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1 Cost-effectiveness analysis - induction of 
remission 

1.1 Introduction 

The comparators examined in the model were treatment sequences chosen by the GDG economic 
subgroup and agreed by the GDG. The economic subgroup comprised two consultant 
gastroenterologists, one IBD specialist nurse and one patient representative. The drug sequences 
were chosen by the economic subgroup, and efficacy taken from a network meta-analysis of 
induction of remission trials. It was decided that, in line with the recommendations made in TA 18737 
and GDG consensus view of clinical practice, biologics should be offered as the last therapy for each 
of the treatment strategies looked at. The specific treatment sequences were chosen based on the 
clinical practice of the economic subgroup members, and what they deemed to be the most likely 
treatment pathway for a patient experiencing an acute exacerbation of Crohn’s disease. These are 
shown in Table 1. 

1.2 Methods 

1.2.1 Model overview  

A cost-utility analysis was undertaken where costs and quality-adjusted life years (QALYs) were 
considered from a UK NHS and personal social services perspective. 

1.2.1.1 Comparators 

The comparators examined in the model were treatment sequences chosen by the GDG economic 
subgroup and agreed by the GDG. The GDG elected to consider the cost-effectiveness of one-off 
induction treatment strategies in the induction of remission model, to reflect the nature of the 
treatment and the data that could be extracted from the clinical trials. The GDG were satisfied that, 
having established the most cost-effective induction sequence, longer term costs and effects could 
be captured in the maintenance model, where relapses from maintenance treatment are then 
assumed to be treated with the most cost-effective one-off induction sequence found from this 
analysis. The economic subgroup comprised two consultant gastroenterologists, one specialist IBD 
nurse and one patient representative. The GDG noted that, although 5-ASAs were considered as a 
class in the clinical review, the different preparations may have different costs and side-effect 
profiles, and therefore it was decided to separate them for the economic analysis. The drug 
sequences were those included in a network meta-analysis of induction of remission. It was decided 
that, in line with the recommendations made in TA 18737 and GDG consensus view of clinical 
practice, biologics should be offered as the last therapy for each of the treatment strategies looked 
at. The specific treatment sequences were chosen based on the clinical practice of the economic 
subgroup members, and what they deemed to be the most likely treatment pathway for a patient 
experiencing an acute exacerbation of Crohn’s disease. These are shown in Table 1.  

Table 1- Treatment strategies in the model 

Strategy  1st line 2nd line 3rd line 4th line 

1 Sulfasalazine Glucocorticosteroid Azathioprine + a 
Glucocorticosteroid 

Biologic 

2 Sulfasalazine Glucocorticosteroid Methotrexate + a 
Glucocorticosteroid 

Biologic 
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Strategy  1st line 2nd line 3rd line 4th line 

3 Mesalazine Glucocorticosteroid Azathioprine +a 
Glucocorticosteroid 

Biologic 

4 Mesalazine Glucocorticosteroid Methotrexate + a 
Glucocorticosteroid 

Biologic 

5 Glucocorticostero
id 

Azathioprine + a 
Glucocorticosteroid 

Biologic - 

6 Glucocorticostero
id 

Methotrexate + a 
Glucocorticosteroid 

Biologic - 

7 Budesonide Glucocorticosteroid Azathioprine + a 
Glucocorticosteroid 

Biologic 

8 Budesonide Glucocorticosteroid Methotrexate + a 
Glucocorticosteroid 

Biologic 

9 Glucocorticostero
id 

Biologic - - 

 

1.2.1.2 Population 

The population entering the model comprises people with an acute exacerbation of Crohn’s disease, 
defined by a Crohn’s Disease Activity Index (CDAI) score of > 150. Biologics are only recommended 
for people with severe Crohn’s disease37; an assumption was made that people whose exacerbation 
failed to respond to two lines of treatment would be regarded as falling under the aegis of the TA, 
though it was noted that this may not always be the case. Strategy 9 in Table 1 is only relevant for 
people where the Crohn’s disease has progressed to severe before initiation of biologic treatment, 
despite only failing one line of induction.  

1.2.1.3 Time horizon  

The time horizon considered in the base-case model was 30 weeks. This time horizon was chosen to 
reflect the longest drug treatment sequence based upon clinical practice. This also reflects the 
assumptions made in the conditional logistic regression conducted to derive efficacy inputs. In this 
analysis it was assumed, based on information from the trials and GDG opinion, that the trials were 
of sufficient duration such that remission or withdrawal would occur by a certain time, or not at all. 
For example, it was assumed that in a glucocorticosteroid trial lasting 16 weeks, the proportion of 
people entering remission would not be significantly higher than in a trial lasting eight weeks, since 
those people who are reported to be in remission at 16 weeks were likely to have entered remission 
by eight weeks. The effect of treatment durations that were closer to those used in the trials was 
explored in sensitivity analysis. Treatment durations for the base case and sensitivity analysis are 
shown in Table 2. 

Table 2- Drug treatment durations 

Drug 

Treatment duration (weeks) in 
base case based upon clinical 
practice  

Treatment duration (weeks) in 
sensitivity analysis based on 
average length of clinical trials 

Glucocorticosteroid 8 11 

Sulfasalazine 8 16 

Mesalazine 8 14 

Budesonide 8 10 

Azathioprine + Glucocorticosteroid 8 20 
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Drug 

Treatment duration (weeks) in 
base case based upon clinical 
practice  

Treatment duration (weeks) in 
sensitivity analysis based on 
average length of clinical trials 

Methotrexate + Glucocorticosteroid 8 32 

Biologic 6 6 

 

1.2.2 Approach to modelling 

1.2.2.1 Model structure  

A decision tree was constructed, whereby the QALY gain was driven by the proportion of people in 
whom remission was successfully induced. Remission was defined as not withdrawing due to an 
adverse event and a CDAI score of < 150. People who withdrew due to an adverse event or did not 
respond to treatment moved on to the next line of treatment. Although the GDG noted it was 
unlikely that all treatments would have the same side-effect profile, they accepted that the reporting 
of specific adverse events in the RCTs was not sufficient to model specific treatment-related adverse 
events. On that basis, they agreed that withdrawals from treatment could be used as a proxy for 
adverse events, and that costs and disutilities pertaining to adverse events for each treatment would 
be captured by both the additional cost of further treatment, and by patients still having the utility 
weight associated with active disease. Sensitivity analyses were conducted which explored the 
effects of including drug-related adverse events for glucocorticosteroid monotherapy; observational 
data was used to conduct this analysis. To capture the benefits of inducing remission early, people in 
whom remission is induced on the first-line treatment gained more QALYs than those who respond 
on second-, third- or fourth- line treatment. The structure of the model is shown in Figure 1. 

Figure 1- Model structure 

 

Key assumptions: 

 Treatment continues to the end of the treatment cycle regardless of whether people enter 
remission. 

 Utility is assumed to improve in the middle of the treatment cycle for those entering 
remission.  

 For time spent in active disease, people incur more contacts with the health service than 
they do in remission (see Table 11). 

 Withdrawals are assumed to occur at the end of a treatment cycle. 

 All people who do not enter remission by the end of the time horizon are assumed to 
undergo surgery. 
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1.2.3 Uncertainty 

1.2.3.1 One-way sensitivity analysis 

One-way sensitivity analyses were also conducted to test the robustness of model results to changes 
in key parameters. In one-way sensitivity analysis, one parameter is varied while all other parameters 
are kept constant and the effects of changing this parameter on the model results are explored. The 
one-way sensitivity analyses conducted are described in Table 20. 

1.2.3.2 Probabilistic analysis 

A Monte Carlo simulation16 was conducted to explore the uncertainty in model results. In a Monte 
Carlo simulation, each parameter is assigned a distribution reflecting its uncertainty; random draws 
are then taken from this distribution and propagated through the model, to calculate costs and 
QALYs. This process is repeated 10,000 times and a model result which represents an average of the 
simulations is computed.  

1.2.4 Model inputs 

1.2.4.1 Summary table of model inputs  

Model inputs were based on clinical evidence identified in the systematic review undertaken for the 
guideline, supplemented by additional data sources as required. Model inputs were validated by the 
GDG. A summary of the model inputs used in the base-case analysis is provided in Table 3, Table 4, 
and Table 5 below. More details about sources, calculations and rationale for selection can be found 
in the sections following this summary table.  

Table 3: Cost inputs 

Input Data Source 

Drugs (see Table 12 to Table 18)   

Cost per course of glucocorticosteroid
(a)

 £362.17 BNF 63 
26

and NHS 
reference costs 

14
 

Cost per course of sulfasalazine
(a)

 £362.48 BNF 63 
26

and NHS 
reference costs 

14
 

Cost per course of mesalazine
(a)

 £416.32 BNF 63 
26

and NHS 
reference costs 

14
 

Cost per course of budesonide
(a)

 £492.01 BNF 63 
26

and NHS 
reference costs 

14
 

Cost per course of azathioprine + a glucocorticosteroid
(a)

 £429.34 BNF 63 
26

and NHS 
reference costs 

14
 

Cost per course of methotrexate + a glucocorticosteroid
(a)

 £355.67 BNF 63 
26

and NHS 
reference costs 

14
 

Cost per course of biologic
(a)

 £1,426.09 BNF 63 
26

 and NHS 
reference costs 

14
 

Visits   

Yearly cost of Crohn’s treatment while in remission £232.00 GDG economic 
subgroup see 
maintenance of 
remission model 

Consultant medical gastroenterology outpatient visit £114.00 NHS reference 
costs

14
: Consultant 

led follow up 
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Input Data Source 

attendance non 
admitted face to face 
“Medical 
gastroenterology” 
(code 301M) 

Non consultant medical gastroenterology outpatient visit £95.00 NHS reference 
costs

14
: Non 

consultant led follow 
up attendance non 
admitted face to face 
“Medical 
gastroenterology” 
(code 301M) 

Consultant surgical gastroenterology outpatient visit £94.00 NHS reference 
costs

14
: Consultant 

led follow up 
attendance non 
admitted face to face 
“Surgical 
gastroenterology” 
(code 301S) 

Non consultant surgical gastroenterology outpatient visit £57.00 NHS reference 
costs

14
: Non 

consultant led follow 
up attendance non 
admitted face to face 
“Surgical 
gastroenterology” 
(code 301S) 

Cost for average-length GP consultation £41.00 PSSRU
11

 

Phone call to IBD nurse £5.70 Economic subgroup  

Tests    

DEXA scan £72.00  NHS reference costs 
14

: Diagnostic imaging 
outpatient (code 
RA15Z) 

Microbiology/virology tests for chickenpox £8.00 NHS reference 
costs

14
: Direct access; 

Pathology services 
“Virology” (DAP831) 

Full blood count £3.00 NHS reference costs 
14

: Direct access; 
Pathology services; 
“Haemotology: 
Excluding anti-
coagulant services” 
(DAP823) 

Renal and liver function tests £1.00 NHS reference 
costs

14
: Direct access; 

Pathology services; 
“Biochemstry“ 
(DAP841) 

Chest X-ray £17.00 NICE TB guideline
35
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Input Data Source 

Surgery 

Pan-proctocolectomy with ‘major complication or co-
morbidity’

(b)
 

£9,606.41 NHS reference 
costs

14
: Elective 

inpatient; “Complex 
Large Intestine 
Procedures with 
Major CC” (FZ08A) 

Pan-proctocolectomy without ‘major complication or co-
morbidity’

(b)
 

£6,411.23 NHS reference 
costs

14
: Elective 

inpatient; “Complex 
Large Intestine 
Procedures without 
Major CC” (FZ08B) 

Colectomy with ‘major complication or co-morbidity’
(b)

 £7,190.66 NHS reference 
costs

14
: Elective 

inpatient; “Proximal 
colon procedures 
with Major CC” 
(FZ09A) 

Colectomy without ‘major complication or co-morbidity’
(b)

 £5,259.60 NHS reference 
costs

14
: Elective 

inpatient; “Proximal 
colon procedures 
without Major CC” 
(FZ09B) 

Right hemicolectomy with ‘major complication or co-
morbidity’

(b)
 

£7,190.66 NHS reference 
costs

14
: Elective 

inpatient; “Proximal 
colon procedures 
with Major CC” 
(FZ09A) 

Right hemicolectomy without ‘major complication or co-
morbidity’

(b)
 

£5,259.60 NHS reference 
costs

14
: Elective 

inpatient; “Proximal 
colon procedures 
without Major CC” 
(FZ09B) 

Small intestine resection with ‘major complication or co-
morbidity’

(b)
 

£5,163.87 NHS reference 
costs

14
: Elective 

inpatient; “Major 
small intestine 
procedures with 
Major CC” (FZ07A) 

Small intestine resection without ‘major complication or co-
morbidity’

(b)
 

£3,792.33 NHS reference 
costs

14
: Elective 

inpatient; “Major 
small intestine 
procedures without 
Major CC” (FZ07B) 

Strictureplasty with ‘major complication or co-morbidity’
(b)

 £5,163.87 NHS reference 
costs

13
: Elective 

inpatient; “Major 
small intestine 
procedures with 
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Input Data Source 

Major CC” (FZ07A) 

Strictureplasty without ‘major complication or co-
morbidity’

(b)
 

£3,792.33 NHS reference 
costs

13
: Elective 

inpatient; “Major 
small intestine 
procedures without 
Major CC” (FZ07B) 

Interferon gamma test for latent TB £22.00 NICE TB guideline
35

 

Weighted average cost of surgery (Table 19) £5,351.24 NHS reference costs
14

 
13

 

Patient weight 77.9kg National average 
body weight for UK

40
 

10 yearly baseline myocardial infarction risk 24% NICE hypertension 
guideline

33
 

Odds ratio for myocardial infarction with intermittent high 
dose glucocorticosteroid therapy 

3.0 Varaz-Lorenzo
61

 

Cost of treating a myocardial infarction (initial and 
subsequent costs up to one year) 

£5,329 NICE hypertension 
guideline

33
 

Utility weight associated with myocardial infarction 0.76 NICE hypertension 
guideline

33
 

England population excluding children  31,653,000 ONS
42

  

Number of hip fractures per year 69,319 National hip fracture 
database

55
 

Relative risk for hip fracture with intermittent high-dose 
glucocorticosteroid therapy 

1.77 De Vries
12

 

Cost of hip fracture £13,367 NHS Reference 
Costs

14
 

Utility weight associated with hip fracture 0.584 NICE hip fracture 
guideline

34
 

(a) Including tests and consultations 

(b) Used to calculate a weighted cost for surgery in the model (Table 19) 

Table 4- Clinical inputs- probabilities of withdrawal and remission 

Input Probability of 
withdrawal due to 
adverse events 

Probability of achieving 
remission conditional on no 
withdrawal 

Glucocorticosteroid 13% 66% 

Sulfasalazine 31% 44% 

Mesalazine 7% 41% 

Budesonide 5% 55% 

Azathioprine + 
glucocorticosteroid 

6% 66% 

Methotrexate + 
glucocorticosteroid 

11% 61% 

Biologic 11% 62% 

Source: Clinical review and resulting Network Meta-analysis (1.2.4.2) 

Table 5- Utility weights in the model 

Input Data Source 
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Disease remission  0.89 Stark et al
54

 

Active disease  0.61 Stark et al
54

 

 

1.2.4.2 Treatment effects (remission and withdrawal) 

The results of conventional meta-analyses of direct evidence alone make it difficult to determine 
which intervention is the most effective treatment. The challenge of interpretation has arisen for two 
reasons: 

 Some pairs of alternative strategies have not been directly compared in a randomised controlled 
trial  

 There are frequently multiple overlapping comparisons that could potentially give inconsistent 
estimates of effect. 

This is particularly problematic for probabilistic analysis. To overcome these problems, a Bayesian 
network meta-analysis (NMA) was conducted in WinBUGS, using code and assistance provided by the 
NICE technical support unit. 

Conventional meta-analysis assumes that for a fixed-effect analysis, the relative effect of one 
treatment compared to another is the same across an entire set of trials. In a random-effects model, 
it is assumed that the relative effects are different in each trial but that they are from a single 
common distribution and that this distribution is common across all sets of trials. 

Network meta-analysis requires an additional assumption over conventional meta-analysis. The 
additional assumption is that intervention A has the same relative effect across all trials of 
intervention A compared to intervention B as it does across trials of intervention A versus 
intervention C, and so on. Thus, in a random-effects network meta-analysis, the assumption is that 
intervention A has the same effect distribution across all trials of A versus B, A versus C and so on. 

The aim of the NMA was to calculate treatment-specific probabilities for withdrawal and remission 
conditional on non withdrawal. It is assumed that people who withdraw cannot go into remission, 
and similarly people counted as ‘a remission’ have not withdrawn due to adverse events, in other 
words, the two events are mutually exclusive. Treatment effects for the model had to be accounted 
for such that the number of withdrawals and remissions could not exceed the number of people in 
the trial. This negative correlation in outcomes is taken account of by carrying out a conditional 
logistic regression NMA.  

For the network meta-analysis, treatment effects were calculated so as to reflect the clinical review 
as closely as possible in terms of pooling of studies. In order to obtain treatment effects for remission 
conditional on non withdrawal, the number of withdrawals was removed from the denominator 
when entering data for remission into WinBUGS. Baseline log odds of withdrawal and remission 
conditional on non-withdrawal were calculated using a logistic regression conducted on the placebo 
arms in the trials and then adjusted by the treatment specific log odds ratios calculated by the NMA 
using the following logic: 

Let    ,       ,    ,       and     ,       denote the baseline odds (from the placebo arms), 

treatment-specific odds and treatment-specific log odds ratio for withdrawal and remission given no 
withdrawal respectively. Then: 
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And: 

    
     

       
 

 

      
        

          
 

 

This approach has the advantage that baseline and relative effects are both modelled on the same 
log odds scale. It also ensures that the uncertainty in the estimation of both baseline and relative 
effects is accounted for in the model. 

To reflect the populations explored in the clinical review, two separate analyses were conducted; one 
for people on first-line monotherapy treatment, and one for people on second-line treatment in 
combination with a glucocorticosteroid, having failed first-line glucocorticosteroid monotherapy.  

1.2.4.3 First-line NMA 

The schematic of trials compared in the first line NMA is shown in Figure 2. 

Figure 2-Network of trials compared in the first-line NMA 

 

In the trial network in Figure 2, glucocorticosteroid treatment featured in the most trials (10) 
followed by budesonide (9), mesalazine (8), placebo (7), sulfasalazine (2) and azathioprine 
monotherapy (1). For ease of interpretation, placebo was chosen as the baseline treatment for 
comparisons in the NMA. The data used in the first-line induction NMA can be found in Table 6. 
Please note that although azathioprine monotherapy was included in the NMA for completeness, it 
was not compared in the cost-effectiveness analysis. First-line azathioprine monotherapy was not 
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included because of the lack of evidence and because it has a slower response than the other 
treatments considered. (3 – 4 months i.e. longer than the 2 month time horizon considered) 

Table 6- Data for the first-line NMA 

Study Name 

Withdrawals Remissions Total number of people Treatments compared 

arm 
1 

arm 
2 

arm 
3 

arm 
4 

arm 
1 

arm 
2 

arm 
3 

arm 
4 

arm 
1 

arm 
2 

arm 
3 

arm 
4 

arm 
1 

arm 
2 

arm 
3 

arm 4 

Mahida
28

 1 3 - - 7 8 - - 20 20 - - PLA MES - - 

Malchow
30

 1 1 1 - 22 39 27 - 58 47 54 - PLA CS SUL - 

Rasmussen
48

 2 1 - - 9 13 - - 37 30 - - PLA MES - - 

Singleton
51

 14 43 - - 14 68 - - 80 230 - - PLA MES - - 

NCCDS
52

 0 4 5 4 20 40 28 21 77 85 74 59 PLA CS SUL AZA 

Greenberg 
22

  3 3 - - 13 31 - - 66 61 - - PLA BUD - - 

Tremaine
58

  3 14 - - 13 78 - - 41 159 - - PLA BUD - - 

Bar-Meir
5
 4 4 - - 56 51 - - 101 100 - - CS BUD - - 

Escher
17

 7 1 - - 17 12 - - 26 22 - - CS BUD - - 

Gross
24

 0 1 - - 24 19 - - 33 34 - - CS BUD - - 

Rutgeerts 
49

 2 0 - - 56 45 - - 88 88 - - CS BUD - - 

Tursi
60

 0 0 - - 8 10 - - 15 15 - - CS BUD - - 

Tromm
59

 8 4 - - 95 107 - - 153 154 - - MES BUD - - 

Thomsen
56

 8 3 - - 37 63 - - 89 93 - - MES BUD - - 

Scholmerich
50

 2 2 - - - - - - 32 30 NA NA CS MES - - 

Prantera 
1999

44
 

5 1 - - - - - - 31 63 NA NA CS MES - - 

Martin 1990
31

 2 2 - - - - - - 28 22 NA NA CS MES - - 

A logistic regression was run on the placebo arms of the trials shown in Table 6; this produced a 
baseline odds,    which was used in the NMA to derive treatment-specific probabilities as described 
above. The baseline odds for withdrawal and remission had lognormal distributions parameterised 
as: 

                                   

                              

The model was run for 50,000 iterations with a burn in period of 50,000. Vague uninformative priors 
were combined with data-driven likelihood functions to produce posterior probability estimates. The 
final treatment-specific probability estimates and their associated confidence intervals can be seen in 
Table 7. 

Table 7- Probabilities from 1st line NMA 

Treatment 

Withdrawals Remission given no withdrawal 

mean sd median CrI mean sd median CrI 
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Glucocorticosteroids 13.2% 0.10 10.3% (0.9% , 14.3%) 66.1% 0.07 66.3% (52.5% , 78.6%) 

Sulfasalazine 34.6% 0.21 31.3% (5.2% , 80.2%) 43.8% 0.09 43.6% (27.5% , 61.0%) 

Mesalazine 6.9% 0.06 5.2% (0.6% , 16.2%) 40.7% 0.07 40.4% (27.2% , 55.2%) 

Budesonide 4.7% 0.04 3.4% (1.1% , 22.5%) 55.2% 0.07 55.2% (41.0% , 69.2%) 

Azathioprine 20.4% 0.17 15.4% (0.6%% , 16.2%) 46.6% 0.11 46.4% (26.2% , 68.2%) 

  

It can be seen from Table 7, that among first-line treatments, sulfasalazine was associated with the 
highest probability of withdrawal- 35%- but with the 95% confidence interval ranging from 5% to 
80%. Glucocorticosteroid treatment was associated with the highest probability of remission 
conditional on non-withdrawal- 66% with 95% confidence interval ranging from 53% to 79%. These 
estimates were used to parameterise treatment effects in the model; it should be noted that there is 
a large amount of imprecision in these estimates, particularly for withdrawal. This is often the case 
when calculating treatment effects for withdrawal due to small event numbers. 

Model fit was assessed by calculating the total residual deviance and comparing with the number of 
unconstrained data points. In the withdrawals NMA, the total residual deviance was 38.6 which, 
when compared to 43 unconstrained data points, shows that the model fitted the data reasonably 
well. In the remission conditional on no-withdrawal NMA, the total residual deviance was 35.94 
which again, when compared to 31 unconstrained data points, showed that the model fitted the data 
reasonably well. DIC statistics of 154.9 and 200.1 were calculated for the withdrawal and remission 
conditional on no-withdrawal NMAs respectively. 

Posterior estimates of heterogeneity- between trial variance- were calculated and values of 0.29 and 
0.22 were found for the withdrawal and remission trials. This shows there was a large amount of 
variation in treatment effects calculated from different trials.  

Inconsistency in the network was assessed by fitting an ‘inconsistency model’15 

1.2.4.4 Second-line NMA 

The schematic of trials compared in the second line NMA is shown in Figure 3. 
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Figure 3-Network of trials compared in the second-line NMA 

 

 

In the trial network in Figure 3, glucocorticosteroid monotherapy and azathioprine + a 
glucocorticosteroid featured in the most trials (eight); methotrexate + a glucocorticosteroid featured 
in five trials. For ease of interpretation, glucocorticosteroid treatment- which can be thought of here 
as the placebo comparison- was chosen as the baseline treatment for the NMA. The data used in the 
second-line induction NMA can be found in Table 8. 

Table 8- Data for the first-line NMA 

Study 

Withdrawals Remissions 

Total 
number of 

people Treatments compared 
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Mate-Jimenez
32

 
1 2 - 15 12 - 16 15 - 

AZA + 
CS MTX + CS - 

Ardizonne
3
 

3 3 - 9 12 - 27 27 - 
AZA + 

CS MTX + CS - 

Oren
43

 
0 1 1 12 13 10 26 32 26 CS AZA + CS MTX + CS 

Arora
4
 0 3 - 3 7 - 18 15 - CS MTX + CS - 

Feagan
19

 
1 16 - 9 37 - 47 94 - CS MTX + CS - 
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Candy 
8
 

2 0 - 20 25 - 30 33 - CS AZA + CS - 

Ewe
18

 0 1 - 8 16 - 21 21 - CS AZA + CS - 

Klein
27

 0 2 - 6 6 - 13 13 - CS AZA + CS - 

Willoughby
63

 0 0 - 1 6 - 6 6 - CS AZA + CS - 

Present
46

 3 10 - 5 26 - 56 68 - CS AZA + CS - 

It should be noted that since Present was a crossover trial, the denominators reported for safety and 
efficacy are different; this is reflected in the clinical review. To account for this, the numerator for 
remission given no withdrawal was not adjusted by removing withdrawals, since it is not possible to 
determine exactly which of the people eligible to be assessed for the remission outcome withdrew. 
This is a conservative approach since it means the number of people being assessed for the remission 
outcome is bigger and thus the overall probability of achieving remission becomes smaller. 
Denominators of 36 were used for both arms of the Present study for the remission outcome. 

A logistic regression was run on the glucocorticosteroid monotherapy arm of the trials shown in 
Table 8; this produced a baseline odds,    which was used in the NMA to derive treatment-specific 
probabilities as described above. The baseline odds for withdrawal and remission had lognormal 
distributions parameterised as: 

                               

                              

The model was run for 50,000 iterations with a burn in period of 50,000. Vague uninformative priors 
were combined with data-driven likelihood functions to produce posterior probability estimates. The 
final treatment-specific probability estimates and their associated confidence intervals can be seen in 
Table 9. 

Table 9- Probabilities from first-line NMA 

 

Withdrawals Remission given no withdrawal 

 

mean sd median CrI mean sd median CrI 

Azathioprine 

+ a glucocorticosteroid 6.3% 0.12 1.7% (0.0% , 46.4%) 66.0% 0.15 67.3% (33.3% , 91.5%) 

Methotrexate 

+ a glucocorticosteroid 11.1% 0.18 3.6% (0.1% , 69.7%) 61.4% 0.18 63.1% (23.0% , 90.8%) 

  

It can be seen from Table 9 that out of the two second-line treatments, methotrexate + a 
glucocorticosteroid was associated with the highest probability of withdrawal- 11%- with 95% 
confidence interval ranging from 0% to 70%. Azathioprine + a glucocorticosteroid was associated 
with a higher probability of remission conditional on no withdrawal- 66% with 95% confidence 
interval ranging from 33% to 92%. These estimates were used to parameterise treatment effects in 
the model; it should be noted that there is a large amount of imprecision in these estimates, 
particularly for withdrawal. This is often the case when calculating treatment effects for withdrawal 
due to small event numbers, but the remission conditional on no withdrawal outcome is also 
associated with large imprecision. 

Model fit was assessed by calculating the total residual deviance and comparing this with the number 
of unconstrained data points. In the withdrawals NMA, the total residual deviance was 20.94 which, 
when compared to 21 unconstrained data points, shows that the model fitted the data well. In the 
remission conditional on no withdrawal NMA, the total residual deviance was 23.71 which, when 
compared to 21 unconstrained data points, shows that the model fitted the data reasonably well. DIC 
statistics of 70.4 and 105.5 were calculated for the withdrawal and remission conditional on no-
withdrawal NMAs respectively. 
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Posterior estimates of heterogeneity- between trial variance- were calculated and values of 0.67 and 
1.22 were found for the withdrawal and remission trials. This shows there was a very large amount of 
variation in treatment effects calculated from different trials.  

Posterior estimates of heterogeneity were calculated for the ‘inconsistency model’ and values of 0.61 
and 1.53 were found for the withdrawal and remission trials. This shows that the incorporation of the 
consistency equations did not force the between trial variance to increase in the remission 
conditional on no-withdrawal and therefore it is unlikely that there is inconsistency within the 
network. There was, however, an increase in heterogeneity in the withdrawal NMA (0.61 vs 0.67), 
which prompted further investigation of inconsistency within the network. Since there were only 
three treatments in the network the Bucher method7 can be used to detect whether the amount of 
inconsistency in the network is statistically significant or a chance finding. A p-value of 0.46 was 
calculated to test the null hypothesis that there was no inconsistency in the network; this shows that 
there is insufficient evidence to reject the null and therefore it cannot be said that there is 
inconsistency. 

Figure 4- Patient pathway and probabilities (one treatment cycle) 

 
 
 

Figure 4 shows how the model probabilities interact for one treatment cycle in the patient pathway. 
Figure 4 shows that from the number of people entering the model,  , the number of people 
entering remission      after one treatment cycle and the number of people failing to enter 
remission         for a given drug can be calculated using the equations: 

                     

                                

1.2.4.5 Utilities 

For economic evaluation, a specific measure of Health Related Quality of Life (HRQoL) known as 
utility is required to calculate QALYs. Utilities indicate the preference for health states on a scale 
from 0 (death) to 1 (perfect health). The NICE reference case36 specifies that the preferred way for 
this to be assessed is by the EQ-5D instrument. 
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A systematic search identified four studies9,21,23,54 with appropriate data to use as utility weights for 
the model. A description of these studies is shown in Table 10 

Table 10-Selecting utility weights for the model 

Name 
Population and brief 
methods Limitations Values 

Impairment of 
Health-related 
Quality of Life in 
Patients with 
Inflammatory 
Bowel Disease: A 
Spanish 
Multicenter Study

9
 

1156 patients (528 UC, 628 
Crohn's) were stratified by 
disease severity according to 
Harvey Bradshaw Index, 
where patients with a score of 
< 2 was considered to be in 
disease remission and 
patients with a score ≥ 2 was 
considered to be in clinical 
relapse. The EQ-5D 
questionnaire was 
administered 

Utility weights were 
not calculated by the 
authors, but were 
calculated in a 
separate economic 
evaluation

47
; the 

technical team were 
unable to replicate 
these authors’ 
calculations. The 
highest dimension of 
the EQ-5D 
questionnaire was not 
used. 

Remission = 0.83 

 

Active disease = 0.55 

Relationship 
between disease 
severity, quality of 
life and health-care 
resource use in a 
cross section of 
Australian patients 
with Crohn's 
disease

21
 

143 Patients > 18 with CD 
(110 without fistulising 
disease). Patients' CDAI and 
AQoL assessed. 

AQoL score was used 
to calculate utility 
weights, EQ-5D is 
preferable. 

CDAI < 150 = 0.766 

 

CDAI 150-219 = 0.68 

 

CDAI ≥ 220 = 0.45 

An Evaluation of 
Utility 
measurement in 
Crohn's Disease

23
 

180 patients with Crohn's 
disease. Patients were 
stratified into chronically 
active- therapy responsive, 
chronically active- therapy 
resistant, acute disease 
exacerbation, remission and 
asked to complete the IBDQ 
and determine utility of their 
disease by way of standard 
gamble, time trade off and 
visual analogue scale 

A validated 
questionnaire was not 
used. Values are not 
from the general 
public. 

Active therapy resistant 
(TTO, SG, VAS) = (0.88, 
0.74, 0.61) 

Active therapy 
responsive (TTO, SG, 
VAS) = (0.98, 0.86, 0.62) 

Acute disease 
exacerbation (TTO, SG, 
VAS) = (0.89, 0.77, 0.60) 

Remission (TTO, SG, VAS) 
= (0.96, 0.88, 0.84)  

Validity, Reliability 
and 
Responsiveness of 
the EQ-5D in 
Inflammatory 
Bowel Disease in 
Germany

54
 

270 Crohn's disease patients 
in the UK and Germany 
completed the EQ-5D 
questionnaire; results of the 
questionnaire are stratified by 
disease activity, determined 
by CDAI score. EQ-5D was 
calculated using both the 
German and UK tariff. 

None Remission (EQ-5D TTO, 
EQ-5D VAS) = (0.89, 
0.85) 

 

Active disease (EQ-5D 
TTO, EQ-5D VAS) = (0.61, 
0.63) 

 

UK tariff reported here. 

Utility weights derived by Stark et al54 were used due to the comparative lack of limitations and the 
directness of the population. In particular, the Stark data was favoured due to: 

 Use of EQ-5D to elicit utility weights directly from patients 
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 UK EQ-5D tariff used 

 Use of CDAI thresholds that mirrored those used in most of the papers in the clinical review. 

1.2.4.6 Resource use and cost 

The GDG thought it likely that, as well as the treatment-specific tests and consultations, people with 
an exacerbation of Crohn’s disease would have regular consultations and tests regardless of the drug. 
These consultations and tests are summarised in Table 11 and the weighted average cost calculated 
is shown in Table 3. 

Table 11- Consultations and tests for people not in remission (regardless of induction treatment) 

Type of consultation Frequency 

Consultant gastroenterologist  30 visits per 100 people every 2 weeks  

Nurse specialist 30 visits per 100 people every 2 weeks  

Specialist registrar 30 visits per 100 people every 2 weeks  

Phone call to IBD nurse 60 per 100 people every 2 weeks 

GP 10 visits per 100 people every 2 weeks  

Weighted average costs of drug preparations were used in the model; weights were calculated using 
prescription-cost-analysis data39 in order to calculate drug costs which reflect how they are 
prescribed in clinical practice. 

Table 12- Prednisolone costs in the model including tests 

Cost item Value Frequency 
Prescriptions 
(1,000s) Weight Source 

Prednisolone 5 
mg 

£1.21 

 

40 mg initially 
then taper by 5 
mg weekly 

 696        65%  BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

Prednisolone 5 
mg E/C 

£9.68 40 mg initially 
then taper by 5 
mg weekly 

374                                                                           35% BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

DEXA scan £72.00 

 

15% of people 
at baseline 

- - NHS reference 
costs

14
 (code 

RA15Z) and GDG 
economic 
subgroup 

Based on the costs, weights and dosing schedule described in Table 12, a cost of £38.10 was 
calculated for an eight week course of prednisolone drug treatment in the base case. The total cost 
including tests and consultations was £362.17 (Table 3). 

Table 13- Budesonide costs in the model including tests 

Cost item Value 
Prescriptions 
(1,000s) Weight Frequency Source 

100 pack 
Entocort 3 mg 

£99 

 

4.97 63% 9 mg per day 
initially then 
reduce to 3 mg 
after 6 weeks 

BNF 6 
25

and GDG 
economic 
subgroup 
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Cost item Value 
Prescriptions 
(1,000s) Weight Frequency Source 

100 pack 
Budenofalk 3 
mg 

£75.05 2.95 37% 9 mg per day 
initially then 
reduce to 3 mg 
after 6 weeks 

BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

DEXA scan £72.00 

 

- - 15% of people at 
baseline 

NHS reference 
costs NHS 
reference costs

14
 

(code RA15Z) and 
GDG economic 
subgroup 

Based on the costs, weights and dosing schedule described in Table 13, a cost of £167.94 was 
calculated for an eight week course of budesonide drug treatment in the base case. The total cost 
including tests and consultations was £492.01 (Table 3).  

Table 14- Mesalazine costs in the model including tests 

Cost item Value 
Prescriptions 
(1,000s) Weight Frequency Source 

90 pack Asacol 
MR 400 mg 

£29.41 

 

351 56% 2.4 mg daily BNF 63
26

,GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

100 pack 
Pentasa 500 
mg 

£24.21 272 43% 2.5 mg daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

100 pack 
Salofalk E/C 
250 mg 

£16.19 5.73 1% 2.5 mg daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

Liver function 
test 

£1.00 

 

- - 2 per course NHS reference 
costs 

14
 (code 

DAP841) and 
GDG economic 
subgroup 

Renal function 
test 

£1.00 

 

- - 2 per course BNF 61, NHS 
reference costs 
(code DAP841) 
and GDG 
economic 
subgroup 

Based on the costs, weights and dosing schedule described in Table 14, a cost of £98.01 was 
calculated for an eight week course of mesalazine in the base case. The total cost including tests and 
consultations was £416.32 (Table 3). 
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Table 15- Sulfasalazine costs in the model including tests 

Cost item Value 
Prescriptions 
(1,000s) Weight Frequency Source 

112 pack 
Sulfasalazine 
500 mg 

£6.74 116 16% 4 g daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

112 pack 
Sulfasalazine 
Tab E/C 500 mg 

£14.46 365 49% 4 g daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

112 pack 
Salazopyrin 500 
mg 

£6.97 45 6% 4 g daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

112 pack 
Salazopyrin-En 
500 mg 

£8.43 215 29% 4 g daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription cost 
analysis data

39
 

Liver function 
test 

£1.00 

 

- - 2 per course BNF 63
26

, NHS 
reference costs 
NHS reference 
costs

14
 (code 

DAP841) and GDG 
economic 
subgroup 

Renal function 
test 

£1.00 

 

- - 2 per course BNF 63
26

, NHS 
reference costs 
NHS reference 
costs

14
 (code 

DAP841) and GDG 
economic 
subgroup 

Based on the costs, weights and dosing schedule described in Table 15, a cost of £44.16 was 
calculated for an eight-week course of sulfasalazine in the base case. The total cost including tests 
and consultations was £362.48 (Table 3). 

Table 16- Methotrexate costs in the model including tests 

Cost item Value Frequency Source 

65 pack methotrexate 
2.5 mg 

£24.21 

 

17.5 mg weekly BNF 63
26

and GDG economic 
subgroup 

Liver function test £1.00 

 

Weekly for the first month 
then once per month 
thereafter 

BNF 61, NHS reference costs 
NHS reference costs

14
 (code 

DAP841) and GDG economic 
subgroup 

Full blood count £3.00 

 

Weekly for the first month 
then once per month 
thereafter 

BNF 63
26

and GDG economic 
subgroup 

Folic acid £0.24 Six days out of seven during BNF 63
26

and GDG economic 
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Cost item Value Frequency Source 

treatment subgroup 

Virology tests for Hep B, 
Hep C and Chickenpox 

£8.06 
each 

All people at baseline NHS reference costs
14

 and 
GDG economic subgroup 

Based on the cost and dosing schedule described in Table 16, a cost of £6.54 was calculated for an 
eight week course of methotrexate + a glucocorticosteroid drug treatment in the base case. The total 
cost including tests and consultations was £355.67 (Table 3). 
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Table 17- Azathioprine costs in the model including tests 

Cost item Value 
Prescriptions 
(1,000s) Weight Frequency Source 

28 pack 
Azathioprine 25 
mg 

£6.67 154.043 21% 2.5 mg/kg daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription 
cost analysis 
data

39
 

56 pack 
Azathioprine 50 
mg 

£5.56 559.16 75% 2.5 mg/kg daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription 
cost analysis 
data

39
 

25 pack 
Mercaptopurine 
50 mg 

£22.54 36.859 5% 1.5 mg/kg daily BNF 63
26

, GDG 
economic 
subgroup and 
prescription 
cost analysis 
data

39
 

Liver function 
test 

£1.00 

 

- - Weekly for the 
first month then 
once per month 
thereafter 

NHS reference 
costs

14
 (code 

DAP841) and 
GDG economic 
subgroup 

Full blood count £3.00 

 

- - Weekly for the 
first month then 
once per month 
thereafter 

NHS reference 
costs

14
 (code 

DAP823) and 
GDG economic 
subgroup 

Virology tests for 
Hep B, Hep C and 
Chickenpox 

£8.06 
each 

- - All people at 
baseline 

NHS reference 
costs

14
 (code 

DAP831) and 
GDG economic 
subgroup 

Based on the cost and dosing schedule described in Table 17, a cost of £42.11 was calculated for an 
eight-week course of azathioprine + a glucocorticosteroid treatment in the base case. The total cost 
including tests and consultations was £429.34 (Table 3). 
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Table 18- Biologic costs in the model including tests 

Cost item Value Frequency Source 

Pre-filled syringe 40 mg £355.12 

 

Three doses, administered in 
outpatient setting 

BNF 63
26

and GDG economic 
subgroup 

Test for latent TB 
(interferon gamma test) 

£10.00 

 

Once per patient at baseline NICE TB guideline
35

 and GDG 
economic subgroup 

Chest X-ray £16.00 Once per patient at baseline NICE TB guideline
38

 and GDG 
economic subgroup 

Virology tests for Hep B, 
Hep C and Chickenpox 

£8.06 
each 

All people at baseline, assuming 
they haven’t previously been 
tested during 
immunomodulator therapy 

NHS reference costs
14

 (code 
DAP831) and GDG economic 
subgroup 

Based on the cost and dosing schedule described in Table 18, a cost of £1,056.36 was calculated for 
biologic drug treatment in the base case. The total cost including tests and consultations was 
£1,426.09 (Table 3). 

1.2.4.7 Cost of surgery 

The cost of surgery was calculated in close collaboration with the surgeon on the GDG as described 
below and in Table 19. 

1. The five most common operations in Crohn’s disease- pan proctocolectomy, colectomy, right 
hemicolectomy, small intestine resection and strictureplasty- were chosen and matched to 
their closest fitting OPCS and HRG codes. 

2. Weights were calculated using HES data41, selected OPCS codes and assuming that 10% of all 
operations would be associated with a ‘major complication or comorbidity’ 

3. An average cost per operation was calculated by multiplying these weights by the costs 
attached to selected HRG codes, and adding in a pre-operative and post-operative 
consultation for each operation. 
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Table 19- Surgery costs in model 

Operation OPCS code HRG HES
41

 
activity 
number 
(adjusted 
for 10% CC 
rate) 

Weight Cost 

Pan proctocolectomy + CC HO 4.1 

 

FZ08A 47 1.28% £9,537.09 

- CC FZ08B 423 11.49% £6,518.89 

Colectomy + CC HO5.1 

 

FZ09A 23 0.64% £7,311.29 

-CC FZ09B 211 5.72% £5,378.79 

Right hemicolectomy + CC HO6.2 

 

FZ09A 75 2.04% £7,311.29 

-CC FZ09B 675 18.34% £5,378.79 

Small intestine resection + 
CC 

G69.3 

 

FZ07A 210 5.70% £5,190.81 

-CC FZ07B 1890 51.34% £3,820.43 

Strictureplasty + CC G78.2 

 

FZ07A 13 0.35% £5,190.81 

- CC FZ07B 114 3.11% £3,820.43 

So, assuming pre-operative and post-operative costs for a consultation of £94 and £57 (Table 3), and 
a re-operation rate of 10%, the overall cost of surgery assumed in the model was assumed to be 
£5,351.24.  

1.2.5 Computations 

The mean cost and effectiveness of the competing strategies were calculated using Microsoft Office 
Excel 2007. 

1.2.5.1 Calculating QALYs 

To calculate QALYs for a given treatment sequence, both the probability of inducing remission for 
each individual treatment, and the time spent in remission over the course of the model for a given 
treatment strategy are considered. To do this, the treatment strategy is partitioned into individual 
treatments and the number of weeks of remission and active disease that occur as a direct result of 
each treatment are calculated. These are then aggregated over the duration of the strategy and 
QALYs for a given strategy are calculated by multiplying the number of weeks of remission and active 
disease by the appropriate utility weights.  
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Figure 5- Calculating weeks of remission and active disease for a given treatment strategy 

 

Figure 5 is a visual representation of how weeks of remission and active disease are calculated in the 
model. Note that, in the absence of data, it was assumed that for all people in whom remission is 
successfully induced, remission occured half-way through treatment, and people do not relapse.  

 It can be seen from the diagram that QALYs are calculated as follows: 

Let          and    be the probabilities of successfully inducing remission with treatments 1, 2, 3 
and 4 respectively.  

Let          and    be the durations of treatment in weeks associated with treatments 1, 2, 3 and 4 
respectively. 

Let             and     denote the expected number of weeks of remission associated with 
treatments 1, 2, 3 and 4 respectively. 

Let    and    be the utility weights associated with remission and active disease respectively. 

Let H denote the time horizon in the model, which will be equal to the length of the longest 
treatment strategy and is 30 weeks in the base case. 

Treatment one: 

          
 

 
    

Treatment two: 
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Treatment three: 

                              
 

 
    

Treatment four: 

                                        
 

 
    

Note that the term                    is added to the equation for cases when the overall 
length of the treatment strategy is less than the time horizon. In the event that the duration of the 
treatment strategy is equal to the time horizon this term is equal to zero, since            
  . 

Then the total number of weeks of remission,    and number of weeks of active disease    are 
given by: 

                   

        

 

And the total treatment specific QALYs, Q, are calculated as: 

  
 

  
               

 

 

1.2.5.2 Probabilistic analysis in the model 

In the probabilistic analysis, distributions were assigned to treatment effects, utilities and, where 
possible, costs in order to account for the uncertainty in model inputs and capture the effect of this 
uncertainty on model outputs.  

Treatment effects: 

To capture the uncertainty in treatment effects, a sample of 1000 random sets of treatment effects 
was taken from the NMA using the CODA function in WinBUGS. This has the advantage of preserving 
the correlation between variables, which would not be accounted for if they were sampled from 
their individual distributions. For the probabilistic cost-effectiveness analysis, for each simulation a 
random set of treatment effects was chosen from the sample using random number generation. 

Reference costs: 

To assign a distribution to reference costs, it was assumed that they followed a lognormal 
distribution and used the inter-quartile range to calculate an approximate standard error on the log 
scale. 

Let   be the cost for which a distribution is required, i.e.                     

Let M be the mean associated with the cost. 

Let     be the inter-quartile range associated with the cost. 

Note that for normally distributed data: 
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and the standard error,    is related to the standard deviation by: 

  
 

  
 

Then the standard error on the log scale can be calculated as: 

  
        

       
 

And random draws can be taken from the distribution: 

                  
  

 
   

        

       
 
 

  

 

Utilities:  

Utilities were sampled probabilistically by assigning lognormal distributions to utility decrements as 
described in (ref Briggs). Normal distribution parameters were converted to lognormal parameters by 
method of moments, as defined below: 

Let      and        be the mean and variance respectively, of the utility decrement    

Then the parameters of the lognormal distribution,   and    are found by: 

           
      

      
     

 

 
 

         
      

     
  

1.2.5.3 Calculating cost effectiveness 

It is possible, for a particular cost-effectiveness threshold, to express cost-effectiveness results in 
term of net benefit (NB). This is calculated by multiplying the total QALYs for a comparator by the 
threshold cost per QALY value (for example, £20,000) and then subtracting the total costs. The 
decision rule then applied is that the comparator with the highest NB is the most cost-effective 
option at the specified threshold. That is the option that provides the highest number of QALYs at an 
acceptable cost. For ease of computation NB is used to identify the optimal strategy in the 
probabilistic-analysis simulations.  

Let    and    denote the mean costs and mean QALYs respectively, associated with a given 
treatment. Then mean net benefit     is calculated as: 

                   

where £20,000 per QALY represents the cost-effectiveness threshold in the NICE reference case. 

The net benefit for each of the 1000 simulations in the probabilistic analysis is calculated. This allows 
the probability that a given treatment would be optimal, based on the number of times it has the 
highest net benefit, can be estimated.  
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However, the strategy that is optimal overall is the one that has the highest net benefit calculated 
using the mean costs and QALYs, where means were the average of the 1,000 simulated estimates. 

1.2.6 Sensitivity analyses 

The results of the model were tested by changing those parameters which are most uncertain, as 
described in Table 20. 

Table 20- One-way sensitivity analyses in the model 

Sensitivity analysis Description Value in base case 
Value or range in 

sensitivity analysis 

1- Utility weights VAS score from Stark et al used 
instead of Time Trade Off TTO 

Disease remission = 0.89 

Active disease = 0.61 

Disease remission =0.848 

Active disease = 0.634 

2- Budesonide 
adjustment factor 

Based upon RCT evidence, the 
efficacy effect of 
glucocorticosteroid treatment 
following treatment failure 
with budesonide was unclear. 
The GDG reasoned that 
glucocorticosteroid treatment 
would be less effective 
following budesonide failure, 
and decided it would be 
appropriate to multiply the 
efficacy of glucocorticosteroid 
treatment after budesonide by 
an adjustment factor between 
0 and 1. 

75% 50%-100% 

3- Consultations Since the consultations 
described in Table 11 were 
chosen by the GDG, it was 
decided to vary these in the 
sensitivity analysis in order to 
test the effects of high and low 
resource use on the results of 
the model. 

Consultant 
gastroenterologist: 

30 visits per 100 people 
every 2 weeks 

 

 

Nurse specialist: 

30 visits per 100 people 
every 2 weeks 

 

Specialist registrar: 

30 visits per 100 people 
every 2 weeks 

 

Consultant 
gastroenterologist: 

0-100 visits per 100 
people every 2 weeks 

 

 

Nurse specialist: 

0-100 visits per 100 
people every 2 weeks 

 

Specialist registrar: 

0-100 visits per 100 
people every 2 weeks 

 

4- Efficacy of 
biologics 

The efficacy of biologic 
treatment was extracted from 
the same trial

10
 as the model in 

TA187
37

. There is some 
uncertainty as to the most 
accurate figures to use, due to 
the trial design of the original 
studies. A sensitivity analysis 
exploring the more 
conservative efficacy estimate 
was undertaken. 

Biologic: 

 

 
  

   
     

 

 

Biologic: 

 

 
  

   
     

 

 

5- TPMT cost The GDG decided to explore £0 £26. Source: personal 
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Sensitivity analysis Description Value in base case 
Value or range in 

sensitivity analysis 

the effects of adding the cost 
of TPMT testing onto the cost 
of azathioprine. 

communication with 
TPMT laboratory at Guys 
and St Thomas’s hospital 

6- Trial durations As well as trial durations 
chosen by the GDG trial 
durations that better reflected 
those used in the actual trials 
were explored. These were 
calculated by taking the mean 
duration of all the trials for 
which a given treatment was 
used as a comparator. See 
Table 2 

See Table 2 See Table 2 

1.2.7 Model validation 

The model was developed in consultation with the health economic sub group and all decisions were 
signed off by the GDG. The model structure, inputs and results were presented to and discussed with 
the GDG for clinical validation and interpretation.  

The model was systematically checked by the health economist undertaking the analysis; this 
included inputting null and extreme values and checking that results were plausible given inputs. The 
model was peer reviewed by a second health economist from the NCGC; this included systematic 
checking of the model formulae and calculations. The model parameters and results were also 
assessed against the content of this appendix. 

1.2.8 Interpreting results 

The strategy with the highest mean net benefit is the one that should be recommended20, though the 
uncertainty around costs and QALYs should also be taken into consideration. Due to lack of data, the 
disutility of treatment-specific adverse events could not be captured; caution should therefore be 
exercised in recommending strategies containing treatments with high withdrawal rates. However, a 
sensitivity analysis around the side-effects associated with glucocorticosteroids indicated that the 
optimal strategy is not affected by the inclusion of side-effects.. Furthermore, in line with TA 187, 
strategy 9 within this model, which explores the cost effectiveness of glucocorticosteroid treatment 
followed by a biologic, should be considered only in people whose Crohn’s disease has progressed to 
severe before initiation of biologic treatment. All other treatment strategies within this model relate 
to moderate disease.  
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1.3 Results 

1.3.1 Base case  

In the base case, model inputs were set as shown in Table 3 and the model was run probabilistically. 
The results were as follows: 

Table 21- Mean costs in the base case  

Strategy 
number Strategy  Drugs Tests Consultations Surgery Total 

5 CS , AZA+CS , BIO £218 £34 £446 £402 £1,099 

7 BUD , CS , AZA+CS , BIO £301 £31 £574 £258 £1,164 

3 MES , CS , AZA+CS , BIO £235 £26 £614 £253 £1,128 

6 CS , MTX+CS , BIO £282 £44 £586 £487 £1,398 

8 BUD , CS , MTX+CS , BIO £343 £37 £664 £313 £1,358 

1 SUL , CS , AZA+CS , BIO £202 £29 £642 £292 £1,164 

4 MES , CS , MTX+CS , BIO £275 £33 £703 £307 £1,318 

2 SUL , CS , MTX+CS , BIO £249 £37 £744 £354 £1,383 

9 CS , BIO £488 £72 £501 £1,007 £2,068 

Table 21 shows that, in the base case, strategy 5, where people start with first line 
glucocorticosteroid monotherapy, followed by second line azathioprine in combination with a 
glucocorticosteroid following treatment failure then move on to a third-line biologic following a 
second treatment failure was the cheapest treatment option at £1,100. 

Table 22- Clinical outcomes in the base case (mean) 

Strategy 
number Strategy 

Weeks of 
remission 

Weeks of non 
remission QALYs 

5 CS , AZA+CS , BIO 20.6 9.4 0.463 

3 BUD , CS , AZA+CS , BIO 19.1 10.9 0.455 

7 MES , CS , AZA+CS , BIO 18.0 12.0 0.450 

1 CS , MTX+CS , BIO 20.2 9.8 0.461 

6 BUD , CS , MTX+CS , BIO 18.9 11.1 0.454 

4 SUL , CS , AZA+CS , BIO 16.8 13.2 0.443 

8 MES , CS , MTX+CS , BIO 17.8 12.2 0.448 

2 SUL , CS , MTX+CS , BIO 16.6 13.4 0.442 

9 CS , BIO 19.4 10.6 0.457 

Table 22 shows that in the base case, strategy 5 was the most effective option yielding 21 weeks of 
remission and 0.463 QALYs. 
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Table 23- Cost effectiveness in the base case (mean) 

Strategy 
number Strategy  Cost QALYs 

Net monetary 
benefit* 

Rank (95% 
confidence 
interval)* 

Probability 
of being 
most cost-
effective 
strategy 

5 CS , AZA+CS , 
BIO 

£1,099 0.463 £8,169 1 (1,6) 72.7% 

3 BUD , CS , 
AZA+CS , BIO 

£1,164 0.455 £7,945 2 (1,6) 9.1% 

7 MES , CS , 
AZA+CS , BIO 

£1,128 0.450 £7,862 3 (2,7) 2.5% 

1 CS , MTX+CS , 
BIO 

£1,398 0.461 £7,823 4 (1,8) 11.1% 

6 BUD , CS , 
MTX+CS , BIO 

£1,358 0.454 £7,731 5 (2,8) 1.2% 

4 SUL , CS , 
AZA+CS , BIO 

£1,164 0.443 £7,696 6 (1,8) 2.7% 

8 MES , CS , 
MTX+CS , BIO 

£1,318 0.448 £7,652 7 (3,8) 0.2% 

2 SUL , CS , 
MTX+CS , BIO 

£1,383 0.442 £7,454 8 (3,9) 0.4% 

9 CS , BIO £2,068 0.457 £7,079 9 (5,9) 0.1% 

* Using a willingness-to-pay threshold of £20,000 per QALY.  

Table 23 shows that strategy 5 was the cheapest, and most effective strategy in the model; it was 
therefore the dominant treatment strategy. There was a great deal of uncertainty in the analysis, 
which arises mainly from the imprecision in estimating treatment effects. Though strategy 5 was 
dominant in terms of mean net monetary benefit, the 95% confidence interval of its rank in terms of 
net monetary benefit ranged from 1 to 6 and its probability of being the most cost-effective strategy 
was around 73%.  

Figure 6 shows the cost-effectiveness plane, depicting the mean costs and QALYs associated with 
each treatment strategy. 

Since the costs and disutility associated with treating adverse events in the model could not be 
explicitly quantified for all treatments, a threshold analysis was conducted on the cost of treating 
adverse events. This involved varying the cost of treating an adverse event until strategy 5 was no 
longer the most cost-effective strategy and noting the value at which this change occurred. This 
change occurred when the cost of treating adverse events was set to £6,000, whereupon strategy 7 
became most cost-effective. 

A sensitivity analysis was conducted, where the costs and disutilities of myocardial infarction and hip 
fracture were added in for patients receiving glucocorticosteroid therapy in the most cost-effective 
strategy (a glucocorticosteroid, a glucocorticosteroid + azathioprine, a biologic). The fact that these 
adverse events were only modelled for the most cost-effective strategy represents a conservative 
approach since glucocorticosteroid therapy is included in every other strategy and therefore 
including adverse events in other strategies would only weaken their cost-effectiveness relative to 
the most cost-effective strategy.  

The approach taken was as follows: 

 Baseline 8-weekly risks were calculated for myocardial infarction and hip fracture: 
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o Myocardial infarction: 10-year baseline risk        was turned into a 8-weekly risk 

using the equation6:           
 

     
              

o Hip fracture: 8-weekly baseline risk       was calculated by dividing the number of 
hip fractures that occur yearly in the UK     by the total adult population in England 
  (Table 3) to get the yearly risk       and then applying the formula         

 
 

  
             

 The relative effects associated with intermittent high-dose glucocorticosteroid therapy 
(Table 3) were then applied to the baseline risks to obtain drug-specific risks: 

o Myocardial infarction: The log odds associated with baseline risk of MI (     ) and 
treatment specific log odds ratios (Table 3) were calculated and methods described 
in 1.2.4.2 were applied to obtain a glucorticosteroid-related myocardial infarction 
risk of 0.0043. 

o Hip fracture: The baseline risk of hip fracture       was adjusted by the treatment-
specific relative risk for hip fracture (Table 3) to obtain a glucocorticosteroid-related 
hip fracture risk of 0.0006 

 Utility weights associated with myocardial infarction and hip fracture can be found in Table 3. 
Utility weights used for these adverse events in the model were calculated as a decrement 
from both perfect health and active Crohn’s disease. This makes the assumption that the 
reduction in quality of life is additive and that all patients who experience a 
glucocorticosteroid-related adverse event still have active disease. Utility weights were 
calculated this way since calculating only the decrement from perfect health is unlikely to 
fully capture utility loss in the presence of co-morbidities- in this case active Crohn’s disease. 
Note that             and             denote the calculated utility weights for 
myocardial infarction and hip fracture used in the model; and        ,        and        
denote the utility weights associated with myocardial infarction, hip fracture and active 
Crohn’s disease identified in the literature(Table 3). The utility weights were thus derived as 
follows: 

o Myocardial infarction:                                                  
o Hip fracture:                                                   

The adverse-event specific risks, costs (Table 3), and utility weights were then applied to everyone in 
the most cost-effective strategy in the model receiving glucocorticosteroid monotherapy or 
azathioprine + a glucorticosteroid combination therapy and the model was run. The cost 
effectiveness ranking did not change. 
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Figure 6- Cost-effectiveness plane (mean costs and QALYs from probabilistic analysis) 

 

1.3.2 Sensitivity analyses 

1.3.2.1 One-way sensitivity analysis 

One-way sensitivity analyses were also conducted in order to test the robustness of model results to 
changes in key parameters. In all deterministic sensitivity analyses, the same strategy namely 
glucocorticosteroid treatment, glucocorticosteroid + azathioprine then a biologic was the most cost-
effective strategy. 

Table 24: One-way sensitivity analysis – mean net monetary benefit* 

Strategy 
Base 
case SA1 

SA2- 
50% 

SA2- 
100% 

SA3- 
low 

SA3- 
high SA4 SA5 SA 6 

1 7346 7259 7370 7383 7946 6092 7264 7391 17414 

2 7045 6969 7082 7083 7752 5500 6919 7084 16405 

3 7711 7562 7729 7740 8246 6575 7644 7747 18221 

4 7471 7330 7499 7501 8090 6101 7368 7502 17414 

5 7996 7795 8024 8045 8379 7280 7874 8056 18931 

6 7613 7429 7658 7665 8124 6541 7429 7665 17668 

7 7738 7563 7577 7942 8234 6690 7672 7774 18792 

8 7496 7330 7297 7753 8078 6215 7395 7527 17975 

9 6735 6555 6743 6731 7134 5827 6185 6734 17422 

* Using a willingness-to-pay threshold of £20,000 per QALY. Bold font denotes the most cost-
effective strategy 
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1.4 Discussion 

1.4.1 Summary of results 

The cost-effectiveness analysis shows that, based on a conditional logistic regression network meta-
analysis conducted using RCT data, acquisition costs, PSSRU costs and NHS reference costs, 
glucocorticosteroid treatment followed by azathioprine + a glucocorticosteroid then a biologic is the 
most cost-effective treatment strategy to induce remission of an acute exacerbation of Crohn’s 
disease. These results were robust to both one-way and probabilistic- sensitivity analyses. 

1.4.2 Limitations and interpretation 

This model is based on findings from RCTs and therefore any issues concerning interpretation of the 
clinical review also apply to interpretation of the economic analysis. The limitations of the model 
include: 

 The utility loss and treatment cost associated with adverse events have not been explicitly 
incorporated. Adverse events are only incorporated in as much as people withdrawing due to 
adverse events have to start an additional treatment cycle and therefore their time to 
remission is delayed by at least eight more weeks. This is likely to mean the cost 
effectiveness of all the treatment strategies has been over-estimated in the economic 
analysis, though since each treatment is likely to have a different side-effect profile, it is 
unlikely that ICERs have been underestimated by the same magnitude for all treatment 
strategies. For treatment strategies with more severe side-effects, the over estimation of the 
ICER is likely to be higher than in treatment strategies with less severe side-effect profiles.’ 
However, the sensitivity analysis conducted on side effects associated with 
glucocorticosteroid monotherapy provides some extra assurance. 

 Relapses are not accounted for; this is explored in the maintenance of remission model. 

 Simplifying assumptions 
o For people in whom remission is induced, utility returns to normal, half way through 

the treatment cycle. 
o Withdrawals are assumed to occur at the end of a treatment cycle. 

 No clinical review was conducted on the efficacy of biologic treatments as this was outside of 
the Crohn’s disease guideline remit therefore efficacy data has been derived from the two 
study used in the TA 37. 

1.4.3 Generalisability to other populations and settings 

It should be noted that all of the findings relate to an adult population and the conclusions may not 
apply to paediatric treatment. A separate model for children could not be constructed due to the 
paucity of both clinical and quality of life studies conducted in this area. Furthermore, the population 
clinical data used in the model relates to a moderate to severe active Crohn’s disease population and 
thus these conclusions should not be applied to a population consisting entirely of people with 
severe active disease. 

1.4.4 Comparisons with published studies  

No relevant or applicable published health economics studies were identified in the area of medical 
induction of remission. 
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1.4.5 Conclusion and evidence statement 

The analysis suggests that glucocorticosteroid treatment, followed by azathioprine + a 
glucocorticosteroid then a biologic is the most cost-effective treatment strategy for a moderate to 
severe acute exacerbation of Crohn’s disease. 

1.4.6 Implications for future research 

Potential areas for future Crohn’s disease research that have been identified by this analysis and 
include: 

 Medical induction of remission trials - despite pooling the results of all the studies in a 
network meta-analysis, there was still a large amount of imprecision in the estimates of 
effect size. Conducting more clinical trials in the area of medical induction of remission 
would reduce this uncertainty. 

 Paediatric clinical trials and quality of life studies. 

 Enteral nutrition studies reporting withdrawal from treatment as a clinical outcome. 
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2 Cost-effectiveness analysis –maintenance of 
remission  

2.1 Introduction 

This economic analysis explores the cost effectiveness of different treatments for medical 
maintenance of remission in active Crohn’s disease. The topic of medical maintenance of remission 
was chosen by the GDG as one of their top priorities for original economic analysis, since medical 
maintenance therapy is likely to be a consideration for most people with Crohn’s disease at some 
point. No fully applicable published economic studies were identified in this area. 

2.2 Methods 

2.2.1 Model overview  

A cost-utility analysis was undertaken where costs and quality-adjusted life years (QALYs) were 
considered from a UK NHS and personal social services perspective (PSS). 

2.2.1.1 Comparators 

The comparators examined in the model were the same as in the clinical review and approved by the 
GDG economic subgroup. The economic subgroup comprised two consultant gastroenterologists, 
one specialist IBD nurse and one patient representative. Methotrexate could not be included since 
withdrawals from treatment - a key driver of treatment effects in the model- were not reported in 
the only methotrexate study found in the clinical review. The comparators explored in the model 
were: 

 No treatment 

 Azathioprine 

 Mesalazine 

 Olsalazine 

 Budesonide 

 Glucocorticosteroids 

It should be noted that although they were combined in the clinical review, mesalazine and 
olsalazine were separated in the economic analysis due to potential differences in costs and side-
effect profiles. 

2.2.1.2 Population 

The population entering the model comprises people in medically-induced remission of Crohn’s 
disease. In most cases, remission was defined by a Crohn’s Disease Activity Index (CDAI) score of ≤ 
150, though due to paucity of evidence, trials using other definitions, for example physician’s 
objective assessment was used.   

2.2.1.3 Time horizon  

The time horizon considered in the base case model was two years; this time horizon was chosen to 
reflect the duration of the longest trial explored in the clinical review for maintenance of remission. A 
longer time horizon of 10 years was explored in sensitivity analysis. A lifetime time horizon was not 
explored, since the incremental QALYs vs no treatment at two and ten years were not substantially 
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different, and therefore using a longer time horizon was unlikely to have a significant impact on 
model results. 

2.2.2 Approach to modelling 

2.2.2.1 Model structure  

A Markov model was constructed, wherein the QALY gain is driven by the amount of time people 
spend in remission and active disease. A cycle length of two months was chosen to reflect the 
duration of induction treatments for people in relapse. 

Due to the way withdrawals were reported in the RCTs, two separate analyses were conducted for 
the clinical review, a non-conservative analysis where only the ‘relapse’ outcome was analysed, and 
conservative analysis where ‘relapse + withdrawals’ was analysed. Treatment effects in the economic 
model were parameterised so as to account for these two different methods. For the non-
conservative analysis in the economic model, withdrawals and relapses were treated separately so 
that people who withdrew from treatment were still assumed to be in remission (although from this 
point their risk of relapse reverts back to the risk associated with no treatment). For the conservative 
analysis in the economic model, people who withdrew were assumed to be in relapse.  

The GDG advised that people in relapse should be treated with the induction sequence that was 
found to be most cost-effective in the induction of remission model (a glucocorticosteroid, followed 
by azathioprine + a glucocorticosteroid then a biologic). The GDG were uncertain as to what the 
induction sequence should be for people who relapse while on azathioprine maintenance treatment. 
People who relapse on azathioprine treatment are likely to have a glucocorticosteroid or biologic 
induction therapy added to their azathioprine regimen, and therefore initiation of azathioprine 
induction therapy in these people is not relevant as they are already taking azathioprine. One 
plausible alternative was to assume a three-line induction sequence for azathioprine (a 
glucocorticosteroid – a biologic – surgery) but a four-line sequence (a glucocorticosteroid – 
azathioprine + a glucocorticosteroid- a biologic – surgery) for the other maintenance strategies but 
this three-line sequence is less cost effective and this may potentially bias the assessment. This 
scenario was explored, but an analysis where there was a three-line induction sequence (a 
glucocorticosteroid – a biologic – surgery) for all maintenance strategies was also conducted in order 
to address this potential imbalance. In this analysis only the maintenance treatment varies between 
comparators and not the induction sequence but this is probably only a reasonable comparison for 
people who have had a recent history of severe disease and so would necessitate more urgent 
treatment. 

 Conservative treatment effects - three lines of induction treatment (including surgery) for 
people relapsing on azathioprine, four lines of induction treatment for all other people (Cons 
4L). 

 Non- conservative treatment effects - three lines of induction treatment (including surgery) 
for people relapsing on azathioprine, four lines of induction treatment for all other people 
(Non-cons 4L). 

 Conservative treatment effects - three lines of induction treatment (including surgery) for all 
people in relapse (Cons 3L). 

 Non-conservative treatment effects - three lines of induction treatment (including surgery) 
for all people in relapse (Non-cons 3L). 
 

The model structure is shown in Figure 7; note that in the first two analyses described above, the 
circled health state is omitted for people relapsing on azathioprine maintenance treatment. It is also 
omitted from the Cons 3L and Non-cons 3L models. 



 

 

Cost effectiveness analysis - maintenance of remission> 
 

Confidential draft – do not disseminate                                                                       14/08/2012 17:23:58 
41 

Figure 7- Health states in the maintenance of remission economic model 

 

Key assumptions: 

• People enter the model in the remission maintenance treatment state  

• People who relapse enter the acute induction treatment sequence 

• People in whom remission is successfully re-induced on first- or second-line induction 
treatment go back on their initial maintenance treatment 

• People who fail induction on biologics undergo surgery 

• If remission is successfully induced on biologics, people stay on biologics until either: 

• Failure: where they undergo dose escalation (equivalent to re-induction using 
biologics) and have then can either : 

• responding and being put again on maintenance dose or  

• not responding and go to surgery 

•  Completion of 12 months: where they are reassessed and 

• if in remission they go on to no maintenance treatment  

• if not they undergo dose escalation (i.e. re-induction) and go back to the 
start of the sequence. 

2.2.2.2 Uncertainty 

One-way sensitivity analysis 

One-way sensitivity analyses were also conducted in order to test the robustness of model results to 
changes in key parameters. In one way sensitivity analysis, one parameter is varied while all other 
parameters are kept constant and the effects of changing this parameter on model results are 
explored. The one-way sensitivity analyses conducted are described in Table 20. 
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Probabilistic analysis 

A Monte Carlo simulation16 was conducted to explore the uncertainty in model results. In Monte 
Carlo simulation, each parameter is assigned a distribution reflecting its uncertainty; random draws 
are then taken from this distribution and propagated through the model, to calculate costs and 
QALYs. This process is repeated 1,000 times and a model result which represents an average of the 
simulations is computed.  

2.2.3 Model inputs 

2.2.3.1 Summary table of model inputs  

Model inputs were based on clinical evidence identified in the systematic review undertaken for the 
guideline, supplemented by additional data sources as required. Model inputs were validated with 
clinical members of the GDG. Summaries of the model inputs used in the base-case analysis are 
provided in Table 25, Table 26, Table 27 and Table 28. More details about sources, calculations and 
rationale for selection can be found in the sections following this summary table.  

The costs and probabilities associated with induction treatments for people in relapse are those 
associated with the optimal strategy in the induction of remission model and can be found in the 
induction of remission model write-up.  

Table 25: Cost inputs 

Input Data Source 

Drugs 

Cost per two-month cycle
(a) 

of mesalazine 
maintenance treatment

(b)
 

£109.71 BNF 63
25

 and NHS reference costs
14

 

Cost per two-month cycle
(a) 

of budesonide 
maintenance treatment

(b)
 

£103.20 BNF 63
25

 and NHS reference costs
14

 

Cost per two-month cycle
(a) 

of 
glucocorticosteroid maintenance treatment

(b)
 

£34.82 BNF 63
25

 and NHS reference costs
14

 

Cost per two-month cycle
(a) 

of azathioprine 
maintenance treatment

(b)
 

£75.29 BNF 63
25

 and NHS reference costs
14

 

Cost per two-month cycle
(a) 

of olsalazine 
maintenance treatment

(b)
 

£71.07 BNF 63
25

 and NHS reference costs
14

 

Cost per two-month cycle
(a) 

of biologic 
maintenance treatment

(b)
 

£1,681.46 BNF 63
25

 and NHS reference costs
14

 

Visits 

Yearly cost of Crohn’s treatment while in 
remission (first year) 

£230.72 Economic subgroup (see Table 11 for 
specific tests/consultations frequency) 

Yearly cost of Crohn’s treatment while in 
remission (second year) 

£153.97 Economic subgroup (see Table 11 for 
specific tests/consultations frequency) 

Yearly cost of Crohn’s treatment while in 
remission (third year) 

£88.56 Economic subgroup (see Table 11 for 
specific tests/consultations frequency) 

Consultant gastroenterology outpatient visit £113.58 NHS reference costs: Consultant led 
follow up attendance non admitted face 
to face “Medical gastroenterology” (code 
301M) 

Cost for 1/2 hour specialist nurse appointment £28.50 PSSRU
11

 

Cost for average length GP consultation £41.00 PSSRU
11

 

Non-consultant gastroenterology outpatient visit £93.92 NHS reference costs
14

: Non-consultant 
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Input Data Source 

led follow-up attendance non-admitted 
face to face “Medical gastroenterology” 
(code 301M) 

Phone call to IBD nurse £5.70 NHS reference costs
14

 

Tests 

 

DEXA scan £72.00 NHS reference costs
14

 (code RA15Z) 

Microbiology/virology to test for chickenpox £8.00 NHS reference costs
14

 (DAP831) 

Full blood count £1.00 NHS reference costs
14

 (DAP823) 

Renal and liver function tests £3.00 NHS reference costs
14

 (DAP841) 

Chest x-ray £17.00 NICE TB guideline
35

 

Interferon gamma test for latent TB £22.00 NICE TB guideline
35

 

Cost of diagnostic colonoscopy £589.91 NHS reference costs
14

 

Cost of MRI scan £173.57 NHS reference costs
14

 

Cost of surgery £5,351.24 Induction of remission model write-up. 

(a) One cycle = two months 
(b) Including tests and consultations 
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Table 26- Clinical inputs- probabilities of relapse + withdrawal (conservative analysis) per cycle 

Input Probability of relapse + withdrawal  

No treatment (placebo) 
8.98% 

Mesalazine  
6.05% 

Budesonide 7.92% 

Glucocorticosteroid treatment 8.26% 

Azathioprine 1.61% 

Olsalazine 9.36% 

Biologic (first two cycles) 13.93% 

Biologic (next three cycles) 2.64% 
Source: Clinical review 

Table 27- Clinical inputs- probabilities of withdrawal and remission conditional on not withdrawing 
(non-conservative analysis) 

Input 
Probability of withdrawal 
due to adverse events 

Probability of relapse conditional on 
non-withdrawal 

No treatment 
(placebo) 2% 9% 

Mesalazine  
3% 6% 

Budesonide 3% 8% 

Glucocorticosteroids 3% 8% 

Azathioprine 2% 2% 

Olsalazine 4% 9% 
Source: Studies used in clinical review 

Table 28- Utility weights in the model 

Input Data Source 

Disease remission  0.89 Stark et al
54

 

Active disease  0.61 Stark et al
54

 

Note: Same as induction of remission model 

2.2.3.2 Baseline events (withdrawal, relapse and relapse + withdrawal) 

Baseline events were modelled in WinBUGS using a random effects logistic regression on the placebo 
arms of the RCTs from the clinical review. The aim of the logistic regression was to calculate the 
baseline log odds of withdrawals due to adverse events and remission conditional on non 
withdrawal.  

2.2.3.3 Relative treatment effects (withdrawal, relapse and relapse + withdrawal) 

Relative treatment effects were calculated so as to reflect the clinical review as closely as possible in 
terms of pooling of studies. As described above, treatment effects were parameterised in two 
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different ways, to facilitate a conservative and non-conservative analysis. Calculation of these 
treatment effects is described in the following section. 

Conservative analysis 

For the conservative analysis, with the exception of 5-ASA treatment and glucocorticosteroid 
treatment, all of the treatment effects could be extracted directly from the clinical review. As 
discussed previously in the induction of remission model write-up,5-ASA compounds are treated 
separately for economic analysis within this guideline due to differences in costs and side-effect 
profile. For glucocorticosteroid treatment, only one trial 53 reported withdrawals and was used to 
obtain a relative risk for relapse + withdrawal of 1.15 at one year. In the meta-analysis for the clinical 
review, five mesalazine studies 1,2,45,53,57,62 and one olsalazine 29 study were pooled. These were 
separated and a new meta-analysis was conducted using the mesalazine studies from the clinical 
review to obtain a relative risk of 0.81 at one year for relapse + withdrawal with mesalazine. The 
olsalazine study 29 was then used to calculate a relative risk 1.23 for relapse + withdrawal. 

Baseline log odds were converted to the natural scale to obtain a baseline risk of relapse + 
withdrawal of 52% at one year using the following equation: 

     
      

        
 

where     and     denote the baseline log odds and risk of relapse + withdrawal respectively, on 

placebo. 

All the relative risks, the baseline risk and associated confidence intervals for relapse + withdrawal 
are shown in Table 29. Note that in the model these are converted from yearly to two-monthly 
probabilities to reflect the cycle length. 

 

Table 29- Conservative analysis treatment effects 

Treatment Baseline risk (95% CI) 

No treatment (placebo) 0.52 (0.43 to 0.61) 

Treatment Relative risk (95% CI) 

Mesalazine  0.81 (0.69 to 0.97) 

Budesonide 0.87 (0.70 to 1.08) 

Glucocorticosteroid treatment 1.15 (0.62 to 2.15) 

Azathioprine 0.58 (0.29 to 1.15) 

Olsalazine 1.23 (1.03 to 1.48) 
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Non-conservative analysis 

For the non-conservative analysis, with the exception of 5-ASA treatment all of the treatment effects 
for relapse could be extracted directly from the clinical review. Estimates of relative risk for relapse 
on mesalazine were obtained in the same way as described in 0, yielding relative risks at one year of 
0.69 and 0.9 for mesalazine and olsalazine respectively.  

As described in 2.2.2, for the non-conservative analysis it was important to capture withdrawals from 
treatment. To achieve this, a series of pair wise meta-analyses were conducted on the withdrawal 
outcome and probabilities for relapse conditional on ‘non withdrawal’ were calculated, as follows: 

1. Absolute risks of relapse were calculated using baseline log odds of relapse and relative risks. 
2. Absolute probabilities of withdrawal were calculated as follows: 

 

                                                                                 

                                                                                            
                    
 
The        of withdrawal  in study   was then calculated from the equation:  

          
3. Using these quantities, odds ratios for withdrawal were calculated and pooled across studies. 

Studies were pooled in the same way as in the clinical review. Treatment-specific odds ratios 
for withdrawal were then converted to absolute probabilities of withdrawal using methods 
previously described in the induction of remission model write-up. A probability of relapse 
conditional on not withdrawing was then calculated using the following equation: 

Equation 1- Calculating probability of relapse conditional on non-withdrawal 

        
    

      
 

 

 

Treatment effects used in the non-conservative analysis are shown in Table 30. Please note that 
treatment effects for withdrawal were calculated as odds ratios. 

Table 30- Non-conservative analysis treatment effects 

Treatment 
Baseline probability of relapse 
(95% CI) 

Baseline probability of withdrawal 
(95% CI) 

No treatment 
(Placebo)  0.39 (0.28 to 0.50) 0.10 (0.04 to 0.22) 

Treatment Relative risk of relapse (95% CI) Odds ratio for withdrawal (95% CI) 

Mesalazine  0.69 (0.55 to 0.87) 1.49 (1.05 to 2.11) 

Budesonide 0.84 (0.68 to 1.03) 1.76 (0.61 to 5.45) 

Glucocorticosteroids 0.88 (0.62 to 1.26) 1.63 (0.46 to 6.03) 

Azathioprine 0.21 (0.06 to 0.68) 1.23 (0.43 to 3.61) 

Olsalazine 0.90 (0.67 to 1.21) 2.46 (1.46 to 4.18) 

Once the probabilities of relapse, withdrawal and relapse conditional on non withdrawal had been 
calculated, yearly probabilities were calculated as described in this section, and then transformed to 
two- monthly probabilities using the equation: 
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All of the probabilities calculated using the methods described in this section can be found in Table 
26 and Table 27. 

Figure 8- Conservative and non-conservative analysis  

 
 
 

Figure 4 shows how the probabilities described above and shown in Table 26 and Table 27 operate in 
the model for the conservative and non-conservative analyses. Note that Figure 8 describes only the 
patient pathway up to relapse, and a full representation of the patient pathway can be found in 
Figure 7.  

In the conservative analysis, people who either relapse or withdraw are assumed to have active 
disease and move into the active disease health states where they receive treatment for induction of 
remission.  

In the non-conservative analysis, people who withdraw from treatment are still assumed to be in 
remission, but not receiving drugs for maintenance of remission; their probability of relapse is then 
equal to the baseline relapse probability- i.e. the same as people in the no treatment arm. People 
who do not withdraw from treatment may relapse according to the probability calculated in Equation 
1. People relapsing from either the remission- maintenance treatment or remission- no maintenance 
treatment health states move into the active disease health states where they receive treatment for 
induction of remission. 
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2.2.3.4 Utilities 

For economic evaluation, a specific measure of HRQoL known as utility is required to calculate QALYs. 
Utilities indicate the preference for health states on a scale from 0 (death) to 1 (perfect health). The 
NICE reference case36 specifies that the preferred way for this to be assessed is by the EQ-5D 
instrument. 

The utility weights used in the model for people with active disease and people in remission were the 
same as those used in the induction model and are shown in Table 28. The rationale for selecting 
these utility weights can be found in the induction model write-up. 

2.2.3.5 Resource use and cost 

Please note that all of the drug-specific information in this section refers to people undergoing 
treatment for maintenance of remission. For information pertaining to induction of remission please 
see the induction of remission model write-up. 

The GDG advised that, as well as the treatment-specific tests and consultations, people in remission 
of Crohn’s disease would have regular consultations and tests regardless of treatment. The GDG 
noted that these consultations would differ according to how long people were in remission for, and 
agreed on yearly frequencies of consultations for people who have been in one, two and three years 
of remission. This was accounted for in two different ways in the model. In the base case, the two-
year frequencies were used and an overall cost of £25.75 applied per cycle to people in remission 
over the two-year time horizon. In a sensitivity analysis, an average cost of consultations over three 
years was calculated, and a cost of £26.51 applied per cycle to people in remission over the two-year 
time horizon. These consultations and tests are summarised in Table 31. 

Table 31- Consultations and tests for people not in remission (regardless of induction treatment) 

Type of 
consultation Unit cost 

Year one 
frequency 

Year two 
frequency 

Year three frequency 

Consultant £113.58 
One per year (all 

people) 

One per year 
(HALF of all 

people) 

One per year (HALF of 
all people) 

Specialist 
Registrar 

£93.92 
One per year (all 

people) 

One per year 
(HALF of all 

people) 

One per year (HALF of 
all people) 

GP £41.00 
One per year (all 

people) 
Two per year (all 

people) 
One per year (all 

people) 

IBD nurse £28.50 
One per year (all 

people) 
One per year (all 

people) 
None 

IBD nurse 
(phone) 

£5.70 
Two per year (all 

people) 
One per year (all 

people) 
One per year (HALF of 

all people) 

Drug acquisition costs 

Drug costs in the model were calculated based on weighted average drug acquisition costs were 
calculated based on prescribing patterns for all preparations39. This can be seen in Table 32.Error! 
Reference source not found. 
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Table 32- Base case weekly drug acquisition costs in the model 

Treatment Dosage Drug name Cost 
per 
tab 

Weekly 
Cost 

Prescription
s (1,000s)

39
 

Weight Weighte
d 
average 
weekly 
cost 

Azathioprine 2.5 
mg/kg 
per day 

Azathioprine 25 
mg (28-tab pack 
= £6.02) 

£0.22 £11.73 154 21% £5.04 

Azathioprine 50 
mg 

(56-tab pack = 
£5.04) 

£0.09 £2.45 559 75% 

Mercaptopurine 1.5 
mg/kg/da
y 

Asacol MR 400 
mg (25-tab pack 
= £22.54) 

£0.90 £14.75 37 5% 

Mesalazine 2 g daily 100 pack 
Pentasa 500 mg 
(90-tab pack = 
£29.41) 

£0.33 £11.44 351 56% £9.38 

2 g daily Salofalk E/C 250 
mg 

(100-tab pack = 
£24.21) 

£0.24 £8.47 272 43% 

1.5 g 
daily 

Asacol MR 400 
mg (100-tab 
pack = £16.19) 

£0.16 £6.80 5.73 1% 

Budesonide 4.5 mg 
daily 

Entocort 3 mg 

(100 tab pack = 
£75.05) 

£0.75 £7.88 4.96 100% £8.82 

Budenofalk 3 
mg 

(100 tab pack = 
£99.00) 

£0.99 £10.40 2.95 0% 

Glucocorticoster
oid 

5 mg Prednisolone 5 
mg 

(28 tab pack = 
£1.21) 

£0.04 £0.30 696 65% £0.96 

Prednisolone 5 
mg E/C (28 tab 
pack = £9.86) 

£0.31 £2.17 374 35% 

Olsalazine 1000 mg 
daily 

Dipentum 500 
mg (60-tab pack 
= £21.18) 

£0.35 £4.94 2.5 49% £4.94 

Dipentum 250 
mg 

(112-cap pack = 
£19.77) 

£0.18 £4.94 2.6 51% 

Drug-specific tests 

Drug-specific tests were decided by the GDG economic subgroup and chair. The GDG noted that the 
frequency of these drug specific tests would differ according to how long people were in remission 
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for, and agreed on yearly frequencies of consultations for people who have been in one, and two 
years of remission. This was accounted for in two different ways in the model. In the base case, the 
two-year frequencies were used and an overall cost applied per cycle to people in remission over the 
two-year time horizon. In a sensitivity analysis, an average cost of tests over the two years was 
calculated, and a cost applied per cycle to people in remission over the two-year time horizon. These 
consultations and tests are summarised in Table 33, Table 34 and Table 35. Note that the 
consultations are expressed in two-monthly frequencies, so as to reflect the cycle length in the 
model. 

Table 33- Drug-specific tests for mesalazine and olsalazine in the model 

Type of test Unit cost Year one frequency Year two frequency 

Full blood count £3.00 56 tests per 100 people 
every two months 

42 tests per 100 people every 
two months 

Liver function test £1.00 47 tests per 100 people 
every two months 

39 tests per 100 people every 
two months 

Renal function test £1.00 42 tests per 100 people 
every two months 

33 tests per 100 people every 
two months 

Table 34- Drug-specific tests for glucocorticosteroid treatment and budesonide in the model 

Type of test Unit cost Year one frequency Year two frequency 

Full blood count £3.00 
13 tests per 100 people 
every two months 

13 tests per 100 people every 
two months 

Liver function test £1.00 
13 tests per 100 people 
every two months 

13 tests per 100 people every 
two months 

Renal function test £1.00 
13 tests per 100 people 
every two months 

13 tests per 100 people every 
two months 

Table 35- Drug-specific tests for azathioprine in the model 

Type of test Unit cost Year one frequency Year two frequency 

Full blood count £3.00 200 tests per 100 people 
every two months

(a)
 

97 tests per 100 people every 
two months 

Liver function test £3.00 174 tests per 100 people 
every two months

(a)
 

97 tests per 100 people every 
two months 

Renal function test £1.00 174 tests per 100 people 
every two months

(a)
 

97 tests per 100 people every 
two months 

TPMT assay £26.00  14 tests per 100 people 
every two months 

0 tests per 100 people every 
two months 

Virology tests £8.00  50 tests per 100 people 
every two months 

0 tests per 100 people every 
two months 

(a) Please note that number of tests exceeds number of people since some people may have more than one test. In 
the case of full blood count, all people are assumed to have – on average- one test per month. 

2.2.4 Computations 

The mean cost and effectiveness of the competing strategies were calculated using Microsoft Office 
Excel 2007. 
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2.2.4.1 Calculating QALYs 

In order to calculate the QALYs associated with a given treatment, for each cycle the prevalence of 
people in each health state was multiplied by the utility weight associated with that health state and 
divided by an adjustment factor to reflect the cycle length. A worked example of the utility 
calculation is shown below; please note this is a simplified calculation and the full calculation would 
take account of all the health states shown in Figure 7.  
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Table 36- Example calculation for model QALYs 

 Remission Active disease 

Number of people in health state 560 440 

Utility weight (Table 28) 0.89 0.61 

Contribution to QALYs per patient (2 
months) 

        

    
 

 

  
       

        

    
 

 

  
       

Thus the total QALY for the cycle described above would be 0.083 + 0.045 = 0.128. These QALY 
contributions were then aggregated over the two-year model time horizon to calculate the total 
number of QALYs associated with each treatment. 

2.2.4.2 Probabilistic analysis in the model 

In the probabilistic analysis, distributions were assigned to treatment effects, utilities and, where 
possible, costs in order to account for the uncertainty in model inputs and capture the effect of this 
uncertainty on model outputs. Please see the induction of remission model write-up for more details 
on how inputs pertaining to induction of remission were made probabilistic.  

Treatment effects: 

Treatment effects were sampled probabilistically by assigning lognormal distributions as described 
elsewhere to quantities in Table 25 and Table 27.  

Reference costs: 

In order to assign a distribution to reference costs, it was assumed that they followed a lognormal 
distribution and the interquartile range was used to calculate an approximate standard error on the 
log scale. 

Let   be the cost assigned to a distribution to, i.e.                     

Let M be the mean associated with the cost. 

Let     be the interquartile range associated with the cost. 

Note that for normally distributed data: 

          

And noting that the standard error    is related to the standard deviation by: 

  
 

  
 

Then the standard error on the log scale can be calculated as: 

  
        

       
 

And therefore random draws from the distribution can be taken: 
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Utilities:  

Utilities were sampled probabilistically by assigning lognormal distributions to utility decrements as 
described elsewhere 6. Normal distribution parameters were converted to lognormal parameters by 
method of moments, as defined below: 

Let      and        be the mean and variance respectively, of the utility decrement    

Then the parameters of the lognormal distribution,   and    are found by: 

           
      

      
     

 

 
 

         
      

     
  

2.2.4.3 Calculating cost effectiveness 

It is possible, for a particular cost-effectiveness threshold, to express cost-effectiveness results in 
terms of net benefit (NB). This is calculated by multiplying the total QALYs for a comparator by the 
threshold cost per QALY value (for example, £20,000) and then subtracting the total costs. The 
decision rule then applied is that the comparator with the highest NB is the most cost-effective 
option at the specified threshold. That is the option that provides the highest number of QALYs at an 
acceptable cost. For ease of computation NB is used to identify the optimal strategy in the 
probabilistic analysis simulations.  

Let    and    denote the mean costs and mean QALYs respectively, associated with a given 
treatment. Then the mean net benefit is then calculated as    : 

                   

Where £20,000 per QALY represents the cost-effectiveness threshold in the NICE reference case. 

This net benefit is calculated for each of the 1000 simulations in the probabilistic analysis. This means 
that the probability that a given treatment would be optimal, can be estimated based on the number 
of times it has the highest net benefit.  

However, the strategy that is optimal overall is the one that has the highest net benefit calculated 
using the mean costs and QALYs, where means were the average of the 1,000 simulated estimates. 

2.2.5 Sensitivity analyses 

The results of the model were tested by changing the parameters which were most uncertain, as 
described in Table 37. 
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Table 37- One-way sensitivity analyses in the model 

Sensitivity analysis Description Value in base case 
Value or range in 

sensitivity analysis 

1- Time horizon Time horizon increased  Two years 10 years 

2- QALY discount 
rate 

QALY discount rate decreased 3.5% 1.5% 

3- Tests Average number of drug-
specific tests over two years 
used. Please see 0. 

Year two Average 

4- Consultations As described in 1.2.4.6, a 
sensitivity analysis was 
conducted whereby the 
average estimated resource 
use over three years was 
calculated and used in the 
model instead of the estimated 
year two resource use.  

Year two Average 

5- Utility 
decrements 

Since data were not available 
to inform a model based on 
varying levels of patient 
severity, it was decided to 
explore the effects of a utility 
decrement for each stage of 
failed induction therapy. 

0% 10% 

6- High baseline risk A higher baseline risk for 
relapse and relapse + 
withdrawal was explored in the 
non-conservative and 
conservative analyses 
respectively. 

Non-conservative: 
Relapse = 39% 

 

Conservative: Relapse + 
withdrawal = 52% 

90% 

7- Low baseline risk A lower baseline risk for 
relapse and relapse + 
withdrawal was explored in the 
non-conservative and 
conservative analyses 
respectively. 

Non-conservative: 
Relapse = 39% 

 

Conservative: Relapse + 
withdrawal = 52% 

10% 

2.2.6 Model validation 

The model was developed in consultation with the GDG; model structure, inputs and results were 
presented to and discussed with the GDG for clinical validation and interpretation.  

The model was systematically checked by the health economist undertaking the analysis; this 
included inputting null and extreme values and checking that results were plausible given inputs. The 
model was peer reviewed by a second experienced health economist from the NCGC; this included 
systematic checking of the model formulae and calculations. The model parameters and results were 
also assessed against the content of this appendix. 

2.2.7 Interpreting results 

The strategy with the highest mean net benefit is the one that should be recommended20, though the 
uncertainty around costs and QALYs should also be taken into consideration; the reasons for this 
have been detailed elsewhere. Since the disutilities of treatment-specific adverse events could not be 
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captured explicitly, caution should be exercised in recommending strategies containing treatments 
with high withdrawal rates.  

2.3 Results 

2.3.1 Conservative analysis 

2.3.1.1 Conservative analysis- four-line model 

Base case results 

The results for the model run with conservative treatment effects and with relapses from all 
treatments (except azathioprine) being treated with four lines of induction therapy- a 
glucocorticosteroid, azathioprine + a glucocorticosteroid, a biologic, surgery- are shown in this 
section. In this analysis, the induction sequence for people relapsing from azathioprine is: a 
glucocorticosteroid, a biologic, surgery. 

Table 38- Mean clinical outcomes in the base case (per patient) 
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No treatment 0.00 19.71 0.59 20.30 2.29 0.38 0.15 3.68 1.67 

Mesalazine 20.16 0.44 0.46 21.07 1.82 0.30 0.12 2.91 1.68 

Budesonide 19.84 0.48 0.50 20.83 1.96 0.32 0.13 3.15 1.68 

Glucocorticoster
oid 18.26 0.68 0.70 19.64 2.70 0.44 0.18 4.34 1.65 

Azathioprine/ 
mercaptopurine 20.08 0.95 0.91 21.94 1.26 0.56 0.22 2.04 1.71 

Olsalazine 17.78 0.74 0.77 19.29 2.92 0.48 0.19 4.69 1.64 

Table 38 shows that, in the base case conservative analysis where relapses from all treatments 
except azathioprine are treated with four lines of induction therapy, azathioprine was associated 
with the most weeks in remission and hence the highest number of QALYs. 
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Table 39- Mean costs in the base case (per patient)  

Treatment Drugs Tests Consultations Surgery Total 

No treatment £865 £51 £898 £385 £2,198 

Mesalazine £1,489 £63 £773 £303 £2,628 

Budesonide £1,485 £51 £812 £328 £2,675 

Glucocorticosteroid £1,100 £67 £1,004 £456 £2,627 

Azathioprine/mercaptopurine £1,686 £99 £657 £579 £3,021 

Olsalazine £1,489 £86 £1,062 £495 £3,131 

Table 39 shows that, in the base case conservative analysis where relapses from all treatments 
except azathioprine are treated with four lines of induction therapy, the ‘no treatment’ arm was 
associated with the lowest costs for maintenance of remission- £2,200 per patient. 

Table 40- Cost-effectiveness in the base case (mean) 
First-line remission treatment QALYs 

gained 
(vs NT) 

per 
patient  

 Incremental 
Cost (vs NT) 
per patient  

 Incremental 
net benefit* 
(vs NT) per 

patient  

 Cost-
effectiveness 

rank*  

ICER vs no 
treatment 

No treatment (NT) 0 £0 £0 1 Comparator 

Mesalazine 0.017 £430 -£88 3 £25,133 

Budesonide 0.012 £477 -£241 4 £40,392 

Glucocorticosteroid -0.015 £429 -£721 5 Dominated 

Azathioprine/mercaptopurine 0.039 £823 -£44 2 £20,319 

Olsalazine -0.023 £933 -£1,384 6 Dominated 

* Using a willingness-to-pay threshold of £20,000 per QALY.  
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Table 40 shows that in the base case conservative analysis where relapses from all treatments except 
azathioprine are treated with four lines of induction therapy, the ‘no treatment’ arm was most cost 
effective at a willingness-to-pay threshold of £20,000 per QALY. Olsalazine and glucocorticosteroid 
treatment were dominated by no treatment. Budesonide, mesalazine and azathioprine were 
associated with ICERs of £40,000, £25,000 and £21,000 per QALY gained respectively compared with 
no treatment. This is represented visually in Figure 9, the cost-effectiveness plane depicting the 
mean costs and QALYs associated with each treatment. Note that in this diagram, the blue line 
represents a willingness-to-pay threshold of £20,000 per QALY and therefore any treatments that fall 
to the right of the line are cost effective compared to no treatment at this threshold. 

Figure 9- Cost-effectiveness plane conservative four-line analysis 

 

One-way sensitivity analysis 

A description of the sensitivity analyses run in the model can be found in Table 20. This section only 
reports the sensitivity analyses in which the cost-effectiveness ranking changed.  

 Sensitivity analysis one: ten year time horizon 
o Mesalazine ranked first, No treatment ranked second, budesonide ranked third. 

In this sensitivity analysis, azathioprine is overtaken in cost-effectiveness by mesalazine and 
budesonide and mesalazine becomes the most cost-effective treatment. This is because as the time 
horizon gets longer more people relapse and thus the cost of induction treatment gets higher in less 
effective maintenance treatments. Azathioprine is the most effective maintenance treatment, but 
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due to the shorter induction sequence for azathioprine in this analysis, the cost of induction 
increases more in the azathioprine arm than in the mesalazine arm, which leads to mesalazine 
appearing more cost-effective over time. 

 Sensitivity analysis seven: yearly baseline risk of relapse = 90% 
o Mesalazine ranked 1st, azathioprine ranked 2nd , budesonide ranked 3rd  

 
In this sensitivity analysis, mesalazine becomes the highest ranked treatment and no 
treatment is no longer ranked as one of the three most cost-effective treatments. This occurs 
because at a higher baseline relapse risk the effectiveness of maintenance treatment is much 
greater relative to no treatment leading to more people remaining in remission and hence 
greater cost effectiveness. Mesalazine becomes more cost effective than azathioprine 
because of the fact that azathioprine has a shorter induction sequence in this analysis, and 
thus the higher number of relapses generates higher costs than in the mesalazine arm, which 
offsets the higher maintenance efficacy of azathioprine. A threshold analysis showed that 
this change occurred when the baseline relapse risk was set to 60% 
 

 Sensitivity analysis eight: yearly baseline risk of relapse = 10% 
o no treatment ranked first, glucocorticosteroid treatment ranked second, 

azathioprine ranked third  
In this sensitivity analysis, glucocorticosteroid treatment moves ahead of azathioprine, in 
terms of cost effectiveness. This is because at a lower baseline risk of relapse, the differences 
between effectiveness of maintenance treatments becomes relatively less. This leads to 
fewer additional remissions being induced among the more effective treatments and 
therefore lowers their cost-effectiveness. This change occurred when the baseline risk of 
relapse was lowered from 38% to 26%. 

Probabilistic sensitivity analysis 

Cost effectiveness ranks at £20,000 per QALY and their associated 95% confidence intervals were 
calculated by Monte-Carlo simulation. These are shown in Figure 10. 
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Figure 10- Conservative four-line model, forest plot of cost-effectiveness rankings 

 

It can be seen from Figure 10 that although no treatment is most cost-effective in this case- as shown 
in the deterministic analysis- there is a lot of uncertainty around the relative ranks of the different 
treatments. The probability that each treatment was the most cost-effective in terms if incremental 
net benefit at a willingness to pay of £20,000 per QALY is shown in Table 41. 

Table 41- Probability of each treatment being most cost-effective 

Treatment Probability of being most cost-effective 

Placebo 22% 

Mesalazine 7% 

Budesonide 8% 

Glucocorticosteroid 23% 

Azathioprine 41% 

Olsalazine 0% 

2.3.1.2 Conservative analysis - three-line model 

The results for the model run with conservative treatment effects and with all treatments having 
three lines of induction therapy- a glucocorticosteroid, a biologic and surgery- are shown in this 
section.  
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Table 42- Mean clinical outcomes in the base case (per patient) 

Maintenance 
treatment 
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No treatment 0.00 18.81 1.62 20.43 2.18 0.98 0.39 3.55 1.67 

Mesalazine 18.46 1.37 1.29 21.12 1.76 0.79 0.31 2.86 1.69 

Budesonide 18.03 1.48 1.39 20.90 1.89 0.85 0.34 3.08 1.68 

Glucocorticosteroid 15.89 2.07 1.90 19.86 2.52 1.14 0.46 4.12 1.66 

Azathioprine/ 
mercaptopurine 20.08 0.95 0.91 21.94 1.26 0.56 0.22 2.04 1.71 

Olsalazine 15.26 2.24 2.06 19.56 2.70 1.23 0.49 4.42 1.66 

Table 42 shows that, in the base case conservative analysis where relapses from all treatments are 
treated with three lines of induction therapy, azathioprine was associated with the greatest number 
of weeks in remission and hence the highest number of QALYs. 

Table 43- Mean costs in the base case (per patient)  
Treatment Drugs  Tests  Consultations  Surgery  Total 

No treatment £2,162 £77 £922 £1,025 £4,185 

Mesalazine £2,466 £82 £800 £819 £4,168 

Budesonide £2,541 £73 £838 £883 £4,335 

Glucocorticosteroid £2,593 £96 £1,022 £1,196 £4,908 

Azathioprine/mercaptopurine £1,686 £99 £657 £579 £3,021 

Olsalazine £3,047 £115 £1,075 £1,288 £5,525 

Table 43 shows that, in the base case conservative analysis where relapses from all treatments are 
treated with three lines of induction therapy, azathioprine was associated with the lowest costs for 
maintenance of remission- £3,021 per patient. 
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Table 44- Cost-effectiveness in the base case (mean) 

First-line remission treatment QALYs 
gained 
(vs NT) 

per 
patient  

 Incremental 
Cost (vs NT) per 

patient  

 Incremental 
net benefit* 
(vs NT) per 

patient  

 Cost-
effectiveness 

rank*  

Cost per QALY 
gained (vs NT) 

No treatment 0 £0 £0 4 Comparator 

Mesalazine 0.015 -£17 £307 2 Dominates 

Budesonide 0.010 £150 £49 3 £15,070 

Glucocorticosteroid -0.012 £723 -£961 5 Dominated 

Azathioprine/mercaptopurine 0.032 -£1,164 £1,798 1 Dominates 

Olsalazine -0.018 £1,340 -£1,703 6 Dominated 

* Using a willingness-to-pay threshold of £20,000 per QALY.  
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Table 44 shows that in the base case conservative analysis where relapses from all treatments are 
treated with three lines of induction therapy, azathioprine was the most cost-effective treatment at a 
willingness–to-pay threshold of £20,000 per QALY. Olsalazine and glucocorticosteroid were 
dominated by no treatment. Budesonide was associated with an ICER of £15,000 per QALY gained 
compared with no treatment and both mesalazine and azathioprine were dominant vs no treatment. 
Note that even though mesalazine and budesonide were cost-effective vs no treatment, they were 
still substantially dominated by azathioprine in terms of costs and QALYs. This is represented visually 
in Figure 11, the cost-effectiveness plane depicting the mean costs and QALYs associated with each 
treatment. Note that in this diagram, the blue line represents a willingness-to-pay threshold of 
£20,000 per QALY and therefore any treatments that fall to the right of the line are cost effective at 
this threshold. 

Figure 11- Cost-effectiveness plane conservative three-line analysis 

 

One way sensitivity analysis 

  Sensitivity analysis eight-yearly baseline risk of relapse = 10% 
o no treatment ranked first azathioprine ranked second, glucocorticosteroid treatment 

ranked third  

In this sensitivity analysis, no treatment and glucocorticosteroid treatment move into the top three 
treatments in terms of cost effectiveness. This is because at a lower baseline risk of relapse, the 
effectiveness of maintenance treatment becomes relatively less. This leads to fewer additional 
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remissions being induced among the more effective treatments and therefore lowers their cost-
effectiveness. This change occurred when the baseline risk of relapse was lowered from 52% to 14%. 

Probabilistic sensitivity analysis 

Cost-effectiveness ranks at £20,000 per QALY and their associated 95% confidence intervals were 
calculated by Monte-Carlo simulation. These are shown in Figure 12. 

Figure 12- Conservative three-line model, forest plot of cost-effectiveness rankings 

 

It can be seen from Figure 12 that, although azathioprine is most cost effective in this case- as shown 
in the deterministic analysis- there is a lot of uncertainty around the relative ranks of the different 
treatments. 

The probability that each treatment was the most cost-effective in terms if incremental net benefit at 
a willingness to pay of £20,000 per QALY is shown in Table 41. 

Table 45- Probability of each treatment being most cost-effective 

Treatment Probability of being most cost-effective 

Placebo 1% 

Mesalazine 4% 

Budesonide 3% 

Glucocorticosteroid 9% 

Azathioprine 82% 

Olsalazine 0% 
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2.3.2 Non-conservative analysis 

2.3.2.1 Non-conservative analysis- four-line model 

The results for the model run with non-conservative treatment effects and with relapses from all 
treatments except azathioprine being treated with four lines of induction therapy- 
glucocorticosteroid treatment, azathioprine + a glucocorticosteroid, a biologic, surgery- are shown in 
this section. In this analysis, the induction sequence for people relapsing from azathioprine is: a 
glucocorticosteroid, a biologic, surgery. 
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Table 46- Mean clinical outcomes in the base case (per patient) 

Maintenance 
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No treatment 0.00 20.51 0.48 20.99 1.86 0.30 0.12 2.99 1.68 

Mesalazine 18.63 2.80 0.34 21.78 1.38 0.22 0.09 2.20 1.70 

Budesonide 17.64 3.19 0.43 21.26 1.70 0.27 0.11 2.72 1.69 

Glucocorticosteroid 17.70 3.03 0.45 21.18 1.75 0.28 0.11 2.80 1.69 

Azathioprine/ 
mercaptopurine 20.23 2.56 0.34 23.14 0.53 0.22 0.09 0.84 1.73 

Olsalazine 16.37 4.03 0.49 20.90 1.92 0.31 0.12 3.08 1.68 

Table 46 shows that in the base case non-conservative analysis where relapses from all treatments 
except azathioprine are treated with four lines of induction therapy, azathioprine was associated 
with the greatest number of weeks in remission and hence the highest number of QALYs. 

Table 47- Mean costs in the base case (per patient)  
Treatment Drugs  Tests  Consultations  Surgery  Total 

No treatment £698 £41 £786 £311 £1,836 

Mesalazine £1,255 £51 £658 £226 £2,190 

Budesonide £1,298 £44 £742 £281 £2,364 

Glucocorticosteroid £725 £45 £756 £291 £1,817 

Azathioprine/mercaptopurine £924 £73 £447 £227 £1,671 

Olsalazine £1,068 £61 £801 £321 £2,250 

Table 47 shows that in the base case non-conservative analysis where relapses from all treatments 
except azathioprine are treated with four lines of induction therapy, azathioprine was associated 
with the lowest costs for maintenance of remission- £1,671 per patient. 
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Table 48- Cost effectiveness in the base case (mean) 

First-line remission 
treatment 

QALYs 
gained (vs 

NT) per 
patient 

Incremental 
Cost (vs NT) 
per patient 

Incremental 
net benefit* 
(vs NT) per 

patient 

Cost-
effectiveness 

rank* 

Cost per QALY 
gained (vs NT) 

No treatment 0 £0 £0 3 Comparator 

Mesalazine 0.017 £355 -£6 4 £20,319 

Budesonide 0.006 £528 -£408 5 £87,610 

Glucocorticosteroid 0.004 -£19 £101 2 Dominates 

Azathioprine/ 
mercaptopurine 0.049 -£164 £1,140 1 Dominates 

Olsalazine -0.002 £415 -£456 6 Dominated 

* Using a willingness-to-pay threshold of £20,000 per QALY. Table 48 shows that in the base case 
non-conservative analysis where relapses from all treatments except azathioprine are treated with 
four lines of induction therapy, azathioprine was the most cost-effective treatment at a willingness-
to-pay threshold of £20,000 per QALY. Olsalazine was dominated by no treatment. Budesonide and 
mesalazine were associated with ICERs of £20,000 and £88,000 per QALY gained respectively 
compared with no treatment and glucocorticosteroid treatment and azathioprine were dominant vs 
no treatment. This is represented visually in Figure 13, the cost-effectiveness plane depicting the 
mean costs and QALYs associated with each treatment. Note that in this diagram, the blue line 
represents a willingness-to-pay threshold of £20,000 per QALY and therefore any treatments that fall 
to the right of the line are cost effective at this threshold. 
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Figure 13- Cost-effectiveness plane non-conservative four-line analysis 

 

One-way sensitivity analysis 

A description of the sensitivity analyses run in the model can be found in Table 20. This section, only 
reports the sensitivity analyses in which the cost-effectiveness ranking changed significantly.  

 Sensitivity analysis seven-yearly baseline risk of relapse = 90% 
o Azathioprine ranked first, mesalazine ranked second, budesonide ranked third  

In this sensitivity analysis, mesalazine and budesonide move ahead of glucocorticosteroid treatment 
in the cost-effectiveness rankings. This is because at a higher baseline risk of relapse, the 
effectiveness of maintenance treatments increases relative to no treatment leading to more people 
in remission and therefore greater cost effectiveness. This occurred when the baseline risk of relapse 
was increased from 52% to 60% 

 Sensitivity analysis eight-yearly baseline risk of relapse = 10% 
o No treatment ranked first, glucocorticosteroid treatment ranked second, 

azathioprine ranked third  

In this sensitivity analysis, no treatment and glucocorticosteroid treatment move ahead of 
azathioprine in terms of cost-effectiveness. This is because at a lower baseline risk of relapse, the 
effectiveness of maintenance treatments becomes less, and therefore the extra people that remain 
in remission on more effective treatments is reduced. This leads to fewer additional remissions 



 

 

Cost effectiveness analysis - maintenance of remission> 
 

Confidential draft – do not disseminate                                                                       14/08/2012 17:23:58 
68 

among the more effective treatments and therefore lowers their cost-effectiveness. This change 
occurred when the baseline risk was lowered from 39% to 11%. 

Probabilistic-sensitivity analysis 

Cost effectiveness ranks at £20,000 per QALY and their associated 95% confidence intervals were 
calculated by Monte-Carlo simulation. These are shown in Figure 14.  

Figure 14-Non-conservative four-line model, forest plot of cost-effectiveness rankings 

 

It can be seen from Figure 14 that, although azathioprine is most cost-effective in this case- as shown 
in the deterministic analysis- there is a lot of uncertainty around the relative ranks of the different 
treatments. 

The probability that each treatment was the most cost-effective in terms if incremental net benefit at 
a willingness-to-pay of £20,000 per QALY is shown in Table 41. 

Table 49- Probability of each treatment being most cost-effective 

Treatment Probability of being most cost-effective 

Placebo 2% 

Mesalazine 2% 

Budesonide 0% 

Glucocorticosteroid 9% 

Azathioprine 87% 

Olsalazine 0% 
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2.3.2.2 Non-conservative analysis- three-line model 

The results for the model run with non- conservative treatment effects and with all treatments 
having three lines of induction therapy- a glucocorticosteroid, a biologic, surgery- are shown in this 
section.  
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Table 50- Mean clinical outcomes in the base case (per patient) 

Maintenance 
treatment 
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No treatment 0.00 19.76 1.32 21.07 1.79 0.80 0.32 2.91 1.69 

Mesalazine 17.39 3.44 0.97 21.80 1.35 0.60 0.24 2.18 1.70 

Budesonide 16.15 3.98 1.20 21.32 1.64 0.73 0.29 2.66 1.69 

Glucocorticosteroid 16.16 3.85 1.24 21.24 1.69 0.75 0.30 2.74 1.69 

Azathioprine/ 
mercaptopurine 20.23 2.56 0.34 23.14 0.53 0.22 0.09 0.84 1.73 

Olsalazine 14.75 4.88 1.36 20.99 1.84 0.82 0.33 2.99 1.69 

Table 50 shows that in the base case non-conservative analysis where relapses from all treatments 
are treated with four lines of induction therapy, azathioprine was associated with the greatest 
number of weeks in remission and hence the highest number of QALYs. 

Table 51- Mean costs in the base case (per patient)  
Treatment Drugs  Tests  Consultations  Surgery  Total 

No treatment 
£1,756 £63 £809 £833 £3,460 

Mesalazine 
£1,996 £66 £682 £617 £3,361 

Budesonide 
£2,209 £63 £765 £759 £3,796 

Glucocorticosteroid 
£1,715 £65 £779 £783 £3,342 

Azathioprine/ mercaptopurine £924 £73 £447 £227 £1,671 

Olsalazine 
£2,122 £81 £824 £858 £3,885 

Table 51 shows that in the base case non-conservative analysis where relapses from all treatments 
are treated with three lines of induction therapy, azathioprine was associated with the lowest costs 
for maintenance of remission- £1,671 per patient. 
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Table 52- Cost effectiveness in the base case (mean) 

First-line remission 
treatment 

QALYs 
gained (vs 

NT) per 
patient  

 Incremental 
Cost (vs NT) 
per patient  

 Incremental 
net benefit* 
(vs NT) per 

patient  

 Cost-
effectiveness 

rank*  

Cost per QALY 
gained (vs NT) 

No treatment 0 £0 £0 4 comparator 

Mesalazine 0.015 -£99 £403 2 Dominates 

Budesonide 0.005 £336 -£232 5 £65,013 

Glucocorticosteroid 0.003 -£118 £188 3 Dominates 

Azathioprine/ 
mercaptopurine 0.043 -£1,789 £2,656 1 Dominates 

Olsalazine -0.002 £425 -£460 6 Dominated 

* Using a willingness-to-pay threshold of £20,000 per QALY.  
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Table 52 shows that in the base case non-conservative analysis where relapses from all treatments 
are treated with three lines of induction therapy, azathioprine was the most cost-effective treatment 
at a willingness-to-pay threshold of £20,000 per QALY. Olsalazine was dominated by no treatment. 
Budesonide was associated with an ICER of £65,000 per QALY gained compared with no treatment 
and glucocorticosteroid treatment, mesalazine and azathioprine were dominant vs no treatment. 
Note that even though the ICERs associated with mesalazine and glucocorticosteroid treatment are 
under the cost-effectiveness threshold of £20,000 per QALY, both are significantly dominated by 
azathioprine. This is represented visually in Figure 15, the cost-effectiveness plane depicting the 
mean costs and QALYs associated with each treatment. Note that in this diagram, the blue line 
represents a willingness-to-pay threshold of £20,000 per QALY and therefore any treatments that fall 
to the right of the line are cost effective at this threshold. 

Figure 15- Cost-effectiveness plane non-conservative three-line analysis 

 

One-way sensitivity analysis 

 Sensitivity analysis eight- yearly baseline risk of relapse = 10% 
o azathioprine ranked first, no treatment ranked second, glucocorticosteroid 

treatment ranked third 

In this sensitivity analysis, no treatment and glucocorticosteroid treatment move into the top three 
treatments in terms of cost effectiveness. This is because at a lower baseline risk of relapse, the 
effectiveness of maintenance treatments becomes less, and therefore the extra people that remain 
in remission on more effective treatments is reduced. This leads to fewer additional remissions 
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among the more effective treatments and therefore lowers their cost-effectiveness. However, in 
spite of the lower number of remissions induced at this low risk of relapse, azathioprine is still the 
most cost-effective treatment in this analysis. This change occurred when the baseline risk of relapse 
was lowered from 39% to 13%. 

Probabilistic sensitivity analysis 

Cost effectiveness ranks at £20,000 per QALY and their associated 95% confidence intervals were 
calculated by Monte-Carlo simulation. These are shown in Figure 16. 

Figure 16-Non-conservative four-line model, forest plot of cost-effectiveness rankings 

 
It can be seen from Figure 16 that azathioprine is most cost-effective in this case- as shown in the 
deterministic analysis. In addition, there is much more certainty around its cost-effectiveness 
ranking. 

The probability that each treatment was the most cost-effective in terms if incremental net benefit at 
a willingness-to-pay of £20,000 per QALY is shown in Table 53. 

Table 53- Probability of each treatment being most cost-effective 

Treatment Probability of being most cost-effective 

Placebo 0% 

Mesalazine 1% 

Budesonide 0% 

Glucocorticosteroid 1% 

Azathioprine 98% 

Olsalazine 0% 
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2.4 Discussion 

2.4.1 Summary of results 

The analysis shows that in the base case: 

 Azathioprine was dominant and ranked as the most cost-effective treatment option in all 
cases apart from the conservative four-line induction analysis where it was associated with 
an ICER of £20,000 per QALY gained compared with no treatment. 

 The ICER for mesalazine ranged from being dominant to £25,000 per QALY gained in non-
conservative and conservative analyses respectively. 

 The ICER for budesonide ranged from £15,000 to £88,000 per QALY gained in non-
conservative and conservative analyses respectively. 

 Glucocorticosteroid treatment ranged from being dominant to dominated in conservative 
and non-conservative analyses respectively, showing there is a large amount of uncertainty 
in its cost-effectiveness. 

 Olsalazine was dominated in all analyses. 

 Excluding the azathioprine ranking in the non-conservative three-line induction model, there 
was a lot of uncertainty around cost-effectiveness rankings. This is due to the uncertainty in 
treatment effects propagated through the model. 

2.4.2 Limitations and interpretation 

This model is based on findings from RCTs included in the clinical review of the guideline and 
therefore any issues concerning interpretation in the clinical review also apply to interpretation of 
the economic analysis. Limitations of the model include: 

 The utility loss and treatment cost associated with treatment-related adverse events have 
not been explicitly incorporated. This is likely to mean the cost effectiveness of all the 
treatment strategies has been over-estimated in the economic analysis, though since each 
treatment is likely to have a different side-effect profile, it is unlikely that ICERs have been 
underestimated by the same magnitude for all treatment strategies. For treatment strategies 
with more severe side-effects, the over estimation of the ICER is likely to be higher than in 
treatment strategies with less severe side-effect profiles. 

 No clinical review was conducted on the efficacy of biologic treatments as this was outside of 
the Crohn’s disease guideline remit therefore efficacy data have been derived from the two 
studies from within the NICE Technology Appraisal 187. 

 Efficacy for azathioprine in the model is based on withdrawal trials and thus any conclusions 
regarding its cost effectiveness should be made in this context. The participants in these 
trials were, by definition those who had already achieved a stable remission with 
azathioprine, and therefore more likely to experience continued remission if randomised to 
azathioprine than a patient who has not previously tried the drug. 

 It is difficult to incorporate severity of disease with precision, since both the trial and utility 
evidence tends to dichotomise outcomes to active disease and remission, whereas in reality 
there is a blurred line between active disease and remission. Furthermore relapses vary in 
terms of their severity. 

 The conclusions from this model relate to which maintenance treatment to use once it has 
been decided to offer maintenance treatment to a person with Crohn’s disease. The model is 
not designed to answer the question of when a patient should be put on maintenance 
treatment. 



 

 

Cost effectiveness analysis - maintenance of remission> 
 

Confidential draft – do not disseminate                                                                       14/08/2012 17:23:58 
75 

2.4.3 Generalisability to other populations and settings 

It should be noted that all of the findings from this cost-effectiveness analysis relate to an adult 
population and the conclusions may not apply to treatment of Crohn’s disease in childhood. It was 
not possible to conduct a separate model for children due to the paucity of both clinical and quality 
of life studies conducted in this area. 

2.4.4 Conclusion and evidence statement 

The original cost-effectiveness analysis conducted for this guideline suggests that azathioprine is the 
most cost-effective treatment for maintenance of remission in Crohn’s disease, although there was 
considerable uncertainty related to interpretation of withdrawals in the trials and the induction 
sequence assumed for people that relapse. 
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