
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Table 17 reports the SBP results of the fixed effects NMA for the metformin background at 26 


weeks. This network comprised 11 trials, of which there were four direct comparisons. These 


were canagliflozin 300mg versus 100mg (two trials), dapagliflozin versus placebo (two trials), 


pioglitazone versus glimepiride (three trials), sitagliptin versus placebo (two trials). There was no 


statistically significant heterogeneity for these direct comparisons.3 The GLP-1 analogue 


exenatide had the highest probability of ranking first as the best treatment, with a percentage of 


92%. This was followed by canagliflozin 300mg (84%) and canagliflozin 100mg (67%). 


Canagliflozin 300mg and 100mg had probabilities of lowering SBP of 12% and 26%, 


respectively, compared to exenatide. Canagliflozin 300mg had a probability of lowering SBP of 


94% compared to canagliflozin 100mg. NMA results for DBP were not reported in either the MS 


or the accompanying SLR report.3  


 
Table 17: NMA results for dual therapy, MET background at 26 weeks (SBP) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Exenatide 2mg QWK 1.83 1.54 [-1.19 ; 4.83] 12% 0.99 1.54 [-2.03 ; 4.01] 26% 92% 


Cana 300mg QD 0.84 0.55 [-0.23 ; 1.92] 6%     84% 


Cana 100mg QD     -0.84 0.55 [-1.92 ; 0.23] 94% 67% 


Pioglitazone 45mg QD -0.17 1.53 [-3.18 ; 2.82] 55% -1.02 1.53 [-4.03 ; 1.99] 75% 64% 


Dapagliflozin 10mg QD -0.73 1.40 [-3.46 ; 2.02] 70% -1.58 1.40 [-4.32 ; 1.18] 87% 56% 


Pioglitazone 30mg QD -0.78 2.48 [-5.68 ; 4.08] 62% -1.61 2.48 [-6.51 ; 3.22] 74% 55% 


Sitagliptin 100mg QD -1.98 0.72 [-3.39 ; -0.57] 100% -2.83 0.72 [-4.24 ; -1.41] 100% 35% 


Liraglutide 1.2mg QD -2.10 0.99 [-4.05 ; -0.15] 98% -2.94 0.99 [-4.88 ; -1.00] 100% 34% 


Glimepiride -4.28 0.63 [-5.50 ; -3.04] 100% -5.11 0.62 [-6.35 ; -3.89] 100% 7% 
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Placebo -4.43 0.79 [-5.99 ; -2.89] 100% -5.27 0.79 [-6.84 ; -3.73] 100% 6% 


 


Table 18 reports the SBP results of the fixed effects NMA for the metformin background at 52 


weeks. This network comprised four trials, with one direct comparison (2 trials comparing 


canagliflozin 300mg with 100mg, with no statistically significant heterogeneity). Canagliflozin 


300mg had the highest probability of ranking as the best treatment, with a percentage of 87%, 


followed by pioglitazone (86%) and canagliflozin 100mg (65%). Canagliflozin 300mg had a 


probability of lowering SBP of at least 98% compared to all active comparators included in the 


analysis, except for pioglitazone. NMA results for DBP were not reported in either the MS or the 


accompanying SLR report.3 


 
Table 18: NMA results for dual therapy, MET background at 52 weeks (SBP) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Cana 300mg QD 1.22 0.59 [0.05 ; 2.36] 2%     87% 


Pioglitazone 30mg QD 2.05 2.69 [-3.22 ; 7.37] 22% 0.83 2.69 [-4.44 ; 6.15] 38% 86% 


Cana 100mg QD     -1.22 0.59 [-2.36 ; -0.05] 98% 65% 


Sitagliptin 100mg QD -2.84 0.82 [-4.44 ; -1.22] 100% -4.04 0.82 [-5.64 ; -2.44] 100% 30% 


Liraglutide 1.2mg QD -3.50 1.55 [-6.55 ; -0.43] 99% -4.71 1.55 [-7.73 ; -1.66] 100% 17% 


Glimepiride -3.52 0.76 [-5.02 ; -2.05] 100% -4.73 0.76 [-6.22 ; -3.26] 100% 15% 


 
 
Triple therapy 


 
In the triple therapy trial DIA3015, canagliflozin (300mg) combined with metformin and a 


sulfonylurea resulted in the statistically significant greater improvement in both SBP and DBP at 


52 weeks than the DPP-4-i sitagliptin (100mg) combined with metformin and a sulfonylurea 


(Table 19 and Table 20). 


 


Table 19: RCT results for triple therapy, MET and SU background (SBP [mmHg]) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 LOCF 
- Mean (SD) 


125.6 (13.641) 130.8 (15.103) 


Change from baseline - 
LS Mean (SE) 


-5.06 (0.656) 0.85 (0.666) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 


-5.91 (0.883) 
<0.001 


(-7.642;-4.175) 
 


95% CI   
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mITT analysis  


 
Table 20: RCT results for triple therapy, MET and SU background (DBP [mmHg]) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 LOCF 
- Mean (SD) 


75.92 (8.817) 78.32 (9.116) 


Change from baseline - 
LS Mean (SE) 


-3.04 (0.407) -0.30 (0.413) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 
95% CI 


-2.73 (0.547) 
 


NR 
(-3.809; -1.659) 


 


  


mITT analysis  


 
Table 21 reports the SBP results of the fixed effects NMA for the metformin and sulfonylurea 


background. Three trials were included in this network, with no direct comparisons. 


Canagliflozin 100mg, followed by canagliflozin 300mg, had the highest probabilities of ranking 


first, with percentages of 89% and 78%, respectively. Both doses of canagliflozin had a 


probability of lowering SBP of at least 88% compared to placebo, long-acting insulin and the 


DPP-4-i sitagliptin. Canagliflozin 300mg had a probability of lowering SBP of 33% compared to 


canagliflozin 100mg. NMA results for DBP were not reported in either the MS or the 


accompanying SLR report.3 


 
Table 21: NMA results for triple therapy 26 weeks, MET and SU background (SBP) 
  Cana 100mg Cana 300 mg SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Cana 100mg QD     0.61 1.38 [-2.07 ; 3.34] 33% 89% 


Cana 300mg QD -0.61 1.38 [-3.34 ; 2.07] 67%     78% 


Placebo -2.26 1.39 [-5.01 ; 0.47] 95% -1.66 1.39 [-4.35 ; 1.10] 88% 50% 


Long-acting insulin -4.17 2.47 [-9.06 ; 0.69] 95% -3.56 2.47 [-8.43 ; 1.25] 93% 26% 


Sitagliptin 100mg QD -5.76 1.66 [-9.02 ; -2.53] 100% -5.16 0.91 [-6.94 ; -3.38] 100% 7% 


 
An NMA was not conducted to analyse change in SBP for patients treated with triple therapy 


with canagliflozin on a background of MET and TZD, because only one trial provided evidence 


for this network. 


 


Insulin background 
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Table 22 reports the SBP of the fixed effects NMA for the insulin background at 26 weeks. Four 


trials were included in this network, with no direct comparisons. As noted above, the one 


canagliflozin trial included in this network (DIA3008 insulin sub-study) included patients with a 


history of, or who were at increased risk of, CVD, and therefore is likely to be heterogeneous. 


Canagliflozin 300mg ranked first of the included treatments with a percentage of 94%, followed 


by exenatide (70%) and canagliflozin 100mg (63%). Canagliflozin 300mg had a probability of 


lowering SBP of at least 96% compared to placebo, canagliflozin 100mg and all the other active 


comparators included in the analysis, except for the GLP-1 analogue exenatide. NMA results for 


diastolic blood pressure were not reported in either the MS or the accompanying SLR report.3 


 
Table 22: NMA results for insulin background at 26 weeks (SBP) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Cana 300mg QD 1.71 0.72 [0.31 ; 3.12] 1%     94% 


Exenatide 10µg BID 0.38 1.97 [-3.46 ; 4.23] 42% -1.33 1.97 [-5.19 ; 2.52] 75% 70% 


Cana 100mg QD     -1.71 0.72 [-3.12 ; -0.31] 99% 63% 


Dapagliflozin 10mg QD -0.92 1.54 [-3.93 ; 2.08] 72% -2.62 1.54 [-5.64 ; 0.40] 96% 51% 


Saxagliptin 5mg QD -3.99 1.54 [-7.01 ; -0.96] 99% -5.70 1.54 [-8.73 ; -2.67] 100% 12% 


Placebo -4.02 0.71 [-5.42 ; -2.63] 100% -5.73 0.72 [-7.13 ; -4.34] 100% 10% 


 
 
 
3.3.3 Summary of results for body weight 
 
Dual therapy 


Table 23 shows that in both dual therapy trials (DIA3009 and DIA3006), canagliflozin 300mg 


and 100mg were associated with statistically significant greater weight loss in kg at 52 weeks 


than the SU glimepiride or the DPP-4-i sitagliptin. Results for change in BMI from baseline were 


only reported in the NMAs (see below). 


 


Table 23 - RCT results for dual therapy MET background (weight [kg])  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 
LOCF 
Mean (SD) 


83.37 (19.756) 82.78 (19.092)  87.54 (19.914) 


Change from baseline 
LS Mean (SE) 


-4.2 (0.2) -4.7 (0.2)  1.0 (0.2) 
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Diff. of LS Means (SE) 
(minus glimepiride) 
P-value 
(95% CI) 
 


-5.2 (0.3) 
<0.001 


(-5.7;-4.7) 


-5.7 (0.3) 
<0.001 


(-6.2;-5.1) 
  


DIA3006 (n = 368) (n = 367) (n = 181) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Value at Week 26 
LOCF 
Mean (SD) 


85.61 (21.700) 82.15 (20.168) 
85.85 


(22.411) 
86.70 (20.669) 


Change from baseline 
LS Mean (SE) 


-3.7 (0.2) -4.2 (0.2) -1.2 (0.3) -1.2 (0.2) 


Diff. of LS Means (SE) 
(minus placebo) 
P-Value 
(95% CI) 


-2.5 (0.3) 
<0.001 


(-3.1;-1.9) 


-2.9 (0.3) 
<0.001 


(-3.5;-2.3) 
 


-0.0 (0.3) 
 


(-0.6;0.6) 


 (n = 368) (n = 367)  (n = 366) 


Change from baseline 
LS Mean (SE change) 
week 52


b
 


−3.3 (0.2) −3.7 (0.2)  −1.2 (0.2) 


Diff. of LS Means 
(minus sitagliptin at 
week 52)


b
 


P-Value 
(95% CI) 


−2.4  
<0.001 


(−3.0, –1.8) 


−2.9  
<0.001 


(−3.4, –2.3) 
  


mITT 
b Data from trial publication


22 
 
 
Table 24 reports the body weight results of the fixed effects NMA for the metformin background 


at 26 weeks. This network comprised 21 trials, of which there were six direct comparisons: 


canagliflozin 300mg versus 100mg (two trials); dapagliflozin versus placebo (two trials); 


pioglitazone versus glimepiride (two trials); sitagliptin versus placebo (four trials); vildagliptin 


versus placebo (two trials); exenatide versus placebo (two trials). Statistically significant 


heterogeneity was found for the vildagliptin versus placebo comparison, where the two trials 


differed in baseline BMI.3 Canagliflozin 300mg had a probability of being the best treatment of 


94% and ranked first of all the treatments included. The GLP-1 analogue exenatide ranked 


second with a probability of 92% and dapagliflozin ranked third with a probability of 84%.  


Canagliflozin 300mg had a probability of reducing weight of at least 98% compared to placebo 


and all the active comparators, except compared to exenatide and the SGLT-2 dapagliflozin. It 


had a probability of 100% of reducing weight compared to canagliflozin 100mg. 
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Table 24: NMA results for dual therapy 26 weeks, MET background (weight) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Cana 300mg QD 0.52 0.15 [0.22 ; 0.82] 0%     94% 


Exenatide 10µg BID 0.59 0.58 [-0.55 ; 1.71] 15% 0.07 0.58 [-1.06 ; 1.20] 45% 92% 


Dapagliflozin 10mg QD 0.21 0.33 [-0.44 ; 0.84] 26% -0.31 0.33 [-0.96 ; 0.33] 83% 84% 


Cana 100mg QD     -0.52 0.15 [-0.82 ; -0.22] 100% 78% 


Liraglutide 1.2mg QD -0.41 0.26 [-0.93 ; 0.10] 94% -0.93 0.26 [-1.44 ; -0.42] 100% 64% 


Exenatide 5µg BID -0.55 0.54 [-1.60 ; 0.50] 85% -1.07 0.54 [-2.12 ; -0.01] 98% 63% 


Exenatide 2mg QWK -0.57 0.49 [-1.53 ; 0.39] 88% -1.09 0.49 [-2.04 ; -0.13] 99% 62% 


Placebo -1.83 0.20 [-2.23 ; -1.44] 100% -2.35 0.20 [-2.74 ; -1.95] 100% 45% 


Sitagliptin 100mg QD -2.07 0.18 [-2.42 ; -1.73] 100% -2.59 0.18 [-2.94 ; -2.24] 100% 38% 


Vildagliptin 100mg QD -2.64 0.42 [-3.48 ; -1.81] 100% -3.16 0.42 [-3.99 ; -2.33] 100% 31% 


Glimepiride -4.02 0.16 [-4.34 ; -3.70] 100% -4.54 0.16 [-4.86 ; -4.23] 100% 18% 


Pioglitazone 30mg QD -4.24 0.50 [-5.22 ; -3.26] 100% -4.75 0.50 [-5.74 ; -3.77] 100% 15% 


Glibenclamide -4.62 1.62 [-7.81 ; -1.45] 100% -5.14 1.62 [-8.32 ; -1.97] 100% 13% 


Pioglitazone 45mg QD -5.67 0.49 [-6.62 ; -4.72] 100% -6.19 0.49 [-7.14 ; -5.23] 100% 2% 


 
Table 25 shows the fixed effects NMA results for weight loss measured in terms of change in 


BMI at 26 weeks on a metformin background. This network comprised nine trials with three 


direct comparisons: canagliflozin 300mg versus canagliflozin 100mg (two trials); sitagliptin 


versus placebo (two trials); pioglitazone versus placebo (two trials). There was no statistically 


significant heterogeneity for the direct comparisons. Canagliflozin 300mg and canagliflozin 


100mg were the highest ranking treatments, with probabilities of being the best treatment of 


98% and 82%, respectively.  


 


Table 25: NMA results for dual therapy at 26 weeks, MET background (BMI) 


 


Cana 100mg Cana 300 mg SUCRA 


 


Median sd Crl Prob Median sd Crl Prob 


 Cana 300mg QD 0.20 0.06 [0.09 ; 0.31] 0% 


    


98% 


Cana 100mg QD 


    


-0.20 0.06 [-0.31 ; -0.09] 100% 82% 


Exenatide 10µg BID -0.04 0.24 [-0.50 ; 0.42] 57% -0.24 0.24 [-0.70 ; 0.22] 85% 81% 


Vildagliptin 100mg QD -0.44 0.22 [-0.88 ; 0.00] 97% -0.64 0.22 [-1.08 ; -0.20] 100% 62% 


Placebo -0.74 0.10 [-0.92 ; -0.55] 100% -0.93 0.10 [-1.13 ; -0.75] 100% 45% 


Sitagliptin 100mg QD -0.76 0.08 [-0.92 ; -0.60] 100% -0.96 0.08 [-1.12 ; -0.80] 100% 43% 


Glimepiride -1.41 0.07 [-1.54 ; -1.27] 100% -1.61 0.07 [-1.74 ; -1.47] 100% 18% 


Pioglitazone 15mg BID -1.49 0.44 [-2.35 ; -0.63] 100% -1.69 0.44 [-2.55 ; -0.83] 100% 16% 
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Glibenclamide -1.84 0.35 [-2.53 ; -1.15] 100% -2.04 0.35 [-2.73 ; -1.36] 100% 5% 


 
 


Canagliflozin 300mg was associated with a probability of improving BMI of 100% compared to 


placebo and all active comparators, including canagliflozin 100mg, except the GLP-1 analogue 


exenatide. 


 


Table 26 reports the weight change results of the fixed effects NMA for the metformin 


background at 52 weeks. Eleven trials were included in this network, with one direct comparison 


(canagliflozin 300mg versus canagliflozin 100mg, two trials, no statistically significant 


heterogeneity). The GLP-4 analogue exenatide had the highest probability of being the best 


treatment, with a percentage of 94%. This was followed by canagliflozin 300mg (90%) and 


canagliflozin 100mg (79%). Canagliflozin 100mg and 300mg had probabilities of reducing 


weight of 16% and 23%, respectively, compared to exenatide, but both doses had probabilities 


of reducing weight of 100% compared to the DPP-4-inhibitors sitagliptin and vildagliptin, 


placebo, the SUs glimepiride, glibenclamide and glipizide, and pioglitazone.   


 
Table 26: NMA results for dual therapy, MET background at 52 weeks (weight) 
  Cana 100mg     Cana 300 mg     SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Exenatide 10µg BID 1.47 1.50 [-1.48 ; 4.41] 16% 1.11 1.50 [-1.84 ; 4.05] 23% 94% 


Cana 300mg QD 0.37 0.28 [-0.17 ; 0.91] 9%     90% 


Cana 100mg QD     -0.37 0.28 [-0.91 ; 0.17] 91% 79% 


Dapagliflozin 10mg QD -0.11 0.51 [-1.10 ; 0.89] 59% -0.48 0.51 [-1.47 ; 0.53] 83% 77% 


Liraglutide 1.2mg QD -0.49 0.45 [-1.37 ; 0.38] 86% -0.85 0.45 [-1.73 ; 0.02] 97% 68% 


Sitagliptin 100mg QD -2.12 0.28 [-2.66 ; -1.57] 100% -2.48 0.28 [-3.03 ; -1.93] 100% 48% 


Vildagliptin 100mg QD -2.16 0.77 [-3.74 ; -0.69] 100% -2.52 0.77 [-4.09 ; -1.05] 100% 48% 


Placebo -2.58 0.61 [-3.77 ; -1.35] 100% -2.95 0.61 [-4.13 ; -1.71] 100% 41% 


Glimepiride -3.97 0.77 [-5.54 ; -2.48] 100% -4.33 0.77 [-5.89 ; -2.85] 100% 25% 


Pioglitazone 30mg QD -4.57 0.85 [-6.28 ; -2.93] 100% -4.93 0.85 [-6.64 ; -3.29] 100% 15% 


Glipizide -4.76 0.46 [-5.65 ; -3.85] 100% -5.12 0.46 [-6.02 ; -4.21] 100% 14% 


Glibenclamide -10.83 2.17 [-15.06 ; -6.58] 100% -11.19 2.17 [-15.43 ; -6.95] 100% 0% 


 
Table 27 shows that the random effects NMA results for weight loss measured in terms of 


change in BMI at 52 weeks on a metformin background. This network comprised nine trials, with 


one direct comparison (canagliflozin 300mg versus canagliflozin 100mg, no statistically 







  Confidential until published 


62 
 


significant heterogeneity). A similar pattern of results were found to the NMA of change in weight 


at 52 weeks. The GLP-1 analogue exenatide ranked first with a probability of 91% of being the 


best treatment, followed by canagliflozin 300mg with a probability of 72%. Canagliflozin 300mg 


had a probability of reducing weight of 16% compared to exenatide, but had a probability of at 


least 85% compared to the DPP-4-i sitagliptin, pioglitazone, and the SUs glimepiride and 


glibenclamide.   


 
Table 27: NMA results for dual therapy, MET background at 52 weeks (BMI) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Exenatide 10µg BID 1.24 1.47 [-2.16 ; 3.95] 14% 1.10 1.47 [-2.30 ; 3.82] 16% 91% 


Cana 300mg QD 0.14 0.96 [-1.86 ; 2.14] 38%     72% 


Cana 100mg QD     -0.14 0.96 [-2.14 ; 1.86] 62% 67% 


Vildagliptin 100mg QD -0.19 2.00 [-4.63 ; 3.78] 57% -0.32 2.00 [-4.75 ; 3.61] 62% 60% 


Placebo -0.49 1.47 [-3.82 ; 2.36] 73% -0.63 1.47 [-3.94 ; 2.22] 77% 50% 


Sitagliptin 100mg QD -0.63 1.17 [-3.17 ; 1.75] 82% -0.77 1.17 [-3.28 ; 1.60] 85% 45% 


Pioglitazone 30mg QD -1.53 2.28 [-6.01 ; 3.03] 78% -1.66 2.28 [-6.13 ; 2.90] 80% 33% 


Glimepiride -1.72 1.17 [-4.08 ; 0.81] 95% -1.85 1.17 [-4.22 ; 0.69] 95% 23% 


Glibenclamide -2.54 1.53 [-5.87 ; 0.52] 96% -2.67 1.53 [-6.00 ; 0.40] 97% 9% 


 
 
Triple therapy 


 
In the triple therapy trial DIA3015, at 52 weeks, canagliflozin (300mg) combined with metformin 


and a sulfonylurea resulted in a statistically significant greater improvement in BMI than the 


DPP-4-i sitagliptin combined with metformin and a sulfonylurea (Table 28). Results for change 


in BMI from baseline were only reported in the NMAs (see Table 30 below). 


 
Table 28: RCT results for triple therapy, MET and SU background at 52 weeks (weight 
[kg]) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 LOCF 
- Mean (SD) 


85.27 (22.537) 89.65 (23.023) 


Change from baseline - 
LS Mean (SE) 


-2.5 (0.2) 0.3 (0.2) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 


-2.8 (0.3) 
<0.001 


(-3.3;-2.2) 
 


95% CI   


mITT analysis  
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Table 29 reports the weight change results of the random effects NMA for the metformin and 


sulfonylurea background. The network comprised eight trials, with no direct comparisons. 


Canagliflozin 300mg ranked first, with a probability of being the best treatment of 78%. It was 


associated with a probability of reducing weight of at least 80% compared to the DPP-4-


inhibitors linagliptin and sitagliptin, long-acting insulin and biphasic insulin. It was associated 


with a probability of 53% and 60% of reducing weight compared to the GLP-1 analogues 


exenatide 10µg BID (twice daily) and exenatide 5µg BID, respectively. 


 
Table 29 – NMA results for triple therapy 26 weeks, MET and SU background (weight) 
  Cana 100mg     Cana 300 mg     SUCRA 


  Median sd Crl Prob Median sd Crl Prob   


Cana 300mg QD 0.62 2.31 [-4.34 ; 5.57] 35%     78% 


Exenatide 10µg BID 0.47 3.11 [-6.09 ; 7.24] 41% -0.14 2.86 [-6.15 ; 6.08] 53% 76% 


Exenatide 5µg BID 0.08 3.26 [-6.83 ; 7.11] 49% -0.53 3.03 [-6.97 ; 5.94] 60% 69% 


Cana 100mg QD     -0.62 2.31 [-5.57 ; 4.34] 65% 67% 


Placebo -1.02 2.31 [-5.95 ; 3.92] 73% -1.63 1.96 [-5.83 ; 2.55] 85% 51% 


Linagliptin 5mg QD -1.35 3.32 [-8.47 ; 5.76] 72% -1.96 3.09 [-8.59 ; 4.65] 80% 47% 


Sitagliptin 100mg QD -2.03 2.70 [-7.78 ; 3.76] 83% -2.64 1.96 [-6.83 ; 1.56] 93% 35% 


Long-acting insulin -3.97 3.12 [-10.62 ; 2.70] 92% -4.59 2.88 [-10.70 ; 1.57] 95% 16% 


Biphasic insulin -4.52 3.35 [-11.62 ; 2.63] 93% -5.14 3.12 [-11.76 ; 1.52] 95% 11% 


 


Table 30 shows the fixed effects NMA results for weight loss measured in terms of change in 


BMI on a metformin and sulfonylurea background. This network comprised just two studies, with 


no direct comparisons. Again, canagliflozin was the highest ranking treatment, with a probability 


of being the best treatment of 98%, followed by canagliflozin 100mg with a probability of 69%. 


Both canagliflozin 100mg and 300mg had probabilities of 100% of reducing weight compared to 


the DPP-4-i sitagliptin. Canagliflozin 300mg had a probability of 94% of reducing weight 


compared to canagliflozin 100mg. 


 


Table 30: NMA results for triple therapy 26 weeks, MET and SU background (BMI) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Cana 300mg QD 0.22 0.14 [-0.06 ; 0.50] 6%     98% 


Cana 100mg QD     -0.22 0.14 [-0.50 ; 0.06] 94% 69% 


Placebo -0.40 0.14 [-0.68 ; -0.12] 100% -0.62 0.14 [-0.90 ; -0.34] 100% 32% 
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Sitagliptin 100mg QD -0.70 0.16 [-1.02 ; -0.38] 100% -0.92 0.08 [-1.08 ; -0.76] 100% 1% 


 


Table 31 reports the weight change results of the fixed effects NMA for the metformin and 


thiazolidinedione (pioglitazone) background at 26 weeks. This network comprised just two 


studies, with no direct comparisons. Canagliflozin 300mg had the highest probability of being 


the best treatment, with a percentage of 94%. Canagliflozin 300mg was associated with a 99% 


probability of reducing weight compared to canagliflozin 100mg and a probability of 84% 


compared to the DPP-4-i sitagliptin. 


 


Table 31: NMA results for triple therapy at 26 weeks, MET and TZD background (weight) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Canagliflozin 300mg 0.95 0.39 [0.18 ; 1.72] 1%     94% 


Canagliflozin 100mg     -0.95 0.39 [-1.72 ; -0.18] 99% 59% 


Sitagliptin 100mg -2.70 3.75 [-10.10 ; 4.62] 76% -3.65 3.75 [-11.07 ; 3.67] 84% 29% 


Placebo -2.54 0.40 [-3.31 ; -1.77] 100% -3.49 0.40 [-4.27 ; -2.72] 100% 17% 


 


An NMA was not conducted to analyse change in BMI for patients treated with triple therapy 


with canagliflozin on a background of thiazolidinedione (pioglitazone), because only one trial 


provided evidence for this network. 


 


Insulin background 


 
Table 32 reports the weight change results of the fixed effects NMA for the insulin background 


at 26 weeks. Ten trials were included in this network with no direct comparisons. Canagliflozin 


300mg ranked joint first with the GLP-1 analogue exenatide, both with a probability of being the 


best treatment of 86%. Canagliflozin 300mg was associated with a probability of at least 81% of 


reducing weight compared to canagliflozin 100mg, the DPP-4-inhibitors sitagliptin, vildagliptin 


and saxagliptin, pioglitazone, dapagliflozin and the SU glibenclamide. It was associated with 


probabilities of 45% and 56% of reducing weight compared to the GLP-1 analogue exenatide 


and metformin, respectively. 


 
An NMA was not conducted to analyse change in BMI for patients treated with canagliflozin on 


an insulin background, because no BMI data from the canagliflozin CANVAS trial (DIA3008 


insulin sub-study) were available.3 
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Table 32: NMA results for insulin background at 26 weeks (weight) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Cana 300mg QD 0.57 0.17 [0.24 ; 0.90] 0%     86% 


Exenatide 10µg BID 0.64 0.55 [-0.44 ; 1.71] 12% 0.07 0.54 [-1.01 ; 1.14] 45% 86% 


Metformin 0.34 1.55 [-2.69 ; 3.39] 41% -0.23 1.55 [-3.26 ; 2.83] 56% 76% 


Cana 100mg QD     -0.57 0.17 [-0.90 ; -0.24] 100% 70% 


Dapagliflozin 10mg QD -0.41 0.31 [-1.01 ; 0.20] 91% -0.98 0.31 [-1.59 ; -0.38] 100% 60% 


Placebo -2.10 0.17 [-2.43 ; -1.77] 100% -2.67 0.17 [-3.00 ; -2.34] 100% 36% 


Sitagliptin 100mg QD -2.10 0.29 [-2.67 ; -1.53] 100% -2.67 0.29 [-3.24 ; -2.11] 100% 35% 


Pioglitazone 30mg QD -3.28 4.30 [-11.72 ; 5.14] 78% -3.85 4.30 [-12.31 ; 4.57] 82% 34% 


Saxagliptin 5mg QD -2.31 0.31 [-2.92 ; -1.70] 100% -2.88 0.31 [-3.49 ; -2.27] 100% 27% 


Glibenclamide -7.64 9.31 [-25.82 ; 10.69] 79% -8.21 9.31 [-26.36 ; 10.11] 81% 25% 


Vildagliptin 100mg QD -2.80 0.46 [-3.69 ; -1.90] 100% -3.37 0.46 [-4.25 ; -2.47] 100% 16% 


 


 
 
3.3.4 Summary of results for lipid levels 


 
NMAs were not conducted for any of the lipid outcomes, so we present only the results from the 


systematic literature review for these outcomes below. 


 


Dual therapy 


 


In DIA3009 and DIA3006, both doses of canagliflozin (100mg and 300mg) in combination with 


metformin were associated with statistically significant greater improvements (increases) in 


HDL-cholesterol from baseline levels than the SU glimepiride combined with metformin or the 


DPP-4-i sitagliptin combined with metformin at week 52 (Table 33). There were no statistically 


significant differences between the canagliflozin arms and the active comparators in change 


from baseline in LDL-cholesterol levels, except in DIA3009 in which patients treated with 


canagliflozin 300mg experienced a statistically significant greater increase in LDL-cholesterol at 


week 52 (Table 34) than patients treated with glimepiride. In DIA3009, both canagliflozin 100mg 


and 300mg resulted in a statistically significant decrease in triglycerides from baseline when 


compared to glimepiride at week 52. In DIA2009, there were no statistically significant 
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differences in changes in triglycerides from baseline between either of the canagliflozin arms 


and the sitagliptin arm (Table 35). 


Table 33: RCT results for dual therapy MET background (HDL-cholesterol)  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 
mmol/L LOCF 
Mean (SD) 


1.29 (0.346) 1.30 (0.330)  1.19 (0.301) 


% change from 


baseline  
LS Mean (SE) 


7.9 (0.8) 9.0 (0.8)  0.3 (0.8) 


Diff. of LS Means % 
(SE) (minus 
glimepiride) 
(95% CI) 


7.5 (1.0) 


(5.6;9.5) 
8.6 (1.0) 
(6.7;10.6) 


  


DIA3006 (n = 367) (n = 368) (n = 183) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Value at Week 26 
mmol/L LOCF 
Mean (SD) 


1.28 (0.357) 1.32 (0.331) 1.18 (0.295) 1.21 (0.289) 


% change from 


baseline 
LS Mean (SE) 


10.3 (0.9) 12.1 (1.0) 3.7 (1.3) 5.0 (1.0) 


Diff. of LS Means % 
(SE) (minus placebo) 
P-Value 
(95% CI) 


6.6 (1.6) 
<0.001 


(3.6;9.7) 


8.4 (1.6) 
<0.001 


(5.3;11.5) 
 


1.3 (1.6) 
N/A 


(-1.8;4.3) 


 (n = 368) (n = 367)  (n = 366) 


Change from baseline 
LS Mean (SE) mmol/L 
week 52


b
 


0.12 (0.01) 0.14 (0.01)  0.06 (0.01) 


% change from 
baseline


b
 


11.2 (1.0) 13.2 (1.1)  6.0 (1.1) 


Diff. of LS Means % 
change (minus 
sitagliptin at week 52)


a,b
 


(95% CI) 


5.2  
(2.5, 7.9) 


7.2  
(4.4, 10.0) 


  


mITT analysis  
a Data from trial publication


22
 


b
 Statistical comparison not performed


22 
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Table 34: RCT results for dual therapy MET background (LDL-cholesterol)  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 
mmol/L LOCF 
Mean (SD) 


2.71 (0.933) 2.98 (1.032)  2.70 (0.910) 


% change from 
baseline 
LS Mean (SE) 


9.6 (1.9) 14.1 (1.9)  5.0 (1.9) 


Diff. of LS Means (SE) 


% (minus glimepiride) 
(95% CI) 


4.5 (2.3) 


(-0.0;9.1) 
9.0 (2.4) 
(4.4;13.7) 


  


DIA3006 (n = 367) (n = 368) (n = 183) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Value at Week 26 
LOCF 
Mean (SD) 


2.88 (0.871) 2.97 (0.928) 2.66 (0.912) 2.86 (0.909) 


Change from baseline 
LS Mean % (SE) 


6.5 (1.7) 10.7 (1.8) -1.5 (2.4) 4.1 (1.8) 


Diff. of LS Means %  
(SE) (minus placebo) 
(95% CI) 


7.9 (2.8) 
(2.4;13.5) 


12.2 (2.9) 
(6.6;17.8) 


 
5.5 (2.9) 


(-0.1;11.2) 


 (n = 368) (n = 367)  (n = 366) 


Change from baseline 
LS Mean (SE) mmol/L 
week 52


b
 


0.11 (0.04) 0.11 (0.04)  0.08 (0.04) 


% LS mean (SE) 
change


b
 


7.7 (1.7) 8.8 (1.8)  6.0 (1.8) 


Diff. of LS Means % 
(minus sitagliptin at 
week 52)


a
,
b
 


(95% CI) 


1.7 (−2.8, 6.2) 2.8 (−1.8, 7.4)   


mITT analysis  
a
 statistical comparison not performed as it was not a pre-specified analysis 


b Data from trial publication
22


 
 


Table 35: RCT results for dual therapy MET background (triglycerides)  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Value at Week 52 
mmol/L LOCF 
Mean (SD) 


1.87 (1.250) 2.02 (2.095)  1.95 (1.167) 


% change from 
baseline 
LS Mean (SE) 


-3.7 (2.5) 2.3 (2.5)  9.5 (2.5) 
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Diff. of LS Means (SE) 
(minus glimepiride) 
(95% CI) 


-13.2 (3.2) 


(-19.4;-7.0) 
-7.2 (3.2) 


(-13.4;-1.0) 
  


DIA3006 (n = 367) (n = 368) (n = 183) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Value at Week 26 
mmol/L LOCF 
Mean (SD) 


2.04 (1.305) 1.84 (1.032) 2.09 (1.341) 1.95 (1.389) 


% change from 
baseline 
LS Mean (SE) 


1.6 (2.6) -1.4 (2.6) 3.2 (3.6) 1.0 (2.7) 


Diff. of LS Means (SE) 
(minus placebo) 
P-Value 
(95% CI) 


-1.6 (4.2) 
0.701 


(-9.9;6.7) 


-4.6 (4.3) 
0.276 


(-13.0;3.7) 
 


-2.3 (4.3) 
N/A 


(-10.6;6.1) 


 (n = 368) (n = 367)  (n = 366) 


Change from baseline 
LS Mean (SE) week 52


a
 


−0.12 (0.05) −0.19 (0.05)  −0.15 (0.05) 


LS mean (SE) % 
change


b
 


1.9 (2.4) 2.8 (2.4)  −0.4 (2.5) 


Diff. of LS Means per 
cent change (minus 
sitagliptin at week 52)


b
 


P-value 
(95% CI) 


2.3  
NS 


(−3.9, 8.5) 


3.2  
NS 


(−3.1, 9.5) 
  


mITT analysis 
NS = not statistically significant  
a Data from trial publication


22 
 
Triple therapy 


 
In the triple therapy trial DIA3015, canagliflozin (300mg) combined with metformin and a 


sulfonylurea was associated with a statistically significant greater improvement in HDL-


cholesterol at 52 weeks than the DPP-4-i sitagliptin combined with metformin and a sulfonylurea 


(Table 36). However, it was also associated with statistically significant greater increases in 


LDL-cholesterol than sitagliptin (Table 37). There were no statistically significant differences 


between the arms in change in triglycerides at 52 weeks (Table 38). 


 
Table 36: RCT results for triple therapy, MET and SU background (HDL-cholesterol) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 
mmol/L LOCF - Mean 
(SD) 


1.26 (0.327) 1.18 (0.297) 


% change from baseline 
- LS Mean (SE) 


7.6 (0.9) 0.6 (0.9) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 


7.0 (1.2) 
N/A 


(4.6; 9.3) 
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95% CI   


mITT analysis  


 
Table 37: RCT results for triple therapy, MET and SU background (LDL-cholesterol) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 
mmol/L LOCF - Mean 
(SD) 


2.75 (1.043) 2.50 (0.911) 


% change from baseline 
- LS Mean (SE) 


11.7 (1.8) 5.2 (1.8) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 


6.4 (2.4) 
N/A 


(1.7; 11.2) 
 


95% CI   


mITT analysis  
 


Table 38: RCT results for triple therapy, MET and SU background (triglycerides) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 LOCF 
mmol/L - Mean (SD) 


2.02 (1.414) 1.96 (1.211) 


% change from baseline 
- LS Mean (SE) 


9.6 (2.8) 11.9 (2.9) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 


-2.3 (3.9) 
N/A 


(-9.8; 5.3) 
 


95% CI   


mITT analysis  


 


 
3.3.5 Summary of results for hypoglycaemia 


 
 
Dual therapy 


 
There was a statistically significant lower rate of hypoglycaemia (5-6%) for both doses of 


canagliflozin compared to glimepiride (34%) in the DIA3009 trial (Table 39). Severe 


hypoglycaemia rates were low generally, with a slightly higher incidence for glimepiride. In the 


DIA3006 trial rates of hypoglycaemia were similar between the active treatments between week 


26 and 52, but higher for both doses of canagliflozin (6.8% each) compared to sitagliptin over 


the whole 52 weeks (no statistical significance tests reported). The difference in hypoglycaemia 


rates between the active comparator arms of the two trials can be explained by the fact that 


sulfonylureas are known to be associated with hypoglycaemia.  
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Table 39: RCT results for dual therapy MET background (hypoglycaemia)  


Trial no. (acronym) 
Canagliflozin 


100mg 
Canagliflozin 


300mg 
Placebo 


Active 
comparator 


DIA3009 (n = 483) (n = 485) 
 


SU (glimepiride) 
(n = 482) 


Documented 
hypoglycaemia, week 
52 


27 (6%)
a
 24 (5%)


a
   165 (34%) 


Severe hypoglycaemia, 
week 52


b
 


2 (<1%) 3 (<1%)  15 (3%) 


DIA3006
b,c


 (n = 368) (n = 367) (n =  183) 
DPP-4 i 


(sitagliptin) 
(n = 366)  


Documented 
hypoglycaemia, week 
26-52 


4.2% 5.0% 1.6% 4.7% 


Documented 
hypoglycaemia, week  
0-52 


6.8% 6.8% 2.7% 4.1% 


Severe hypoglycaemia, 
week 0-52 


1 0 0 1 


mITT 
a
 p<0.0001 for both canagliflozin groups compared to glimepiride 


b
 Data from trial publication


21 
c 
statistical significance tests not reported for this outcome


 


 


 


Table 40 reports the hypoglycaemia results of the fixed effect NMA for the metformin 


background at 52 weeks. There were eight trials in the network, with one direct comparison 


(canagliflozin 300mg versus 100mg (two trials)) of which there was no statistical heterogeneity 


present). The percentage that the treatment always ranks first was highest for placebo, 


dapagliflozin and saxagliptin (all 87%). For canagliflozin 300mg and 100mg the probabilities 


were 45% and 41%, respectively. All three of the DPP-4-i drugs included in the network 


(saxagliptin, sitagliptin and vildagliptin) ranked higher than canagliflozin. Of the DPP-4-i drugs 


the probability that canagliflozin 100mg reduces all hypoglycaemic events was highest for 


vildagliptin at 21%. For canagliflozin 300mg the corresponding probability was 28%. 


Canagliflozin ranked higher than the three sulfonylureas included in the network (glipizide, 


glimepiride, and glibenclamide), with a 100% probability of reducing all hypoglycaemia events, 


though sulfonylureas are generally known to be associated with hypoglycaemia.  
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Table 40: NMA results for dual therapy, MET background at 52 weeks (all hypoglycaemic 
events) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Placebo 5.03 11.97 [0.62; 37.38] 7% 4.68 11.3
8 


[0.58;35.22] 7% 87% 


Dapagliflozin 10mg 
QD 


3.65 2.30 [1.44;9.93] 0% 3.43 2.14 [1.34; 9.23] 1% 87% 


Saxagliptin 5mg 
QD 


3.62 2.22 [1.41;9.75] 0% 3.39 2.07 [1.31; 9.19] 1% 87% 


Sitagliptin 100mg 
QD 


1.77 0.65 [0.97;3.44] 3% 1.66 0.61 [0.90; 3.23] 5% 65% 


Vildagliptin 100mg 
QD 


1.27 0.42 [0.71;2.33] 21% 1.19 0.39 [0.66; 2.19] 28% 54% 


Cana 300mg QD 1.07 0.23 [0.71;1.61] 38%     45% 


Cana 100mg QD     0.94 0.20 [0.62; 1.40] 62% 41% 


Glipizide 0.19 0.09 [0.09;0.42] 100% 0.18 0.08 [0.08; 0.40] 100% 21% 


Glimepiride 0.11 0.02 [0.07;0.16] 100% 0.10 0.02 [0.07; 0.15] 100% 12% 


Glibenclamide 0.05 0.03 [0.02;0.13] 100% 0.05 0.03 [0.02; 0.12] 100% 1% 


 
 
Triple therapy 


 
The rate of hypoglycaemia and severe hypoglycaemia was similar for canagliflozin and for 


sitagliptin, both in combination with metformin and sulfonylurea in DIA3015. The relatively high 


rate of hypoglycaemia in both trial arms is likely explained by the use of sulfonylurea in the 


background regimen.  


 
Table 41: RCT results for triple therapy, MET+SU background (hypoglycaemia)  
 Canagliflozin 300mg Active comparator 


DIA3015
a,b


 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Documented 
hypoglycaemia (at least 
1 episode) 
week 0-52 


43.2% 40.7% 


Severe hypoglycaemia 
week 0-52 


4% 3.4% 


a
 Data from trial publication


23 
b  


Statistical significance tests not reported for this outcome
 


 
 
Table 42 reports the hypoglycaemia results of the fixed effect NMA for the metformin and 


sulfonylurea background at 26 weeks. Eight trials were included in the network, with one direct 


comparison (long-acting insulin versus biphasic insulin, two studies), with no statistically 
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significant heterogeneity detected. The percentage that the treatment always ranks first was 


highest for placebo, exenatide 5 µg and linagliptin (100%, 80% and 78%, respectively). For 


canagliflozin 300mg and 100mg the probabilities were 38% and 56%, respectively. Canagliflozin 


ranked higher than the two insulins included in the network (long-acting and biphasic), with a 


97% to 100% probability of reducing all hypoglycaemia events, though insulin is known to be 


associated with hypoglycaemia.  


 
Table 42: NMA results for triple therapy at 26 weeks, MET and SU background (all 
hypoglycaemic events) 
  Cana 100mg Cana 300 mg SUCR


A 


  Median sd Crl Prob Median sd Crl Prob  


Placebo 2.58 0.78 [1.50; 4.54] 0% 3.30 0.91 [2.03; 5.59] 0% 100% 


Exenatide 5µg 
BID 


1.55 0.66 [0.74; 3.29] 12% 2.00 0.80 [0.99; 4.08] 3% 80% 


Linagliptin 5mg 
QD 


1.51 0.56 [0.78; 2.97] 11% 1.94 0.68 [1.04; 3.68] 2% 78% 


Cana 100mg 
QD 


    1.29 0.33 [0.80; 2.08] 15% 56% 


Exenatide 10µg 
BID 


0.96 0.40 [0.46; 2.00] 55% 1.23 0.48 [0.62; 2.48] 28% 50% 


Cana 300mg 
QD 


0.78 0.20 [0.48; 1.25] 85%     38% 


Sitagliptin 
100mg QD 


0.75 0.22 [0.43; 1.29] 85% 0.96 0.14 [0.72; 1.29] 60% 35% 


Long-acting 
insulin 


0.32 0.19 [0.12; 0.82] 99% 0.41 0.23 [0.16; 1.04] 97% 13% 


Biphasic insulin 0.24 0.13 [0.10; 0.60] 100% 0.31 0.16 [0.13; 0.75] 100% 1% 


 
 
Table 43 reports the hypoglycaemia results of the fixed effect NMA for the metformin and 


thiazolidinedione background at 26 weeks. The network comprised just two trials, with no direct 


comparisons. The percentage that the treatment always ranks first was highest for placebo, 


followed by canagliflozin 100mg, and sitagliptin (66%, 63% and 53%, respectively). 


Canagliflozin 300mg ranked lowest at 18%.  


 
Table 43: NMA results for triple therapy, MET and TZD background (all hypoglycaemic 
events) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Placebo 1.02 1.94 [0.17 ; 6.18] 49% 2.21 3.62 [0.55 ; 11.62] 14% 66% 


Canagliflozin 100mg     2.15 3.46 [0.54 ; 11.25] 14% 63% 


Sitagliptin 100mg 0.86 2.37 [0.10 ; 7.09] 55% 1.89 4.54 [0.30 ; 13.72] 25% 53% 


Canagliflozin 300mg 0.46 0.50 [0.09 ; 1.87] 86% 1.00    18% 
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Insulin background 
 
The manufacturer reported that it was not possible to construct an insulin background network 


for all hypoglycaemic events due to lack of data at 26 weeks from the DIA3008 insulin sub-


study.  


 
Pooled analysis 


 
The manufacturer reports hypoglycaemia rates from the canagliflozin RCTs included in their 


clinical SLR. The analyses includes a numerically pooled analysis of a set of RCTs of patients 


not on a background therapy associated with hypoglycaemia (including, amongst others, 


DIA3009 and DIA3006) (MS Appendix Table 180), and a set of studies including patients 


receiving background therapy with insulin or insulin secretagogues (e.g. sulfonylurea) (including, 


amongst others, DIA3015) (MS Appendix Table 181). The latter is not a pooled analysis but 


results are presented separately for each trial. In each set of studies rates of hypoglycaemia 


and severe hypoglycaemia are reported for canagliflozin 100mg, 300mg, the two doses 


combined, placebo, and any active comparator. As would be expected, the incidence of 


hypoglycaemia was higher for patients on a background therapy associated with hypoglycaemia 


compared to those on a background not associated with hypoglycaemia. The ERG has not 


reported these results here as the data include a wider set of studies than considered relevant 


to the decision problem, and the pooled analysis was not a formal meta-analysis that preserves 


randomised comparisons. Details can be found in MS Appendix 10.8 (Tables 180 and 181).   


 
3.3.6 Summary of health related quality of life 
 


Results for HRQoL are not reported in the main MS document. However, MS Appendix 10.14 


reports an analysis of HRQoL and PRO measures conducted to quantify the utility associated 


with changes in BMI. Limited results are provided on changes in measures for the respective 


canagliflozin trials in the MS (e.g. in terms of change from baseline). Table 203 in the appendix 


shows which HRQoL and PRO instruments were included at which time points in a sub-set of 


four of the canagliflozin trials (three of which are the trials that the ERG consider relevant to this 


report), and the rationale for their inclusion in their analysis. The EQ-5D is considered to be the 


reference case and is reported in MS Appendix Table 204 for dual therapy (based on DIA3009), 


and in MS Appendix Table 210 for pooled triple therapy (based on DIA3002 and DIA3015). 


Results are not given by randomised treatment group and therefore the ERG have not reported 
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them here. There were no other HRQoL data in MS Appendix 10.14 that the ERG considered 


relevant to report here.  


 
3.3.7 Sub-group analyses results 


 
MS Table 15 reports the range of sub-group analyses conducted across the canagliflozin trials 


included in the submission. The MS reports results only for the pre-specified sub-group 


analyses according to baseline HbA1c %, for the outcome of change in HbA1c %. Analysis of this 


sub-group was done in five of the included trials, including two of the three trials the ERG 


considers relevant to this submission (DIA3009 and DIA3015), covering treatment with 


metformin background (Table 44) and treatment with metformin and sulfonylurea background ( 


Table 45). The sub-group analyses show that difference between treatments were maintained, 


but larger absolute reductions in HbA1c were observed in patients with baseline HbA1c ≥ 9%. 


 


Table 44: Pre-defined sub-group analyses by baseline HbA1c %, MET background (HbA1c 
%) 
******************** ******************* ******************* ******* *************


**** 


******* ********* ********* ********* 
*************


******** 


****************** 


**************************
******** 


************* ************* ************* ************* 


**************************
*********************** 


************* ************* 
 


************* 


***** *************** *************** 
 


*************
** 


************************ 


 ********* ********* ******** ********* 


**************************
******* 


************* ************* ************* ************* 


**************************
************ 


************* ************* 
 


*************
* 


***** *************** *************** 
 


*************
** 


****************** 


 ******** ******** ******** ******** 


**************************
******* 


************* ************* ************* ************* 


**************************
************ 


************* *************  ************* 


***** *************** ***************  
*************


** 


mITT 
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Table 45: Pre-defined sub-group analyses by baseline HbA1c %, MET + SU background 
(HBA1c %) 
Trial no. (acronym) 
 


Canagliflozin 
100mg 


Canagliflozin 
300mg 


Placebo Active 
comparator 


DIA3015 
 


(n = 185) 
 


Sitagliptin 
(n = 174) 


Baseline HbA1c <8%
a
 


Change from baseline: LS 
Mean (SE) 


 -0.57 (0.079) 
 


-0.31 (0.079) 


Diff. of LS Means (SE) 
(minus sitagliptin at week 52) 


 -0.26 (0.082) 
 


 


95%CI  (-0.418;-0.097) 
 


 


Baseline HbA1c 8% to <9%
b
 


  (n = 125)  (n = 122) 


Change from baseline LS 
Mean  


 -1.15 
 


-0.73 


Diff. of LS Means (minus 
sitagliptin at week 52) 


 -0.41 
 


 


******************
 c
 


  ********  ******** 


******************************  *************  ************* 


********************************
********************* 


 *************   


*****  ***************
*
   


mITT 
a
 For this sub-group the MS did not mark the results as AIC in MS Appendix 10.6.4. 


b 
There appears to be an error in MS Table 37, with results for the <8% sub-group transposed by mistake. 


The ERG has reported data from the trial publication instead. 
c 
Marked as AIC in MS Appendix 10.6.4, though note that the LS mean values have been reported in the 


trial publication. 
**
****************************************************** 


 
 


BMI was also specified in the NICE scope as a relevant sub-group. However, the MS did not 


report it as the manufacturer states that efficacy of canagliflozin in terms of change in HbA1c and 


secondary endpoints was not impacted by baseline BMI levels (MS Table 7) (NB. they also 


state that the economic model does not differentiate between patients based on their baseline 


BMI level). The manufacturer supplied the results of this sub-group to the ERG on request. 


**************************************************************************************************************


********************** 


 
 
3.3.8 Summary of results for adverse events 
 


The MS reports a numerically pooled analysis of adverse events for a pre-specified safety 
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dataset (the ‘broad dataset’) (MS section 6.9), comprising all active- and placebo- controlled 


trials examining both doses of canagliflozin (therefore including DIA3009, DIA3006, but not 


DIA3015 as that trial included only one canagliflozin dose).  


 


Table 46 reports the overall summary of adverse events for the broad dataset, reproduced from 


MS Table 22 (Note, there is a discrepancy between the figures in MS Table 22 and some of the 


figures presented in the text on MS page 143 (6.9.2.1. AEs reported) and MS page 152 (6.9.2.8. 


Serious AEs) as well as with the figures presented in MS reference 118 (‘Summary of clinical 


safety’, Table 41). The set of figures in MS Table 22 show higher rates of AEs, and it appears 


they are from a later follow up time point – 1st July 2012. The ERG considers these to be the 


more relevant figures for this report. The all non-canagliflozin column in the table comprises 


placebo, the DPP4-i sitagliptin and the SU glimepiride. 


 


Table 46: Overall summary of adverse events (broad dataset: safety analysis set) 


Number (%) of patients with a 
least one adverse event of the 
following types 


Canagliflozin 
100mg 


Canagliflozin 
300mg 


All Cana All non-Cana 


N = 3,092 N = 3,085 N = 6,177 N = 3,262 


Any AEs 2,369 (76.6) 2,375 (77.0) 
4,744 
(76.8) 


2,473 (75.8) 


AEs leading to discontinuation 173 (5.6) 224 (7.3) 397 (6.4) 164 (5.0) 


AEs related to study drug 910 (29.4) 1,037 (33.6) 
1,947 
(31.5) 


711 (21.8) 


AEs related to study drug and 
leading to discontinuation 


110 (3.6) 142 (4.6) 252 (4.1) 70 (2.1) 


Serious AEs 417 (13.5) 406 (13.2) 823 (13.3) 445 (13.6) 


Serious AEs leading to 
discontinuation 


63 (2.0) 52 (1.7) 115 (1.9) 71 (2.2) 


Serious AEs related to study 
drug 


35 (1.1) 33 (1.1) 68 (1.1) 27 (0.8) 


Serious AEs related to study 
drug and leading to 
discontinuation 


17 (0.5) 14 (0.5) 31 (0.5) 10 (0.3) 


Deaths 25 (0.8) 24 (0.8) 49 (0.8) 37 (1.1) 


 


As Table 46 shows, there was a similar rate of any adverse events between canagliflozin and 


non-canagliflozin (76.8% for all canagliflozin and 75.8% for all non canagliflozin). There was a 


slightly higher percentage of patients discontinuing due to adverse events for all canagliflozin, 


and a 10% higher rate of patients experiencing adverse events related to the study drug for all 


canagliflozin. The percentage of patients with serious adverse events and the percentage of 


deaths was similar between canagliflozin and non-canagliflozin. MS Table 22 also reports 
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percentage of patients experiencing a range of specific adverse events grouped by body system 


(the ERG have not reproduced these here for brevity).  


 


Analysis of just the three trials that the ERG consider relevant to the decision problem (based 


on DIA300921, DIA300622, and DIA301523 – as reported in their respective journal publications) 


showed a similar pattern to the broad dataset, with generally similar incidence of adverse events 


between canagliflozin and comparators sitagliptin and glimepiride. 


 


Table 47 reports the percentage of patients in the broad dataset (regardless of the use of 


rescue medication) who experienced specific adverse events known to be associated with 


canagliflozin due to its mode of action. These include genital mycotic infections (GMI) 


(vulvovaginal candidiasis (VVC) in women and Candida balanitis in men), urinary tract 


infections, osmotic diuresis-related adverse events (increased urine output), and volume 


depletion (adverse events related to reduced intravascular volume (e.g. dizziness, hypotension). 


As would be expected, a higher percentage of patients receiving canagliflozin experienced 


these adverse events than non canagliflozin patients. The MS reports that GMIs and osmotic 


diuresis-related AEs were mild to moderate in intensity and rarely led to study discontinuation 


(MS section 6.9.2). The manufacturer states that approximately 65% of the GMI events in 


women were treated by a health care professional and 35% of the events by the patient herself 


(MS p. 147). The ERG notes that this contradicts the manufacturer’s statement earlier in the MS 


that GMIs in women would require no extra use of health care resources because women can 


obtain topical and oral azole therapies over the counter (MS p. 43).  


 
Table 47: Summary of specific adverse events (broad dataset: safety analysis set) 


Number (%) of patients with a least 
one adverse event of the following 
types 


Canagliflozin 
100mg 


Canagliflozin 
300mg 


All Cana 


 
All non-Cana 


 


Any female GMI 
N=1289 N=1319 N=2608 N=1338 


190 (14.7) 184 (13.9) 374 (14.3) 42 (3.1) 


Any male GMI 
N=1803 N=1766 N=3569 N=1924 


131 (7.3) 164 (9.3) 295 (8.3) 30 (1.6) 


 N = 3,092 N = 3,085 N = 6,177 N = 3,262 


Urinary tract infections 254 (8.2) 250 (8.1) 504 (8.2) 218 (6.7) 


Osmotic diuresis-related AEs 227 (7.3) 243 (7.9) 470 (7.6) 79 (2.4) 


Volume depletion AEs
a
 99 (3.2) 141 (4.6) 240 (3.9) 78 (2.4) 


a  
MS Section 6.9.2.6 reports that this is based on the placebo-controlled dataset (i.e. only the trials that 


featured a placebo arm: DIA3002, DIA3005
, 
DIA3006


, 
and DIA3012) though the percentages given have 


been calculated on the broad dataset. MS Reference 117, Table 19, reports that this is the broad dataset. 
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The manufacturer reports a pre-specified meta-analysis of the composite endpoint MACE 


(cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke) and hospitalised 


unstable angina (MACE-plus) (MS section 6.9.2.8). The meta-analysis was performed in a 


pooled patient population (n=9,632) from nine Phase 2/3 studies of 12 weeks in duration 


(excluding DIA3015). The ongoing CANVAS study (DIA3008) contributed 45% (n=4,327) of 


patients included in the meta-analysis. The Cox proportional hazards model Hazard Ratio (HR) 


of canagliflozin (both doses pooled) to non-canagliflozin from the primary analysis of time to first 


adjudicated MACE-plus event was 0.91 (95% CI, 0.68-1.22). (see MS section 6.9.2.8.) The 


manufacturer reports that this meets the US FDA guidance to demonstrate an upper bound 


<1.8, indicating that there is no evidence of increased CV risk with canagliflozin. MS reference 8 


(Table 203) reports an analysis of MACE-plus events for the individual components. The HRs 


for the individual components were all less than 1 with the upper bound of the 95% CI less than 


1.8 with the exception of fatal or non-fatal stroke where the HR was 1.47 (0.83, 2.59). Due to the 


low number of MACE-plus events confidence intervals around the HRs are wide and indicate 


limited precision. Further, these data are from an interim analysis and the DIA3008 (CANVAS) 


trial is on-going. Caution is therefore advised in the interpretation of these results.  


 


3.4 Summary  


The MS provides a generally unbiased estimate of the treatment effect within the stated scope 


of the decision problem, although there are some uncertainties (as we detail below). The MS 


was based on a reasonably well conducted systematic review, with an NMA providing 


supporting evidence. Three RCTs,21-23 judged to be of a high quality, were identified that 


provided head-to-head evidence for the efficacy of canagliflozin relative to active comparators. 


The manufacturer also included another three RCTs that compared canagliflozin to placebo 


which the ERG considered did not directly meet the decision problem, though their placebo 


arms were used to connect canagliflozin to other treatments in the manufacturer’s NMA. The 


MS states that canagliflozin 100mg was non-inferior and canagliflozin 300mg was superior to 


the SU glimepiride and the DPP-4-i sitagliptin in reducing HbA1c when used as part of dual 


therapy on a background of metformin, and that canagliflozin 300mg was superior to sitagliptin 


in reducing HbA1c when used in triple therapy on a background of metformin and SU (though 


see below for discussion of superiority).  It states that canagliflozin also consistently reduced 
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weight and blood pressure. It concludes that canagliflozin was well tolerated, with GMIs in 


women the most common adverse event.  


 


The manufacturer’s interpretation of the evidence in is on the whole appropriate and justified. 


However, the ERG identified the following exceptions and uncertainties: 


 The three relevant canagliflozin RCTs21-23 only examined the efficacy of canagliflozin relative 


to sitagliptin (in dual and triple therapy) and glimepiride (in dual therapy). There is a lack of 


direct evidence for the efficacy of canagliflozin in comparison to other agents and regimens, 


including insulin.  


 The per protocol analyses, reported in the trial journal publications and CSRs, show less 


favourable results for canagliflozin 300mg as dual therapy than the mITT analyses results 


reported in the MS. In the per protocol analyses in both the dual therapy trials, canagliflozin 


300mg was only non-inferior, and not superior (as it was in the mITT analyses), to sitagliptin 


and glimepiride. The MS does not discuss the implications of differences between the mITT 


and per protocol results. 


 The manufacturer states that the inclusion of supplementary evidence from the NMA means 


that there is “data to support the efficacy of canagliflozin across all lines of therapy relevant 


to the decision problem” (MS p. 158). However, the ERG considers the NMA results to only 


provide an indication of the efficacy of canagliflozin relative to other active comparators, and 


that the results should be interpreted with caution due to the low volume of direct evidence 


for some of the loops in the networks. 


 The manufacturer’s NMA assesses effects at 26 weeks duration for triple therapy, rather 


than the 52 weeks duration used for dual therapy. The MS justifies this by stating that there 


were limited data available for 52 weeks for the comparator treatments. They state that 


analyses at 52 weeks support the extrapolation of treatment effects from 26 to 52 weeks. 


The ERG notes that the manufacturer discarded studies from the NMA that did not report 


outcomes at 26 +/- 10 weeks for the MET and SU, and MET and TZD backgrounds. It is 


possible that some of these discarded studies could have been used to construct 52 week 


networks for triple therapy.  


 The MS only provides evidence for the efficacy of canagliflozin among patients treated on 


therapy backgrounds that included metformin. This does not reflect all the potential uses of 


canagliflozin outlined within its licenced indication. 


 There is a lack of evidence for the longer-term efficacy and safety of canagliflozin, as most 


outcomes were measured up to 52 weeks in the clinical trials.  
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 The MS states that “canagliflozin is well tolerated” (MS p. 157), but the data presented 


shows a 10% higher rate of adverse events related to the study drug among patients treated 


with canagliflozin relative those treated with sitagliptin, glimepiride or placebo.  


 Similarly, the MS states that “canagliflozin demonstrated lower rates of discontinuation […] 


than active comparators (sitagliptin and glimepiride)” (MS p. 159), but the data presented 


show that a slightly higher proportion of patients treated with canagliflozin experienced AEs 


leading to discontinuation (6.4%) than patients treated with placebo or these other agents 


(5.0%). 


 *********************************************************************************************************


*********************************************************************************************************


*********************************************************************************************************


**********************  


 


4 ECONOMIC EVALUATION 


4.1 Overview of manufacturer’s economic evaluation 


 


The manufacturer’s submission to NICE includes: 


iii) A review of published economic evaluations of treatments for T2DM. 


iv) A report of an economic evaluation undertaken for the NICE STA. The cost effectiveness 


of canagliflozin in dual therapy with metformin is compared with dapagliflozin, DPP-4-i, 


GLP-1-a, sulfonylurea and thiazolidinedione (pioglitazone). The cost effectiveness of 


canagliflozin in triple therapy with metformin and sulfonylurea or is compared with DPP-


4-i, GLP-1-a and insulin. The cost effectiveness of canagliflozin in triple therapy with 


metformin and thiazolidinedione (pioglitazone) is compared with DPP-4-i.  The cost 


effectiveness of canagliflozin as an add-on to insulin is compared with DPP-4-i, GLP-1-a, 


and dapagliflozin. 


 
Manufacturer’s review of published economic evaluations 
 


A systematic search of the literature was conducted by the manufacturer to identify economic 


evaluations of canagliflozin for T2DM, agents in the class of SGLT-2 inhibitors (dapagliflozin) 


and intended comparators (DPP-4-i, GLP-1-a, sulfonylureas) (MS p162). Details of the search 


strategy are reported in a secondary reference.4 In addition the MS (p170) reports a systematic 
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search for economic simulation models (full details reported in a secondary reference4). As 


reported in section 3.1.1 of this report, the ERG considered the search strategy to be fit for 


purpose. 


 
The inclusion and exclusion criteria for the systematic review are listed in section 7.1.1 of the 


MS, page 162. The MS included studies if they were economic evaluations, undertaken in UK, 


Canada or Australia, and were published after June 2003 (<10 years old). Studies were 


required to report incremental costs and at least one measure of efficiency, preferably as an 


incremental cost-effectiveness ratio (ICER) (from MS ref 1234). Studies were excluded if they 


were not T2DM, not written in English, used cost-minimisation or cost-consequence methods, or 


were limited to individual complications of T2DM. The searches identified 289 references of 


which 96 studies were selected for abstract review and 66 retrieved for full article review.4 Fifty 


two studies covering 44 unique studies were included in the review. No studies of canagliflozin 


were included;4 four studies of dapagliflozin, 23 of a DPP-4-i, 20 of a GLP-1-a, one a TZD 


(rosiglitazone), and one of insulin glargine were included. Three studies included more than one 


therapy.  Fourteen studies retrieved as full articles were excluded, reasons for exclusion were 


not specified in the MS or the secondary reference.4 


 


The search for existing simulation models4 required these to be capable of estimating the cost-


effectiveness of competing treatment alternatives for T2DM in the UK setting, be unique and 


have publically available details.  For the search for models 1308 references were identified and 


921 were selected for abstract review (MS Ref 1234). Seventy three studies met the inclusion 


criteria (of which 21 were included). Reasons for excluding the 848 studies selected for abstract 


review were not reported. 


 


The MS assessed the quality of cost effectiveness studies using a series of questions which 


were based on the format developed by Drummond and Jefferson.30 This assessment of quality 


was only undertaken on studies that were not Health Technology Assessment (HTA) reports. 


Very little interpretation or conclusions of this quality assessment were provided in the MS, 


reporting that ‘the 14 studies were generally of acceptable quality’ and that ‘the level of detail of 


reporting varied widely’, MS p167.   


 


The systematic review of cost effectiveness studies appears to have been undertaken to fulfil 


the requirements of the submission but does not appear to have been used to inform the choice 
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of economic model used.  The MS does not make any general conclusions about the systematic 


review. In the secondary reference4 the general conclusions focus on the key issues that have 


previously been flagged up by HTA bodies with existing cost effectiveness studies and models. 


These key modelling features include the inclusion of non-significant treatment effects, 


unconventional (not conservative) disutility weights for weight gain and hypoglycaemic events, 


and undue uncertainty in clinical efficacy data generated with indirect methods such as NMA 


and mixed treatment comparisons (MS Ref 1234 p40). 


 
CEA Methods 


The cost effectiveness analysis (CEA) uses a stochastic micro-simulation model (the ECHO-


T2DM model) to estimate the cost-effectiveness of canagliflozin compared with SU, TZD, DPP-


4-i, GLP-1-a, dapagliflozin and insulin in adults with T2DM (MS Table 32 p175).  All simulations 


reported in the MS were run with both patient-level (first order) and parameter (second order) 


uncertainty.  Base case simulations were run with 1000 cohorts of 1000 patients.  The model 


adopts a lifetime horizon (40 years) and has an annual cycle length. 


 


The results from the economic evaluation are presented for the base case assumptions, which 


are summarised in MS Table 37 (MS p187-9). The key assumptions appear to be that the 


baseline characteristics from the clinical trial programme are generalisable to the UK population; 


that the treatment effects from the NMA reported at 26 weeks were equivalent to what would be 


observed at 52 weeks; and that treatment effects are immediately reversed at discontinuation. 


 


The MS also present sub-group analyses for patients with an HbA1c exceeding 9% 


(75mmol/mol) at baseline (MS Section 7.9 p249). No other additional subgroup analyses are 


presented. 


 


Overview of health states used in the model 


The model has three parallel sets of micro-vascular complications and five types of macro-


vascular complications represented as Markov states (MS Section 7.2.4 p171). There is a 


health state where the patient is free from complications, and then micro-vascular health states 


relating to chronic kidney disease (includes 7 stages); neuropathy (includes 5 conditions); and 


retinopathy (includes 4 conditions). Patients can also experience macro-vascular complications 


(ischaemic heart disease [IHD], myocardial infarction [MI], chronic heart failure [CHF], stroke, 
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and peripheral vascular disease [PVD]). IHD and MI can occur more than once.  There is also a 


health state of death.  


 


The model also incorporates heath states and events associated with pharmacological 


treatment, including (MS p173): 


• Patient weight change  


• Hypoglycaemic events (separately by mild, moderate, and severe) 


• Upper and lower UTIs 


• GMI 


• Gastrointestinal upset, including nausea  


 


Overview of treatment effects 


The principal treatment effectiveness data (HbA1c and BMI) are taken from the NMA for dual, 


triple and add-on insulin therapy (MS p178 and model data input spreadsheet). For dual therapy 


the NMA results at 52 weeks were used, for triple therapy 26 week data were used. The MS 


states that the reason for the difference in treatment durations was due to limitations in the data 


for the comparators. For canagliflozin the relevant RCTs were DIA3006 (canagliflozin + MET 


versus DPP-4-i + MET); DIA3009 (canagliflozin + MET versus SU + MET); DIA3002 


(canagliflozin + MET + SU versus placebo + MET + SU), DIA3015 (canagliflozin + MET + SU 


versus DPP-4-i + MET + SU), DIA3012 (canagliflozin + MET + TZD versus placebo + MET + 


TZD), DIA3008 (canagliflozin + SU versus placebo + SU added onto insulin). Only three of 


these trials were deemed relevant to the NICE scope by the ERG (see Section 3). 


Hypoglycaemic events and selected adverse events were also included. 


 


Overview of Health related quality of life 


HRQoL is applied in the model using utility from a published source (CODE-2 EQ-5D modelling 


study 31) as the clinical trial utility data was unable to be used due to the short duration of the 


studies and likely confounding. Baseline utility from the CODE-2 regression analysis has a 


range of disutilities for a range of co-morbidities, complications and adverse events applied over 


each modelling cycle, based on probabilities of occurrence of these events from published 


sources. When multiple co-morbidities and complications are experienced these disutilities are 


additive.  MS Table 38, (p198-199) shows the disutilities for each co-morbidity, complication and 


adverse event (See Section 4.2.5). Disutilities for some states (fear of hypoglycaemia and 


aversion to injections) were excluded, and a justification for these exclusions is given on MS 
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p201.  As canagliflozin is an oral agent and is not associated with higher rates of hypoglycaemia 


than other treatments, the lack of inclusion of such disutilities is a conservative assumption. 


 


Overview of resources and costs 


Resources and costs were sourced from NHS reference costs and payment by results tariffs 


and where these were not specific enough for T2DM, UK clinical guidelines and other published 


sources were also used (MS p202).  A comprehensive literature search was conducted to 


identify published peer-reviewed studies that evaluated costs associated with common 


diabetes-related complications or co-morbidities that were relevant for the ECHO-T2DM model 


(MS p203).  


 


Costs for the different health states associated with co-morbidities, complications and adverse 


events were applied in the model. An advisory group was used to inform decisions about the 


relevance of various adverse events (for example the degree of hypoglycaemic episodes, GMI, 


UTI, and hypovolaemic events) and self-monitoring of blood glucose costs.  


 


No administration costs were applied for any treatment. There were no additional monitoring 


costs applied for canagliflozin for testing renal function using the estimated glomerular filtration 


rate (eGFR) as the MS states that these are covered in standard monitoring.  The ERG clinical 


expert agrees that this is appropriate. The costs used for adverse events are in MS Table 40, 


p208. 


 


Drug dosing was applied as per their respective recommended use and drug acquisition costs 


were taken from the British National Formulary (BNF) July 2013.32  A single comparator drug 


within each class of treatment was chosen (full details on MS p205 and Table 39 (p206)). 


Treatments for complications and co-morbidities are presented in Table 41 (page 208). See also 


Section 4.2.7 for further detail and critique. 


 


Assessment of uncertainty 


Twenty one scenario analyses were performed and these are listed on MS p209-214 (the MS 


states 21 were undertaken although the numbering in MS Table 44 suggests there may have 


been more). The MS focuses on three of these; dose modification, weight loss and treatment 


rebound.  The remainder are reported in MS Appendix 12. Deterministic sensitivity analyses 
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(DSA) are reported to have been undertaken on 35 parameters, or sets of parameters, which 


were varied by plus or minus 20% (MS p215-6). 


 


Probabilistic sensitivity analysis (PSA) is a default feature of the ECHO-T2DM model. Table 46 


(MS p217) reports the parameters and distributions for PSA. More detail is in the MS Technical 


report. 


 


Results from the scenario, DSA and PSA are presented in MS pages 237-272. 


 


The model validation (MS p274-278) uses five principal forms: face validity, verification, cross-


validation, external and internal validation and predictive validation (modelling cross validation). 


 


CEA Results 
 
Results from the economic model are presented as incremental cost per QALY gained for 


canagliflozin 100mg and 300mg in dual therapy, triple therapy and add-on insulin therapy.  Base 


case results are presented in MS Section 7.7.6 (p233-237). Subgroup analyses are presented in 


MS p279-281. 


 


For the base case analyses pairwise comparisons were generated by the model.   


 


For dual therapy combinations incremental costs per QALYs gained were calculated compared 


with TZD, SU, dapagliflozin, DPP-4-i and GLP-1-a. Canagliflozin 100mg was dominated by 


TZD. Other ICERs for canagliflozin 100mg were £1,537 compared with SU, £8,674 for 


dapagliflozin, £97 for DPP-4-i and £50,005 for GLP-1-a where canagliflozin was less expensive 


and less effective than GLP-1-a (see Table 48). In the base case canagliflozin 300mg is 


dominated by TZD and led to ICERs of £4,899 compared with SU, £18,349 compared with 


DPP-4-i, £27,419 compared with dapagliflozin, and £76,214 compared with GLP-1-a where 


canagliflozin was less expensive and less effective (see Table 48).  Table 48 incorporates 


results from MS Table 63 (MS p234) where it is stated that canagliflozin 300mg dominates TZD.  


Canagliflozin 300mg is in fact dominated by TZD because it is more expensive and is 


associated with fewer total QALYs.  This is shown in Table 48. 


 


For triple therapy combinations with metformin and SU, canagliflozin 100mg dominates DPP-4-i 


and GLP-1-a. The ICER compared with insulin LA was £263 (see Table 49). Canagliflozin 







  Confidential until published 


86 
 


300mg dominates GLP-1-a and has ICERs of £13,287 and £607 for DPP-4-i and insulin LA 


respectively (Table 49). 


 


For triple therapy combinations with metformin and TZD, canagliflozin 100mg had an ICER of 


£1,095 compared with DPP-4-i and canagliflozin 300mg had an ICER of £21,430 compared with 


DPP-4-i as seen in Table 49. 


 


Table 48: Manufacturer’s base case results for canagliflozin in dual therapy combinations 
(MET background), with correction (see footnote b) 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


Canagliflozin 100mg 


TZD £23,236 13.667 9.119     


Canagliflozin 
100mg 


£26,069 13.669 8.960 £2,833 0.001 -0.159 Dominated 


SU £25,894 13.664 8.751     


Canagliflozin 
100mg 


£26,182 13.666 8.938 £288 0.003 0.188 £1,537 


Dapagliflozin £26,086 13.673 8.923     


Canagliflozin 
100mg 


£26,149 13.678 8.930 £63 0.005 0.007 £8,674 


DPP-4-i £26,100 13.688 8.928     


Canagliflozin 
100mg 


£26,102 13.692 8.941 £1 0.003 0.013 £97 


GLP-1-a £28,390 13.650 8.970     


Canagliflozin 
100mg 


£25,966 13.644 8.921 -£2,424 -0.006 -0.048 £50,005
a
 


Canagliflozin 300mg 


TZD £23,204 13.665 9.092     


Canagliflozin 
300mg 


£26,556 13.663 8.951 £3,353 -0.003 -0.141 Dominated
b
 


SU £25,753 13.671 8.761     


Canagliflozin 
300mg 


£26,729 13.690 8.961 £976 0.019 0.199 £4,899 


DPP-4-i £25,926 13.644 8.902     


Canagliflozin 
300mg 


£26,501 13.655 8.933 £576 0.011 0.031 £18,349 


Dapagliflozin £26,044 13.670 8.910     


Canagliflozin 
300mg 


£26,668 13.679 8.932 £625 0.009 0.023 £27,419 


GLP-1-a £28,515 13.652 8.972     


Canagliflozin 
300mg 


£26,624 13.657 8.947 -£1,892 0.005 -0.025 £76,214
c
 


a
Canagliflozin 100mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a  


to replace canagliflozin 100mg 
b
MS reports that canagliflozin 300mg dominates TZD however this should state that canagliflozin 300mg 


is dominated by TZD as canagliflozin 300mg is more costly and less effective than TZD. 
c
Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-a  


to replace canagliflozin 300mg 
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Table 49: Manufacturer’s base case results for canagliflozin in triple therapy 
combinations 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


Canagliflozin 100mg (Metformin+SU)  


DPP-4-i £25,776 12.964 7.060     


Canagliflozin 
100mg 


£25,734 12.967 7.076 £-42 0.004 0.016 Dominates 


Insulin LA £25,577 12.972 5.193     


Canagliflozin 
100mg 


£25,712 12.982 5.707 £135 0.010 0.514 £263 


GLP-1-a £27,119 12.978 7.101     


Canagliflozin 
100mg 


£25,822 12.980 7.102 -£1,297 0.002 0.001 Dominates 


Canagliflozin 300mg (Metformin+SU) 


DPP-4-i £26,196 12.967 7.047     


Canagliflozin 
300mg 


£26,657 12.976 7.082 £461 0.009 0.035 £13,287 


Insulin LA £26,326 12.992 5.139     


Canagliflozin 
300mg 


£26,705 12.993 5.763 £379 0.002 0.624 £607 


GLP-1-a £27,153 12.936 7.068     


Canagliflozin 
300mg 


£26,468 12.944 7.072 -£685 0.008 0.004 Dominates 


 


Canagliflozin 100mg  (Metformin+TZD) 


DPP-4-i £22,557 8.294 8.287     


Canagliflozin 
100mg 


£22,565 12.597 12.595 £7 0.002 0.007 £1,095 


Canagliflozin 300mg (Metformin+TZD) 


DPP-4-i £22,586 12.606 8.274     


Canagliflozin 
300mg 


£23,277 12.623 8.306 £691 0.017 0.032 £21,430 


 
 
Table 50 shows the base case results for the ‘add on’ to insulin therapy combinations. 


Canagliflozin 100mg had an ICER of £1,340 compared with DPP-4-i where canagliflozin was 


both less expensive and less effective.  Canagliflozin 100mg dominated dapagliflozin and had 


an ICER of £12,915 compared with GLP-1-a, where canagliflozin was both less expensive and 


less effective. Canagliflozin 300mg had ICERs of £7,975 compared with DPP-4-i; £5,992 


compared with dapagliflozin; and £35,575 compared with GLP-1-a, where canagliflozin 300mg 


was both less expensive and less effective than GLP-1-a. 
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Table 50: Manufacturer’s base case results for canagliflozin as ‘add on’ to insulin therapy 


Comparator 
Total 
costs 


Total 
LYG 


Total 
QALYs 


Incremental 
costs 


Incremental 
LYG 


Incremental 
QALYs 


ICER 


Canagliflozin 100mg   


DPP-4-i £29,423 10.858 5.612     


Canagliflozin 
100mg 


£29,410 10.855 5.602 -£13 -0.003 -0.010 £1,340
a
 


Dapagliflozin £29,580 10.852 5.550     


Canagliflozin 
100mg 


£29,508 10.846 5.553 -£72 -0.007 0.003 Dominates 


GLP-1-a £30,229 10.834 5.653     


Canagliflozin 
100mg 


£29,393 10.836 5.588 -£836 0.002 -0.065 £12,915
a
 


Canagliflozin 300mg   


DPP-4-i £29,328 10.829 5.585     


Canagliflozin 
300mg 


£29,650 10.838 5.625 £322 0.009 0.040 £7,975 


Dapagliflozin £29,618 10.853 5.572     


Canagliflozin 
300mg 


£29,946 10.863 5.627 £327 0.009 0.055 £5,992 


GLP-1-a £30,333 10.851 5.636     


Canagliflozin 
300mg 


£29,807 10.859 5.621 -£526 0.007 -0.015 £35,575
b
 


a
Canagliflozin 100mg is both cheaper and less effective than the other therapies, therefore the ICER is 


for canagliflozin 100mg to be replaced 
b
Canagliflozin 300mg is both cheaper and less effective than GLP-1-a, therefore the ICER is for GLP-1-


a  to replace canagliflozin 300mg 


 


 


In their clarification letter to the NICE and the ERG the manufacturer presents revised base 


cases for canagliflozin versus dapagliflozin and GLP-1-a in dual therapy, and canagliflozin 


versus GLP-1-a and insulin in triple therapy (MET+SU background).  These revised base cases 


are based on assumptions about BMI change rather than actual BMI changes which were 


observed in the key trials.  The revised base cases show improvements in the cost-


effectiveness of canagliflozin against the comparators, except in the case of canagliflozin 


300mg in triple therapy compared to insulin, where the ICER increases slightly, by £64. 


 


The MS summarises the results of the PSA (MS page 237-272) for each combination (dual, 


triple and add-on to insulin therapy).   


 


For dual therapy the MS (p245) states that there is a 92.9% probability of canagliflozin 100mg 


and metformin being cost-effective, relative to metformin and SU, at a willingness-to-pay 


threshold (WTP) of £20,000 per QALY gained. For canagliflozin 300mg in combination with 


metformin the MS (p246) reports that there is a 89.5% probability of being cost-effective, relative 
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to metformin and SU, at a WTP threshold of £20,000 per QALY gained.  Canagliflozin 100mg in 


combination with metformin is reported to have a 54.5% probability of being cost-effective at a 


WTP threshold of £20,000 per QALY gained compared with metformin and DPP-4-i (MS page 


247).  The probability of canagliflozin 300mg and metformin being cost-effective at a WTP 


threshold of £20,000 per QALY gained, relative to metformin and DPP-4-i, was reported in the 


MS as 51.6% (MS page 248). 


 


For triple therapy the MS (p250) states that there is a 55.7% probability of canagliflozin 100mg 


with metformin and SU being cost-effective, relative to metformin, SU and DPP-4-i, at a WTP 


threshold of £20,000 per QALY gained. Canagliflozin 300mg in combination with metformin and 


SU was reported to have a 55.1% probability of being cost-effective, relative to metformin, SU 


and DPP-4-i, at a WTP threshold of £20,000 per QALY gained (MS page 251). 


 


As an add-on to insulin, canagliflozin 100mg is reported to have a 44.7% probability of being 


cost-effective at a WTP threshold of £20,000 per QALY gained relative to insulin and DPP-4-i 


(MS page 252).  Relative to insulin and DPP-4-i, canagliflozin 300mg has a 60.7% probability of 


being cost-effective at a WTP threshold of £20,000 per QALY gained (MS page 253). 


 


Results at the WTP threshold of £30,000 per QALY gained for each comparison were also 


provided in the MS, pages 237-72. In general these are similar to the £20,000/QALY ranges. 


 


The MS states (p161) that overall the results of the economic evaluation show a consistent 


picture across a range of comparisons, demonstrating that canagliflozin as an add-on therapy to 


other AHAs is a cost-effective treatment option.   


4.2 Critical appraisal of the manufacturer’s submitted economic evaluation 


 


Manufacturer’s review of published economic evaluations 


The MS presents a summary overview of a systematic review provided in a secondary 


reference.4  This systematic review appears to have used a comprehensive search for studies 


and methods appear to be reasonable, although only a selection of included studies was quality 


assessed. The publication4 does not mention TZD as a possible comparator in the inclusion 


criteria but does include one study of TZD so the ERG assume this is an omission. As noted 


above no studies of canagliflozin were identified.4 
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Critical appraisal of manufacturer’s submitted economic evaluation 


The ERG has considered the methods applied in the economic evaluation in the context of the 


critical appraisal questions listed in Table 51 below, drawn from common checklists for 


economic evaluation methods (e.g. Drummond and colleagues30). The critical appraisal 


checklist indicates that overall the manufacturer follows recommended methodological 


guidelines. 


 


Table 51: Critical appraisal checklist of economic evaluation 


Item 
Critical 


Appraisal 
Reviewer Comment 


Is there a well-defined question? Yes  In line with NICE scope, although some comparators 
were not included in the different therapy combinations 


Is there a clear description of 
alternatives? 


Yes  Comparisons made with SU, TZD, DPP-4-i, GLP-1-a, 
dapagliflozin and insulin according to their respective 
marketing authorisations 


Has the correct patient group / 
population of interest been 
clearly stated? 


Yes  For base case population: 


 people with T2DM requiring either dual therapy, triple 
therapy or as an add-on therapy with insulin 


 as per marketing authorisation 
Patients with an HbA1c exceeding 9% (75mmol/mol) at 
baseline were considered as subgroups. (Discussed in 
sections 4.2.2) 


Is the correct comparator used? Partial Scoped comparators for dual therapy with SU were not 
included; two scoped comparators (TZD and insulin) for 
triple therapy with metformin and SU were not included; 
two scoped comparators (GLP-1-a and insulin) for triple 
therapy with metformin and TZD were not included.  
(Discussed in section 2.3 and 4.2.3) 


Is the study type reasonable? Yes   


Is the perspective of the analysis 
clearly stated? 


Yes Noted in the decision problem as NHS and Personal 
Social Services (PSS) 


Is the perspective employed 
appropriate? 


Yes  Discussed in sections 4.2.6/4.2.7 for costs and 4.2.5 for 
outcomes 


Is effectiveness of the 
intervention established? 


Yes  Discussed in section 4.2.4 


Has a lifetime horizon been used 
for analysis (has a shorter 
horizon been justified)? 


Yes  Discussed in section 4.2.1 
A 40 year time horizon is used 


Are the costs and consequences 
consistent with the perspective 
employed? 


Yes  Discussed in sections 4.2.6/4.2.7 for costs and4.2.5 for 
outcomes 
 


Is differential timing considered? Yes  3.5% for costs and health benefits, tested in sensitivity 
analysis at 0% and 6%   


Is incremental analysis 
performed? 


Yes Described in section 4.1. Comparators discussed in 
section 4.2.3 


Is sensitivity analysis undertaken 
and presented clearly?   


Yes  Described in section 4.1. Discussed in section 4.2.9 
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NICE reference case 


The NICE reference case requirements have also been considered for critical appraisal of the 


submitted economic evaluation in Table 52.  The submitted evaluation generally conforms with 


the NICE reference case, key issues are that two of the comparators stated in the NICE scope 


were excluded from the MS decision problem, and the population used as the source of 


preference data for utility may not be wholly representative of the population of England. 


 


Table 52: NICE reference case requirements 


NICE reference case requirements: 
 


Included in 
submission 


Comment 


Decision problem: As per the scope developed by NICE  No Two comparisons stated in the 
scope were not included in the 
decision problem, discussed more 
in Section 2.3 of this report 


Comparator: Alternative therapies routinely used in the 
UK NHS 


Yes  Discussed in sections 3.1/ 3.2/ 
3.3/ 3.4/ 4.2.3 


Perspective on costs: NHS and PSS Yes   


Perspective on outcomes: All health effects on 
individuals 


Yes  Discussed in section 4.2.5 


Type of economic evaluation: Cost effectiveness 
analysis 


Yes   


Synthesis of evidence on outcomes: Based on a 
systematic review 


Yes  Discussed in section 4.2.4 


Measure of health benefits: QALYs Yes  Discussed in section 4.2.5 


Description of health states for QALY calculations: Use 
of a standardised and validated generic instrument 


Yes  Discussed in section 4.2.5 


Method of preference elicitation for health state values: 
Choice based method (e.g. TTO, SG, not rating scale) 


Yes  Discussed in section 4.2.5 
Predominantly EQ-5D  


Source of preference data:  Representative sample of 
the public 


Unclear Discussed in section 4.2.5 
Data from a European study, 
unclear whether tariff used 
representative of UK population. 


Discount rate: 3.5% pa for costs and health effects Yes  Described in section 4.1 


 


Overall the methods in the MS appear to be reasonable and the methods and data inputs 


conform to NICE methodological guidance.  The decision problem does not meet the NICE 


scope, but the MS does meet the decision problem as outlined on pages 46-49 of the MS.  


 


4.2.1 Modelling approach / Model Structure 


The MS notes that models of T2DM must be capable of modelling complex treatment 


intensification algorithms, be able to extrapolate the effects of interventions observed in short-


term trials over long time horizons; and be able to model patients moving on to dual or triple (or 
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later) therapies (MS p169).  The MS describes a systematic literature review of published T2DM 


models which was undertaken to assess the suitability of existing models (MS p170).  Twenty 


one models were identified and the MS notes that a subset of these models is appropriate to 


estimating the cost-effectiveness of canagliflozin in the UK setting (MS p170).   


 


The ECHO-T2DM model was selected by the manufacturer for use in the submission but no 


justification for this choice is given in the MS.  The model Technical Report states that work 


began on ECHO-T2DM in 1997 and that funding for the development of ECHO-T2DM has 


primarily been provided by Janssen Pharmaceutical Services, LLC, although the final form of 


ECHO-T2DM is the responsibility of The Swedish Institute for Health Economics.5   


 


ECHO-T2DM is a stochastic patient-level simulation model of competing treatments for T2DM.  


Cohorts of individual hypothetical patients are created and simulated over time using Monte 


Carlo (first order uncertainty) techniques.  Parameter (second order) uncertainty is captured 


using many cohorts of patients in which each cohort is assigned unique values of the key 


parameters (MS p167).  Markov health states reflect important microvascular and 


macrovascular events.  It is possible to turn off second order uncertainty.5  The model has over 


800 user-definable input parameters. 


 


A patient-level model simulates treatment and response pathways for individual patients, and 


the outputs are mean costs, effectiveness or cost-effectiveness measures for a sample of 


individuals.  Patient-level simulation models are commonly used in T2DM because it is a 


disease associated with multiple health states and sequences of treatment, and has a time 


dependent prognosis.  There is also interaction between metabolic variables (e.g. HbA1c) and 


comorbidities such as stroke and neuropathy.  This can mean that the average of risks is not 


same as the risk for the patient with ‘average’ characteristics,33 and consequently a patient-level 


simulation is preferred to a cohort model.   


 


It is necessary to simulate a very large number of patients in a patient-level model in order for 


the simulated sample to give an accurate value for the population cost-effectiveness measure 


for each input parameter set.34 Brennan and Chilcott 33 state that in practice they use 10,000 


patients, although have used more when the treatment differences are small. 
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ECHO-T2DM is programmed in R with Microsoft Excel® front- and back-end interfaces.  The 


complete set of files required for installation is described in the model User Guide6 although one 


R file included in the ERG installation is missing from the User Guide list (evopred.R).  The 


Technical Report states that ECHO-T2DM is built of 30 inter-linked modules in order to minimize 


the risk of programming error and to maximize the ease of modifying existing or adding new 


features.5  The overarching relationship of these modules to each other, i.e. the processing flow, 


and where key functions and input values are located in the code, is not described in either the 


Technical Report or User Guide.5;6  The ERG installation included a set of 29 R code files which 


in total contain around 20,000 lines of R code.  The Excel front-end contains additional VBA 


code.  


 


A schematic of the model is given in MS figure 59 (MS p168), reproduced as Figure 1 below.  


The sources of evidence used to develop and inform the structure of the model are described in 


the Technical Report5 and the model structure is consistent with this evidence.  The Technical 


Report notes that Janssen Pharmaceutical Services, LLC has reviewed and commented on the 


model and has provided access to clinical experts during model development.5  The model has 


been presented at numerous conferences to experts in T2DM modelling, including the Fifth and 


Sixth Mount Hood Challenges (MS p274).  
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Figure 1:  Schematic structure of the ECHO-T2DM model (reproduced from MS figure 59 p168) 
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Intermediate trial outcome measures such as HbA1c, SBP, lipids, and BMI are linked to final 


clinical outcomes such as micro- and macro-vascular events, amputation, blindness and 


mortality through microvascular and macrovascular risk equations.  The MS observes that this is 


consistent with other diabetes models (MS p182).  Patients can begin with micro- and/or 


macrovascular complications at baseline and/or they can develop them during the course of the 


simulation.  The complications are chronic and progressive except for the possible reversion 


from macroalbuminuria to microalbuminuria.5   


 


The model uses risk equations from UKPDS 68 to simulate the macro-vascular complications of 


IHD, MI, stroke, and congestive heart failure, (CHF) given key biomarker values (e.g. age, BMI, 


HbA1c, SBP etc).35  It is possible to vary this equation set in scenario analysis.  Neuropathy 


health states and allowable transitions are given in Figure 5 of the model Technical Report.5  


The model structure here is similar to Bagust and colleagues.36  Retinopathy health states and 


allowable transitions are given in figure 6 of the Technical Report.5  These take explicit account 


of left and right eye differences, again as in Bagust and colleagues.36  The chronic kidney 


disease (CKD) module consists of kidney damage (measured by “None”, “Microalbuminuria”, 


“Macroalbuminuria”, and “ESRD” (end stage renal disease)) and kidney function as defined by 


the continuous covariate eGFR.  This is consistent with the National Kidney Foundation K/DOQI 


stage definitions and with the diabetes sub-population of the Centers for Disease Control (CDC) 


Model of CKD, with some modifications.5 


 


The model adopts a lifetime horizon of 40 years in the base case and has an annual cycle 


length.  MS Table 31 (MS p174) notes that the comorbidities resulting from hyperglycaemia 


develop relatively slowly and that this justifies an annual cycle length.  The ERG agrees with this 


assessment.  A half-cycle correction was not used as the modelling duration is long relative to 


the cycle length (MS Table 31 p174). 


 


The model assumes that the effects of treatment seen in clinical trials (typically at 26 and 52 


weeks of follow-up) may not persist with continued treatment.  This effect is implicitly subsumed 


in “annual drift” parameters.5   


 


The model has parameters which concern the “Duration during which to apply the fading-off of 


the effect after withdrawal” 6 which apply to non-insulin treatments.  The fade off duration is not 
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specified in the base case, indicating that any treatment rebound is immediate.5  This applies to 


all treatment effects in the base case, including BMI.  The ERG notes that the assumption of 


immediate rebound is beneficial to treatments which are less effective than their comparators, 


i.e. will improve their cost-effectiveness. 


 


Modelling base case comparisons were carried out using 1000 patients in each cohort and 1000 


cohorts (Table 53).  It is unclear why 1000 cohorts were used in the base case as this means 


that all base case analyses include PSA.  In the ERG’s experience base case analyses do not 


usually reflect PSA.  Given the complexity of the diabetes disease pathway it is also unclear if 


the use of 1000 patients is sufficient to robustly capture the variation in ICER.  Variation to these 


model settings is examined by the ERG in Section 4.3.   


 


ECHO-T2DM generates pairwise comparisons (MS p233).  The MS argues that since each 


simulation run will generate slightly different cohorts of patients there can arise differences in 


the absolute magnitudes of the outcomes from run to run for identical scenarios and for this 


reason it is inappropriate to mix and match simulation results from different runs for fully 


incremental analysis.  However such differences are minimised if a very large number of 


patients can be used and the ERG presents incremental results for cohorts of 100,000 patients 


(with no parameter uncertainty) in Section 4.3.  


 


Table 53: Model settings (reproduced from MS Table 34 p184) 


Variable Value 


Number of patient cohorts per model run: base case comparisons 1000 


Number of patients in each cohort: base case comparisons 1000 


Number of patient cohorts per model run: scenario analyses and sensitivity analyses 500 


Number of patients in each cohort: scenario analyses and sensitivity analyses 1000 


Discount Rate for Costs   3.5% 


Discount Rate for Health  3.5% 


Modelled time horizon 40 


Maximum patient age 100 


 


The Technical Report states that on a typical computer (Intel i7 8GB RAM) a single simulation of 


the model over a 25 year time horizon with 500 cohorts of 500 patients requires approximately 


four hours of computation time (p8).  The ERG found that it takes approximately 15 hours to run 


a base case simulation of 1000 cohorts of 1000 patients over a 40 year time horizon on a high 


specification PC (Intel i7 16 GB RAM).  It takes 1.5 hours to run a simulation with 100,000 


patients and one cohort on the same high specification PC. 
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In summary, the modelling approach adopted in the submission appears reasonable although 


no justification was provided for the final choice of model from other models which also met the 


inclusion criteria of the systematic review.  The model structure is comprehensive and draws on 


well-documented risk equations including UKPDS 68 to model disease progression.  However 


no details of the programming architecture of the 30 component program and data files, i.e. how 


the separate programs relate to each other, and the processing flow, are given in the Technical 


Report or User Guide.  This has hindered model checking by the ERG.  The model takes an 


appreciable amount of time to run with base case assumptions (15 hours plus).  It is unclear if 


the base case use of 1000 patients is sufficiently large to robustly estimate the ICERs, or how 


the base case results might change when parameter uncertainty is switched off. 


4.2.2 Patient Group 


 
The patient group included in the economic evaluation is adults with T2DM.  The principal 


sources used to describe patients’ initial characteristics comes from RCTs included in the SLR 


(data reported in MS page 67, MS Appendix 4 and MS Appendix 9), see also Section 3.1.3 


above.  The populations correspond to the licensed indication for canagliflozin for add-on 


therapy.  There are some differences in the populations in terms of their duration of diabetes 


and baseline HbA1c reflecting the differences between the treatment sequencing of the trials 


(dual therapy, triple therapy, add-on insulin) as outlined below. The populations generally reflect 


the target population in clinical practice. Inadequate control of T2DM is defined in current 


guidelines7 as HbA1c >7.5% and the mean HbA1c of participants in the included RCTs was 


above this threshold at baseline (although in the dual therapy group there may have been some 


participants below this as the mean HbA1c was 7.8 and SD was 0.843). 


 


For dual therapy with metformin background two RCTs (DIA3009/DIA3006) were ‘pooled’ 


(method not described); the populations of these trials were adults with T2DM. The inclusion 


criteria of these trials differed slightly in terms of the baseline range of HbA1c eligible (which 


depended on the type and doses of prior treatment) but the mean age of participants overall 


was 56 years, 50% were male, 74% white and the mean baseline HbA1c was 7.9%. The 


duration of diabetes was 6.7 years.  For triple therapy with metformin and SU background two 


RCTs were pooled (DIA3002/DIA3015). Participants were all adults with T2DM, inclusion criteria 


differed slightly but participants mean age was 57 years, 54% were male, and the mean 


baseline HbA1c was approximately 8.1%. The proportions of white participants was 69% overall 


(Appendix 9, Table 183) although the rates differed between the two trials, with around 82% in 
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DIA3002 and 64% in DIA3015 (MS page 67). The duration of diabetes was 9.6 years.  For triple 


therapy with metformin and TZD one RCT (DIA3012) was relevant. Mean age of the participants 


in this trial was 57 years, the proportion male was 63% and approximately two thirds were white 


(the MS reports 63% and Appendix 9 reports 79%). The mean baseline HbA1c was 


approximately 8% and the duration of diabetes 10.6 years. For add-on to insulin, one trial 


(DIA3008 insulin sub-study) was used. Participants differed from those of the other studies, with 


a mean age of 63 years, a duration of diabetes of 16.6 years, and a mean baseline HbA1c of 


8.3%. 67% were men and 78% were white. These participants also had a high risk for CVD (MS 


page 67). 


 


Sub-group analyses for patients with an HbA1c exceeding 9% (75mmol/ml) at baseline are 


reported on MS page 279-81. Analyses were only conducted where there were direct 


comparative data from the canagliflozin trials (DPP-4-i and SU in dual therapy, DPP-4-i in triple 


therapy). Cost-effectiveness analyses by sub-groups of patients with an HbA1c <8% or 8% to 


<9% were not reported. However, clinical effectiveness results for these sub-groups were given 


in the MS, and the results show that there were larger absolute reductions in HbA1c in patients 


with baseline HbA1c ≥ 9% (see section 3.3.7 of this report). No justification is provided for the 


HbA1c sub-group though it was a pre-specified sub-group in the canagliflozin clinical trials. The 


MS reports that subgroup analyses on baseline BMI undertaken in the SLR (MS p107-8) show 


the response to canagliflozin was consistent and there was a lack of differential effectiveness for 


canagliflozin by BMI. The cost effectiveness of treatment for the subgroup of BMI (defined in the 


NICE scope) is therefore not analysed. 


4.2.3 Interventions and comparators 


 
The intervention is canagliflozin 100mg or canagliflozin 300mg.  The recommended starting 


dose of canagliflozin is 100mg once daily. In patients tolerating canagliflozin 100mg once daily 


who have an eGFR ≥ 60mL/min/1.73 m2 or CrCl ≥ 60mL/min and need tighter glycaemic control, 


the dose can be increased to 300mg once daily.  


 


A range of comparators were used, all of which are relevant to current UK practice.  


Canagliflozin is compared to the treatment classes SU, TZD, DPP-4-i, GLP-1-a and insulin, as 


well as dapagliflozin, the only other currently available SGLT-2 inhibitor.  The specific drugs 


selected for comparison within each of these classes are shown in Table 54.  Treatments within 


each class are not wholly equivalent.  Specifically, the ERG clinical expert notes that within the 
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SU class gliclazide is associated with a lower rate of hypoglycaemia than glimepiride and that 


within the GLP-1-a class liraglutide is more effective than exenatide BID (and more cost-


effective 10).   


 


Table 54:  Specific comparators selected within each pharmacological class (extract of 
MS Table 33 p176) 


 
Pharmacological 


class member 
selected 


Justification 


SU 
Efficacy: 
glimepiride 
Cost: gliclazide 


Glimepiride was the SU used in the trial programme 
Gliclazide is the SU with the highest level of UK prescribing 


TZD Pioglitazone 
Rosiglitazone has no licence/ no other TZD available for prescribing in 
clinical practice in the UK 


DPP-4-i Sitagliptin Most used UK DPP-4-i and  comparator in two canagliflozin trials 


GLP-1-
a 


a) Liraglutide 
Market share data shows liraglutide has a wider use in UK clinical 
practice, and thus selected as the GLP-1-a of choice where data allow 


b) Exenatide BID 
Exenatide BID has a broader recommendation for use in T2DM;  
Exenatide BID is the only GLP-1 present in the Triple (MET+SU) and add 
on to insulin NMA networks. 


Insulin insulin aspart 
From market share data ASPART has a widest use for SA INS, in UK 
clinical practice 


Legend: DPP-4-i: Dipeptidyl peptidase-4 inhibitor; GLP-1-a: Glucagon-like peptide-1 agonist; SU: sulfonylurea; TZD: 
Thiazolidinediones 


 


The manufacturer’s clarification letter to NICE and the ERG also states that there is some 


evidence that the rate of hypoglycaemic events is lower for gliclazide than glimepiride.37  This 


was examined by the manufacturer in sensitivity analysis by varying the hypoglycaemia rate by 


+/-20% but only had a small influence on results.  The ERG examines greater uncertainty in the 


hypoglycaemia rate for gliclazide, and improved efficacy for liraglutide, in additional analysis 


described in Section 4.3. 


 


Some comparators from the scope were excluded from the decision problem. These were:  


 


 Dual therapy with a SU (comparators in the scope were TZD (with SU); DPP-4-i (with SU); 


GLP-1-a (with SU)). The MS justifies this on the basis that the rate of hypoglycaemic 


episodes is expected to be high and that they do not expect this combination to be used in 


clinical practice.  Also, this is excluded because a proportion of patients would not be eligible 


to have SU in combination with canagliflozin because of the risks in those with an eGFR 


<45ml/min. The ERG clinical advisor suggests that the risk of renal impairment does not fully 


justify excluding this therapy combination because a reasonable proportion of patients on 



http://en.wikipedia.org/wiki/Glucagon-like_peptide-1
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SU do not have renal impairment (see section 2.3 and 4.4 of this report for a discussion of 


this). 


 In triple therapy in comparison to insulin (alone or in combination with one or more oral anti-


diabetic agents, such as a DPP-4-1 or GLP-1-a). 


*********************************************************************************************************


*********************************************** 


 


A summary of the economic modelling comparisons conducted is shown in Table 55. 


 


Table 55:  Economic modelling comparisons conducted (reproduced from MS Table 32 
p175). 


Comparator Cana 
dose 


Dual therapy Triple therapy Add-on to 
insulin MET MET+SU MET+TZD 


SU 100mg  n/a   


300mg  n/a   


TZD 100mg   n/a  


300mg   n/a  


DPP-4-i 100mg     


300mg     


GLP-1-a 100mg     


300mg     


Dapagliflozin 100mg     


300mg  
 


  


Insulin 100mg 
 


   


300mg 
 


   


Legend: DPP-4-i: Dipeptidyl peptidase-4 inhibitor; GLP-1-a: Glucagon-like peptide-1 agonist ; n/a: not applicable; SU: 
sulfonylurea; TZD: Thiazolidinediones 


 


The comparators are routinely used in UK NHS, although clinical advice to the ERG suggests 


that pioglitazone (a TZD) is used infrequently in clinical practice now.  Two of the specific 


comparators used in the economic model (the SU glimepiride and DPP-4-I exenatide BID) are 


not the most widely prescribed in their class in the UK, and are not wholly equivalent clinically to 


other drugs in their class. 


 


4.2.4 Clinical Effectiveness 


 
The primary outcome from the efficacy trials used by the model is the first year change from 


baseline in HbA1c (%) (MS p67). Secondary outcomes used by the model are first year BMI 



http://en.wikipedia.org/wiki/Glucagon-like_peptide-1
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change from baseline (kg/m2); SBP change from baseline (mmHg); change in total cholesterol 


(mg/dL); change in LDL cholesterol (mg/dL); change in HDL cholesterol (mg/dL); change in 


triglycerides (mg/dL); annual rate of mild, moderate and severe hypoglycaemic events; and 


rates of UTI and GMI. 


 


The clinical effectiveness model parameter values are given in Appendix 10.9 Tables 185-188.  


MS Table 185 is reproduced as Table 56 below for dual therapy.  The sources of these 


parameter values are identified in the footnotes to Tables 185-188 as the NMA and the various 


clinical trials, although some parameter values are assumed.   


 


The model requires treatment effectiveness versus placebo to be specified, rather than 


treatment effectiveness relative to the comparator.  Where NMA data were not available these 


data were taken from clinical trials which involved both intervention and comparator, and 


consequently one treatment can be associated with various efficacy estimates for a single 


outcome, depending on which treatment it is being compared to (Table 56 and Appendix 10.9 


Tables 185-188).  This applies to outcomes which are not informed by the NMA, for example 


first year change in total cholesterol, and rate of GMI.   
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Table 56:  Treatment effects, Rates of AEs and 1st year discontinuation due to AEs: Dual therapy, Base cases; 
Canagliflozin, TZD, GLP-1-a, dapagliflozin (extract of MS Table 185 Appendix 10.9) 
Parameter Dual therapy +MET 


CANA 100mg Pioglitazone Liraglutide Dapagliflozin CANA 300mg Pioglitazone Liraglutide Dapagliflozin 


Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 


Treatment effects –LS  mean change 
from baseline 


                


HbA1c (%)a -0.63 0.26 -0.77 0.3 -1.02 0.35 -0.48 0.23 -0.76 0.23 -0.77 0.3 -1.02 0.35 -0.48 0.23 


SBP (mmHg) -3.72b 0.38 b  -5.77a 2.69a -0.22a 1.55a -3.72 d 0.38 


d 
-4.94b 0.39b -5.77a 2.6a -0.23a 1.55a -3.72‡ 0.38‡ 


BMI (kg/m2 ) -0.56a 1.47a 0.96 a 2.41 a -0.74e 0.24 e  -0.87 e 0.19 


e 
-0.69 a 1.47 


a 
0.96 a  2.41 a -0.74 e 0.24 e -0.87 e 0.19 e 


Total Cholesterol (mg/dl) 5.54 b  1.09 b  0f 0f 0f 0f 5.54d 1.09 


d 
10.44 b 1.10 


b 
0f 0f 0f 0f 5.54 d  1.09 d 


LDL Cholesterol (mg/dl) 5.07 b  0.95 b  0f 0f 0f 0f 5.07d 0.95 


d 
8.03 b 0.96 


b 
0f 0f 0f 0f 5.07 d  0.95 d 


HDL Cholesterol (mg/dl) 3.57 b 0.26 b  0f 0f 0f 0f 3.57 d  0.26 


d 
4.35 b 0.27 


b 
0f 0f 0f 0f 3.57 d  0.26 d 


Triglycerides (mg/dl) -16.05 b 3.09 b  0f 0f 0f 0f -16.05 d  3.09 


d 
-11.88 b  3.13 


b 
0f 0f 0f 0f -


16.05 


d 


3.09 d 


Adverse events -event/pt-years                 


Female genital mycotic infection 0.13 b - 0.01c - 0.01 c - 0.13 d - 0.14 b - 0.013 


c 
- 0.01 c - 0.13 d - 


Male genital mycotic infection 0.07 b - 0.01 c - 0.01 c - 0.07 d - 0.07 b - 0.012 


c 
- 0.01 c - 0.07 d - 


Upper urinary tract infection 0.003 b - 0 c - 0 c - 0.003 d - 0.001 - 0 c - 0 c - 0.003 - 


Lower urinary tract infection 0.09 b - 0.08 c - 0.08 c - 0.09 d - 0.08 b - 0.08c - 0.08 - 0.09 d - 


Severe hypoglycaemia 0.01 b - 0 c - 0 c - 0g - 0.001 b - 0 c - 0 c - 0g - 


Non-severe symptomatic hypoglycaemia 0.07 b - 0.02 c - 0.02 c - 0.02g - 0.05 b - 0.02 c - 0.02 c - 0.02g - 


Nausea 0.04 b - NA - 0.05f  - NA - 0.05 b  NA - 0.05f  - NA - 


Proportion discontinuing due to AEs  0.05 b - 0.04 c - 0.04 c - 0.05 d - 0.05 b - 0.04 c - 0.04 c - 0.05 d - 


a. Data from NMA38; b. Pooled DIA3006&DIA3009; c. Placebo data from DIA3006 (to week 26); d. Cana 100mg data from pooled DIA3006&DIA3009; e. Weight change from NMA, converted to BMI using UK 
gender-specific standardized heights weighted by the distribution of gender from pooled DIA3006 & DIA3009; f. Assumption (see 7.3.1); g. Odds ratio from NMA used to estimate event rates  
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The model estimates of the first-year change in HbA1c % compared to placebo are derived from 


the NMA reported in MS Section 6.7 (MS p110), discussed in Section 3.1.7 of this report.  NMA 


results are available for dual therapy at 26 and 52 weeks and for triple therapy at 26 weeks.  


Results observed at 26 weeks in the triple therapy and add-on to insulin trials are assumed to 


be equivalent to the effects that would have been observed at 52 weeks in these trials (MS 


p187).  Given that the trial data for 52 week change in weight and HbA1c do appear similar to 26 


week data the ERG clinical expert considers that this is a satisfactory assumption. 


 


The NICE Methods Guide states that data from head-to-head RCTs should be presented in the 


reference-case analysis, if available.39  However the model sometimes uses input data from the 


NMA in preference to data from head-to-head trials against placebo, even when there is only 


one trial informing a comparison in the network of evidence.  The MS states that this is for 


methodological consistency (MS p161).  The ERG considers that this may not be an overall 


conservative approach as in some cases the direct data indicate than canagliflozin is less 


effective than the NMA data.  For example the 26 week NMA data for canagliflozin 100mg in 


triple therapy with MET+SU, for change in HbA1c versus placebo, show that canagliflozin is 


more effective against placebo than the direct trial data (DIA3002): a first year change in HbA1c  


of -0.75 is given by the NMA (MS Appendix Table 187), but a change of -0.71 was found in the 


trial (MS reference 28, poster presentation).   


 


The ERG observes that given that the MS only reports pair-wise cost-effectiveness analyses, it 


would have been more appropriate to use direct trial data to inform the pairwise comparisons 


rather than NMA data.  Although the MS argues that the NMA data provide methodological 


consistency, the ERG considers that this was perhaps unnecessary given that a fully 


incremental cost-effectiveness analysis was not undertaken. 


 


The model uses data from the 52-week NMA to inform the effectiveness of canagliflozin in 


reducing HbA1c % compared to placebo in dual therapy with MET.  This comparison is not 


available using the head-to-head data (MS Figure 35 p116).  However head-to-head 


comparisons against placebo do exist at the 26 week time point (MS Figure 34 p116).  It is not 


clear if these direct comparison data have been examined in scenario analysis.  MS Table 44 


(MS p211) indicates that treatment effect scenarios were run using direct comparative data from 
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RCTs and using the output of the 26 week NMA (scenarios 16 and 14 respectively), but the time 


point of the RCT data is not given. 


 


The model Technical Report (p35) states that because treatment effect data for the first year 


change in HbA1c (and other biomarkers) may implicitly have annual upward drift already 


included, it can sometimes be useful to subtract the annual drift for cycle 1 from the treatment 


effect in order to avoid undercounting the effects of treatment.5  Consequently the estimates 


derived from the NMA are adjusted downwards in the model input data spreadsheet by an 


amount equivalent to the annual drift, and do not correspond exactly to the outputs of the NMA 


given in Appendix 10.7 (Manufacturer’s clarification response letter).  The drift assumptions for 


biomarkers for all lines of therapy are given in Table 57, by treatment.  The effect of this 


calculation is that the first year annual drift of -0.14 for canagliflozin (Table 57) is added to the 


first year change in HbA1c % reported by the NMA of -0.63 (Table 56) to give a first year change 


in HbA1c of -0.77% as input to the model.   


 


The ERG does not consider that these calculations are transparent as they are not documented 


in the MS or input data spreadsheet.  A further issue is that the standard error of the drift 


assumption is not reflected in the standard error for the combined first year change in HbA1c and 


drift estimate, which as specified in the model is simply the standard error associated with the 


NMA estimate of the first year change in the HbA1c %.   


 


The annual drift is also added to treatment effect estimates obtained from the NMA at 26 weeks.  


Although this is consistent with the MS assumption that results observed at 26 weeks are 


equivalent to the effects that would have been observed at 52 weeks, the ERG does not 


consider that it is reasonable to add back the entire annual drift to these estimates.  However 


the impact on results is likely to be negligible as the model is not very sensitive to first year 


change in biomarker values (MS Section 7.7.7).   


 


Values for annual drift are treatment specific and taken from the ADOPT study40, UKPDS 68,35 


the dapagliflozin NICE TA2888 and other sources, depending upon the biomarker (Table 57).  It 


is reported elsewhere in the MS (MS p82) that the upward drift in HbA1c %  from weeks 26 to 


104 in the DIA3009 trial was 0.16% for both canagliflozin 100mg and 300mg.  Consequently the 


ERG considers that the assumed annual drift of 0.14% for canagliflozin for HbA1c % appears 
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reasonable.  The ERG clinical expert considers that the drift assumptions given in Table 57 are 


based on robust studies and are appropriate. 


 


The drift assumptions for HbA1c % seen in Table 57 have been checked with the source by the 


ERG.  In the ADOPT study40 95% CIs were provided and these have been added by the ERG to 


Table 57 for completeness.  Given that the manufacturer did not report these CIs, it is not clear 


to what extent uncertainty in annual drift in HbA1c % has been considered in PSA (see also 


Section 4.2.9). 


 


Table 57:  Drift assumptions for biomarkers for all lines of therapy (reproduced from MS 
Table 36 p186, with CIs added) 


 AHA Annual Drift Value Source 


HbA1c 


Canagliflozin, 
Dapagliflozin, 
DPP-4-i, GLP-
1-a 


0.14% (95% CI 0.13, 0.16) 


Assumed equal to value observed for 


the metformin arm in ADOPT study
40


 
4141


 


TZD 0.07% (95% CI 0.06, 0.09) 
Assumed equal to value observed for 


the rosiglitazone arm of ADOPT study
40


 


SU 0.24% (95% CI 0.23, 0.26) 
Assumed equal to value observed for 


the SU arm of ADOPT study
40


 


Insulin 0.15%   


SBP All AHAs 0.30 mmHg Derived from UKPDS 68
35


 


Lipids All AHAs 0.03 mg/dl Derived from UKPDS 68
35


 


Weight* All AHAs 0.1kg/year Value from Dapagliflozin NICE FAD 


eGFR All AHAs 
Varies by eGFR category 
and whether patient micro- or 
macro-albuminuria  


Technical Report 


 


The MS notes that the non-linear HbA1c evolution equation (Equation 11 from UKPDS 68) has 


been used by some analysts to model upward drift in HbA1c, rather than data from the ADOPT 


study (MS p180).  The MS states that this specification is confounded in ECHO-T2DM by the 


intermittent addition of rescue medication in the UKPDS and resultant HbA1c -lowerings, and 


that because ECHO-T2DM applies the consequences of rescue medication explicitly, using the 


evolution equation would amount to double-counting of the benefits of rescue medication.   


 


Apart from HbA1c % and annual drift in HbA1c %, other input parameters affected by the 


intervention in the model are change in SBP; change in total cholesterol; change in LDL 


cholesterol; change in HDL cholesterol; change in triglycerides; change in BMI; annual rate of 







  Confidential until published 


106 
 


hypoglycaemic events; hazard ratio for GMI and UTI; probability of discontinuing treatment 


given certain complications; and the multiplier on treatment effects given eGFR values.  These 


parameters are considered in MS Sections 6.5 (MS p78), 6.7 (MS p110), and 6.9 (MS p140). 


 


Some of the secondary outcome parameters (change in SBP; change in total cholesterol; 


change in triglycerides; change in BMI) enter the model as differences from baseline values and 


are drawn either from NMA (BMI change) or the key trials (SBP and blood lipid change).   


 


The MS notes that where BMI was not available in the NMAs, but data on weight were, values 


were converted to BMI using a weighted average of male and female heights observed in the 


UK general population (MS p179).  The averages used were 1.75m for males and 1.613m for 


females (manufacturer’s clarification letter to NICE and the ERG).  The manufacturer uses the 


proportion of males and females from the pooled trial data together with the UK height averages 


to estimate the change in BMI in these cases.  The ERG considers that this assumption could 


lead to an over- or under-statement of BMI change depending on the heights of the individuals 


enrolled in a trial, and that the pooling of the trial data to calculate the proportion of males and 


females is an additional simplification.  In their clarification letter the manufacturer presents 


revised base cases which extend the use these height assumptions to more treatments, but the 


ERG does not consider that the uncertainty associated with using alternative methods of 


calculating BMI change with more specific (unpooled) trial data have been fully explored. 


 


Hypoglycaemic events are modelled using observed rates which are taken from the key trials 


(for canagliflozin), but with assumptions for some of the other comparators.  For example, notes 


on the input data spreadsheet for the gliclazide hypoglycaemic event rate state “assume same 


as Glimepiride…adjusting GLIM so it's relative to CANA100 from 3009 52wks”.  The adjustment 


which is used here is not clear. 


 


HRs are used to model the incidence of GMIs and UTIs with data drawn from the relevant 


canagliflozin trials for the first year of treatment and based upon clinical assumption thereafter.  


Absolute probabilities are used to model treatment discontinuation in the case of adverse events 


or particular health states, again with data drawn from the key trials or based upon clinical 


assumption.  Multipliers are used to modify treatments effects given eGFR status which either 


use trial data for canagliflozin, or are assumed to be one when there are no data available. 
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The discontinuation rates due to adverse events for all treatments come from the included RCTs 


of canagliflozin.  These are generally higher than the rates used for treatments in NICE TA2888 


for dapagliflozin which were taken from an NMA and identified as being potentially too low, as 


they were lower than rates from the associated dapagliflozin clinical trials.  Given that the 


discontinuation rates for canagliflozin and its comparators are drawn from clinical trials the ERG 


considers that they are reasonable. 


 


Change in HbA1c % and the other biomarkers reflect intermediate outcomes.  Disease 


progression and mortality are defined in the model by sets of macro- and microvascular risk 


equations which take the biomarker values (HbA1c, SBP etc) as risk factors.  The equations are 


used to calculate the probability that a patient will experience a particular complication in a given 


cycle.  The choice of microvascular risk equations is made by entering an appropriate profile 


name for the microvascular complication parameter set in the input data spreadsheet.  The 


parameter values associated with this profile are specified elsewhere in the input data 


spreadsheet.  The choice of macrovascular risk equations is made by entering an appropriate 


profile name for the “CVD Risk Equation” profile in the input data spreadsheet.  The associated 


parameter values for the base case profile (UKPDS 68) are specified in the model R programs 


rather than in the input data spreadsheet. 


 


Macrovascular risk equations from UKPDS 68 are used in the model base case.  UKPDS 68 


equation 1 is used to predict the risk of IHD; equation 2 is used to predict the risk of MI; 


equation 3 used to predict risk of CHF; and equation 4 is used to predict the risk of stroke.35 It is 


possible to select from UKPDS 82, ADVANCE or Swedish NDR equations instead of UKPDS 68 


equations if desired.   


 


The annual probabilities of worsening microvascular complications are derived primarily from 


the Wisconsin Epidemiologic Study of Diabetic Retinopathy, The Rochester Epidemiology 


project and the CDC model of CKD.  The model uses the power function approach outlined in 


Eastman and colleagues 42 to link the risk of developing microvascular complications to 


individual patient HbA1c values (during each cycle).  The link between microvascular risk and 


SBP uses data from Brown and colleagues.43  The ERG clinical expert considers that these are 


quite old sources of data and that it is likely that progression to retinopathy and nephropathy is 


now longer because of better treatment and earlier diagnosis.  However the ERG clinical expert 


is not aware of better data. 
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Risk of mortality is based on equations 8, 9 and 10 of the UKPDS 68 Outcomes model in the 


base case, although equations from UKPDS 82 may be used as an alternative. 


 


No search for evidence for the macrovascular and microvascular risk equations is described in 


either the Technical Report or MS.  However the use of the UKPDS 68 equations is common to 


many other models of T2DM (MS p171) and the ERG clinical expert considers that the base 


case use of the UKPDS 68 data is reasonable. 


 


Due to time constraints it has not been possible for the ERG to cross-check all of the clinical 


effectiveness values used in the model data input spreadsheet against their clinical and NMA 


sources. However there is a discrepancy in the input value used for change in LDL cholesterol 


for canagliflozin 100mg at 26 weeks in the DIA3002 trial.  The trial poster reports a change of -


0.6 mg/dL (MS reference 28), whilst the input data spreadsheet uses a value of -0.8 mg/dL 


attributed to the same source, for the treatment profile ‘NMA TRIPLE 26WKS (MET+SU 


BACKGROUND) CANA100 vs. SITA’.  Use of a value of -0.8 instead of -0.6 will lead to an 


improvement in the cost-effectiveness of canagliflozin 100mg in this line of therapy. 


 


Overall the ERG considers that model clinical effectiveness data are appropriate although 


sometimes NMA estimates are used in preference to head-to-head trial data and that this is not 


well justified given that a fully incremental cost-effectiveness analysis was not reported in the 


MS.  In some cases input calculations are not fully reported.  Equations used for the 


extrapolation of biomarker outcomes are well-established and appropriate to the UK population.   


 


4.2.5 Patient outcomes 


 
The cost-effectiveness model incorporated the impact of the different treatments on HRQoL into 


QALYs. HRQoL enters the model with each patient having a baseline utility.  As participants 


progress through the model, disutility values are attributed according to specific characteristics. 


These include patient characteristics (age, sex, duration of diabetes), macro-vascular 


complications (IHD, MI, CHF, Stroke); micro-vascular complications (retinopathy, blindness, 


gross proteinuria, end-stage renal disease, symptomatic neuropathy, PVD, symptomatic 


neuropathy and PVD, diabetic foot ulcer, one lower extremity amputation, two lower extremity 


amputation); hypoglycaemic episodes (minor, moderate, severe); obesity; and adverse events 


(lower UTI male/female, upper UTI male/female; balanoposthitis, candida vulvovaginitis), see 
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Table MS 38, p198-9. The model appears to be consistent with the model used in the 


dapagliflozin STA (NICE TA288).8 


 


Utility data were taken from the CODE-2 EQ-5D modelling study in most cases.31 For 


hypoglycaemic episodes utilities were taken from a published source (Currie et al 200644) and 


these appear to correspond to estimates applied in NICE TA2888 of dapagliflozin. Adverse 


events utilities were taken from a time trade off (TTO) study commissioned by Janssen45 as no 


data were identified in the literature.  The CODE-2 EQ-5D31 study was identified in a systematic 


review although the MS does not directly make this link between the systematic review and the 


study. The second main source of utility data44 was also identified in the systematic review of 


HRQoL.  


 


For the manufacturer’s systematic review of HRQoL a systematic search for evidence was 


undertaken on 20 databases, inclusion criteria were defined, and the review identified 106 


possible utility studies (a PRISMA flow chart with full details is on MS page 193). Full details of 


the systematic review are provided in a subsequent report (MS reference 180). The systematic 


review provides summary data of utilities for a range of patient characteristics and 


complications, however, there is no justification provided in the MS as to why these were not 


used in the model and why the CODE-2 study was chosen for the source of the majority of 


utilities. In response to a clarification question from the ERG about the choice of the CODE-2 


study the manufacturer states that the CODE-2 study was chosen because it used well-


validated techniques to solicit HRQoL, patients were relevant to a UK setting, prevalence data 


were captured for a large number of characteristics and the study had a large sample size. The 


manufacturer also states that the UKPDS QoL were rejected because they included a smaller 


sub-set of the health states and did not include a disutility for the important BMI covariate 


(whereas CODE-2 does include such a coefficient).  The ERG believes this is reasonable; 


however, no discussion is made of whether any alternative utilities from the other included 


studies could have informed sensitivity analysis. 


 


As stated, the MS draws EQ-5D disutility values from a modelling study based on CODE-2 


data31 for most of the disutilities applied in the model.  The MS states that previous diabetes 


related submissions to NICE have used the UKPDS trial data, but that this does not have the 


level of detail required for the present model in terms of micro-vascular complications.  The 


CODE-2 modelling study is reported to be a better match to the micro-vascular health states as 
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it provides a wider range of estimates for different severity levels. The MS also justifies the 


choice of the CODE-2 study because there is an estimate of disutility related to BMI which 


reduces the risk of confounding (BMI was found to be a significant predictor of utility values at 


baseline in the canagliflozin clinical trials for dual and triple therapy groups). 


 


Although the original CODE-2 study is not an RCT (it is a non-intervention cohort study) the MS 


states that the populations are more broadly representative of T2DM than an RCT population 


(MS p197). 


 


Other sources were used to determine disutility weights associated with AEs (MS page 196). 


The MS states that where possible utilities were measured using the EQ-5D questionnaire and 


taken from a UK population with T2DM. It is assumed this relates to the CODE-2 study which 


was a European population based study, but this is not explicitly stated.   


 


The baseline utilities used in the MS model are reproduced in Table 58 below. These have been 


checked with the source by the ERG and while in most cases these appear to be correct, it is 


observed that: 


 the model uses the same disutility for two lower extremity amputations as is used for one 


lower extremity amputation (the ERG have been unable to source any other suitable data 


however);  


 as stated in the MS (see Table 58), the disutilities applied for macro-vascular complications 


of IHD, MI and CHF were based on a disutility for CHD in the CODE-2 study using an 


assumption that the same disutility can be applied across these different states.  This 


applies consistency with the other disutilities used, however, the ERG note that in the 


UKPDS study (used in previous diabetes NICE TAs) these macro-vascular complications all 


have different utility estimates (the utilities are also higher in the UKPDS, IHD -0.141, MI-


0.081, CHF -0.058);  


 the health states for adverse events in the MS (see Table 58) do not match the descriptions 


of the health states used in the TTO study,45 however, the ERG have assumed that  upper 


UTI=severe UTI and lower UTI=mild to moderate UTI. Disutilities given for adverse events in 


the TTO report have been adjusted to reflect the likely duration of the infections in days (MS 


p197). While it is not clear how long the MS assumes each type of infection will last this can 


be calculated and the ERG estimate that it is assumed that a mycotic infection lasts for 1 


week, upper UTI lasts for 2 weeks and a lower UTI lasts for 5 days. 
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Table 58: Baseline utilities and sources used in the MS model (MS Table 38) 


State Utility SE Reference  Justification 


Baseline 1.027 0.027 CODE 2 
Values were estimated using 
multivariate regression techniques 


Patient Characteristics 


Age (per 10 Years) -0.0235 0.001 CODE 2 


HRQL has been shown to 
gradually decrease over time and 
may change with age 
independent of the disease 
progression. MS ref 183 


Female -0.093 0.009 CODE 2 


Gender has been show to impact 
patient reports of HRQL, often 
with women reporting lower 
scores (MS refs 130, 184) 


Duration of T2DM (per 
10 Years) 


-0.0163 0.001 CODE 2 


This captures any effects of 
having T2DM over time, above 
and beyond the separate effects 
of aging, treatment intensification, 
and the effects of the 
development and worsening of 
complications.MS ref 185 


Macro-vascular Complications 


IHD -0.028 0.01 
Assumed from 
CHD in CODE 2 


Identified in a systematic literature 
review, CODE-2 was deemed the 
most appropriate study on HRQoL 
related to T2DM complications, 
controlling for many potential 
confounding factors 
simultaneously. CODE-2 
combines macro-vascular 
diseases together. 


MI -0.028 0.01 
Assumed from 
CHD in CODE 2 


CHF -0.028 0.01 
Assumed from 
CHD in CODE 2 


Stroke -0.115 0.017 CODE 2 


Micro-vascular Complications 


Retinopathy (BDR, ME, 
PDR, & combinations) 


0 1E-99 CODE 2 


CODE-2 controls for many 
potential confounding factors 
simultaneously. 


Blindness (one or both 
eyes, incl.combinations) 


-0.057 0.022 CODE 2 


Gross Proteinuria -0.048 0.022 CODE 2 


ESRD -0.175 0.028 CODE 2 


Symptomatic 
Neuropathy 


-0.084 0.014 CODE 2 


Peripheral Vascular 
Disease (PVD) 


-0.061 0.015 CODE 2 


Symptomatic 
Neuropathy & PVD 


-0.085 0.018 CODE 2 


Diabetic Foot Ulcer -0.17 0.019 CODE 2 


One lower extremity 
amputation 


-0.272 0.029 CODE 2 


Two lower extremity 
amputations 


-0.272 0.029 CODE 2 


Hypoglycaemic Events 


Minor Hypoglycaemic 
Episode (per Episode) 


0 
 


Assumption 
Advised in advisory board-  MS 
ref 163 


Moderate 
Hypoglycaemic Episode 


-0.0036 
 


Currie et. al 2006.  
annualised 


The approach taken by NICE in 
the evaluation of exenatide (CG-
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State Utility SE Reference  Justification 


(per Episode) disutility per 
symptomatic no 
help event; not 
chronic 


87) also used utility estimates 
from Currie et al. 2006.MS ref 60; 
128. Curie et al (2006) relates to a 
study that collected data from UK 
patients using both the 
hypoglycaemia fear survey and 
EQ-5D. The utility values were 
converted to annual values as 
follows: 
-0.047 x (3/12) year = -0.0118 per 
year. 


Severe Hypoglycaemic 
Episode (per Episode) 


-0.0118 
 


Currie et. al 2006.  
annualized 
disutility per 
severe event; not 
chronic 


Obesity 


Excessive weight 
(disutility weight for 
each 1 kg/m


2
 above a 


threshold of 25 kg/m
2
. 


No disutility is applied to 
lower values) 


-0.0061 0.001 CODE 2 
Values used to inform utility 
values in the NICE CG-87  


Adverse Events 


Lower urinary tract 
infections (male) (per 
Episode) 


-0.0012 
 


Janssen UK 
Study (regression 
analysis corrected 
for state duration) 


No utility values related to urinary 
tract infections were identified in 
the systematic literature review. 
Therefore, a TTO utility study was 
conducted.(MS ref 164; 165) 


Lower urinary tract 
infections (female) (per 
Episode) 


-0.0012 
 


Upper urinary tract 
infections (male) (per 
Episode) 


-0.0073 
 


Upper urinary tract 
infections (female) (per 
Episode) 


-0.0073 
 


Balanoposthitis (male) 
(per Episode) 


-0.0046 
 


No utility values related to genital 
mycotic infections were identified 
in the systematic literature review. 
Therefore, a TTO utility study was 
conducted. (MS ref 164; 165) 


Candidal vulvovaginitis 
(female) (per Episode) 


-0.0046 
 


 


No HRQoL data for the canagliflozin clinical trials were reported in the SLR although MS 


Appendix 14 reports limited data on EQ-5D from three RCTs. These were for dual therapy 


(DIA3009) where the baseline utility was 0.798 (0.2049) and the week 52 utility was 0.814 


(0.2140); and for triple therapy (DIA3002 + DIA3015 pooled) where the baseline utility was 


0.788 (0.1929) and the week 52 utility was 0.797 (0.1957). These data appear to be for all 


patients, rather than for just canagliflozin, although this is not clearly stated. 


 


The health benefits were measured and valued consistent with NICE’s reference case and the 


utilities incorporated into the model appear to be appropriate. While the EQ-5D was used, no 


details of the value set adopted was reported in the MS, although as noted above the MS states 
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that where possible utilities were measured using the EQ-5D questionnaire and taken from a UK 


population with T2DM.   


4.2.6 Resource use 


 
The cost analysis was conducted from an NHS and PSS perspective and overall the 


assumptions appear to be reasonable. The basis for estimating dosage and frequency of 


administration of drug acquisition resource was not stated explicitly as resource estimates but 


were taken from the SmPC (MS Table 39 p206). Similarly, assumptions over dosing and 


frequency of treatment for the comparators was not explicitly stated as resource estimates, 


however, the MS refers to using various national guidelines, a systematic review of resources 


and costs, and the BNF for the dosing and frequency of treatment with comparators. These 


assumptions appear to be consistent with the canagliflozin RCTs in the manufacturer’s SLR 


where these can be checked (the doses and frequency appear to be consistent, MS Table 6, 


Appendix 3) and with current clinical practice. In the case of insulin the resource use was based 


on a cost per body weight per patient in the model and changed as weight changes. These 


resources do not appear to have been tested in sensitivity analysis.   


 


No drug administration resources or costs were applied in the model.  Monitoring resources 


associated with checking renal function in canagliflozin were not included specifically as the MS 


(p206) states that these will also be covered in standard monitoring. The ERG clinical advisor 


agrees that this would be the case.  


 


Little information on the estimates of resource use associated with disease progression was 


provided in the MS.  A systematic review of resource and cost was undertaken and three 


studies were identified which provide costs used in the economic evaluation (although these did 


not come from the systematic review (MS p204 & Appendix 10 Table 191)). A Janssen advisory 


board recommended the approach to take for the resource implications for GMIs and UTIs.  The 


advisory board stated that female patients will most commonly self-treat non-recurring GMIs 


with over the counter (OTC) medicines; whereas a male patient who experienced a balanitis will 


most likely require a GP appointment and prescription. Mild to moderate UTIs were thought to 


require a GP visit for both sexes and a prescription of antibiotics, such as trimethoprim, would 


be given (MS p205).  In addition, the Janssen advisory board recommended that no resource 


was required for self-monitoring glucose testing strips, or any costs associated with mild 


adverse events, were required.   
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Few details of the Janssen advisory board were provided (e.g the methods, number of experts, 


how estimates were pooled, how uncertainty was addressed). 


 


The MS also states that current guidelines were used but is not explicit about the details. 


Sources of information for resources associated with the adverse event health states were 


specified in MS Table 40 (see below for more details). 


 


Overall, the estimates in the model appear to cover all relevant resource use. One possible 


exception is the GP visit for woman with a GMI where the ERG clinical expert considers it likely 


that a woman with GMI would visit a GP. In their SLR the manufacturer states that 


approximately 65% of the GMI events in women were treated by a health care professional and 


35% of the events by the patient herself (MS p. 147). Despite the Janssen advisory board 


appearing to recommend no GP visit, the ERG on checking the costs of complications in the 


model suggest that a GP visit for females with GMI is costed.  


4.2.7 Costs 


 
A systematic review is reported in the MS, which appeared to meet required methods of search, 


selection of data and quality assessment and details of 10 studies were summarised in a 


separate report19 and MS Appendix 10 Table 191. None of the findings of the review were 


deemed relevant by the manufacturer for use in the model. 


 


Drug acquisition costs 


The acquisition cost of canagliflozin 100mg and 300mg is currently indicative and is marked CIC 


by Janssen in the MS. The anticipated annual drug acquisition costs for canagliflozin 100mg is 


£477.26 (30-tab pack at £39.20) per patient. For canagliflozin 300mg the anticipated cost is 


£608.63 (30-tab pack at £49.99) per patient, MS Table 39, p206 and ERG Table 59.   


 


The costs for comparators were taken from the BNF (July 2013) (MS Table 39 p206).  These 


can be seen in Table 59.  The data have been checked by the ERG, cross checking with the 


source of costs (BNF) and the calculations. While in most cases these data appear to be 


correct, it is observed that: 
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 For glimepiride the MS reports that the daily dose is 6mg. In the BNF the usual maximum 


dose is reported to be 4mg daily, where 6mg is stated to be used exceptionally.  


 Pioglitazone is assumed to have a daily dose of 30mg.  In the BNF the dose is 


recommended to be 15–30 mg once daily initially, increased to 45 mg once daily according 


to response. However, this is a conservative assumption by the manufacturer. 


 There is a typo for the cost of gliclazide (reports cost of £1.16 which should be £1.61), 


however, the annual cost appears to be correct. 


 The costs of insulin treatments is unclear from the information provided.  For NPH (Neutral 


Protamine Hagedorn) insulin there is no reference to NPH insulin in the model input data 


spreadsheet and so it is unclear what this row refers to in Table 59. For insulin glargine the 


table indicates a dose range of 10-60 IU/day and for insulin aspart a dose range of 5-200 


IU/day.  The annual cost is reported as the cost per IU per year which has been worked out 


on the basis of a cost per IU multiplied by 365.  For insulin aspart the cost does not appear 


to relate to the NovoRapid vial as stated but to the cost of Lispro 5 × 3-mL cartridge (for 


Autopen® Classic or HumaPen®) at  £28.31. 


 


Table 59: Drug acquisition costs applied in the model for all lines of therapy (MS Table 
39). 


Therapy 
Daily dose


 


(mg) 
Annual cost/pt Description 


Anti-hyperglycaemic agents 


Canagliflozin 100 £477.26  100mg, 30-tab pack at £39.20 


Canagliflozin 300 £608.63 300mg, 30-tab pack at £49.99 


Glimepiride 6 £30.44 
2mg, 30-tab pack at £1.24; 4mg, 30-tab 
pack at £1.39 


Gliclazide 160 £19.60 80mg, 60-tab pack at £1.16  


Pioglitazone 30 £36.13 30mg, 28 tab-pack at £2.77 


Sitagliptin 100 £433.86 100mg, 28-tab pack at £33.26 


Liraglutide 1.2 £955.49 
6mg/mL, 2 x 3-mL prefilled pens at 
£78.48 


Exenatide 0.2 £830.82 
10μg/dose prefilled pen (60 doses) at 
£68.24 


Dapagliflozin 10mg £477.30 10mg, 28-tab pack at £36.59 


Insulin therapy Daily dose Cost/IU/year Description 


NPH insulin 


See insulin 
glargine and 
insulin aspart as 
applicable 


£4.26 
100 units/mL, 5 × 3-mL cartridge 
(ClikSTAR® and Autopen® 24) at 
£17.50: Price per unit is £0.01 


Insulin glargine 10-60 IU/day £10.11 5 × 3-mL Lantus® SoloStar® at £41.50 


Insulin aspart 5-200 IU/day £6.89 
100 units/mL NovoRapid®, 10-mL vial at 
£14.08 


 


   







  Confidential until published 


116 
 


Health state costs 


Costs of the range of health states were presented in MS Appendix 11 and have been 


reproduced here for ease of reference.  Direct first year costs are presented in Table 60, direct 


complication and co-morbidity follow-up costs are presented in Table 61 and direct event costs 


in Table 62. The sources of each of the costs were provided in the MS Appendix 11 and have 


been checked where possible by the ERG (the references within the Appendix do not 


correspond to the reference list provided by the MS but the ERG have mostly been able to 


source these).  The descriptions of the source information are not reproduced here but can be 


found in MS Appendix 11.  In general the resource requirement and cost are accurate, there are 


some instances where the ERG have been unable to source the same information.  These 


relate to: 


 


 For various eye related complications and co-morbidities the MS report the cost of an 


ophthalmology visit, however, no source for these costs are reported.  The ERG have 


checked the cost of ophthalmology visits in the National Schedule of Reference Costs and 


are unable to replicate the costs used by the MS for ophthalmology from this data source.  


 For various complications and co-morbidities the costs of a biochemistry tests is reported in 


the MS to be £1 and the source of this cost is reported to be DAP841 in the National 


Schedule of Reference Costs.46 The ERG is unable to find this cost for code DAP841 which 


appears to cost biochemistry at £16. 


 For various renal related complications and co-morbidities the cost of nephrologist is 


reported in the MS to relate to service code 361 in the National Schedule of Reference 


Costs. The ERG hs been unable to replicate the costs used for nephrology visits using this 


code. In addition, some renal related complications and co-morbidities have had a cost 


applied for a ‘prescription’ at a rage of £16.16 but the ERG have been unable to check what 


this relates to and whether the cost is accurate. 


 A number of procedure related costs for vitreous retinal procedures have been applied in the 


MS  but these have not been identified in the source document referred to. 


 


In addition, the MS reports using an inflation rate to 2011/12 using the Health and Community 


Health Services (HCHS) index published in 2012, however, the range of dates fall outside the 


date ranges in the 2012 HCHS publication in some instances and an older version of the HCHS 
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must have been used.  The ERG have sourced the correct inflation rate to check costs included 


in the model and presented in the MS in Appendix 11.  


 


Table 60: Direct first year treatment costs associated with complication and co-morbidity 
(MS Appendix 11) 
Health state First year cost (£) 


BDR 160.00 


ME 674.33 


ME and Blindness in One Eye 2402.67 


PDR 674.33 


PDR and Blindness in One Eye 2402.67 


ME and PDR 674.33 


ME, PDR and Blindness in One Eye 2402.67 


Blindness in Both Eyes 2600.44 


Symptomatic Neuropathy 361.60 


PVD 4415.91 


Neuropathy and PVD 4774.51 


Diabetic Foot Ulcer 14,760.20 


First LEA 13,828.89 


Second LEA 21,448.09 


Cost of IHD 3,607.34 


Cost of MI 6,354.87 


Cost of CHF 4,016.27 


Cost of Stroke(s) 5,505.92 


BDR: Background Diabetic Retinopathy; CHF: Coronary Heart Disease; IHD: Ischaemic Heart disease; 
LEA: Lower Extremity Amputation; MI: myocardial infarction; PDR: Proliferative diabetic retinopathy; PVD: 
Peripheral Vascular Disease 


 


Table 61: Direct complication and co-morbidity annual follow-up costs (MS Appendix 11) 
Health state Annual cost (£) 


No Retinopathy 43.00 


BDR 43.00 


ME 86.00 


ME and Blindness in One Eye 768.10 


PDR 86.00 


PDR and Blindness in One Eye 768.10 


ME and PDR 255.00 


ME, PDR and Blindness in One Eye 768.10 


Blindness in Both Eyes 1038.91 


eGFR 60-89 without kidney damage 14.69 


eGFR 45-59 without kidney damage 29.38 


eGFR 30-44 without kidney damage 29.38 


eGFR 15-29, no kidney damage 656.00 


eGFR <15 without kidney damage 1312.00 


eGFR ≥90, with microalbuminuria 0.00 


eGFR 60-89, with microalbuminuria 0.00 


eGFR 45-59, with microalbuminuria 88.54 


eGFR 30-44, with microalbuminuria 88.54 


eGFR 15-29,with  microalbuminuria 508.16 


eGFR <15, with microalbuminuria 1336.16 


eGFR ≥90, with GPR 0.00 
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eGFR 60-89, GPR 0.00 


eGFR 45-59, GPR 88.54 


eGFR 30-44, GPR 88.54 


eGFR 15-29, GPR 508.16 


eGFR <15, GPR 1336.16 


eGFR ≥90, ESRD 0.00 


eGFR 60-89, ESRD 0.00 


eGFR 45-59, ESRD 0.00 


eGFR 30-44, ESRD 0.00 


eGFR 15-29, ESRD 0.00 


eGFR <15, ESRD 24,917.38 


No Neuropathy 0.00 


Symptomatic Neuropathy 361.60 


PVD 908.85 


Symptomatic Neuropathy and PVD 1270.45 


Diabetic Foot Ulcer 244.59 


One LEA 798.19 


Two (or more) LEAs 1244.79 


History of IHD 1189.36 


History of MI 143.43 


History of CHF 1407.91 


History of Stroke 802.94 


eGFR: estimated Glomerular Filtration Rate; BDR: Background Diabetic Retinopathy; CHF: Coronary 
Heart Disease; IHD: Ischaemic Heart disease; LEA: Lower Extremity Amputation; MI: myocardial 
infarction; PDR: Proliferative diabetic retinopathy; PVD: Peripheral Vascular Disease 


 


Table 62: Direct event costs associated with complication and co-morbidity (MS 
Appendix 11) 
Health state First year cost (£) 


first MA diagnosis 221.69 


first GPR diagnosis 221.69 


first ESRD diagnosis 164.00 


eGFR dropping below 90 14.69 


eGFR dropping below 60 44.08 


eGFR dropping below 45 44.08 


eGFR dropping below 30 236.38 


eGFR dropping below 15 492.00 


eGFR: estimated Glomerular Filtration Rate;ESRD: End-stage Renal Disease;  


 


In addition to costs of complications and co-morbidity the MS reports using a range of costs for 


the adverse events considered in the model.  These are seen in Table 40 of the MS (page 208) 


and have been replicated here (Table 63).  These costs and the resources leading to these 


costs have been checked by the ERG and there are no issues of note. 
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Table 63: Summary of adverse event costs (MS Table 40) 


Health state First year cost (£) 


Minor hypoglycaemic event 0.00 


Moderate hypoglycaemic event 0.00 


Severe hypoglycaemic event 621.41 


lower UTIs (male) 86.82 


lower UTIs (female) 43.35 


upper UTIs (male) 87.64 


upper UTIs (female) 87.64 


balanoposthitis 53.60 


Vulvovaginitis 45.00 


 


Assessment of uncertainty 


Disease progression cost estimates in DSA were applied to adverse events of severe 


hypoglycaemic events, lower UTI (males), lower UTI (female), balanoposthitis, and candidal 


vulvovaginitis and these were varied by plus or minus 20%. The costs of complications and 


comorbidities as given in MS Table 192 (Appendix 11) were subject to PSA. 


 


4.2.8 Consistency/ Model validation 


 
The MS notes that the latest joint International Society for Pharmacoeconomics and Outcomes 


Research/ Society for Medical Decision Making (ISPOR/SMDM) good research guidelines 


describe five principal forms of model validation and that these were followed (MS p274).  


Specifically, the MS notes that the model has been thoroughly tested and de-bugged, including 


artificial simulations designed to reveal errors in both logic and programming, and that 


idiosyncratic results were investigated and any identified errors in programming or logic were 


corrected (MS p274).   


 


An internal validation exercise is reported on MS p276 which assessed the importance of 


stochastic variability in the case in which small changes versus comparators were observed.  


The MS concludes that, even in cases with modest incremental benefits, stochastic variability 


does not override the signal generated in the model simulations (MS p276).  The ERG notes 


that if this is the case then it might also be reasonable to incrementally compare the base case 


simulation results given in MS Section 7.7.6 (MS p233), but this was not done.  Rather, the MS 


cautions here that because of stochasticity it is inappropriate to mix and match simulation 


results from different model runs (MS p233). 
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The ERG explores stochastic variability further in Section 4.3. 


 


External consistency 


 


The MS notes that the external validity of ECHO-T2DM was evaluated by simulating the key 


features of a broad set of clinical trials and comparing the model predictions with the 


corresponding actual observed outcomes for a variety of clinical end-points (MS p275).  ECHO-


T2DM has also been validated against the ADVANCE, ACCORD and ASPEN trials as part of 


the Fifth Mt. Hood Challenge, observational data from Kaiser Permanent Northwest (KPNW), 


and the Swedish NDR as part of the Sixth Mt Hood challenge (MS p276).  A cross-validation 


against the CDM model v8.5 is described (MS p277) and a peer-reviewed model validation 


paper has recently been published.47  This paper notes that macrovascular outcomes are over-


predicted but that this is common in health-economic models of diabetes, and may be related to 


a general over-prediction of event rates in the UKPDS Outcomes Model.47   


 


For the cross-validation exercise against the CDM model the MS notes that three differences 


were important in explaining the results (given in MS Table 103 p278): time on agent before 


discontinuation was shorter in the CDM simulations; differences in HbA1c and SBP lowering by 


agent were reversed immediately in the ECHO-T2DM simulations; and QALYs were applied 


differently. 


 


Overall the ERG considers that the model is internally consistent and very well-validated, and 


that the results of the model make intuitive sense. 


 


4.2.9 Assessment of uncertainty 


 
Methodological uncertainty has been addressed by running alternative versions of the model 


with different assumptions.  MS Table 44 (MS p211) gives details of 21 scenario analyses 


including variations to discount rate and time horizon.  Structural uncertainty has also been 


examined, for example MS Table 44 (MS p211) gives details of scenario analyses around the 


HbA1c metabolic drift assumption for canagliflozin, and specification of alternative macrovascular 


risk equations.  DSA and PSA were conducted and are described in MS Sections 7.6.2 and 


7.6.3 (MS p215-216). 
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Heterogeneity in the patient population has been examined for one subgroup, those with an 


HbA1c exceeding 9% (75 mmol/mol) at baseline (MS Table 104 p280 and Table 105 p281). 


 
One-way sensitivity analyses 


 


MS Table 45 (MS p215) lists the DSA which were conducted.  Some of these analyses are one-


way, whilst others vary sets of parameters at a time in order to reduce the number of DSAs 


overall.  A total of 35 parameters or sets of parameters were varied.  DSAs were conducted for 


each of the systematic drug comparisons shown in MS Table 43 (MS p210), namely comparison 


against SU and DPP-4-i in dual therapy and against DPP-4-i in triple therapy and add-on to 


insulin therapy.  The MS indicates the model was run with 500 patient cohorts and 1000 patients 


in each cohort in sensitivity analysis (Table 53), i.e. the number of patient cohorts is halved 


compared to the base case.  The MS indicates that this was a pragmatic decision based upon 


the number of comparators, lines of therapy, the time taken for each pairwise comparison to 


run, and the finite computing resource available (MS p209).  Parameter uncertainty was not 


switched off in DSA (i.e. by specifying only one patient cohort).  All DSA results are 


consequently confounded with PSA and do not only reflect the uncertainty in results associated 


with just one parameter.  


 


The MS states that parameter values were varied by plus or minus 20% in DSA (MS p215), but 


this range is not justified.  The DSA findings indicate that in dual therapy comparisons against 


SU the most influential parameter on the ICER is the metabolic drift of HbA1c (both for SU and 


for canagliflozin) (MS Figures 66 & 68).  For canagliflozin 300mg versus DPP-4-i in dual therapy 


the greatest impact on the base case ICER is metabolic drift, incremental cholesterol and SBP 


therapeutic effects and discontinuation rate of DPP-4-I (MS Figure 69 p242).  In add-on to 


insulin only increasing the DPP-4-i HbA1c drift, or decreasing the canagliflozin 100mg HbA1c drift 


switched the result from not cost-effective to cost-effective (MS p238).  For canagliflozin 300mg 


versus DPP-4-i in combination with insulin, HbA1c drift was also the major source of variation in 


ICER (MS p238, MS Figure 71 p244). 


 


The MS notes that dominant and dominated results have been removed from the tornado 


diagrams (MS p239).  Tabulated results are presented in MS Tables 195 to 202 (Appendix 


Section 10.13).  The ERG considers that the tornado diagrams and tabulated results would 


have better represented the uncertainty in the decision problem if the outcome measure had 
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been net monetary benefit rather than ICER, as it would not have been necessary to remove 


any results had this measure been used. 


 


Tables detailing the input parameter values for the DSAs are given in MS Appendix Section 


10.13 (Tables 195 to 202).  The ERG has examined these tables and found that the variation in 


the values given is not always plus or minus 20%, and that the level of deviation from 20% is not 


consistent.  This is shown in the shaded column in Table 64 below.  The discrepancy applies to 


some of the efficacy parameters which are described in Tables 195 to 202 as being incremental 


changes between canagliflozin and the comparators (Table 64).  However the values given in 


these tables for, for example incremental HbA1c, appear to relate to the absolute difference of 


canagliflozin versus placebo (with annual drift added back as noted in Section 4.2.4).  The 


incremental base values which have been used to obtain the plus and minus 20% values for 


treatment effects in DSA are not given in Tables 195 to 202 and their source is not identified in 


the MS discussion of the DSA (MS p215).   


 


Table 64 indicates that the variation which has been examined in DSA for the incremental HbA1c 


change between CANA and SU is only 2.1% of the base case difference of CANA versus 


placebo. The ERG considers that as the key parameter in the model here is change in HbA1c 


versus placebo (MS Appendix Section 10.9 Tables 185 to 188), that +/-20% uncertainty in this 


value should have been examined, rather than +/-20% of the incremental difference between 


treatments.  Elsewhere the DSA does vary parameter values by +/-20% of each treatment 


baseline, rather than by +/-20% of an incremental difference between treatments – for example 


for HbA1c drift % - so the DSA is inconsistent in this respect.  The range examined in DSA is 


also much smaller than the range incorporated in the PSA distribution which is Normal with 


parameters (-0.77, 0.26) (input data spreadsheet).  However DSA results indicate that the 


model is not unduly sensitive to first year change in HbA1c % (MS Section 7.7.7) and the ERG 


does not consider that examination of a bigger first year change in HbA1c % will substantively 


change these results. 


 


The manufacturer concludes from the DSA that in dual therapy comparisons against SU, the 


ICERs of both doses of canagliflozin vary little (MS p237).  For canagliflozin 300mg versus 


DPP-4-i in dual therapy, the base case ICER is higher and there are a greater number of DSAs 


that change the results and bring them closer to conventional acceptability thresholds of 


£20,000 to 30,000 (MS p238).   
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Table 64:  Treatment effect values used in DSA for canagliflozin 100mg vs. SU in dual 
therapy (extract of MS Table 195 Appendix p322 with additional column) 
 


 


 


Parameter Lower input Base case Upper input
Lower input 


ICER


Base case 


ICER


Upper input 


ICER
Difference


% of ICER 


variability


Absolute 


variation 


from base 


case (ERG 


calculation)


Δ incremental 


HbA1c 


between 


Cana and SU


-0.786 -0.77 -0.754 1,526 1,537 1,629 103 6.70% 2.1%


Δ incremental 


SBP between 


Cana and SU


-2.876 -3.57 -4.264 1,410 1,537 1,359 51 3.30% 19.4%


Δ incremental 


LDL between 


Cana and SU


4.01 4.56 5.11 1,793 1,537 1,554 239 15.50% 12.1%


Δ incremental 


HDL between 


Cana and SU


2.458 3.13 3.802 1,545 1,537 1,600 55 3.60% 21.5%


Δ incremental 


triglycerides 


between 


Cana and SU


-15.426 -19.054 -22.674 1,661 1,537 1,474 187 12.20% 19.0%


Δ incremental 


total 


cholesterol 


between 


Cana and SU


3.788 4.27 4.752 1,520 1,537 1,863 344 22.40% 11.3%


Δ incremental 


BMI between 


Cana and SU


-0.253 -0.595 -0.937 1,497 1,537 1,259 237 15.50% 57.5%


Efficacy parameters (52 weeks)
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In triple therapy (MET+SU), canagliflozin 100mg is consistently dominant when compared to 


DPP-4-i across the majority of the parameters (MS p238).  In add-on to insulin, canagliflozin 


100mg was dominated by DPP-4-i in most DSAs as in the base case.  Only increasing the DPP-


4-i HbA1c drift, or decreasing the canagliflozin HbA1c drift switched the result (MS p238).  For 


canagliflozin 300mg versus DPP-4-i in combination with insulin, as with all the other DSAs, 


HbA1c drift was a major factor, and was the only factor that changed the result from cost-


effective to not cost-effective (MS p238 & MS figure 71 p244).   


 


The ERG agrees with the manufacturer’s conclusions from the DSA analyses given the results 


presented.  However the ERG does not consider that the uncertainty in the decision problem 


has been fully explored, or that the results have been presented in the most informative way to 


reflect all results.  It is unclear why second order uncertainty was not switched off in DSA as this 


means that results are confounded to some extent by stochasticity in other parameters.   


 
Scenario Analysis 


 
MS Table 44 (MS p211) gives details of 21 scenario analyses which were carried out in varying 


detail on the various treatment comparisons.  Not all analyses were carried out on every 


comparison; MS Table 42 and Table 43 (MS p210) together identify the number of scenario 


analyses associated with each comparison.  Modelling the canagliflozin dose increase from 


100mg to 300mg was specifically explored as a scenario rather than being incorporated into the 


base case modelling due to the late finalisation of the posology in the SmPC (Appendix 1, 


Section 10.1) (MS p272).   


 


The MS indicates the model was run with 500 patient cohorts and 1000 patients in each cohort 


in scenario analysis (Table 53).  Second order uncertainty was not switched off in scenario 


analysis (i.e. by specifying only one patient cohort) which means that results are to some extent 


confounded with parameter stochasticity.   


 


The 21 scenario analyses and assumed alternative values are given in MS Table 44 (MS p211).  


Some justification is given in the MS main report for the dose modification scenario and the 


weight loss and rebound scenarios.  Justification for the other scenarios is provided in Appendix 


Section 10.12.  Appendix Section 10.12 reports that scenario 16 uses head to head RCT data 


for the dual therapy comparisons against SU and DPP-4-i, and triple therapy (MET+SU) 
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comparison against DPP-4-i (300mg canagliflozin only, as the DIA3015 only studies the 300mg 


dose).  It is not clear why the data used in scenario 16 were restricted to direct trials against 


active comparators, as the model uses change versus placebo for key biomarkers.  Results of 


the scenarios are given in MS Tables 78-100 (MS p256-271). 


 


The manufacturer concludes that the canagliflozin dose increase from 100mg to 300mg 


improves the cost-effectiveness in each line of therapy and against each comparator, with the 


exception of dual therapy versus SU, where the ICER changes to being slightly less cost-


effective (from £1,537 to £1,721) (MS p272 and MS Table 78 p256).  The ERG notes that cost-


effectiveness was not improved in the dose modification scenario for canagliflozin 100mg 


versus TZD in dual therapy, where canagliflozin remains dominated by TZD (as in the base 


case). 


 


In combination with insulin, where the base case ICERs versus DPP-4-i or GLP-1-a were not 


cost-effective, the manufacturer concludes that the dose modification step improves the ICER 


so that canagliflozin 100mg is estimated to be cost-effective versus DPP-4-i or GLP-1-a in 


combination with insulin (MS Table 96 and MS Table 100) (MS p272).  The ERG notes that MS 


Table 96 indicates that canagliflozin in add on to insulin is cheaper and less effective than DPP-


4-i in the base case, but in the dose modification scenario is associated with an ICER of £503 


per QALY.  MS Table 100 indicates that canagliflozin in add on to insulin is cheaper and less 


effective than GLP-1-a in the base case and remains so in the treatment modification scenario, 


albeit at relatively higher incremental cost and with relatively more incremental QALYs. 


 


The MS states that the conclusion of the dose modification scenario analysis (scenario 4 in MS 


Table 44 p211) is that the dose intensification schedule from 100mg to 300mg is cost-effective 


(MS p272).  As noted above, the ERG does not consider that this conclusion applies to all 


treatment comparisons. 


 


The MS highlights the importance of HbA1c drift on cost-effectiveness indicated by the scenario 


analyses (MS scenario 8).  The use of a higher HbA1c metabolic drift in scenario analysis results 


in an ICER of £30,358 for canagliflozin 100mg versus SU in dual therapy (MS Table 78 p256); 


of £69,464 for canagliflozin 300mg versus SU in dual therapy (MS Table 80 p258); and of 


£698,330 for canagliflozin 100mg versus TZD in dual therapy.   
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The ERG observes that whilst the scenario for no weight/BMI rebound following treatment 


discontinuation (MS scenarios 12 and 13) generally renders canagliflozin more cost-effective 


versus comparators (lower ICER than base case - for example MS Tables 78, 79, 80 and 81), 


this does not happen in the scenarios for canagliflozin 100mg and canagliflozin 300mg versus 


dapagliflozin in dual therapy (MS Tables 84 and 85 p261).  In these scenarios the ICER is 


£24,697 compared to £8,674 in the base case for canagliflozin 100mg (MS Table 84), and 


£33,368 compared to £27,419.  These results bear out the clinical finding that dapagliflozin is 


better at controlling BMI than both canagliflozin 100mg and canagliflozin 300mg (MS Table 185, 


Appendix p299). 


 


Results of the scenario analysis for canagliflozin 300mg versus dapagliflozin in dual therapy 


show that canagliflozin 300mg is not cost-effective at a WTP threshold of £30,000/QALY in the 


scenarios for HbA1c switch threshold; patient baseline characteristics; BMI rebound (as noted 


above); and disutility from weight gain (MS Table 85 p261). 


 


The MS does not discuss the results of most of the scenario analyses specifically but concludes 


that the incremental gain offered by canagliflozin 100mg and 300mg is consistent across a 


broad set of conditions as the ICERs in the vast majority of cases remain cost-effective (MS 


p272).  The ERG agrees with this assessment in general, with the exceptions noted above.  


Dapagliflozin is more cost-effective than canagliflozin 300mg in several scenarios.  Parameter 


uncertainty was not switched off in scenario analysis. 


 
Probabilistic sensitivity analysis 
 


As stated earlier, a model PSA using 1000 cohorts of 1000 patients with a lifetime horizon of 40 


years takes over 15 hours to run on a high specification desktop computer (Intel i7 16GM RAM).  


The MS states that PSA is a default feature of the ECHO-T2DM model and was run on all 


simulations conducted (MS p216).  All base case simulations thus incorporate PSA and their 


results are given in Table 48, Table 49 and Table 50.  Cost-effectiveness planes and 


acceptability curves are presented in MS Figures 72 to 87 (MS p245-254), for selected base 


case comparisons.  Table 65 summarises the PSA results for the comparisons which are 


reported in the MS. 
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Table 65.  Summary of PSA results presented in MS 


Intervention Comparator Probability cost-effective 


at £20,000/QALY 


Probability cost-effective 


at £30,000/QALY 


Dual therapy with MET 


Canagliflozin 100 mg SU 92.9 93.6 


DPP-4-i 54.5 54.9 


Canagliflozin 300 mg SU 89.5 92.1 


DPP-4-i 51.6 54.9 


Triple therapy with MET and SU 


Canagliflozin 100 mg DPP-4-i 55.7 55.6 


Canagliflozin 300 mg DPP-4-i 55.1 58.2 


Add-on to insulin plus standard of care 


Canagliflozin 100 mg DPP-4-i 44.7 45.2 


Canagliflozin 300 mg DPP-4-i 60.7 63.7 


 


MS Table 46 (reproduced as Table 66 below) shows the stochastic variables and associated 


distributions.  The ERG notes that some of these variables concern patient-level (first order) 


uncertainty rather than parameter (second order) uncertainty, and that some of these variables 


are not stochastic (e.g. number of cohorts).  Some variables are noted to account for both first 


and second order uncertainty.  Table 66 indicates that all appropriate variable groupings have 


been included in PSA but individual variables are not specified in the table. 


 


The MS does not report the parameters of the distributions for variables included in PSA.  Mean 


values for the stochastic variables are only supplied in the input data spreadsheet, not in the 


MS.  The standard error for the HbA1c % treatment effects only reflects the NMA estimate 


variation, and not the variation in annual drift, as noted in Section 4.2.4.   


 


Standard errors (SE) for many parameters with normal distributions are not given in the input 


data spreadsheet.  Table 66 indicates that SE are optional in some cases.  It is not clear what 


the default standard error is in these cases as it is not specified in the input data or described in 


the Technical Report.{17}  Table 66 notes that the distribution for probabilities is Bernoulli/Beta, 


to account for 1st/2nd order uncertainty, but no beta distribution parameters are identified in the 


input data spreadsheet or the MS.  The beta distributions are found in the model R code in 


various locations.  The R code does not make clear how the distributions were parameterised.  
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The submission does not identify the locations where the various PSA distributions are specified 


in the R code and due to time constraints the ERG did not check their coding. 


 


Correlation is addressed for initial age and biomarker values.  For the UKPDS 68 mortality and 


macro-vascular risk equations second order (parameter) uncertainty is captured using a set of 


1,000 boot-strap replications of the regression coefficients (Technical Report p67).  Correlation 


for the UKPDS 82 equations has not yet been applied as these have not yet been made 


available by the study authors (manufacturer’s clarification letter to NICE and ERG). 


 


In summary, although all relevant variables appear to have been included in PSA, the 


distributional assumptions for these variables are not well described in the MS and are not 


transparent from the input data spreadsheet or R code.  Consequently it is not clear to what 


extent uncertainty in the decision problem has been explored.  The standard errors used for the 


HbA1c % treatment effect parameters are too small.  Cost-effectiveness acceptability data are 


not presented for all base-case comparisons. 


 


PSA using 1000 iterations is included in the model base-case results (Section 4.1).  The ERG 


reports base-case results with no second-order uncertainty, and cost-effectiveness acceptability 


data for key comparisons not reported in the MS, in Section 4.3. 


4.2.10 Comment on validity of results with reference to methodology used 


 
The ERG considers that the economic model captures all important aspects of the disease 


pathway and extrapolates intermediate outcomes to final outcomes in a robust and consistent 


manner, drawing upon standard sources from the literature.  The model has been very well 


validated against external data. 


 


The model is run with 1000 patients in the base case.  It is unclear if this is sufficient to robustly 


estimate the ICERs for all treatment comparisons.  The base case ICERs incorporate parameter 


uncertainty. Base case results are presented as pairwise treatment comparisons.  Fully 


incremental analyses are not supplied.  


 


Parameter distributions used in PSA are not well documented and the parameter ranges used 


for some variables in one-way sensitivity analysis do not reflect much uncertainty.  PSA results 


are not presented for all base case treatment comparisons. 
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Table 66:  Parameter distributions for PSA in ECHO-T2DM (reproduced from MS Table 46 p217) 


Parameters Quantity Distribution 


First Column Second Column 


Parameter 
Type 


Range of 
Permissible 


Values 
Comment 


Parameter 
Type 


Range of 
Permissible 


Values 
Comment 


Baseline biomarker values, age at baseline, 
HbA1c at diagnosis 


Mean, SD 
(Multivariate) 


Normal 
Mean [0, ∞) 


Accounts for 1st 
order uncertainty 


SD [0, ∞)  


Correlation coefficients for initial age and bio-
marker values 


Correlation 
coefficients 


Part of above 
multivariate normal 


ρ (-1, 1) 
Accounts for 1st 
order uncertainty 


N/A N/A  


Treatment effects, annual bio-marker drift, 
treatment target thresholds 


Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE (-∞, ∞)  


Patient-level (1st order uncertainty) variation in 
treatment effects and intensification targets 


SD  SD (-∞, ∞) 
Accounts for 1st 
order uncertainty 


N/A   


# of cohorts, # of patients per cohort, modelled 
time horizon 


Constant Integers 
(Positive) 


N/A Integer [1, ∞) N/A N/A N/A 
 


Maximum treatment duration, duration of 
discontinuation rebound, time until treatment 
effects completely depreciated 


Mean N/A Mean [0, ∞) N/A N/A N/A 
 


Baseline T2DM duration, logical bounds on initial 
bio-marker values 


Minimum, Maximum  Uniform Minimum [0, maximum] 
Accounts for 1st 
order uncertainty 


Maximum [Minimum, ∞) 
Sometimes 


optional 


Proportions with co-morbidities, ethnicity, gender, 
proportion non-responders 


Proportion 
Bernoulli or 
categorical 


Proportion [0, 1] 
Accounts for 1st 
order uncertainty 


N/A N/A 
 


Probabilities (e.g., AE’s, non-compliance, dose-
reduction, discontinuation, smoking cessation, 
contraindications)  


Probability, SE Bernoulli/Beta Probability [0, 1] 
1st order/2nd 


order uncertainty 
Optional SE [0, ∞) 


SE restricted 
by distribution 
assumption 


Hypoglycaemic event rates Mean, SE 
Poisson/ 


Lognormal 
Mean [0, ∞) 


1st order/2nd 
order uncertainty 


Optional SE [0, ∞) 
 


Hazard Ratio (HR) for AE’s, rates associated 
with declining eGFR 


Mean, SE Lognormal Mean [0, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Relative Risks (RR) for AE’s and complications Mean, SE Lognormal Mean [0, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Multipliers for eGFR drift, eGFR-related 
treatment effect multipliers  


Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Unit costs Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


QALY disutility weights Mean, SE Normal Mean (-∞, ∞) 
2nd order 


uncertainty 
Optional SE [0, ∞) 


 


Bio-marker logical limits Minimum, Maximum N/A 
Optional 
Minimum 


( -∞, 
maximum] 


N/A 
Optional 


Maximum 
[Minimum, ∞) 


Must be larger 
than minimum 
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4.3 Additional work undertaken by the ERG 


 


The ERG undertook additional work to:  


a) Examine the variation in final ICER arising through re-running some of the base case 


analyses  


b) Examine the variation in final ICER arising with no parameter uncertainty and 100,000 


patients 


c) Produce incremental analyses for dual therapy 


d) Identify the probability that canagliflozin is cost effective in comparison with dapagliflozin 


e) Examine the effect of modifications to the clinical efficacy of glimepiride and exenatide 


 


a) Reproduction of base case analyses 


 


The ERG re-ran three of the dual therapy base-case analyses for both canagliflozin 100 mg and 


canagliflozin 300 mg in order to examine the uncertainty in incremental costs, QALYs and final 


ICER which can arise from patient and parameter stochasticity.  Results are given in Table 67 


and Table 68. 


 


Table 67 shows that incremental costs for canagliflozin 100mg versus SU vary from £288 in the 


manufacturer’s base case to £303 in the ERG analysis, a difference of £15.  Differences of £20 


and £44 in incremental costs were found for the dapagliflozin and DPP-4-i comparisons 


respectively.  Differences in incremental QALYs were also small.  However because the ICER is 


a ratio, it tends to infinity as its denominator (i.e. incremental QALYs) tends to zero.  The 


resulting differences in ICER between the two sets of base cases thus appear larger than these 


small incremental differences suggest, particularly in the case of canagliflozin 100 mg and DPP-


4-i, where the ICER increases from £97 in the MS base case to £3,926 in the ERG base case 


(Table 67). 


 


The ICERs from the ERG re-running of the canagliflozin 300mg base cases show slight 


increase for the comparisons with dapagliflozin and DPP-4-i (Table 68), but are broadly 


comparable to the MS base cases.  Changes in incremental costs and QALYs are also small. 
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Table 67:  Base case incremental cost-effectiveness results for canagliflozin 100mg in 
dual therapy, ERG analysis compared to MS analysis (1000 patients and 1000 cohorts) 


 
MS results ERG analysis 


Comparator 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER 


TZD £23,236 9.119         Not run by ERG     


Cana 100mg £26,069 8.96 £2,833 -0.159 Dominated           


SU £25,894 8.751       £25,742 8.754       


Cana 100mg £26,182 8.938 £288 0.188 £1,537 £26,046 8.947 £303 0.194 £1,566 


Dapagliflozin £26,086 8.923       £26,207 8.959       


Cana 100mg £26,149 8.93 £63 0.007 £8,674 £26,250 8.965 £43 0.007 £6,685 


DPP-4-i £26,100 8.928       £26,163 8.950       


Cana 100mg £26,102 8.941 1 0.013 £97 £26,208 8.961 £45 0.012 £3,926 


GLP-1-a £28,390 8.97         Not run by ERG     


Cana 100mg £25,966 8.921 -£2,424 -0.048 £50,005  #           


# ICER is for GLP-1-a to replace canaglilozin 100 mg 


 


Table 68:  Base case incremental cost-effectiveness results for canagliflozin 300mg in 
dual therapy, ERG analysis compared to MS analysis (1000 patients and 1000 cohorts) 


 
MS results ERG analysis 


Comparator 
Total 
costs 


Total 
QALYs 


Incrementa
l costs 


Incrementa
l QALYs 


ICER 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER 


TZD £23,204 9.092         Not run by ERG     


Cana 300mg £26,556 8.951 £3,353 -0.141 Dominated             


SU £25,753 8.761       £25,614 8.744       


Cana 300mg £26,729 8.961 £976 0.199 £4,899 £26,572 8.941 £957 0.197 £4,857 


DPP-4-i £25,926 8.902       £25,986 8.931       


Cana 300mg £26,501 8.933 £576 0.031 £18,349 £26,507 8.956 £521 0.0250 
£20,83


6 


Dapagliflozin £26,044 8.91       £26,088 8.957       


Cana 300mg £26,668 8.932 £625 0.023 £27,419 £26,683 8.978 £595 0.0205 
£28,97


5 


GLP-1-a £28,515 8.972         Not run by ERG     


Cana 300mg £26,624 8.947 -£1,892 -0.025 £76,214  #           


# ICER is for GLP-1-a to replace canagliflozin 300 mg 


 


b) Base case analyses with no parameter uncertainty and more patients 


 


The MS reports base cases for model simulations with 1000 patients and 1000 cohorts.  Given 


the small incremental benefits arising from the various treatments, and the potential complexity 
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of the diabetes disease pathway, the ERG considers that the model should ideally be run with 


more than 1000 patients.  This will provide a more robust estimate of the final ICER.  The ERG 


ran the model with 100,000 patients and at the same time explored the effect of using no 


parameter uncertainty on model results. (This also avoided a very long simulation time.)  


Results are given for canagliflozin 100 mg in dual therapy in Table 69 and canagliflozin 300 mg 


in dual therapy in Table 70. 


 


Results from Table 69 can be compared with results from the original MS base case in Table 


67.  Canagliflozin 100 mg remains dominated by TZD whilst the ICER compared to SU is very 


similar to the original base case (£1,579 compared to £1,537).  The ICER compared to 


dapagliflozin increases to £100,719 but this is driven largely by a very small incremental 


difference in total QALYs, as the incremental costs are only £130 higher.  The ICER compared 


to DPP-4-i has increased to £12,938 compared with £97 in the original base case, again driven 


by small incremental changes. 


 


Table 69:  Base case incremental cost-effectiveness results for canagliflozin 100mg in 
dual therapy, 100,000 patients and no parameter uncertainty (1 cohort) 


Comparator 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER 


TZD £23,336 9.153       


Cana 100mg £26,264 8.987 £2,929 -0.166 Dominated 


SU £25,941 8.793       


Cana 100mg £26,216 8.967 £274 0.174 £1,579 


Dapagliflozin £26,100 8.956       


Cana 100mg £26,294 8.958 £193 0.002 £100,719 


DPP-4-i £25,988 8.974       


Cana 100mg £26,199 8.990 £211 0.016 £12,938 


GLP-1-a £28,576 9.016       


Cana 100mg £26,195 8.981 -£2,381 -0.035 £67,414 # 


# ICER is for GLP-1-a to replace Cana 100 mg 


 


Results in Table 70 compared to the original base case (Table 68) show a slightly worse ICER 


for canagliflozin 300 mg compared to SU, but more cost-effective ICERs against DPP-4-i and 


dapagliflozin.  Again the incremental costs and QALYs associated with these comparisons are 


very small. 
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Table 70: Base case incremental cost-effectiveness results for canagliflozin 300mg in 
dual therapy, 100,000 patients and no parameter uncertainty (1 cohort) 


Comparator 
Total 
costs 


Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER 


TZD £23,371 9.145       


Cana 300mg £26,616 9.003 £3,245 -0.14 Dominated 


SU £25,773 8.797       


Cana 300mg £26,894 9.006 £1,121 0.21 £5,368 


DPP-4-i £26,225 8.972       


Cana 300mg £26,637 9.016 £412 0.04 £9,246 


Dapagliflozin £26,121 8.965       


Cana 300mg £26,872 9.008 £751 0.04 £17,161 


GLP-1-a £28,702 9.008       


Cana 300mg £26,836 8.987 -£1,867 -0.0216 £86,412 # 


# ICER is for GLP-1-a to replace canagliflozin 300 mg 


 


c) Fully incremental analysis for dual therapy 


 


The MS provides many pairwise analyses of canagliflozin versus the key comparators in the 


various lines of therapy (Table 48,Table 49 and Table 50).  The MS states that this is because 


of stochasticity in the model and that it is therefore inappropriate to mix and match simulation 


results from different runs (MS p233).  The ERG notes in addition that many of the clinical input 


parameters (e.g. for first year change in total cholesterol) come from trials which directly 


compare intervention and comparator, and that the values used for these parameters can 


therefore vary, depending on the treatment comparison being made. Thus mixing and matching 


of results would in some cases also entail mixing and matching of individual arms of separate 


trials, without adjusting for trial populations.  However the MS argues that data from the NMA 


are used where available for methodological consistency (MS p161).  Given this consistency the 


ERG considers that it should to some extent be possible to compare simulation results from 


different model runs, particularly if each model run uses a large number of patients (to offset 


stochasticity in the patient population). 


 


A fully incremental analysis based upon the MS original base case for canagliflozin 100 mg in 


dual therapy is given in Table 71 and plotted in Figure 2 (NB. dual therapy was prioritised for 


analysis over triple therapy due to time constraints and data availability.)  An incremental 


analysis for canagliflozin 100mg in dual therapy using no parameter uncertainty and 100,000 
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patients is given in Table 72 and plotted in Figure 3.  TZD is excluded from these analyses; it 


dominates all treatments but because of concerns about adverse events its use is declining in 


UK clinical practice. 


 


Table 71:  Fully incremental analysis based upon MS original base case, canagliflozin 
100mg in dual therapy.  Excludes TZD. 


Comparator Total costs Total 
QALYs 


Incremental 
costs 


Incremental 
QALYs 


ICER compared 
to next cheapest 
option (excluding 


dominated) 


SU £25,894 8.751       


Dapagliflozin £26,086 8.923 £192 0.172 £1,116 


Cana 100mg* £26,094 8.938 £8 0.015 £507 


DPP-4-i £26,100 8.928 £6 -0.01 Dominated 


GLP-1-a £28,390 8.97 £2,296 0.032 £71,763  


* Data for canagliflozin 300 mg averaged across the four pairwise comparisons 


 


 


Figure 2:  Cost-effectiveness of canagliflozin 100mg and other treatments in dual therapy 
based upon MS original base case.  Excludes TZD.   
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Table 72:  Fully incremental analysis based upon ERG base case with 100,000 patients 
and no parameter uncertainty, canagliflozin 100mg in dual therapy.  Excludes TZD. 


 Comparator Total costs Total 
QALYs 


Incremental 
costs 


Increment
al QALYs 


ICER compared to 
next cheapest 


option (excluding 
dominated) 


SU £25,941 8.79       


DPP-4-i £25,988 8.974 £47 0.180 £261 


Dapagliflozin £26,100 8.956 £112 -0.018 Dominated 


Cana 100mg* £26,234 8.977 £245 0.003 £84,800 


GLP-1-a £28,576 9.016 £2,343 0.040 £59,214 


* Data for canagliflozin 100 mg averaged across the four pairwise comparisons 


 


 


Figure 3: Cost-effectiveness of canagliflozin 100mg and other treatments in dual therapy 
based upon ERG base case with 100,000 patients and no parameter uncertainty.  
Excludes TZD.   


 


It can be seen from Figure 2 and Figure 3 that dapagliflozin, canagliflozin 100mg and DPP-4-i 


are associated with a similar total cost and similar overall total QALYs.  In the MS base case 


canagliflozin 100 mg has an ICER of £507 in comparison with the next best option 


(dapagliflozin) whilst in the ERG analysis ( 
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Table 72) canagliflozin 100 mg has an ICER of £84,800 in comparison with the next best option 


(DPP-4-i).  The uncertainty in final ICER is driven by the very small incremental benefits and 


costs associated with these three treatments over the time horizon (Table 71 and Table 72). 


 


An incremental analysis based upon the MS original base case for canagliflozin 300 mg in dual 


therapy is given in Table 73 and plotted in Figure 4.  An incremental analysis for canagliflozin 


300mg in dual therapy using no parameter uncertainty and 100,000 patients is given in  


 


Table 74 and plotted in Figure 5.  In these analyses canagliflozin 300mg is associated with 


somewhat higher total QALYs than DPP-4-i or dapagliflozin, at higher cost.  The ICER for 


canagliflozin 300 mg compared to the next best option (dapagliflozin) is £17,639 per QALY 


using data from the MS original base case (Table 73), and £17,903 per QALY compared to the 


next best option (DPP-4-i) using data from the ERG analysis with more patients and no 


parameter uncertainty (Table 74). 


 


Table 73:  Fully incremental analysis based upon MS original base case, canagliflozin 
300mg in dual therapy.  Excludes TZD. 
Comparator Total 


costs 
Total 


QALYs 
Incremental 


costs 
Incremental 


QALYs 
ICER compared to next 


cheapest option 
(excluding dominated) 


SU £25,753 8.761        


DPP-4-i £25,926 8.902  £173 0.141  £1,227 


Dapagliflozin £26,044 8.910  £118 0.008  £14,750 


Cana 300mg* £26,631 8.943  £587 0.033  £17,639 


GLP-1-a £28,515 8.972  £1,885 0.029  £65,548 


* Data for Cana 300 mg averaged across the four pairwise comparisons 
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Figure 4:  Cost-effectiveness of canagliflozin 300mg and other treatments in dual therapy 
based upon MS original base case.  Excludes TZD.   


 
 
Table 74:  Fully incremental analysis based upon ERG base case with 100,000 patients 
and no parameter uncertainty, canagliflozin 300mg in dual therapy.  Excludes TZD. 
Comparator Total 


costs 
Total 


QALYs 
Incremental 


costs 
Incremental 


QALYs 
ICER compared to next 


cheapest option 
(excluding dominated) 


SU £25,773 8.797        


Dapagliflozin £26,121 8.965  £348 0.168  £2,078 


DPP-4-i £26,225 8.972  £104 0.007  £15,024 


Cana 300mg* £26,809 9.004  £585 0.033  £17,903 


GLP-1-a £28,702 9.008  £1,893 0.004  £492,690 


* Data for Cana 300 mg averaged across the four pairwise comparisons 
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Figure 5:  Cost-effectiveness of canagliflozin 300mg and other treatments in dual therapy 
based upon ERG base case with 100,000 patients and no parameter uncertainty.  
Excludes TZD.   
 


 


d)  Probability that canagliflozin is cost effective in comparison with dapagliflozin 


 


The MS does not report the probability that canagliflozin is cost-effective compared to the other 


drug in the SGLT-2 class, dapagliflozin.  These probabilities are given in Table 75 for WTP 


thresholds of £20,000 and £30,000 per QALY, for dual therapy with metformin.  The 


probabilities are taken from ERG model simulations with base case assumptions. 


 


Table 75 indicates that canagliflozin 100 mg has a probability of being cost-effective of 52.5% 


compared to dapagliflozin in dual therapy with metformin, at both £20,000 and £30,000 WTP.  


Canagliflozin 300 mg has a probability of being cost-effective of 46.7% compared to 


dapagliflozin in dual therapy with metformin at £20,000 WTP; this probability increases to 50% 


at £30,000 WTP. 
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Table 75:  Summary of ERG PSA results for canagliflozin in comparison with 
dapagliflozin in dual therapy with metformin (1000 patients and 1000 cohorts) 
Intervention Comparator Probability cost-


effective at 


£20,000/QALY 


Probability cost-


effective at 


£30,000/QALY 


Dual therapy with MET 


Cana 100 mg Dapagliflozin 52.5 52.5 


Cana 300 mg Dapagliflozin 46.7 50.0 


 


 


e) Modifications to the clinical efficacy of gliclazide and exenatide 


 


The manufacturer’s clarification letter to NICE and the ERG notes that gliclazide is associated 


with a lower rate of hypoglycaemia than glimepiride, another drug in the SU class which was 


used to inform the clinical efficacy of this class of treatments in the economic model.  The 


manufacturer examined variation of +/- 20% to this hypoglycaemia rate in sensitivity analysis 


and found that it did not have great influence on model results.  The ERG notes that gliclazide is 


associated with approximately half of the hypoglycaemia episodes of glimepiride37 and so 


examined variation of -50% in the hypoglycaemia event rate of glimepiride.  The ICER 


increased to £2,516 compared to £1,537 in the base case (Table 48).  The ERG agrees with the 


manufacturer that this parameter is not unduly influential. 


 


The manufacturer uses efficacy data for exenatide BID in cases where efficacy data for 


liraglutide were not available.  However liraglutide is more effective than exenatide BID, 


although at higher cost (Section 4.2.3).  The ERG found that using liraglutide cost and efficacy 


data reduced the ICER for the GLP-1-a class of treatments compared to canagliflozin (in add on 


to insulin), but that canagliflozin still remained cheaper and less effective.  Again this efficacy 


parameter does not appear to be unduly influential.  This finding is in agreement with the results 


of the DSA reported in the MS. 


 


Summary of ERG analyses 


 


Re-running of the manufacturer’s base case analyses produces slightly different cost and QALY 


outcomes to those reported for the base cases in the MS, because of patient and parameter 


stochasticity.  Results also vary slightly when a bigger patient population is used, and parameter 
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uncertainty is turned off.  Overall the differences in total cost and QALYs between the various 


model runs are small (typically hundreds of pounds or less, and thousandths of a 


QALY).  However the small differences in incremental QALYs in some cases drive an 


apparently large variation in the ICER. 


 


Fully incremental analysis conducted by the ERG for dual therapy in combination with metformin 


found that, with no parameter uncertainty and 100,000 patients, canagliflozin 100 mg is 


associated with an ICER of £84,800 compared to the next best option, DPP-4-i.  The 


incremental differences for this comparison are £245 in total costs and 0.003 total QALYs over 


the lifetime horizon of the model.  Canagliflozin 300 mg is associated with an ICER of £17,903 


compared to the next best option, DPP-4-i, with incremental total costs of £585 and incremental 


total QALYs of 0.033 over the lifetime horizon of the model. 


 


Canagliflozin 300 mg has a lower probability of being cost-effective than dapagliflozin in dual 


therapy with metformin at a WTP threshold of £20,000 per QALY (46.7% probability).  It has a 


50% probability of being cost-effective compared to dapagliflozin at the £30,000 WTP 


threshold.  Canagliflozin 100 mg has a 52.5% probability of being cost-effective compared to 


dapagliflozin at both the £20,000 and £30,000 WTP thresholds. 


4.4 Summary of uncertainties and issues 


 


The ERG considered whether it is possible to provide estimates of clinical-effectiveness and 


cost-effectiveness for canagliflozin and sulfonylurea compared to other treatments, given that 


the manufacturer did not include this intervention in their decision problem.  Comparative trials 


of sulfonylurea in combination with other antidiabetic drugs (e.g. GLP-1-a) with active drug and 


placebo comparisons have been published.48 However, an NMA would be problematic as there 


appears to be only one available RCT of canagliflozin in combination with sulfonylurea (the 


DIA3008 SU sub-study), and this trial included patients with a higher risk of CVD. This would 


likely increase heterogeneity in the network (though the manufacturer nonetheless constructed 


an insulin background network based on the DIA3008 insulin sub-study noting this caveat). The 


primary outcome assessment time point in the DIA3008 SU sub-study was 18 weeks and 


therefore would not meet the manufacturer’s inclusion criteria for the NMA (trials reporting 


results at 26 weeks ± 4 weeks), though again the DIA3008 insulin sub-study, which also had a 


primary outcome assessment time point of 18 weeks, was included in the insulin background 


network (the MS states that post hoc analyses were performed at the 26 week time point to 
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support the NMA). Furthermore, incorporating a sulfonylurea background into the economic 


model would require not only the identification and input of efficacy data appropriate to this 


background, it would also be necessary to verify the suitability of each of the other model inputs 


to this background (>800 inputs in total). Whilst, as stated earlier, there may be some patients 


for whom sulfonylurea, rather than metformin, would be the most appropriate monotherapy and 


which canagliflozin could be added as a second line treatment, given the limitations noted 


above, it does not appear to be feasible to estimate clinical-effectiveness and cost-effectiveness 


for this therapy currently.  


 


Base case results are presented as pairwise treatment comparisons in the MS.  Fully 


incremental analyses were not supplied.  The ERG has carried out some incremental analyses 


but due to time and data constraints these are limited to dual therapy. 


 


Parameter distributions used in PSA are not well documented.  The extent to which PSA 


explores uncertainty in the decision problem is thus not clear.  The DSA identifies that the model 


is particularly sensitive to changes in the value of the HbA1c drift parameter.  However the 


standard deviations used for the drift parameters in PSA are not documented either in the MS or 


input data spreadsheet. 


5 End of life 


 
NICE end of life treatment criteria were not applicable and not included in the MS.  


6 Innovation 
 
The manufacturer suggests that canagliflozin is innovative due to its insulin-independent mode 


of action and limited inherent risk of hypoglycaemia. They also note that canagliflozin is 


efficacious in meeting the challenges of diabetes management, notably reducing blood 


pressure, weight and achieving glycaemic control. Furthermore, it is noted that canagliflozin 


300mg has demonstrated some degree of local inhibition of intestinal SGLT-1, and this is under 


further investigation.  
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7 DISCUSSION  
 


7.1 Summary of clinical effectiveness issues 


 
The manufacturer identified 11 clinical trials of canagliflozin, three of which the ERG considers 


to be relevant to the decision problem. Two of these evaluated canagliflozin dual therapy (one 


compared to the SU glimepiride, and the other to the DPP-4-i sitagliptin), and one evaluated 


canagliflozin as part of triple therapy with MET and SU, compared with the DPP-4-i sitagliptin. 


All three were non-inferiority trials and were judged to be of to be of generally good 


methodological quality. Canagliflozin was non-inferior to comparators and superior in terms of 


reducing HBa1c in the mITT and per protocol analysis. However, per-protocol analysis did not 


support the finding of superiority. Canagliflozin was generally statistically significantly better than 


comparators across other outcomes including blood pressure, weight and BMI, and lipids. The 


ERG clinical advisor commented that the improvements in HBa1c and weight exceed minimally 


clinically important differences.  


 


The rate of adverse events between canagliflozin and non-canagliflozin was similar but there 


was a 10% higher rate of patients experiencing adverse events related to the study drug for all 


canagliflozin. The percentage of patients with serious adverse events and the percentage of 


deaths was similar between canagliflozin and non-canagliflozin 


 


A number of outcomes were included in the NMA, though it is only HbA1c and BMI from the 


NMA that appear to be consistently used as input data in the economic model. The probability of 


canagliflozin ranking as best treatment varied across the networks and by outcome measure. 


For the outcome of HBa1c canagliflozin ranked highly across the separate networks created for 


different background therapies. It is worth noting that whilst the NMA appears to have been 


constructed according using standard methods in a number of cases treatments are linked 


together by only one trial. Where more than one trial linked treatments there was statistical 


heterogeneity present. Some networks were small, particularly those used for triple therapy.  


 


The MS only provides evidence for the efficacy of canagliflozin among patients treated on 


therapy backgrounds that included metformin. This does not reflect all the potential uses of 







  Confidential until published 


143 
 


canagliflozin outlined within its licenced indication, though at present metformin is the most 


widely used antidiabetic drug in T2DM.  


 


7.2 Summary of cost effectiveness issues 


 
The base case results reported in the MS generally show few incremental QALYs accruing to 


canagliflozin over a lifetime horizon of 40 years, at small incremental cost.  Canaglilozin 100mg 


generally appears cost-effective in these results, within the WTP thresholds of £20,000 and 


£30,000 per QALY.  Because of its relatively small incremental benefit even slight variation to 


parameter assumptions can lead to large changes in the ICER against its closest comparators 


(DPP-4-i and dapagliflozin in dual therapy).  Canagliflozin 300 mg is associated with higher 


ICERs than canagliflozin 100 mg and has a lower probability of being cost-effective than 


dapagliflozin in dual therapy at a WTP threshold of £20,000 per QALY. 


 


The MS does not report a fully incremental analysis and the place of canagliflozin in the cost-


effectiveness hierarchy is not clear in all lines of therapy. 


 


The extent to which PSA has been explored in the model not readily apparent as the parameter 


distributions which are used in PSA are not well documented. 
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standard sources from the literature.  The model has been very well validated against 


external data. 


 
Weaknesses and Areas of uncertainty 


 
The manufacturer’s decision problem does not fully meet the scope in terms of interventions 


and comparators included. Principally, the submission does not cover people with T2DM 


inadequately controlled on monotherapy with a sulfonylurea. It is stated that relatively few 


patients would receive sulfonylurea monotherapy (most would receive metformin), and those 


that did would not be suitable for canagliflozin due to renal impairment. Expert clinical advice 


to the ERG suggests that not all people taking a sulfonylurea monotherapy would do so 


because metformin was contraindicated on this basis. Omission of this intervention could 


exclude a significant minority of people with diabetes who may be treated in the NHS. (Note 


that the only trial identified by the manufacturer evaluating a canagliflozin on a sulfonylurea 


background would not meet the scope in the view of the ERG as there was no active 


comparator.) Furthermore, there is no direct evidence comparing canagliflozin with other 


anti-diabetic drugs as add-on to insulin presented in the submission.  


 


The NMA has been conducted to a reasonable standard, and is reported in adequate detail. 


However, caution is advised due to the low volume of direct evidence for some of the links in 


the networks. It should be noted that not all of the results of the NMA are used in the 


economic model (HbA1c and BMI are the two NMA outcomes that are used most consistently 


in the model). 


 
The manufacturer’s quality assessment of trials included in the NMA noted some 


uncertainties in methodological quality, presumably due to poor reporting in the primary 


publications. There is potential for the results of the NMA to be subject to bias (though trials 


which were not double-blinded were excluded as a sensitivity analysis).  


 
The economic model is complicated, consisting of around 20,000 lines of R code (in 29 


separate files) with an Excel front- and back-end which contain additional lines of visual 


basic for applications (VBA) code.  There are around 800 user-specifiable inputs.  It has not 


been possible in the time available to fully check all inputs or model wiring.   
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The model uses patient-level simulation.  This is common in models of T2DM due to the 


potentially complex nature of the disease pathway.  However base case results are reported 


from simulations which use only 1000 patients per cohort and which may not therefore 


robustly capture the ICERs.  Base case results also incorporate parameter uncertainty.   


 


The manufacturer does not supply a fully incremental base case analysis and consequently 


the place of canagliflozin in the cost-effectiveness hierarchy is not clear.  


 


The base case results reported in the MS generally show few incremental QALYs accruing 


to canagliflozin over a lifetime horizon of 40 years, at small incremental cost.  Canagliflozin 


generally appears cost-effective in these results.  However because of its small incremental 


benefit even slight variation to parameter assumptions can lead to a large change in the 


ICER. 


 


Parameter distributions used in probabilistic sensitivity analysis (PSA) are not well 


documented.  The extent to which PSA explores uncertainty in the decision problem is not 


clear.   


 


Summary of additional work undertaken by the ERG     


 
The ERG conducted additional analyses to: 


 


 examine the variation in final ICER associated with re-running the base cases 


 examine the variation in final ICER arising with no parameter uncertainty and 100,000 


patients per cohort 


 perform fully incremental analyses for dual therapy 


 identify the probability that canagliflozin is cost effective in comparison with dapagliflozin 


 examine the effect of modifications to the assumed clinical efficacy of glimepiride and 


exenatide 


 


Fully incremental analysis conducted by the ERG for dual therapy in combination with 


metformin found that, with no parameter uncertainty and 100,000 patients per cohort, 


canagliflozin 100 mg is associated with an ICER of £84,800 compared to the next best 


option, DPP-4-i.  The incremental differences for this comparison are £245 in total costs and 


0.003 total QALYs over the lifetime horizon of the model.  Canagliflozin 300 mg is associated 


with an ICER of £17,903 
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licenced indication and NICE’s final scope – which states that the aim of this appraisal is to 


examine the effectiveness of canagliflozin within its licensed indication. The SmPC does not 


limit use of canagliflozin to only dual and triple therapy regimens including metformin; it 


states that canagliflozin can be used as an add-on therapy to other anti-hyperglycaemic 


agents, including insulin. Therefore the use of canagliflozin specified in the decision problem 


is narrower than defined in the licenced indication and may not reflect all the potential uses 


of canagliflozin in clinical practice. Furthermore, the ERG notes that the combination of 


canagliflozin, metformin and thiazolidinedione may be of limited relevance to clinical 


practice. Clinical expert advice to the ERG is that the use of thiazolidinediones is declining 


due to concerns about weight gain, heart failure and osteoporosis. 


 


Comparators 


 


For the assessment of dual therapy with a combination of canagliflozin and metformin, the 


comparators stated in the manufacturer’s decision problem are all those specified in the final 


scope: sulfonylureas, thiazolidinediones (although the scope more specifically states 


‘pioglitazone’), DPP-4-inhibitors, GLP-1 receptor agonists and dapagliflozin, all in 


combination with metformin. These comparators are appropriate for the NHS and reflect the 


drug combinations recommended by NICE in CG 87,7 TA 203,10 TA 248,9 and TA 288.8  


 


For the assessment of triple therapy with a combination of canagliflozin, metformin and a 


sulfonylurea, the comparators stated in the manufacturer’s decision problem are: DPP-4-


inhibitors and GLP-1 analogues, both in combination with metformin and a sulfonylurea. The 


decision problem erroneously states that insulin is not a comparator for this triple therapy 


regimen, however insulin is included as a comparator in the manufacturer’s clinical and cost-


effectiveness analysis. These comparators are appropriate for the NHS and reflect the drug 


combinations recommended by NICE in CG 87,7 TA 248,9 and TA 203.10 The comparator 


specified in the scope that have not been considered by the manufacturer is 


thiazolidinediones (although, again, the scope more specifically states ‘pioglitazone’) 


combined with metformin and a sulfonylurea. The manufacturer states that this has not been 


included as “insufficient clinical data were found to populate the NMA [network meta-


analysis]” (MS p. 41). For the assessment of the triple therapy combination of canagliflozin, 


metformin and thiazolidinediones, the comparator is DPP-4-inhibitors combined with 


metformin and thiazolidinediones. Clinical expert advice to the ERG is that this combination 


is not generally used in clinical practice, and, as noted above, the use of thiazolidinediones 


is declining. The ERG therefore suggests that this comparator is of less relevance to clinical 


practice. 
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slightly higher in DIA3006 than in DIA3009 (MS p. 67), and the ERG agrees with this. The 


ERG notes that, as might be expected, proportionally more patients in the triple therapy 


study (DIA3015) than in the dual therapy studies had an HbA1c of > 9% and had experienced 


diabetes-related complications. These patients also had a longer duration of disease. 


 


The MS states that there is currently only one ongoing study of canagliflozin for T2DM: the 


CANVAS trial (DIA3008) of patients with a diagnosis of T2DM who have an elevated 


cardiovascular risk. This a safety study carried out in 4,330 patients which will report in 2017. 


The ERG notes that this trial is not relevant to the decision problem or scope, as it compares 


canagliflozin plus standard of care and placebo plus standard of care.  


 


The MS appears to have identified all relevant head-to-head trials of canagliflozin. Other 


than this, the ERG identified one further ongoing RCT which is possibly relevant from 


searches of the UK Clinical Research Network (UKCRN) database (UKCRN study ID 7616). 


The study is a four-arm Phase 3 RCT comparing the efficacy, safety and tolerability of 


canagliflozin with placebo and sitagliptin in the treatment of patients with T2DM that is 


inadequately controlled on metformin and sulfonylurea. The ERG were unable to identify any 


further information about this study from internet searches and were unable to establish 


contact with the lead investigator, but note that it is funded by the manufacturer (Johnson & 


Johnson Pharmaceutical Research and Development).  


 
Finally, although the ERG deemed the three placebo-controlled trials DIA3002, DIA3012, 


and DIA3008 (insulin sub-study) as not directly relevant to this report, it is noted that these 


trials are included in the NMA with the placebo arms used to connect treatments together 


indirectly. Furthermore, the economic model requires treatment effectiveness versus placebo 


to be specified. Whilst the ERG has not focused on these three trials in this report for the 


reasons stated above, given their inclusion in the NMA and the use of placebo comparison in 


the economic model, there is a brief discussion of their methodological quality in section 


3.1.4. 


 


3.1.4  Description and critique of the approach to validity assessment 


 


The MS quality assessed all the included trials, and they used the NICE criteria (MS section 


6.4). The canagliflozin clinical trials appear to be of good methodological quality and the 


ERG generally agrees with the manufacturer’s assessment of study quality (Table 3). 
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comparison in the economic model. Whilst the ERG has not undertaken an independent 


quality assessment of these three trials it is noted that they are similar in design to the active 


comparator trials, having been conducted as part of the canagliflozin clinical trial 


programme. It would therefore be reasonable to assume they are of similar good quality to 


the other trials in the programme.  


 


3.1.5   Description and critique of manufacturer’s outcome selection 


 


The outcomes addressed in the manufacturer’s decision problem include all of those 


specified in the scope, and are generally reported in the manufacturer’s systematic review of 


the literature (though see below).  


 


Generally the outcomes measured in the trials are reported in the MS, however see the 


specific exceptions noted in Table 3 (Manufacturer and ERG assessment of trial quality). 


Body Mass Index (BMI) is not reported in the MS but is included in the NMA. 


 


MS Appendix 10.4.1 (Table 7) reports that a variety of exploratory HRQoL measures and 


Patient Reported Outcomes (PRO) were assessed using questionnaires, in the trials. These 


included established generic instruments such as the EQ-5D and SF-36, and disease-


specific instruments: Current Health Satisfaction Questionnaire (CHES-Q); Impact of Weight 


on Quality of Life Lite (IWQOL-Lite); Multi-dimensional Diabetes Questionnaire (MDQ); 


Diabetes Utility Index (DUI);  Diabetes Intention, Attitude, and Behavior Questionnaire 


(DIAB-Q). 


 


The HRQoL and PRO outcomes are not reported in the main submission document (or in 


the trial journal publications), however MS Appendix 14 reports various sets of analyses of 


these instruments, some of which are pooled across trials, and some which are reported by 


trial (e.g. mainly trial DIA3009). Regression analyses are also reported to identify predictors 


of HRQoL. A description of the HRQoL and PRO instruments with supporting references is 


also provided. Some of the instruments are reported to have been validated, with some 


having been developed by the manufacturer.  
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direct comparisons are provided in the accompanying SLR report,3 but do not appear to be 


in the main MS.  


 


Outcomes of relevance to the economic model (i.e. change in HbA1c, weight, BMI and SBP, 


and incidence of hypoglycaemia) are reported in the main submission (see MS p. 111) and 


further outcomes such as FPG are reported in the accompanying SLR report3. However, as 


noted later in this report (section 4.2.4) the economic model appears to use data from the 


NMA for HbA1c and BMI, but for other outcomes input data is taken from the NMA or from 


specific clinical trials. Consequently, of all the outcomes included in the NMA the results for 


HbA1c and BMI have most influence on the cost-effectiveness results in the submission.  


 


Table 4 reports the ERG’s critical appraisal of the manufacturer’s NMA. In general the NMA 


is judged to be of reasonable quality according to the criteria, with a few caveats as noted in 


the table. The key caveats are: 


 


 For the triple therapy networks, studies which did not measure outcomes at 26 +/- 10 


weeks were excluded from the NMA after full text screening. This raises the possibility 


that some of those excluded could have been used to construct 52 week networks for 


triple therapy. This would have meant less reliance on 26 week effectiveness data in the 


economic model, and therefore the assumption of maintenance of treatment effects 


between 26 and 52 weeks (see point 4 in Table 4). 


 From a brief examination of the manufacturer’s tabulated critical appraisal judgments it 


appears that the methodological quality is reasonable, however, for a number of studies 


quality was judged to be unclear (see point 7 in Table 4). 


 Some of the networks include few studies, particularly for triple therapy.  The volume of 


direct evidence for some of the loops in the networks was low (approximately 2 trials for 


each loop, typically), with several treatments connected directly by only one trial (see 


point 8 in Table 4). 


 Statistically significant heterogeneity was noted in a number of the direct comparisons 


across the networks, and was suggested to be caused by differences in variables such 


as HbA1c and weight/BMI at baseline between studies (see point 9 in Table 4). 
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 It is not stated whether the inconsistency tests reported were adjusted to take account of 


multi-arm studies or multiple testing in networks with multiple loops. Very little information 


is given on the methods adopted for these tests, which do not appear to follow the 


methods outlined by the Decision Support Unit (DSU).  


 
Table 4: ERG appraisal of Network Meta Analysis (NMA) 
 


Appraisal criteria Criteria met  


A. CONCEPTUAL BASIS 


1. Is a justification given 
for conducting an MTC? 


No. An explicit rationale is not given. However, given the number of comparators 
included in the scope it would be expected that canagliflozin would not yet have 
been directly compared to all of them, hence the justification for indirect 
comparison. 


B. SYSTEMATIC PROCESSES 


2. Is a comprehensive 
and transparent search 
strategy reported? 


Yes. The manufacturer conducted one overall literature search (MS section 6.1, 
and MS Appendix 10.2) to inform their clinical SLR of canagliflozin trials (MS 
sections 6.2 to 6.5) and their NMA (MS section 6.7). The ERG considers the 
search to be generally comprehensive (see ERG report section 3.11). 


3. Are inclusion / 
exclusion criteria 
adequately reported? 


Yes. MS Table 9 specifies the inclusion criteria for the clinical systematic literature 
review, and additional criteria for the NMA are specified in MS section 6.7.2.1. 
The additional criteria were proposed to ensure comparable pooling across trials 
(e.g. in terms of background therapy, trial length, patient co-morbidities). The 
ERG considers that the additional criteria are generally appropriate. The criteria 
exclude treatments not recommended in the UK by NICE or the Scottish 
Medicines Consortium.  


4. Is the number of 
included /excluded 
studies from the MTC 
reported, with reasons for 
exclusions?  


Yes, Figure 1 of the accompanying SLR
3
 shows a PRISMA diagram, reporting the 


number of studies included (n=64 in the base case, plus a further in 21 in 
sensitivity analysis) and excluded (n=123) from the NMA and the reasons for 
exclusion. The manufacturer supplied a list of references excluded from the NMA 
at the request of the ERG. The ERG notes from the PRISMA flow chart that a 
total of 51 references were discarded from the NMA for not meeting the inclusion 
criteria. Specifically, studies with a time assessment not within the ranges of 26 
weeks (+/- 10 weeks) or 52 weeks (+/- 10 weeks - only for the metformin 
background) were excluded. It is possible that some of these discarded studies 
could have been used to construct 52 week networks for triple therapy (i.e. MET 
and SU, and MET and TZD) and insulin therapy background, though the ERG has 
not conducted a thorough check of the list of excluded references provided due to 
time constraints.  


5. Is a visual 
representation of the data 
networks provided? 


Yes. MS Figures 34 to 38 illustrate the evidence networks for the five separate 
networks. The accompanying SLR report


3
 provides separate network diagrams 


for each outcome included in each network.  


6. Are the data from 
included studies 
extracted and tabulated?  


Yes. Data were extracted by one reviewer. All data included in the meta-analysis 
were checked by a second analyst. Tables 48 to 104 in MS Appendix 10.7 
provide data on study and patient characteristics, and data inputs into the NMA. 
The ERG consider that the level of detail provided is generally adequate. 


7. Is the quality of the 
included studies 
assessed?   


Yes. The manufacturer used the NICE recommended critical appraisal criteria as 
also used for the canagliflozin trials in MS section 6.4. The results of the appraisal 
are in MS Appendix 10.7.8 (Tables 105 to Table 108). No commentary or overall 
summary of study methodological quality is provided. It should be noted that 
critical appraisal appears from the MS to have been conducted by one reviewer 
and only a 20% sample checked by a second (After completion of this report the 
manufacturer confirmed this was an error and that the critical appraisal of all trials 
was checked by a second reviewer).   
 
The ERG has not performed an independent critical appraisal of the studies 
included in the NMA due to the large number of studies.  
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evidence?  to cause inconsistency were excluded in sensitivity analysis (see MS appendix 


10.7.12 and 10.7.13) 
 
While DSU Technical Support Document 4


28
 does indeed indicate that 


comparisons of direct and indirect evidence (the latter derived using the method 
described by Bucher et al


29
) may be used for assessing consistency they raise 


concerns over their use in networks containing multi-arm trials (such as DIA3006 
and DIA3009) and the multiple testing required in networks with multiple loops. 
Neither the MS nor the accompanying SLR report


3
 state whether the 


inconsistency tests reported were adjusted to take account of multi-arm studies or 
multiple testing in networks with multiple loops. Both reports provide very little 
information on the methods adopted for these tests, which do not appear to follow 
the methods outlined in the DSU document.


28
 


 


 


3.2 Summary statement of manufacturer’s approach  


 


The quality of the manufacturer’s systematic review is reasonable with some exceptions (see 


below), based on the CRD criteria (see Table 5). The MS provides a high level of detail on 


the procedures followed and the evidence included, though much of this detail can only be 


found in the appendices and also in a separate SLR report.3 


 


There is a slight discrepancy in the description of the screening process for titles and 


abstracts between the MS and the separate SLR report3 The MS states that titles and 


abstracts were screened by a first reviewer and a second reviewer quality checked the 


assessment. However, the SLR report3 mentions that titles and abstracts ‘were reviewed by 


two independent reviewers’ (page 17), rather than them being checked (which would imply 


that the person checking would have seen the first reviewer’s screening decision). 


 


The MS does not explicitly state the process for screening full publications for inclusion in 


the systematic review. However, the SLR report3 reports that screening decisions were 


quality checked by a second reviewer, with discrepancies resolved through discussion 


between the two reviewers (page 17). 


 


The CRD recommend that as a minimum, one researcher should extract the data with a 


second researcher independently checking the data extraction forms for accuracy and detail. 


The MS reports that all data included in the meta- 
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had a probability of reducing weight of 16% compared to exenatide, but had a probability of 


at least 80% compared to the DPP-4-i sitagliptin, pioglitazone, and the SUs glimepiride and 


glibenclamide.   


 
Table 27: NMA results for dual therapy, MET background at 52 weeks (BMI) 
  Cana 100mg   Cana 300 mg   SUCRA 


  Median sd Crl Prob Median sd Crl Prob  


Exenatide 10µg BID 1.24 1.47 [-2.16 ; 3.95] 14% 1.10 1.47 [-2.30 ; 3.82] 16% 91% 


Cana 300mg QD 0.14 0.96 [-1.86 ; 2.14] 38%     72% 


Cana 100mg QD     -0.14 0.96 [-2.14 ; 1.86] 62% 67% 


Vildagliptin 100mg QD -0.19 2.00 [-4.63 ; 3.78] 57% -0.32 2.00 [-4.75 ; 3.61] 62% 60% 


Placebo -0.49 1.47 [-3.82 ; 2.36] 73% -0.63 1.47 [-3.94 ; 2.22] 77% 50% 


Sitagliptin 100mg QD -0.63 1.17 [-3.17 ; 1.75] 82% -0.77 1.17 [-3.28 ; 1.60] 85% 45% 


Pioglitazone 30mg QD -1.53 2.28 [-6.01 ; 3.03] 78% -1.66 2.28 [-6.13 ; 2.90] 80% 33% 


Glimepiride -1.72 1.17 [-4.08 ; 0.81] 95% -1.85 1.17 [-4.22 ; 0.69] 95% 23% 


Glibenclamide -2.54 1.53 [-5.87 ; 0.52] 96% -2.67 1.53 [-6.00 ; 0.40] 97% 9% 


 
 
Triple therapy 


 
In the triple therapy trial DIA3015, at 52 weeks, canagliflozin (300mg) combined with 


metformin and a sulfonylurea resulted in a statistically significant greater improvement in 


BMI than the DPP-4-i sitagliptin combined with metformin and a sulfonylurea (Table 28). 


Results for change in BMI from baseline were only reported in the NMAs (see Table 30 


below). 


 
Table 28: RCT results for triple therapy, MET and SU background at 52 weeks (weight 
[kg]) 
 Canagliflozin 300mg Active comparator 


DIA3015 (n = 377) 
DPP-4-i 


 (sitagliptin) (n = 378) 


Value at Week 52 LOCF 
- Mean (SD) 


85.27 (22.537) 89.65 (23.023) 


Change from baseline - 
LS Mean (SE) 


-2.5 (0.2) 0.3 (0.2) 


Diff. of LS Means (SE) 
(minus sitagliptin) 
P-Value 


-2.8 (0.3) 
<0.001 


(-3.3;-2.2) 
 


95% CI   


mITT analysis  


 
Table 29 reports the weight change results of the random effects NMA for the metformin and 


sulfonylurea background. The network comprised eight trials, with no direct comparisons. 
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Critical appraisal of manufacturer’s submitted economic evaluation 


The ERG has considered the methods applied in the economic evaluation in the context of 


the critical appraisal questions listed in Table 51 below, drawn from common checklists for 


economic evaluation methods (e.g. Drummond and colleagues30). The critical appraisal 


checklist indicates that overall the manufacturer follows recommended methodological 


guidelines. 


 


Table 51: Critical appraisal checklist of economic evaluation 


Item 
Critical 


Appraisal 
Reviewer Comment 


Is there a well-defined 
question? 


Yes  In line with NICE scope, although some comparators 
were not included in the different therapy combinations 


Is there a clear description of 
alternatives? 


Yes  Comparisons made with SU, TZD, DPP-4-i, GLP-1-a, 
dapagliflozin and insulin according to their respective 
marketing authorisations 


Has the correct patient group / 
population of interest been 
clearly stated? 


Yes  For base case population: 


 people with T2DM requiring either dual therapy, 
triple therapy or as an add-on therapy with insulin 


 as per marketing authorisation 
Patients with an HbA1c exceeding 9% (75mmol/mol) at 
baseline were considered as subgroups. (Discussed in 
sections 4.2.2) 


Is the correct comparator used? Partial Scoped comparators for dual therapy with SU were not 
included; one scoped comparator (TZD) for triple 
therapy with metformin and SU was not included; two 
scoped comparators (GLP-1-a and insulin) for triple 
therapy with metformin and TZD were not included.  
(Discussed in section 2.3 and 4.2.3) 


Is the study type reasonable? Yes   


Is the perspective of the 
analysis clearly stated? 


Yes Noted in the decision problem as NHS and Personal 
Social Services (PSS) 


Is the perspective employed 
appropriate? 


Yes  Discussed in sections 4.2.6/4.2.7 for costs and 4.2.5 
for outcomes. 


Is effectiveness of the 
intervention established? 


Yes  Discussed in section 4.2.4 


Has a lifetime horizon been 
used for analysis (has a shorter 
horizon been justified)? 


Yes  Discussed in section 4.2.1 
A 40 year time horizon is used 


Are the costs and 
consequences consistent with 
the perspective employed? 


Yes  Discussed in sections 4.2.6/4.2.7 for costs and 4.2.5 
for outcomes 
 


Is differential timing considered? Yes  3.5% for costs and health benefits, tested in sensitivity 
analysis at 0% and 6%   


Is incremental analysis 
performed? 


Yes Described in section 4.1. Comparators discussed in 
section 4.2.3 


Is sensitivity analysis 
undertaken and presented 
clearly?   


Yes  Described in section 4.1. Discussed in section 4.2.9 
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In summary, the modelling approach adopted in the submission appears reasonable 


although no justification was provided for the final choice of model from other models which 


also met the inclusion criteria of the systematic review.  The model structure is 


comprehensive and draws on well-documented risk equations including UKPDS 68 to model 


disease progression.  However no details of the programming architecture of the 30 


component program and data files, i.e. how the separate programs relate to each other, and 


the processing flow, are given in the Technical Report or User Guide.  This has hindered 


model checking by the ERG.  The model takes an appreciable amount of time to run with 


base case assumptions (15 hours plus).  It is unclear if the base case use of 1000 patients 


per cohort is sufficiently large to robustly estimate the ICERs, or how the base case results 


might change when parameter uncertainty is switched off. 


4.2.2 Patient Group 


 
The patient group included in the economic evaluation is adults with T2DM.  The principal 


sources used to describe patients’ initial characteristics comes from RCTs included in the 


SLR (data reported in MS page 67, MS Appendix 4 and MS Appendix 9), see also Section 


3.1.3 above.  The populations correspond to the licensed indication for canagliflozin for add-


on therapy.  There are some differences in the populations in terms of their duration of 


diabetes and baseline HbA1c reflecting the differences between the treatment sequencing of 


the trials (dual therapy, triple therapy, add-on insulin) as outlined below. The populations 


generally reflect the target population in clinical practice. Inadequate control of T2DM is 


defined in current guidelines7 as HbA1c >7.5% and the mean HbA1c of participants in the 


included RCTs was above this threshold at baseline (although in the dual therapy group 


there may have been some participants below this as the mean HbA1c was 7.8 and SD was 


0.843). 


 


For dual therapy with metformin background two RCTs (DIA3009/DIA3006) were ‘pooled’ 


(method not described); the populations of these trials were adults with T2DM. The inclusion 


criteria of these trials differed slightly in terms of the baseline range of HbA1c eligible (which 


depended on the type and doses of prior treatment) but the mean age of participants overall 


was 56 years, 50% were male, 74% white and the mean baseline HbA1c was 7.9%. The 


duration of diabetes was 6.7 years.  For triple therapy with metformin and SU background 


two RCTs were pooled (DIA3002/DIA3015). Participants were all adults with T2DM, 


inclusion criteria differed slightly but participants mean age was 57 years, 54% were male, 


and the mean baseline HbA1c was approximately 8.1%. The proportions of white participants 


was 69% overall (Appendix 9, Table 183) although the rates differed between the two trials, 


with around 82% in 
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 SU do not have renal impairment (see section 2.3 and 4.4 of this report for a discussion 


of this). 


 In triple therapy comparisons in combination with a DPP-4-1 or GLP-1-a. 


*****************************************************************************************************


*************************************************** 


 


A summary of the economic modelling comparisons conducted is shown in Table 55. 


 


Table 55:  Economic modelling comparisons conducted (reproduced from MS Table 
32 p175). 
Comparator Cana 


dose 
Dual therapy Triple therapy Add-on to 


insulin MET MET+SU MET+TZD 


SU 100mg  n/a   


300mg  n/a   


TZD 100mg   n/a  


300mg   n/a  


DPP-4-i 100mg     


300mg     


GLP-1-a 100mg     


300mg     


Dapagliflozin 100mg     


300mg     


Insulin 100mg 
 


   


300mg 
 


   


Legend: DPP-4-i: Dipeptidyl peptidase-4 inhibitor; GLP-1-a: Glucagon-like peptide-1 agonist ; n/a: not applicable; 
SU: sulfonylurea; TZD: Thiazolidinediones 


 


The comparators are routinely used in UK NHS, although clinical advice to the ERG 


suggests that pioglitazone (a TZD) is used infrequently in clinical practice now.  Two of the 


specific comparators used in the economic model (the SU glimepiride and DPP-4-I 


exenatide BID) are not the most widely prescribed in their class in the UK, and are not wholly 


equivalent clinically to other drugs in their class. 


 


4.2.4 Clinical Effectiveness 


 
The primary outcome from the efficacy trials used by the model is the first year change from 


baseline in HbA1c (%) (MS p67). Secondary outcomes used by the model are first year BMI 



http://en.wikipedia.org/wiki/Glucagon-like_peptide-1
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State Utility SE Reference  Justification 


(per Episode) 
  


disutility per 
symptomatic no 
help event; not 
chronic 


87) also used utility estimates 
from Currie et al. 2006.MS ref 60; 
128. Curie et al (2006) relates to a 
study that collected data from UK 
patients using both the 
hypoglycaemia fear survey and 
EQ-5D. The utility values were 
converted to annual values as 
follows: 
-0.047 x (3/12) year = -0.0118 per 
year. 


Severe Hypoglycaemic 
Episode (per Episode) 


-0.0118 
 


Currie et. al 2006.  
annualized 
disutility per 
severe event; not 
chronic 


Obesity 


Excessive weight 
(disutility weight for 
each 1 kg/m


2
 above a 


threshold of 25 kg/m
2
. 


No disutility is applied to 
lower values) 


-0.0061 0.001 CODE 2 
Values used to inform utility 
values in the NICE CG-87  


Adverse Events 


Lower urinary tract 
infections (male) (per 
Episode) 


-0.0012 
 


Janssen UK 
Study (regression 
analysis corrected 
for state duration) 


No utility values related to urinary 
tract infections were identified in 
the systematic literature review. 
Therefore, a TTO utility study was 
conducted.(MS ref 164; 165) 


Lower urinary tract 
infections (female) (per 
Episode) 


-0.0012 
 


Upper urinary tract 
infections (male) (per 
Episode) 


-0.0073 
 


Upper urinary tract 
infections (female) (per 
Episode) 


-0.0073 
 


Balanoposthitis (male) 
(per Episode) 


-0.0046 
 


No utility values related to genital 
mycotic infections were identified 
in the systematic literature review. 
Therefore, a TTO utility study was 
conducted. (MS ref 164; 165) 


Candidal vulvovaginitis 
(female) (per Episode) 


-0.0046 
 


 


No HRQoL data for the canagliflozin clinical trials were reported in the SLR although MS 


Appendix 14 reports limited data on EQ-5D from three RCTs. These were for dual therapy 


(DIA3009) where the baseline utility was 0.798 (0.2049) and the week 52 utility was 0.814 


(0.2140); and for triple therapy (DIA3002 + DIA3015 pooled) where the baseline utility was 


0.788 (0.1929) and the week 52 utility was 0.797 (0.1957). These data are for all patients, 


rather than for just patients receiving canagliflozin. 


 


The health benefits were measured and valued consistent with NICE’s reference case and 


the utilities incorporated into the model appear to be appropriate. While the EQ-5D was 


used, no details of the value set adopted was reported in the MS, although as noted above 


the MS states 
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The ERG observes that whilst the scenario for no weight/BMI rebound following treatment 


discontinuation (MS scenarios 12 and 13) generally renders canagliflozin more cost-effective 


versus comparators (lower ICER than base case - for example MS Tables 78, 79, 80 and 


81), this does not happen in the scenarios for canagliflozin 100mg and canagliflozin 300mg 


versus dapagliflozin in dual therapy (MS Tables 84 and 85 p261).  In these scenarios the 


ICER is £24,697 compared to £8,674 in the base case for canagliflozin 100mg (MS Table 


84), and £33,368 compared to £27,419.  These results reflect data given in MS Table 185 


which indicate that dapagliflozin is better at controlling BMI than both canagliflozin 100mg 


and canagliflozin 300mg (MS Table 185, Appendix p299). 


 


Results of the scenario analysis for canagliflozin 300mg versus dapagliflozin in dual therapy 


show that canagliflozin 300mg is not cost-effective at a WTP threshold of £30,000/QALY in 


the scenarios for HbA1c switch threshold; patient baseline characteristics; BMI rebound (as 


noted above); and disutility from weight gain (MS Table 85 p261). 


 


The MS does not discuss the results of most of the scenario analyses specifically but 


concludes that the incremental gain offered by canagliflozin 100mg and 300mg is consistent 


across a broad set of conditions as the ICERs in the vast majority of cases remain cost-


effective (MS p272).  The ERG agrees with this assessment in general, with the exceptions 


noted above.  Dapagliflozin is more cost-effective than canagliflozin 300mg in several 


scenarios.  Parameter uncertainty was not switched off in scenario analysis. 


 
Probabilistic sensitivity analysis 
 


As stated earlier, a model PSA using 1000 cohorts of 1000 patients with a lifetime horizon of 


40 years takes over 15 hours to run on a high specification desktop computer (Intel i7 16GM 


RAM).  The MS states that PSA is a default feature of the ECHO-T2DM model and was run 


on all simulations conducted (MS p216).  All base case simulations thus incorporate PSA 


and their results are given in Table 48, Table 49 and Table 50. Cost-effectiveness planes 


and acceptability curves are presented in MS Figures 72 to 87 (MS p245-254), for selected 


base case comparisons.  Table 65 summarises the PSA results for the comparisons which 


are reported in the MS. 
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The submission does not identify the locations where the various PSA distributions are 


specified in the R code and due to time constraints the ERG did not check their coding. 


 


Correlation is addressed for initial age and biomarker values.  For the UKPDS 68 mortality 


and macro-vascular risk equations second order (parameter) uncertainty is captured using a 


set of 1,000 boot-strap replications of the regression coefficients (Technical Report p67).  


Correlation for the UKPDS 82 equations has not yet been applied as these have not yet 


been made available by the study authors (manufacturer’s clarification letter to NICE and 


ERG). 


 


In summary, although all relevant variables appear to have been included in PSA, the 


distributional assumptions for these variables are not well described in the MS and are not 


transparent from the input data spreadsheet or R code.  Consequently it is not clear to what 


extent uncertainty in the decision problem has been explored.  The standard errors used for 


the HbA1c % treatment effect parameters in the first year are too small as the drift estimate 


has been added to this effect in the first year but the standard error of the drift estimate is not 


reflected in the HbA1c% treatment effect standard error.  Cost-effectiveness acceptability 


data are not presented for all base-case comparisons. 


 


PSA using 1000 iterations is included in the model base-case results (Section 4.1).  The 


ERG reports base-case results with no second-order uncertainty, and cost-effectiveness 


acceptability data for key comparisons not reported in the MS, in Section 4.3. 


4.2.10 Comment on validity of results with reference to methodology used 


 
The ERG considers that the economic model captures all important aspects of the disease 


pathway and extrapolates intermediate outcomes to final outcomes in a robust and 


consistent manner, drawing upon standard sources from the literature.  The model has been 


very well validated against external data. 


 


The model is run with 1000 patients per cohort in the base case.  It is unclear if this is 


sufficient to robustly estimate the ICERs for all treatment comparisons.  The base case 


ICERs incorporate parameter uncertainty. Base case results are presented as pairwise 


treatment comparisons.  Fully incremental analyses are not supplied. Parameter distributions 


used in PSA are not well documented and the parameter ranges used for some variables in 


one-way sensitivity analysis do not reflect much uncertainty.  PSA results are not presented 


for all base case treatment comparisons. 
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