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Response to consultee, commentator and public comments on the Appraisal Consultation Document (ACD)

Type of stakeholder:
Consultees – Organisations that accept an invitation to participate in the appraisal including the companies, national professional
organisations, national patient organisations, the Department of Health and Social Care and the Welsh Government and relevant NHS
organisations in England. Consultees can make a submission and participate in the consultation on the appraisal consultation document
(ACD; if produced). All non-company consultees can nominate clinical experts and/or patient experts to verbally present their personal
views to the Appraisal Committee. Company consultees can also nominate clinical experts. Representatives from NHS England and clinical
commissioning groups invited to participate in the appraisal may also attend the Appraisal Committee as NHS commissioning experts. All
consultees have the opportunity to consider an appeal against the final recommendations, or report any factual errors, within the final
appraisal document (FAD).
Clinical and patient experts and NHS commissioning experts – The Chair of the Appraisal Committee and the NICE project team select
clinical experts and patient experts from nominations by consultees and commentators. They attend the Appraisal Committee meeting as
individuals to answer questions to help clarify issues about the submitted evidence and to provide their views and experiences of the
technology and/or condition. Before they attend the meeting, all experts must either submit a written statement (using a template) or
indicate they agree with the submission made by their nominating organisation..
Commentators – Commentators can participate in the consultation on the ACD (if produced), but NICE does not ask them to make any
submission for the appraisal. Non-company commentator organisations can nominate clinical experts and patient experts to verbally
present their personal views to the Appraisal Committee. Commentator organisations representing relevant comparator technology
companies can also nominate clinical experts. These organisations receive the FAD and have opportunity to report any factual errors.
These organisations include comparator technology companies, Healthcare Improvement Scotland any relevant National Collaborating
Centre (a group commissioned by NICE to develop clinical guidelines), other related research groups where appropriate (for example, the
Medical Research Council and National Cancer Research Institute); other groups such as the NHS Confederation, the NHS Commercial
Medicines Unit, the Scottish Medicines Consortium, the Medicines and Healthcare Products Regulatory Agency, the Department of Health
and Social Care, Social Services and Public Safety for Northern Ireland).
Public – Members of the public have the opportunity to comment on the ACD when it is posted on the Institute’s web site 5 days after it is
sent to consultees and commentators. These comments are usually presented to the appraisal committee in full, but NICE reserves the
right to summarise and edit comments received during consultations, or not to publish them at all, where in the reasonable opinion of NICE,
the comments are voluminous, publication would be unlawful or publication would be otherwise inappropriate.
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Please note: Comments received in the course of consultations carried out by NICE are published in the interests of openness and
transparency, and to promote understanding of how recommendations are developed. The comments are published as a record of the
submissions that NICE has received, and are not endorsed by NICE, its officers or advisory committees.
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Overview
Janssen welcomes the opportunity to comment on the preliminary recommendation made by the Appraisal
Committee (AC) detailed in the appraisal consultation document (ACD). We are disappointed that the AC’s
preliminary decision is to not recommend daratumumab with bortezomib and dexamethasone (DBd) for
patients with relapsed or refractory multiple myeloma (RRMM). We are, however, committed to working
with the National Institute for Health and Care Excellence (NICE) to address the AC’s key concerns, as
outlined in the ACD, in order to gain access for patients to this highly innovative treatment.
The treatment pathway in myeloma is clearly changing, with the Cancer Drugs Fund (CDF) clinical lead
indicating the development of a national treatment algorithm which will allow routine commissioning of
bortezomib retreatment. Janssen welcome the pragmatic approach taken by the AC with regard to the
treatment pathway, and its decision to recognise bortezomib plus dexamethasone (Bd) as a relevant
comparator at second-line, regardless of prior bortezomib exposure. Janssen is also pleased to note
agreement with the AC on the following key points:

•

recognition of DBd as an innovative and game-changing treatment, with clinical outcomes
representing a step-change in the treatment of patients with multiple myeloma;

•

acknowledgement of an association between minimal residual disease (MRD) negativity and
improved prognosis, including overall survival (OS); and

•

acknowledgement of the benefits of DBd outside of the quality-adjusted life year (QALY)
framework, including the psychological benefit of delaying a second relapse expressed by
the patient expert.

NICE Response
Please respond to
each comment
Thank you for this
overview. The
recommendation
has changed since
the appraisal
consultation
document was
issued and
daratumumab plus
bortezomib plus
dexamethasone is
now recommended
for use within the
Cancer Drugs
Fund.

3 of 50

Comment
number

Type of
stakeholder

Organisation
name

Stakeholder comment
Please insert each new comment in a new row

NICE Response
Please respond to
each comment

A summary of the key areas of uncertainty highlighted in the ACD, and brief discussion of Janssen’s
response, is provided below.
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1. Long-term survival on DBd and comparator treatments:

Comment noted.

Consequential to the substantial impact of DBd on the prognosis of patients, OS data are still considered
immature, with more than 75% of DBd patients surviving despite nearly 3 years of follow-up. Median OS
is not expected to be reached until at least 6 years of follow up; by contrast, median OS for carfilzomib
and dexamethasone (Cd) was reached after 3.7 years of follow up.(1) This presents a challenge for
economic modelling. However, based upon known information, such as the impact of MRD negativity
(akin to absence of disease) on the prognosis of patients, it is possible to estimate a relatively narrow
range of clinically plausible estimates of the long-term survival benefit of DBd. The AC’s preferred
modelling assumptions using a hazard ratio (HR) applied to the Bd Weibull curve and Janssen’s preferred
log-logistic curve provide the upper and lower bounds on DBd OS benefit; with the exponential offering
a mid-point with respect to clinical plausibility.
With Bd representing standard of care for over 10 years and median OS already reached with Cd, the
long-term survival of comparator treatments is better known. Updated data (31.2 months median follow
up) from CASTOR provide clinically plausible estimates of OS for Bd and Cd with the Gompertz curve.
These estimates are in line with, and in the case of Bd superior to, the outcomes accepted in the
appraisal of Cd (TA457).
3
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2. Generalisability of the second-line subgroup data for the comparison with Cd:
Janssen appreciate the AC’s pragmatism in considering the pre-specified, stratified, randomised
subgroup of second-line (2L) patients as more suitable for comparison of relative clinical effectiveness
and cost-effectiveness than the post-hoc subgroup of 2L bortezomib naïve (2LBN) patients. Sensitivity
analysis adjusting for imbalances in baseline characteristics in the second-line subgroup demonstrate
that these minor imbalances have minimal impact on relative estimates of progression-free survival
(PFS) and OS; PFS HRs varied between 0.21 and 0.23 and OS HRs varied between 0.51 and 0.58.

Comment noted.
The Appraisal
Committee did not
change its
conclusion that the
second line
population was
broadly
generalizable, but
that the secondline, bortezomibnaïve subgroup
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Furthermore, cost-effectiveness results are relatively insensitive to prior treatment with bortezomib
with DBd dominating Cd (with and without the daratumumab PAS) when considering the 2LBN and 2L
populations. Janssen therefore conclude that the second-line subgroup is generalisable for the
comparison of DBd and Cd.
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3. Requirement to adjust for the duration of treatment of bortezomib in ENDEAVOR:
Although CASTOR and ENDEAVOR specify different treatment durations for bortezomib, estimates of the
actual cumulative dose of bortezomib received are similar between the trials (66.8mg in CASTOR and
66.1mg in ENDEAVOR). However, even when using the updated data (31.2 month median follow up)
from CASTOR, differences remain in modelled outcomes for Cd versus TA457. Moreover, correct
application of the adjustment for differences in the planned dose of bortezomib between CASTOR and
ENDEAVOR provide aligned results. As such, Janssen consider it appropriate to adjust the efficacy of Cd
to reflect that accepted in TA457.

5
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4. Validity of the post progression utility values used in the economic model:
As per the NICE reference case, Janssen consider it most appropriate to use utility data from the same
source as efficacy data, collected via EQ-5D. As acknowledged in the appraisal of ixazomib (TA505),
clinical practice in myeloma is to assess progression biochemically, rather than clinically and to switch
patients on to the next line of treatment ahead of clinical progression. This is because it is clinical
progression that is associated with deterioration in quality of life. Moreover, the small difference in preand post-progression utility is driven by underestimation of the pre-progression utility, which does not
account for the observed improvement in quality of life in the monotherapy phase of treatment with
DBd (+0.08) nor the expected improvement in quality of life in the treatment free interval following
treatment with Bd.
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Cost-effectiveness of DBd in 2L RRMM

NICE Response
Please respond to
each comment
was relevant to
consider in
sensitivity analyses
for the comparison
with carfilzomib
plus
dexamethasone.
Comment and
revised base case
noted.

Comment noted.
Section 3.14 of the
Final Appraisal
Determination
states “… the
committee agreed
that the difference
between the utility
values before and
after disease
progression was
underestimated [by
the company],
concluding that
utility values from
ENDEAVOR
appeared more
plausible”.
The company’s
revised base case
in response to the
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Janssen are appreciative of the many positives highlighted in the ACD and of the pragmatism shown by the
AC and NICE. However, the paucity of information in the ACD regarding the cost-effectiveness of DBd,
compounded by residual uncertainty in the impact of modelling assumptions on the ICER (as a result of
modelling errors in the Evidence Review Group’s [ERG’s] analyses, see Section 0 and 0), creates a problem
with respect to assessing cost-effectiveness. In addition, consequential to the confidential PASs in place for
comparator and subsequent treatment, Janssen do not know the actual ICERs for DBd.
As acknowledged by the AC, DBd is a game-changing innovative medicine that provides benefits not
captured in the cost per QALY framework. Following updates to the cost-effectiveness analyses using the
latest datacut from CASTOR (31.2 months median follow-up versus the 26.9 months follow up originally
submitted) and allowing some flexibility in the willingness to pay threshold as per NICE’s structured
decision-making framework, Janssen consider that DBd represents a cost-effective use of NHSE resources.

NICE Response
Please respond to
each comment
Appraisal
Consultation
Document was
considered by the
Appraisal
Committee. The
points raised in this
summary comment
are addressed as
they are raised
individually below.

With the application of daratumumab’s PAS, Janssen’s revised base case ICER for DBd versus Bd is ₤31,403
and daratumumab dominates Cd (i.e., DBd is more effective and less costly).
As noted above, Janssen’s revised base case versus Bd is the midpoint of a clinically plausible range, with
the AC’s preferred OS modelling assumptions (using a HR applied to the Bd Weibull curve) and Janssen’s
preferred log-logistic curve providing upper and lower bounds of ₤33,188 and ₤27,301, respectively. Within
this range, DBd is cost-effective under the current PAS, considering that:

•

OS with Bd is overestimated versus the previously accepted position in TA457;

•

daratumumab is a highly innovative and game-changing treatment; and

•

daratumumab provides additional benefits outside of the QALY framework.

A detailed response to each of these key issues is provided on the following pages.
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Overall survival
“Daratumumab plus bortezomib and dexamethasone improves survival but by how much is unclear because
there are no long-term trial data” [para 3.7]
“The committee noted that the available data showed that daratumumab plus bortezomib and

The additional data
cut provided by the
company was
considered by the
Appraisal
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dexamethasone reduced the risk of death by 50% compared with bortezomib plus dexamethasone (HR 0.50,
95% CI 0.30 to 0.84, p=0.008) [para 3.7]
“It is appropriate to adjust trial data for follow-on treatments not used in the NHS, but more information is
needed on adjustment methods” [para 3.9]
Janssen agree with the AC that the OS data from CASTOR are immature; however, it is important to note
that this is because many patients are still alive as opposed to there being no long-term trial data. In the
company submission, over two years (26.9 months) of follow-up were provided; however, consequential to
the remarkable efficacy of daratumumab, less than a quarter of patients receiving second-line treatment
with DBd had died.

NICE Response
Please respond to
each comment
Committee at the
second meeting.

Since the original submission, an updated datacut, providing nearly three years follow-up (median follow up
31.2 months), has become available from CASTOR. Despite this longer follow-up, the percentage of patients
alive remains high, with more than three quarters of patients alive following second-line treatment with
DBd. In CASTOR, median OS with DBd is not anticipated to be reached before 6 years of follow up. By
contrast, median OS for carfilzomib was reached after 3.7 years (44 months) of follow-up.(1)
Despite the increasing influence of subsequent therapy in the Bd arm (where more than *** of patients
have progressed versus less than *** of patients in the DBd arm), treatment with DBd continues to be
associated with a statistically significant OS benefit compared with Bd. After 31.2 months median follow up,
the unadjusted OS HR of DBd vs Bd was **** (95% CI: ****, ****; ********; Table 1 and Figure 1), clearly
establishing the benefit of DBd as a life-extending treatment.
PFS and time to treatment discontinuation (TTD) results for second-line patients in the updated datacut are
presented in Appendix Error! Reference source not found..
(n.b. appendix not reproduced in this table
8
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Table 1: Summary of updated OS data (31.2 months median follow up) from CASTOR, second-line population
Bd (n=113)

DBd (n=122)

Number of events, n (%)

*********

*********

Number of censored, n (%)

*********

*********

The additional data
cut provided by the
company was
considered by the
Appraisal
Committee at the
second meeting.
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Kaplan-Meier estimate (months)
25% quantile (95% CI)

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

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

Median (95% CI)

***********

***********

75% quantile (95% CI)

***********

***********

HR (95% CI)a

--

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

p-valueb

--

******

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; CI = confidence interval; HR = hazard ratio; ISS
= international Staging System; NE = not established; OS = overall survival.
a Hazard ratio and 95% CI from a Cox proportional hazards model with treatment as the sole explanatory variable and stratified
with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3), and prior bortezomib treatment (no vs. yes). A hazard ratio
< 1 indicates an advantage for DBd.
b p-value is based on the log-rank test stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3), and prior
bortezomib treatment (no vs. yes).
9
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Figure 1: Kaplan-Meier plot of updated OS data (31.2 months median follow up) from CASTOR, second-line
population

The additional data
cut provided by the
company was
considered by the
Appraisal
Committee at the
second meeting.
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DVd = daratumumab-bortezomib (Velcade)-dexamethasone; OS = overall survival; Vd = bortezomib (Velcade)-dexamethasone.
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In line with the original submission, the updated OS data have been adjusted for subsequent treatments
not available in England using the inverse probability of censoring weights (IPCW) methodology. As
requested by the AC, additional information on the adjustment method is provided in Appendix Error!
Reference source not found.. Importantly, none of the weights used in the adjustment were extreme (with
a maximum stabilised weight of 3.62 and an average stabilised weight of 1), providing assurance that the
results are stable, and analyses are robust. Following adjustment, the OS HR remains consistent at ****

The committee
considered the
extra description of
the company’s
methodology for the
IPCW adjustment
and agreed it had
been carried out
appropriately by the
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(95% CI: ****; ****) compared to **** (95% CI: ****; ****) with the previously submitted IA2 datacut.
This observed stabilisation in OS benefit is testament to the innovative and powerful mechanism of action
provided by daratumumab, which not only targets the tumour directly, but also boosts patients’ immune
system to better fight the disease.(2)
Due to the remarkable efficacy of daratumumab, and thus the absence of median overall survival after nearly
3 years follow up, it becomes important to consider intermediate endpoints which can provide reliable
surrogate markers of survival outcomes. In myeloma, MRD is accepted as an important prognostic factor and
the link between MRD negativity and OS has been demonstrated in a number of recent publications.(3-7)
11
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Please respond to
each comment
company (Section
3.9 of Final
Appraisal
Determination).

Comments noted.
Minimal Residual Disease (MRD)
“Daratumumab combination therapy improves minimal residual disease but there is no evidence on how
this outcome correlates with overall survival” [para 3.8]
“The committee concluded that, although there may be an association between minimal residual disease
and overall survival, the relationship between these outcomes over the long term had not been established.
Therefore, it did not consider minimal residual disease could not be used as a proxy for overall survival
because it had not seen evidence of a non-confounded association between them over a period longer than
the CASTOR trial.” [para 3.8]
MRD represents a more sensitive measure of disease burden and depth of response than traditional methods
using clinical response criteria. Indeed, achieving MRD negative status is considered akin to complete
absence of the disease and recent studies have associated MRD negativity with an increased likelihood of
attaining a functional (operational) cure.(6)

The AC recognised an association between MRD negativity and overall survival but stated that the
relationship between these outcomes over the long term had not been established. Janssen acknowledge that
a quantitative relationship between MRD negativity and overall survival has not yet been established at
second-line. It is important to note, however, that this is because historically MRD negativity was thought to
be unobtainable for relapsed or refractory patients. Aside from POLLUX (Phase III trial of daratumumab in
combination with lenalidomide and dexamethasone versus lenalidomide plus dexamethasone), CASTOR was
the first RRMM trial to assess MRD negativity.
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A quantitative relationship between MRD-negative status and significant improvements in OS has, however,
been established in numerous front-line studies, with clinical experts in agreement that MRD negativity
represents one of the best prognostic markers in myeloma.(3-7) Indeed, International Myeloma Working
Group (IMWG) guidelines now recommend consideration of MRD negativity after each treatment stage in
patients with a complete response (CR).(8)
Three recent meta-analyses have examined the quantitative relationship between MRD negativity and OS in
newly diagnosed MM and are summarised in Table 2. Importantly, in patients achieving a CR, MRD
negativity was associated with an OS HR of 0.47 (95% CI: 0.33, 0.67; p<0.001), supporting the assertion that
MRD negativity has a prognostic value superior to achievement of CR.(7)
12
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Table 2: Summary of meta analyses of MRD negativity and OS
Study

Sample size

Methods

Results

Munshi et al
2017(7)

N=1,100

The HR between MRD negative status and
MRD positive status was assessed by
pooling data from relevant trials. Data
were adjusted to allow for different
proportions of patients with MRD across
the studies and analysed using the Peto
method

All patients:

The HR between MRD negative status and
MRD positive status in patients receiving
an ASCT examined using a random effects
model which weighted studies using the
inverse–variance method

HR = 0.48; 95% CI: 0.33–
0.70; p<0.001

The χ2 test was used to estimate the
statistical significance of different MRD
rates between groups. Landmark survival
analyses (from time of response
assessment) were plotted per Kaplan-

MRD-negative status was
strongly associated with
prolonged OS (median not
reached; p<0.001) overall
and in subgroups defined

(12 studies)

Landgren et al
2016(5)

N=342

Lahuerta,et al
2017(4)

N=609

(2 studies)

(3 studies)

HR = 0.57; 95% CI: 0.460.71; p<0.001
CR patients:
HR = 0.47; 95% CI: 0.330.67; p<0.001
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Meier methodology; differences between
curves were tested for statistical
significance with the (two-sided) log-rank
test. Variables with a significant impact on
survival in univariable analysis were
included in a multivariable Cox
proportional hazard model. Variables
were retained in the model for levels of
significance of p < 0.05. A comparison
between Cox models for PFS and OS
according to depth of response defined by
CR or MRD negativity was performed.

by prior transplantation,
disease stage, and
cytogenetics, with
prognostic superiority of
MRD negativity versus CR
particularly evident in
patients with high-risk
cytogenetics

ASCT = autologous stem cell transplant; CI = confidence interval; CR = complete response; HR = hazard ratio; MRD = minimal
residual disease; OS = overall survival; PFS = progression-free survival.
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In CASTOR, results demonstrate the high quality of response for second-line patients treated with DBd. At
median follow-up of 31.2 months, the percentage of patients achieving CR or better has remained stable at
****% versus ****% for DBd and Bd respectively. Impressively, MRD-negative rates have improved since
the IA2 datacut and are now more than ***** times higher for DBd compared with Bd (updated data at
31.2 months median follow-up: ****% vs ***% at 10-5 threshold; IA2: ****% vs ***% at 10-5 threshold). As
noted in the original submission, for high-risk patients (defined as those patients with at least one high-risk
cytogenetic abnormality including del17p, t(4;14) or t(14;16), MRD negativity was only observed in the DBd
arm of the trial (****% at 10-⁵ threshold). These results underline the superior efficacy of daratumumab
and continued improvement in prognosis for those patients treated with DBd. Moreover, these
unprecedented levels of response suggest that the underlying risk of death for second-line patients treated
with DBd could improve over time as the relative proportion of MRD-negative patients increases (Section
0).

Section 3.8 of the
Final Appraisal
Determination
notes these data,
stating “at 31.2
months, the
proportion of
people with no
residual disease
having
daratumumab plus
bortezomib plus
dexamethasone
had increased”.

The impact of MRD negativity on OS in the second-line subgroup from CASTOR can be observed in Figure
2.
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Figure 2: Kaplan-Meier plot for updated OS data (31.2 months median follow up) from CASTOR, second-line
MRD-negative (10-5) patients

NICE Response
Please respond to
each comment
Figure noted.
Section 3.8 of the
Final Appraisal
Determination
section 3.8 states
“The committee
agreed that there
may be a
documented
association
between minimal
residual disease
and short-term
overall survival, and
that it was not
unreasonable to
expect some
people with no
residual disease to
live longer.
However, it
concluded that the
relationship
between these
outcomes over the
long term in people
with relapsed
disease had not
been established
and could not
inform the
economic model”.

DVd = daratumumab-bortezomib (Velcade)-dexamethasone; MRD = minimal residual disease; OS = overall survival; Vd =
bortezomib (Velcade)-dexamethasone.

Figure 2 illustrates that, regardless of the treatment regimen, the survival outcomes for patients who
achieve MRD-negative status are exceptional with more than **% of patients alive after a median follow-up
of 31.2 months. Therefore, while Janssen acknowledge that data supporting the prognostic value of MRD in
the RRMM patient population is limited, compared with evidence in newly diagnosed patients, the results
13 of 50
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from CASTOR demonstrate that MRD negativity has a profound impact on prognosis that can reasonably be
expected to confer such benefits as seen in newly diagnosed patients.
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Modelling assumptions - Bd
“Long-term survival on daratumumab plus bortezomib and dexamethasone is overestimated and
survival on current treatments is underestimated” [para 3.12]
“The company assumed that no people would be alive at 10 years on bortezomib plus
dexamethasone or carfilzomib. However, the clinical experts stated that around 5% to 10% of
people currently having second-line treatment for multiple myeloma would be expected to be alive
10 years from now.” [para 3.12]
“The ERG estimated that 9% of people would be alive at 10 years on bortezomib plus
dexamethasone, which was more in line with the clinical experts’ opinion” [para 3.12]
The AC considered that choice of the Gompertz curve for Bd underestimated the survival benefit of
this regimen based on clinical expert opinion and the proportion of patients expected to be alive at
10 years. Specifically, the AC agreed with the clinical experts who stated that around 5% to 10% of
patients would be expected to be alive at 10 years.
Janssen acknowledge the reasonableness of the AC’s position, and the importance of considering
clinical expert opinion with regard to the plausibility of overall survival estimates. We note,
however, that in the carfilzomib appraisal (TA457) the ERG considered both Gompertz and Weibull
extrapolations to be clinically plausible, with a preference for the Gompertz distribution. In addition,
based on the IA2 data from CASTOR and external data available at the time of submission, the
Gompertz seemed most appropriate. However, as noted in the original submission, Janssen
recognise that the Weibull distribution is also a good candidate, albeit at the upper bound of clinical
expert opinion.
In order to better understand the survival benefit of Bd, survival extrapolations have been updated
using the latest datacut (31.2 months median follow up) from CASTOR. The updated
extrapolations for Bd are displayed in Figure 3, with the corresponding Akaike information criteria
(AIC)/Bayesian information criteria (BIC) statistics and 10-year OS predictions presented in Table
3. The updated extrapolations predict 5.7% of patients alive after 10 years using the Gompertz
distribution and 11.6% using the Weibull distribution. Based on the 5% to 10% range advised by

The committee
considered the new
extrapolation of
overall survival for
bortezomib plus
dexamethasone
and considered that
the company’s new
estimate for 10 year
survival on
bortezomib plus
dexamethasone
using the new data
cut (6%) was within
a plausible range
estimated by the
clinical experts
(Final Appraisal
Determination
section 3.12).
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the clinical experts, Janssen notes that the updated Gompertz distribution gives the most clinically
plausible results, with the Weibull distribution providing a more optimistic estimate of OS with
current standard of care.
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Figure 3: Parametric extrapolation of OS for Bd based on updated data (31.2 months median follow up) from
CASTOR, second-line patients

Figure noted.
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Bd =
bortezomib-dexamethasone; OS = overall survival.
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Table 3: AIC/BIC and 10 year OS estimates for Bd from parametric extrapolation of updated data from CASTOR
AIC

BIC

Table noted.

10 year OS estimates
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Weibull

432.103

437.557

11.6%

Log-normal

433.024

438.479

31.8%

Log-logistic

431.978

437.433

24.4%

Exponential

430.302

433.029

16.4%

Generalized gamma

433.978

442.161

16.3%

Gompertz

432.260

437.715

5.7%

AIC = Akaike information criterion; Bd = bortezomib-dexamethasone; BIC = Bayesian information criterion; OS = overall survival.
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To further validate the choice of OS curve for Bd, the life-years gained (LYG) for the Bd arm of ENDEAVOR Comment noted.
(as accepted in TA457) were compared with Janssen’s original base case and AC preferred case, using
extrapolations from IA2 and the updated datacut from CASTOR. The comparison results are presented in
Table 4 and demonstrate that the updated Gompertz distribution estimates a survival benefit for Bd almost
6 months greater than that accepted in the Cd appraisal, and only marginally less than the AC’s preferred
base case. Janssen therefore consider that the updated Gompertz curve provides the most clinically
plausible results and is conservative relative to the survival benefit of Bd accepted in TA457.
Table 4: Comparison of LYG for Bd
Scenario
Company base case (Gompertz)

NICE preferred base case (Weibull)

TA457 accepted

Total LYG for Bd
IA2 (submitted)

3.01

Updated datacut

3.73

IA2 (submitted)

3.85

Updated datacut

4.16

-

3.41

Bd = bortezomib-dexamethasone; IA = interim analysis; LYG = life years gained.
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Modelling assumptions - DBd
“Long-term survival on daratumumab plus bortezomib and dexamethasone is overestimated and
survival on current treatments is underestimated” [para 3.12]
“The clinical experts considered that the company’s prediction that 22% of people having
daratumumab plus bortezomib and dexamethasone would be alive at 20 years to be
overoptimistic, even taking into account the benefits of this treatment on minimal residual disease
and the potential for an association between minimal residual disease and overall survival.” [para
3.12]
“The ERG preferred the Weibull curve for both arms” [para 3.12]
Janssen understand the AC’s perspective on the long-term survival estimates for DBd but question
the relevance of focusing on 20-year survival rates when the treatment landscape in myeloma is
rapidly evolving. More and more effective treatments are being made available at front-line and in
the RRMM setting meaning clinical practice will be fundamentally different in 20 years time. It is
more relevant to consider in decision making, the known data, such as the unprecedented levels of
response observed with DBd and the highly statistically significant impact of DBd on PFS and OS.
Janssen acknowledge that 22% of patients alive after 20 years represents a step-change from survival
outcomes using current standard of care; however, this level of improvement is not unrealistic given the
unprecedented levels of CR and MRD negativity observed with daratumumab.
MRD negativity has been identified as an important prognostic factor in myeloma, with the surrogate
relationship between MRD negativity and OS established in a number of recent publications.(3-7)
Moreover, the latest datacut for CASTOR demonstrates further deepening of response to DBd; with the
proportion of MRD negative patients continuing to increase (****% in updated datacut [31.2 months
median follow up] vs 16.4% in IA2 at 10-5 threshold). Given that MRD negativity is considered akin to
complete absence of the disease, it is not unreasonable to assume that many of these patients would
remain alive for 20 years.
Importantly, and as flagged by Janssen in the Appraisal Committee meeting on June 6 th, despite accepting
the need to adjust for the impact of subsequent therapy not available in England, the ERG’s analysis is
based on the unadjusted HR for OS. When the adjusted HR is used in the ERG’s analyses, the difference
between Janssen’s original base case versus Bd (Table 5) and the AC’s preferred base case versus Bd

NICE Response
Please respond to
each comment
Comments noted.
Given the long
period of
extrapolated data in
the model, it was
necessary for the
committee to make
an assessment of
the plausibility of
long-term survival
estimates. The
limitations of this
were noted in
section 3.12 of the
Final Appraisal
Determination and
the decision to
recommend
daratumumab plus
bortezomib plus
dexamethasone
within the Cancer
Drugs Fund was
based on the need
to have more data
to address the
uncertainty around
overall survival and
the costeffectiveness
estimates.
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(Table 6) is not as high as suggested in the ACD: “using the Weibull curve to model overall survival for
daratumumab plus bortezomib and dexamethasone, and bortezomib plus dexamethasone, as per the ERG
base case, increased the ICERs by more than £30,000 per QALY gained” [para 3.16]. Indeed, following
adjustment for subsequent treatments not available in England, the AC’s preferred modelling assumptions
estimate 11% of DBd patients alive after 20 years.
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Revised base case
results noted.

Table 5: Cost-effectiveness: Janssen’s original base case (list prices, IA2 data)a
Total costs
(£)

Total LYG

Bd

*******

3.01

DBd

********

****

Total
QALYs

DBd vs Bd
Incremental cost
(£)

QALYs gained

ICER (£ per QALY
gained)

****

-

-

-

****

********

****

₤42,190

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; IA =interim analysis; ICER = incremental costeffectiveness ratio; LYG = life-years gained; OS = overall survival; QALY = quality-adjusted life year.

N.B. The committee
considered the
equivalent results
including the
patient access
schemes for
daratumumab,
carfilzomib,
pomalidomide and
bortezomib.

a Janssen’s original base case includes: Gompertz function for Bd OS, log-logistic function for DBd OS, utility data from CASTOR (plus
minor corrections identified at clarification).

Table 6: Cost-effectiveness: AC’s preferred base case (list prices, IA2 data)a
Total costs
(£)

Total LYG

Total
QALYs

DBd vs Bd
Incremental cost
(£)

QALYs gained

ICER (£ per QALY
gained)

Using unadjusted (for subsequent treatment not available in England) HR for DBd vs Bd
Bd

*******

3.85

****

-

-

-

DBd

********

****

****

********

****

₤83,156

Using adjusted (for subsequent treatment not available in England) HR for DBd vs Bd
Bd

*******

3.85

****

-

-

-
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DBd

********

****

****

********

****

₤61,567

AC = appraisal committee; Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone; HR =
hazard ratio; IA =interim analysis; ICER = incremental cost-effectiveness ratio; LYG = life-years gained; OS = overall survival; QALY =
quality-adjusted life year.
a AC’s preferred base case includes: Weibull function for Bd OS, HR for DBd OS, utility data from ENDEAVOR (plus minor corrections
identified at clarification).
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As noted in Section 0, it is anticipated that the underlying risk of death (or hazard function) for second-line
patients treated with DBd could improve over time as the relative proportion of MRD-negative patients
increases. Indeed, this is supported by the decreasing risk of death over time observed in the daratumumab
monotherapy trials (MMY2002 and GEN501, Figure 4). However, examination of the hazard function for
the Weibull distribution recommended by the ERG and the log-logistic distribution used in the original
submission indicate an increasing (Figure 5) and decreasing (Figure 6) risk of death over time,
respectively; although the rate of decrease in the risk of death predicted for the log-logistic distribution is
steeper than that observed in the daratumumab monotherapy trials. Consequently, based on the impact of
response (particularly MRD negativity) on OS and the risk of death over time, Janssen suggest that the
choice of a Weibull curve recommended by the ERG is likely to underestimate the survival benefit conferred
by DBd, whereas, the log-logistic may overestimate the survival benefit.

Figure 4: Daratumumab monotherapy mortality hazard over time based on MMY2002+GEN501 extrapolation
using Weibull

Comments noted.
The committee
acknowledged that
how the risk of
dying changed over
time for people
having
daratumumab plus
bortezomib plus
dexamethasone
may have affected
the extrapolation of
the trial data.
However, the
committee
concluded that it
needed to see
more data to be
convinced by the
decreasing risk of
death over time
suggested by the
company. For
further details, see
section 3.13 of the
Final Appraisal
Determination.
Figures noted.

19 of 50

Comment
number

Type of
stakeholder

Organisation
name

Stakeholder comment
Please insert each new comment in a new row

NICE Response
Please respond to
each comment

Figure 5: DBd mortality hazard over time using Weibull distribution (ERG scenario)

20 of 50

Comment
number

Type of
stakeholder

Organisation
name

Stakeholder comment
Please insert each new comment in a new row

NICE Response
Please respond to
each comment

DBd = daratumumab-bortezomib-dexamethasone.
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Figure 6: DBd mortality hazard over time using loglogistic distribution (Company base case)

Figures noted.
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In order to better understand the survival benefit of DBd, survival extrapolations have been Figure noted.
updated using the latest datacut (31.2 months median follow up) from CASTOR. The updated
extrapolations for DBd are displayed in Figure 7, with the corresponding AIC/BIC statistics
presented in Table 7. Predictions of patients alive at 5, 10, 15 and 20 years are presented in Table
8.
Figure 7: Parametric extrapolation chart for DBd based on updated data from CASTOR
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Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; HR = hazard ratio.
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Table 7: AIC and BIC from parametric extrapolation chart for DBd based on updated data from CASTOR
AIC

BIC

Weibull

328.304

333.912

Log-normal

330.405

336.013

Log-logistic

328.929

334.537

Exponential

326.990

329.794

Generalized gamma

329.756

338.168

Tables noted.
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Gompertz

327.179

332.787

AIC = Akaike information criterion; BIC = Bayesian information criterion; DBd = daratumumab-bortezomib-dexamethasone.

Table 8: 5 to 20 year OS estimates for DBd based on updated data (31.2 months follow up) from CASTOR,
second-line patients
Percentage of patients remaining alive
5 years

10 years

15 years

20 years

Weibull

62.7%

36.3%

20.3%

11.1%

Log-normal

69.1%

54.7%

45.8%

35.7%

Log-logistic

65.4%

45.7%

34.4%

26.4%

Exponential

65.3%

42.5%

27.7%

18.0%

Generalized gamma

59.1%

15.0%

0.0%

0.0%

Gompertz

50.1%

1.6%

0.0%

0.0%

DBd = daratumumab-bortezomib-dexamethasone; OS = overall survival.
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Updated OS data from CASTOR indicates 26.4% of patients alive at 20 years using log-logistic Comment noted.
distribution, compared to 11.1% using a Weibull distribution. As discussed throughout this section,
both positions are clinically plausible, with the truth likely to lie somewhere in between. As such,
Janssen propose the exponential curve (predicting 18% of patients alive at 20 years), which
provides the best statistical fit and a compromise on the magnitude of long-term survival benefit, as
the most clinically plausible choice for DBd.
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Generalisability of 2L subgroup
“The second-line subgroup is appropriate to assess clinical effectiveness but the effect of patient differences
across treatment arms is unclear.” [Para 3.5]
“The committee concluded that there was some uncertainty associated with the differences between
treatment arms in the second-line subgroup because there were imbalances in prognostic factors and
treatment effect modifiers that could have acted in opposite directions.” [Para 3.5]

Additional analyses
noted. The
committee’s
conclusions on
these data are
described in section
3.4 of the Final
Appraisal
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The AC noted uncertainty around the impact of imbalances in patient baseline characteristics between
treatment arms of CASTOR in the second-line subgroup. This is because, although the baseline
characteristics are, in total, well matched for the second-line subgroup, there are minor differences in the
proportion of patients previously exposed to lenalidomide and the proportion of patients with the genetic
abnormality of 17p deletion (Del17p). Janssen have examined the impact of these imbalances using two
different statistical techniques.
The first approach explored the impact of adding additional stratification factors to the Cox proportional
hazard model used to obtain the PFS and OS hazard ratios and 95% confidence intervals (CI). Results from
models with the additional stratification factor of prior lenalidomide exposure or Del17P were compared to
the previously submitted second-line HRs for PFS and OS. A summary of the results for PFS and OS based on
the latest datacut from CASTOR are presented in Table 9, with full results in Appendix Error! Reference
source not found.
(n.b. appendices are not reproduced in this table)
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Table 9: Analysis of adjustment for imbalances in baseline characteristics based on updated data from CASTOR
HR

CI (95%)

P-value

2L Patients

****

**********

*******

2L Patients adjusted for prior lenalidomide use

****

**********

*******

2L Patients adjusted for risk of Del17P

****

**********

*******

2L Patients

****

**********

******

2L Patients adjusted for prior lenalidomide use

****

**********

******

2L Patients adjusted for risk of Del17P

****

**********

******

Progression free survival

NICE Response
Please respond to
each comment
Determination.

Table and analyses
noted. The
committee’s
conclusions on
these data are
described in section
3.4 of the Final
Appraisal
Determination.

Overall survival

2L = second line; CI = confidence interval; HR = hazard ratio.

Adjusting to correct for imbalances related to prior lenalidomide exposure or Del17P had a marginal impact
on both the PFS and OS hazard ratios. The hazard ratios were affected in opposite directions, with Del17p
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having a marginally larger influence on PFS and prior lenalidomide exposure having a marginally larger
influence on OS.
The second statistical technique was to test for interaction between the prognostic factor and the
treatment regimen received. This analysis indicated that neither prior exposure to lenalidomide nor Del17P
had a statistically significant impact on the results, see Appendix Error! Reference source not found..
Therefore, whilst there are individual imbalances in baseline characteristics between the two arms of
CASTOR, notably related to prior lenalidomide exposure and Del17P, Janssen conclude that these do not
have a statistically significant impact on the results.
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Comparison with carfilzomib
“The clinical effectiveness of daratumumab plus bortezomib and dexamethasone compared with carfilzomib
plus dexamethasone is unclear” [para 3.10]
“The committee agreed that [cumulative dose] was a relevant point in considering whether the duration of
bortezomib treatment in ENDEAVOR should be adjusted. However it was not presented with data about the
cumulative dose of bortezomib, nor with data on whether cumulative dose was more closely associated with
outcomes, and so could not appraise any potential effect of this at this time. The committee therefore
concluded that the company’s network meta analysis could have overestimated the effectiveness of
daratumumab plus bortezomib and dexamethasone compared with carfilzomib plus dexamethasone.” [para
3.10]
“The committee considered that the subgroup of people having second-line treatments who had
not had previous bortezomib was relevant for the comparison with carfilzomib plus
dexamethasone, but that how previous treatments affected outcomes remained unclear. It
concluded that, on balance, the data for the second-line subgroup was more robust because it was
randomised. However, it also concluded that examining the sensitivity of the cost-effectiveness
estimates to using the second-line, bortezomib naïve data was warranted.” [para 3.11]
The AC expressed concern that the effectiveness of DBd compared to Cd was overestimated in
network meta analyses (NMA) included in the original submission. This is because, unlike the
appraisal of carfilzomib (TA457), no adjustment was made to correct for differences in the

Comments noted.
The committee
noted that the
revised company
base case included
an adjustment for
bortezomib duration
in ENDEAVOR
using the same
methods that had
been used by the
ERG and in the
appraisal of
carfilzomib for
previously treated
multiple myeloma,
which it considered
to be appropriate
(Final Appraisal
Determination
section 3.10).
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treatment duration of bortezomib in the Bd arms of CASTOR and ENDEAVOR; ENDEAVOR used
a treat to progression approach, whereas CASTOR restricted the number of cycles of Bd to 8 (as
per the marketing authorisation).
Janssen welcomes the AC’s acknowledgement of the relevance of comparing the actual
cumulative dose of bortezomib received in CASTOR and ENDEAVOR when considering the
requirement to adjust. Indeed, the importance of cumulative dose was recognised in a
retrospective analysis of the VISTA study that found a higher cumulative Bd dose was associated
with significantly increased OS compared with a low cumulative Bd dose (age-adjusted HR, 0.561;
p=0.00002).(9)
In Table 10 Janssen has estimated the cumulative dose of bortezomib received in the second-line
populations of ENDEAVOR and CASTOR. The results indicate a marginal (2.0%) difference
between the studies, with CASTOR associated with a higher cumulative dose than ENDEAVOR.
Table 10: Comparison of bortezomib cumulative dose between CASTOR and ENDEAVOR in second-line
subgroup
CASTOR

Source

ENDEAVOR

Source

4.77

CASTOR

91.7%

CASTOR

85%

(10)

Median treatment duration - cycles

7.6

CASTOR

8.0

(10)

Body surface area (m2)

1.87

CASTOR

1.87

CASTOR

Bortezomib maximum dose per cycle

5.2

Calculated

5.2

Calculated

Estimate of cumulative dose received (mg)

67.4

Total doses (mg/m2) received in all cycles
Median dose intensity (mg/m 2/cycle) (a/b)

66.1

Calculation: Max dose of bortezomib per cycle x median no of cycles x median dose intensity x body surface area.
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To further validate the appropriateness of adjusting for bortezomib dosing, comparison of the life Comments noted.
The committee
years gained for Cd in the updated cost-effectiveness model (31.2 months median follow up) noted that the
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against the life years gained for Cd accepted in TA457 was carried out (Table 11). Janssen note
that while the updated Gompertz provides higher LYG for Bd than those accepted in TA457 (see
Section 0), the LYG for Cd are lower than that accepted in TA457.
Table 11: Comparison of LYG for Cd, no Bd dosing adjustment
Scenario
Company base case (Gompertz)

NICE preferred base case (Weibull)

TA457 accepted

Total LYG for Cd
IA2 (submitted)

3.32

Updated datacut

4.21

IA2 (submitted)

4.42

Updated datacut

4.79

-

5.74

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; IA = interim analysis; LYG = life-years gained.

Importantly, Janssen have identified an error in the ERG’s implementation of the adjustment of the
HRs; with the adjustment being applied from the start of the model, rather than from 24 weeks as
per TA457. This error results in an overestimation of the LYG with Cd. The impact of the corrected
adjustment on the LYG estimates for Cd reported in Table 11, are summarised in Table 12.

NICE Response
Please respond to
each comment
revised company
base case included
an adjustment for
bortezomib duration
in ENDEAVOR
using the same
methods that had
been used by the
ERG and in the
appraisal of
carfilzomib for
previously treated
multiple myeloma,
which it considered
to be appropriate
(Final Appraisal
Determination
section 3.10). The
correction to the
adjustment was
included in both the
company and
revised ERG
exploratory base
case.

Table 12: Comparison of LYG for Cd, with corrected Bd dosing adjustment
Scenario
Company base case (Gompertz)

NICE preferred base case (Weibull)

TA457 accepted

Total LYG for Cd
IA2 (submitted)

3.94

Updated datacut

5.20

IA2 (submitted)

5.72

Updated datacut

6.21

-

5.74

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; IA = interim analysis; LYG = life-years gained.

Janssen conclude that, despite a similar cumulative dose of bortezomib between CASTOR and ENDEAVOR,
there are notable differences in the LYG estimates for Cd between the updated economic model and those
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accepted in TA457 which implys that an adjustment is necessary. Janssen suggest, therefore, that an
adjustment is applied to correct for the difference in treatment duration between the trials, noting
however the importance of applying this adjustment correctly, in line with TA457.
Finally, to address the AC’s query regarding the impact of prior bortezomib exposure on the costeffectiveness results, scenario analyses have been conducted using hazard ratios from the 2LBN population
(Section 0). Results indicate that the comparison of DBd and Cd is relatively insensitive to the patient
population modelled, with DBd dominating Cd at list price (for both DBd and Cd) and with the
daratumumab PAS.
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Utility values
“The effect of disease progression on quality of life is underestimated and clarification of
company’s methodology is needed”
“the committee considered that, in clinical practice, quality of life would be expected to decrease
the more disease progresses. As such, the ERG’s estimate of post-progression utility were more
plausible, even though it came from ENDEAVOR and was not derived from EQ-5D data (the
preferred quality-of-life measure in the NICE methods guide). The committee concluded that the
company had underestimated the effect of disease progression on quality of life and that
clarification on the company’s methodology for collecting quality-of-life data in CASTOR was
needed.”
Janssen understand the AC’s position regarding the effect of disease progression on quality of life
and appreciate that the difference between pre-progression (0.728) and post-progression (0.695)
utilities may seem low. As noted in the ACD, the measure of disease progression used in CASTOR
was based on biological markers rather than the onset of clinical symptoms. However, as
acknowledged in TA505, this is reflective of clinical practice, where myeloma clinicians seldom wait
for signs of clinical progression before moving patients onto subsequent lines of therapy.(11)
Importantly, as stated in the original submission, the pre-progression utility value from CASTOR is
likely to be conservative (i.e. underestimates the quality of life impact of DBd). This is because
quality of life for patients treated with DBd improved as patients moved into the monotherapy
phase of treatment (Figure 8). These observed improvements in utility for the monotherapy phase

Further explanation
of EQ-5D data
collection in
CASTOR noted.
The committee’s
conclusion that the
ERG’s estimates of
the difference
between pre- and
post- progression
were more
plausible remained
unchanged (see
Final Appraisal
Determination
section 3.14).

29 of 50

Comment
number

Type of
stakeholder

Organisation
name

Stakeholder comment
Please insert each new comment in a new row

NICE Response
Please respond to
each comment

of DBd were not implemented in the model due to the absence of stable data at comparative time
points for patients receiving Bd. Therefore, Janssen contend that the magnitude of the change in
utility post progression may appear less than expected due to an underestimation of the preprogression utility value, rather than an over-estimation of post-progression utility.
Figure 8: Mean EQ-5D utility values over time

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone.

Furthermore, Janssen would like to highlight that the ERG’s recommendation to use utility values
from ENDEAVOR goes against the NICE reference case which states a clear preference to use
EQ-5D data from the trial data where possible. Importantly, the use of utility values from
ENDEAVOR instead of CASTOR creates a disconnection between the measurements of benefits
which introduces unnecessary uncertainty.
A full description of CASTOR EQ-5D utility data collection and analysis is provided in Appendix
Error! Reference source not found..
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(n.b. appendices are not reproduced in this table)
Model assumptions

Comment noted.

“The committee’s preferred modelling assumptions were:

33

Consultee
(company)

Janssen

•

using data from the second-line subgroup rather than the second-line bortezomib-naive
subgroup. (see section 3.10)

•

extrapolation of overall survival with bortezomib plus dexamethasone, and carfilzomib plus
dexamethasone to reflect plausible 10-year survival estimates of between 5% to 10% (see
section 3.11)

•

extrapolation of overall-survival estimates on daratumumab plus bortezomib and
dexamethasone to give 20-year survival estimates that were lower than the company’s
extrapolations using the log-logistic curve, and closer to the ERG’s estimate using the
Weibull curve (see section 3.11)

•

assuming a greater decrease in utility after disease progression than that currently modelled
by the company (see section 3.13)

•

adjusting to account for people having bortezomib for longer than is stipulated in its
marketing authorisation in ENDEAVOR (see section 3.12).” [para 3.15]

Revised economic analyses
The revised base case includes updated PFS, OS and TTD data based on the latest datacut from CASTOR
(31.2 months median follow up). The revised base case results, with and without PAS, versus Bd and Cd are
reported in Table 13 and Table 14, respectively. A breakdown of the costs and QALYs are provided in
Appendix Error! Reference source not found..
Due to the confidential nature of the carfilzomib PAS (and other PASs associated with subsequent
treatment), and for consistency, it is important to note that the only PAS included in the remainder of this
section is that for daratumumab when used in combination with Bd. It is therefore challenging to

Revised base case
noted.
N.B. The committee
considered the
equivalent results
including the
patient access
schemes for
daratumumab,
carfilzomib,
pomalidomide and
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determine the actual cost-effectiveness of DBd. However, based on the information available to Janssen,
DBd is a cost-effective use of NHS resources when taking into account the wider context of innovation and
benefits beyond the QALY.

NICE Response
Please respond to
each comment
bortezomib.

Table 13: Revised base case – With PAS
Total costs
(£)

Total LYG

Bd

*******

3.73

Cd

********

DBd

********

Total
QALYs

Pairwise (DBd vs comparator)
Incremental cost
(£)

QALYs
gained

ICER (£ per QALY
gained)

****

*******

****

₤31,403

5.20

****

********

****

DBd dominates

****

****

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ICER =
incremental cost-effectiveness ratio; LYG = life years gained; QALY = quality-adjusted life year.

Table 14: Revised base case – Without PAS
Total costs (£)

Total
LYG

Total QALYs

Pairwise (DBd vs comparator)
Incremental cost
(£)

QALYs
gained

ICER (£ per QALY
gained)

Bd

*******

3.73

****

********

****

₤46,387

Cd

********

4.21

****

******

****

₤3,155

DBd

********

****

****

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ICER =
incremental cost-effectiveness ratio; LYG = life years gained; QALY = quality-adjusted life year.
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Revised one-way sensitivity analysis results
The results of the one-way sensitivity analysis are presented, with and without the PAS, versus Bd
and Cd in Figure 9 to Figure 11. The with PAS one-way sensitivity analysis comparing DBd versus
Cd showed that DBd dominated Bd in all cases except when testing the upper value of PFS HR
CAR-DEX (£2,765) and BOR-DEX OS parametrization (DBd is less costly and less effective,

Revised one-way
sensitivity analyses
noted.
N.B. The committee
considered the
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(£32,434 Cd vs DBd).
Figure 9: Revised one-way sensitivity analysis results versus Bd, with PAS

NICE Response
Please respond to
each comment
equivalent results
including the
patient access
schemes for
daratumumab,
carfilzomib,
pomalidomide and
bortezomib.

Bd = bortezomib-dexamethasone; BOR = bortezomib; DARA = daratumumab; DEX = dexamethasone; ICER = incremental costeffectiveness ratio; OS = overall survival; PAS = patient access scheme; PFS = progression-free survival; Pts = patients; QALY =
quality-adjusted life year; Subs = subsequent; TTD = time to discontinuation; Tx = treatment.

Figure 10: Revised one-way sensitivity analysis results versus Bd, without PAS
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Bd = bortezomib-dexamethasone; BOR = bortezomib; DARA = daratumumab; DEX = dexamethasone; ICER = incremental costeffectiveness ratio; OS = overall survival; PAS = patient access scheme; PFS = progression-free survival; Pts = patients; QALY =
quality-adjusted life year; Subs = subsequent; TTD = time to discontinuation; Tx = treatment.

Figure 11: Revised one-way sensitivity analysis results versus Cd, without PAS
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BOR = bortezomib; CAR = carfilzomib; Cd = carfilzomib-dexamethasone; DARA = daratumumab; DEX = dexamethasone; ICER =
incremental cost-effectiveness ratio; OS = overall survival; PAS = patient access scheme; PFS = progression-free survival; Pts =
patients; QALY = quality-adjusted life year; Subs = subsequent; TTD = time to discontinuation; Tx = treatment.

35

Consultee
(company)

Janssen

Revised scenario analysis results
A summary of the results of the scenario analysis, with and without the PAS, are presented in Table 15 and
Table 16, respectively. Full results for each scenario are presented in Appendix Error! Reference source not
found.. Importantly, the analysis demonstrates that the economic value of DBd is reasonably robust to
structural assumptions, and in particular the choice of extrapolation curves; a key area of uncertainty
highlighted by the ERG and AC. When selecting the log-logistic distribution for DBd OS, in line with
Janssen’s original base case model, the ICER versus Bd decreases from ₤31,403 to ₤27,301, with the
daratumumab PAS. At the opposite end of the range, taking the demonstrably conservative OS modelling
assumptions preferred by NICE, the ICER for DBd versus Bd increases from ₤31,403 to ₤36,294, with the
daratumumab PAS.

Revised scenario
analyses noted.
N.B. The committee
considered the
equivalent results
including the
patient access
schemes for
daratumumab,
carfilzomib,
pomalidomide and
bortezomib.

Scenario analyses was also conducted to address the AC’s query regarding the impact of prior
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bortezomib exposure on the cost-effectiveness of DBd. The analysis used hazard ratios from the
2LBN population with the results indicating that the comparison of DBd and Cd is relatively
insensitive to patient population modelled, with DBd dominating Cd in all scenarios, with and
without the PAS.
Finally, scenario analysis was conducted to consider the impact on the cost-effectiveness results of
taking utility values from ENDEAVOR, rather than CASTOR, as recommended by the ERG. The
results indicate that the source of utilities has a negligible impact on the ICER, with ICERs ranging
from ₤31,403 to ₤32,219.
Table 15: Scenario analyses results, with PAS
Janssen Revised Base case

Scenario Analysis

Economic modelling
assumptions:
• Latest CASTOR datacut (31.2
months median follow up)

Base case
Scenario 1: NICE preferred OS modelling
As for Janssen revised base case except for:
• Bd extrapolation: Weibull

• Population: 2L

• DBd extrapolation: Adjusted HR

• Bd extrapolation: Gompertz
• DBd extrapolation:
Exponential
• Utilities: CASTOR
• MAIC: Adjustment for
differences in Bd dosing

ICER (DBd vs.
Bd)
₤31,403
₤36,294

ICER (DBd vs. Cd)

Scenario 2: Janssen original base case OS
modelling
As for Janssen revised base case except for:
• DBd extrapolation: Log-logistic

₤27,301

DBd dominates

Scenario 3: Second-line bortezomib naïve
subgroup
As for Janssen revised base case except for:
• Population: 2LBN

N/A

DBd dominates

Scenario 4: No adjustment for Bd dosing
As for Janssen revised base case except for:
• MAIC: No adjustment for differences in
Bd dosing

N/A

DBd dominates

Scenario 5: Same utilities as TA457
As for Janssen revised base case except for:
• Utilities: ENDEAVOR

₤32,219

DBd dominates

DBd dominates
DBd dominates

•
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Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ICER =
incremental cost-effectiveness ratio.
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Scenario analyses
noted.

Table 16: Scenario analyses results, without PAS
Janssen Revised Base case

Scenario Analysis

ICER (DBd vs.
Bd)
₤46,387

Economic modelling assumptions:
• Population: 2L

Base case

• Bd extrapolation: Gompertz
• DBd extrapolation: Exponential

Scenario 1: NICE preferred OS modelling
As for Janssen revised base case except for:
• Bd extrapolation: Weibull

• Utilities: CASTOR

• DBd extrapolation: Adjusted HR

• MAIC: Adjustment for
differences in Bd dosing

Scenario 2: Janssen original base case OS
modelling
As for Janssen revised base case except for:
• DBd extrapolation: Log-logistic

₤40,278

DBd
dominates

Scenario 6: Second-line bortezomib naïve
subgroup
As for Janssen revised base case except for:
• Population: 2LBN

N/A

DBd
dominates

Scenario 7: No adjustment for Bd dosing
As for Janssen revised base case except for:
• MAIC: No adjustment for differences in Bd
dosing

N/A

₤3,155

₤53,707

ICER (DBd vs.
Cd)
DBd
dominates
DBd
dominates

N.B. The committee
considered the
equivalent results
including the
patient access
schemes for
daratumumab,
carfilzomib,
pomalidomide and
bortezomib.

Scenario 8: Same utilities as TA457
₤47,594
DBd
As for Janssen revised base case except for:
dominates
Utilities: ENDEAVOR
Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ICER =
incremental cost-effectiveness ratio.
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Revised probabilistic results
The revised probabilistic results, with and without the PAS, versus Bd and Cd are presented in

Revised
probabilistic results
noted.
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Table 17 and Table 18, respectively. The probabilistic sensitivity analysis plots and costeffectiveness acceptability curves are presented in Appendix Error! Reference source not
found..
Table 17: Revised probabilistic results – With PAS

Bd
Cd
DBd

Total costs (£)

Total
LYG

Total
QALYs

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

3.76
5.34
****

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

Pairwise (DBd vs comparator)
Incremental
LYs
QALYs
ICER (£ per QALY
cost (£)
gained gained
gained)
*******
********

****
****

****
****

£30,353
DBd dominates

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ERG =
Evidence Review Group; ICER = incremental cost-effectiveness ratio; LYG = life years gained; PAS = patient access scheme; QALY =
quality-adjusted life year.

Table 18: Revised probabilistic results versus – Without PAS
Total costs (£)

Bd
Cd
DBd

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

Total
LYG

Total
QALYs

3.76
5.34
****

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

Incremental
cost (£)
********
********

Pairwise (DBd vs comparator)
LYs
QALYs
ICER (£ per QALY
gained gained
gained)
****
****

****
****

£44,918
DBd dominates

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ERG =
Evidence Review Group; ICER = incremental cost-effectiveness ratio; LYG = life years gained; PAS = patient access scheme; QALY =
quality-adjusted life year.

Revised analyses demonstrate that DBd is robustly cost-effective versus Bd and dominant over Cd
(at list price for Cd); with probabilistic results demonstrating the stability of the stable model. Oneway sensitivity analyses indicates that OS is the biggest driver of model results. However, scenario
analyses show that the analyses are robust to structural assumptions regarding OS. Within, the
context of a highly innovative and game changing medicine, that offers benefits outside of the cost
per QALY framework. DBd is a cost-effective use of NHS resources.
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1

commentator

Takeda UK
Ltd

Has all of the relevant evidence been taken into account?
As previously communicated to NICE, Takeda UK believes that ixazomib (as the ixazomib + lenalidomide +
dexamethasone [IRd] regimen – TA505) should have been included in the scope for this appraisal (ID974) as a
comparator for people who have had either 2 or 3 previous therapies.
This is because ixazomib, given as the IRd regimen, became available to new patients via the Cancer Drugs Fund (CDF)
on 19th December 2017 while the Final Scope for the ID974 appraisal was published on 3rd January 2018. For example
and by way of comparison, we note that daratumumab monotherapy was included as a comparator in the ID974
appraisal (“subject to ongoing NICE appraisal”) for people who have had 3 previous therapies, even though it was not
added to the CDF until 17th January 2018 (i.e. almost a month later than ixazomib was added to the CDF).

Comment noted.
Ixazomib is
recommended only
within the Cancer
Drugs Fund. Drugs
used within the
Cancer Drugs Fund
are not normally
included as
comparators in
technology
appraisals.

As an all-oral, triplet combination we believe ixazomib (given as the IRd regimen) is an important and convenient
treatment option for patients, carers, healthcare professionals and the wider NHS.
We believe there is an error on Slide 6 of the Pre-Meeting Briefing (i.e. page 8 of the Committee Papers) in that ixazomib
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is not included as a Proteasome Inhibitor option. By contrast, we note that both elotuzumab and bendamustine are
included on Slide 6 of the Pre-Meeting Briefing as treatment options even though the former has had its NICE appraisal
terminated while the latter has no Marketing Authorisation in the UK for this indication (although it is available via the
CDF).
However, in line with TA505, we do acknowledge that ixazomib is correctly positioned as a 3 rd or 4th line treatment option
that is available via the CDF on the following pages within the Committee Papers – pages 9, 12, 59, 92 and 93.
We have no further comments relevant to this question.
2

Commentator

Takeda UK
Ltd

Are the summaries of clinical and cost effectiveness reasonable interpretations of the evidence?

Noted.

We have no comments.

3

Commentator

Takeda UK
Ltd

Are the provisional recommendations sound and a suitable basis for guidance to the NHS?

Noted.

We have no comments.
1

Commentator

Celgene

It is unclear whether the complex PAS for bortezomib which is in operation for TA129 has been offered for
this appraisal and therefore applied in calculating the cost-effectiveness of daratumumab plus bortezomib
and dexamethasone.

The complex PAS
for bortezomib has
been applied.

2

Commentator

Celgene

Section 3.2 states that “it [the committee] therefore determined the relevant comparators based on the future treatment
pathway”. As such, lenalidomide plus dexamethasone is also a relevant comparator for patients who have had
bortezomib at first line when stem cell transplantation was not suitable, given the associated appraisal (ID667, part-rev
TA171) is currently suspended. However, this is not considered in the appraisal consultation document.

Comment noted.
Bortezomib retreatment was
expected to be
available within a
short period of
guidance on
daratumumab plus
bortezomib plus
dexamethasone
being issued. It was
unclear at the time
of the committee
meeting when the
suspended
appraisal of
lenalidomide will be
restarted, or what
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Amgen believe that on the balance of evidence, particularly the uncertainty associated with the
indirect comparative effectiveness estimates, it is not feasible for the Committee to ‘expect’ the
daratumumab combination (DVd) to be ‘better’ than carfilzomib plus dexamethasone (Kd).
In Section 3.10 of the draft ACD it is acknowledged that the clinical effectiveness of DVd compared with Kd is
‘unclear’. The results informing clinical effectiveness estimates are derived from a network meta-analysis
(NMA) of the second-line subgroups from CASTOR and ENDEAVOUR. Although the point estimates for both
progression free survival (PFS) and overall survival (OS) favoured the daratumumab arm, several factors
should be taken into account when interpreting these outcomes:
• As indicated by the Committee, there are important differences in terms of prior treatment received in
the second line subgroup between the DVd and Vd arms in CASTOR, specifically with respect to
those who received prior lenalidomide and those refractory to prior treatment
•

It is clear that administration of bortezomib for a fixed number of cycles (CASTOR) compared to
bortezomib administered until progression (ENDEAVOR) biases the results against carfilzomib [this
point is discussed further in Comment 3]

NICE Response
Please respond to
each comment
the final guidance
will recommend.
Therefore,
lenalidomide was
not considered as a
comparator in this
appraisal.
Comments noted.
The committee
accepted that the
clinical
effectiveness of
daratumumab plus
bortezomib plus
dexamethasone
compared with
carfilzomib plus
dexamethasone
was unclear. For
further details, see
sections 3.10 and
3.11 of the Final
Appraisal
Determination.

During the Committee Meeting clinical experts noted that “there was no evidence to suggest that previous
lenalidomide therapy modifies the effect of subsequent treatments”; however, “the Committee did not see
any evidence to the contrary either”. Data from the Amgen sponsored ENDEAVOR trial suggests that
patients that have had prior lenalidomide or are refractory to lenalidomide have poorer outcomes than those
that have not received prior lenalidomide. For example, based on subgroups from the ITT population,
patients receiving Vd and who had no prior lenalidomide achieved a median PFS of 10.2 months. 1 This is
compared to 7.3 and 6.6 months for those who received prior lenalidomide and those who had received prior
lenalidomide and were refractory to it, respectively.1 Furthermore, during appraisal TA457 it was
acknowledged that differences in factors that are strongly related to the outcome can cause bias in the
treatment effect estimate and those considered to be predictive/prognostic factors for PFS/OS should be
adjusted. The accepted methodology applied in TA457 captured the opinion of two leading UK-based
haemato-oncologists who identified prior lenalidomide as a potential risk factor. Therefore, by not correcting
for baseline imbalances, the efficacy of Kd compared to DVd will be underestimated.
In addition, as we discuss in Comment 3, it is imperative that the differences in the treatment duration of Vd
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between ENDEAVOR and CASTOR is taken into account to obtain an unbiased estimate of relative efficacy
and interpret the clinical outcomes appropriately. The presented NMA does not account for this important
difference and thus is likely to underestimate the benefit of Kd versus DVd. Of note, when an adjustment was
made to the duration of bortezomib treatment by the evidence review group (ERG), in line with TA457, the
Committee concluded that ‘carfilzomib plus dexamethasone had near-identical modelled survival to
daratumumab plus bortezomib and dexamethasone’ which is aligned with our own interpretation of the data.
In conclusion, the evidence base to ‘expect’ the daratumumab combination to be ‘better’ as is currently
reported in the draft ACD is weak. Amgen support the Committee’s acknowledgement of the novel
mechanism of action of the daratumumab combination and the potential advantages that may
transpire in managing patients with highly individualised treatment needs; however, any resulting
guidance should remain evidence-based when commentating on the comparative clinical results
between Kd and DVd.
Moreau, P., et al. "Impact of prior treatment on patients with relapsed multiple myeloma treated with carfilzomib and dexamethasone vs
bortezomib and dexamethasone in the phase 3 ENDEAVOR study." Leukemia 31.1 (2017): 115

2

Commentator

Amgen Ltd.

The Company’s estimates of survival are inconsistent with the accepted modelling approach for Kd
validated in TA457
From the Committee Slides presented at the 6th June NICE Committee Meeting, the mean overall survival estimates
based on the Company’s and ERGs modelling assumptions were presented. For the Kd arm, the Company estimated a
mean PFS of ********* and an OS of *********. This was in contrast to the ERG estimates of ********* and ********* for PFS
and OS, respectively.1 It is important to note that the Company estimates of PFS and OS significantly underestimated the
mean survival time derived from the economic evaluation accepted by the NICE Committee during appraisal TA457.
Based on this validated model approach, PFS and OS for Kd were estimated to be 2.2 years and 7.1 years,
respectively, and are very closely aligned to the ERG estimates above.
This notable discrepancy highlights the challenges in estimating the comparative efficacy of DVd versus Kd (as
discussed above), and is indicative that the ERGs approach to analysing the available data may better reflect the true
survival benefit associated with Kd. This point is further supported by the following observations:
•
The Company’s modelled survival estimates of Kd is similar to the modelled survival estimates of Vd (mean
********* versus *********)1 which is inconsistent with the statistically significant reduction in risk of death
observed in the intention-to-treat (ITT) analysis of ENDEAVOR (HR 0.79, 95% CI 0.63–0.92).2 In the TA457
economic evaluation, this translated to a mean OS increase >2 years for Kd versus Vd in the relevant subgroup
population.
•
In contrast, the ERGs estimates demonstrate a ‘near-identical’ modelled survival for DVd versus Kd which is
consistent with the HRs reported for OS in the ITT analyses of CASTOR and ENDEAVOR (0.77 versus 0.79,
respectively)
On the balance of evidence, Amgen believe that the ERGs approach better represents the survival benefit of Kd which is
more closely aligned with the modelling approach accepted by the NICE Committee during TA457. It is worth noting that
the primary factor driving this discrepancy in survival estimates is whether an adjustment is made for the differences in
the duration of Vd treatment between CASTOR and ENDEAVOR. This point is discussed further below.

Comments noted.
The company’s
revised base case
in response to the
appraisal
consultation
document includes
the adjustment for
bortezomib duration
in ENDEAVOR
used by the ERG in
this appraisal and
in Technology
Appraisal 457.
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Data was presented during the 6th June NICE Committee Meeting at which Amgen representatives attended.
However, the specific slide referred to here is no longer included in the published Committee Papers. As a
precaution, this information has been highlighted as commercial–in–confidence.
Dimopoulos, Meletios A., et al. "Carfilzomib or bortezomib in relapsed or refractory multiple myeloma (ENDEAVOR):
an interim overall survival analysis of an open-label, randomised, phase 3 trial." The Lancet Oncology 18.10 (2017):
1327-1337.

The Committee acknowledged that adjusting the Kd survival estimates to account for the differences in
Vd treatment duration is appropriate
Amgen maintain that an adjustment to the duration of bortezomib treatment is a necessary requirement to obtain an
unbiased estimate of the relative efficacy of DVd versus Kd. In CASTOR, the bortezomib treatment duration was limited
to 8 cycles, whereas in ENDEAVOR bortezomib was given continuously until disease progression or unacceptable
toxicity with no upper limit on the number of cycles. During the appraisal meeting the Company suggested that an
adjustment may not be necessary given that the cumulative dose is similar between the two trials – however, Amgen
believe that this statement is inconsistent with the available evidence base. The key rationale supporting this position is
outlined and discussed below.
Scientific understanding of the proteasome1, 2
Bortezomib is a reversible proteasome inhibitor to which myeloma cells are sensitive. In a clinical study (supported by
Millennium Pharmaceuticals) the proteasome inhibition (with bortezomib) was measured after administration of
bortezomib and investigators found that proteasome function recovered within 72 hours after dosing. Therefore, it seems
reasonable to assume that the efficacy of bortezomib is related to the duration of therapy, as opposed to the cumulative
dose received, as there were no long term effects on the proteasome observed after bortezomib administration.

Comments noted.
The company’s
revised base case
in response to the
appraisal
consultation
document includes
the adjustment for
bortezomib duration
in ENDEAVOR
used by the ERG in
this appraisal and
in Technology
Appraisal 457.

Impact of Vd treat-to-progression in ENDEAVOR
A recent analysis based on updated PFS data from CASTOR aimed to estimate how the efficacy of Kd versus Vd would
have differed had Vd been given for up to 8 cycles, using a matching adjusted indirect comparison (MAIC) with Vd
patients enrolled in the CASTOR clinical trial.3 This approach was accepted by NICE during the TA457 appraisal to
account for the potential bias of Vd treatment-to-progression which does not reflect use in clinical practice. The analyses
demonstrated unequivocally that the duration of Vd treatment has a significant impact on PFS and OS.
A subsequent analysis comparing PFS with Vd in PANORAMA-1 (Vd treatment up to 48 weeks) versus ENDEAVOR (Vd
treatment till progression) was performed to assess whether a consistent effect of longer Vd treatment duration can be
demonstrated. The analysis was based on the same methodology as accepted by NICE during the TA457 appraisal. The
results suggested that despite longer treatment duration of Vd in PANORAMA-1 than in CASTOR, there was still an
additional risk of progression or death if patients stopped Vd treatment after 48 weeks vs. continuous Vd treatment. Both
analyses highlight the necessity for an adjustment to treatment duration to be taken in to account when deriving
comparative efficacy estimates of Kd versus DVd.
Cumulative dose in ENDEAVOR versus CASTOR
Based on the data available to Amgen, we believe that it is highly unlikely that the cumulative dose of Vd is similar in
ENDEAVOR and CASTOR. The mean treatment duration observed in ENDEAVOR was 41 weeks. Comparatively, the
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mean treatment duration from CASTOR was estimated to be 18 weeks based on the previously published information
that 57.4% patients completed 8-cycles of Vd.4 Given that in both trials bortezomib was administered on Days 1, 4, 8,
and 11 of 21-day treatment cycles at a dose of 1.3 mg/m2, it would appear unlikely that the cumulative dose be
consistent.
Additional evidence base – ALCYONE study5
Further evidence to support that the duration of dosing is related to efficacy comes from the Janssen sponsored
ALCYONE study. This is a study comparing daratumumab, bortezomib, melphalan and prednisolone vs bortezomib,
melphalan and prednisolone (VMP) in newly diagnosed multiple myeloma patients. Patients in the VMP arm received up
to nine 42 day cycles of treatment (378 days).
The PFS Kaplan-Meier curve (not reported here) shows a dramatic increase in the disease progression in patients
randomised to the VMP (control) arm after completion of nine cycles of therapy (~12 months timepoint). Specifically, at
12 months, the PFS was 76%, which translates to a 24% risk of progression or death during the first 12 months. At 18
months, the PFS was 50.2%, which translates to a 34% risk of progression or death during this next 6-month period.
This study effectively demonstrates that continuous VMP results in a reduced rate of progression – thus, the suggestion
from the Company that the 8 cycles of Vd administered in CASTOR would be equivalent to a longer duration of therapy
is not supported by this finding. In contrast, the ALCYONE study provides compelling evidence to suggest that the
duration of therapy is closely linked to outcomes.
In conclusion, based on the available evidence, Amgen do not agree that a similar cumulative dose of Vd was
observed between ENDEAVOR and CASTOR. Amgen maintain that an adjustment to the duration of bortezomib
treatment is a necessary requirement to obtain an unbiased estimate of the relative efficacy of DVd versus Kd.
1.

1
2

Consultee
(patient
group)
Consultee
(patient

[UK Myeloma
Forum]

Orlowski, Robert Z., et al. "Phase I trial of the proteasome inhibitor PS-341 in patients with refractory hematologic
malignancies." Journal of Clinical Oncology 20.22 (2002): 4420-4427.
2. Yong, Kwee, et al. "The start of a new wave: developments in proteasome inhibition in multiple myeloma." European
journal of haematology (2018).
3. Weisel, Katja et al. “Carfilzomib and dexamethasone versus 8 cycles of bortezomib and dexamethasone: an indirect
comparison and exploratory analysis of the efficacy and safety of the randomized, phase 3 Endeavor trial”. 2018
Available at:https://learningcenter.ehaweb.org/ eha/2018/stockholm/
216023/katja.weisel.carfilzomib.and.dexamethasone.versus.8.cycles. of.bortezomib.and.html. Last Accessed: Aug
2018
4. Palumbo, Antonio, et al. "Daratumumab, bortezomib, and dexamethasone for multiple myeloma." New England
Journal of Medicine 375.8 (2016): 754-766.
5. Mateos, María-Victoria, et al. "Daratumumab plus bortezomib, melphalan, and prednisone for untreated myeloma."
New England Journal of Medicine 378.6 (2018): 518-528.
Clinical experience would not suggest that prior lenalidomide exposure will reduce responses to bortezomib / dex or
daratumumab / bortezomib / dex and therefore using this as an argument for uncertainty is incorrect.

[UK Myeloma
Forum]

It should be recognised that to observe an overall survival advantage with short follow-up for a myeloma phase 3 trial at
2nd line is uncommon and this demonstrates the clear early advantages seen of daratumumab / bortezomib / dex over
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Comment noted
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bortezomib / dex – it is unlikely that this benefit will reduce over time only increase
We refute that there is not clear evidence for an association between MRD negative status and overall survival. This has
been clearly established

Consultee
(patient
group)
Consultee
(patient
group)

[UK Myeloma
Forum]

Consultee
(patient
group)

[UK Myeloma
Forum]

[UK Myeloma
Forum]

The negative associations of 17p deletion are well established (the single most sensitive genetic predictor for poor
survival for myeloma) and therefore bias the outcomes of the Phase 3 trial in favour of bortezomib / dexamethasone
thereby underestimating the positive effects of daratumumab / bortezomib / dex
The daratumumab / bortezomib / dexamethasone is a game changing combination for relapsed myeloma patients
particularly at 2nd line. Not finding common ground with pharma to approve this treatment will disadvantage a large
proportion of myeloma patients, and will contribute to worse survival for myeloma patient compared with other countries
that have access to this treatment.
The overall appraisal process remains flawed with binary evaluation approaches and exclusion of clinicians from
discussions surrounding the ICER. This process is not sufficiently patient focused. The process is biased against those
interventions which are added to existing therapies as they bear the cost of the existing therapy in the ICER regardless of
whether or not the combinations appears truly synergistic (as daratumumab / bortezomib / dexa appears to be)
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Consultee
(patient
group)

[UK Myeloma
Forum]

When considering the treatment pathway for myeloma it is acknowledged that there are now multiple therapies available.
However, it should be clearly recognised that only ~50% of patients will be able to be treated with a 3rd line therapy due
to the accumulation of myeloma morbidity, treatment toxicities, medical co-morbidities and patients choice (Yong et al
2017). It is critical to therefore ensure that the best possible therapies are available as early in the pathway as possible to
maximise the benefits gained from them and thereby maximise both quality and length of life.

1

Consultee
(patient
group)

Myeloma UK

We welcome the Committee’s recognition that daratumumab (Darzalex®), bortezomib (Velcade®) and
dexamethasone (DVD) is a step-change in the treatment of multiple myeloma and that it delivers significant
survival benefit for patients. (ACD 3.17)

2

Consultee
(patient
group)

Myeloma UK

Given past approvals where access has been restricted at this point in the myeloma treatment pathway, we
also welcome the fact that the Committee’s deliberations have not been subject to restriction such as
bortezomib naïve patients only.
We understand the company’s decision to position the treatment at second line only, given the clinical data
and that doing so optimises the clinical and cost effectiveness case for approval. This decision also
addresses continuing unmet need at this point in the treatment pathway (which still exists despite the
welcome news that access to bortezomib retreatment is to become available). (ACD 3.1)

NICE Response
Please respond to
each comment
because of
confidential patient
access schemes.
Comment noted.

Comment noted.

Comment noted.

Effective treatment options are important at all stages of relapse but it is particularly important to ensure that
patients get the best and deepest responses at an early stage in their myeloma. Patients therefore feel
strongly that treatments with innovative mechanisms need to be made available much earlier in the pathway.
However, approval of DVD at this point in the pathway will be disappointing to those patients who are beyond
first relapse; particularly given the fourth line only restriction placed on daratumumab monotherapy.
The increased number of effective treatments available for myeloma is welcome and means a great deal to
patients. However, it has heightened the need to take a whole pathway approach to drug approvals in
myeloma. In this context, we will continue to work with all stakeholders to widen access to innovative
treatments like DVD, so that it delivers optimum patient benefit.
3

4

Consultee
(patient
group)

Consultee

Myeloma UK

Myeloma UK

We welcome the Committee’s recognition of the consensual evidence presented by the patient and clinical
experts and the Cancer Drugs Fund (CDF) Clinical Lead that the Progression Free Survival (PFS) delivered
by DVD is a “game-changing” treatment effect. (ACD 3.6)
We know from our extensive engagement with patients and from findings from our Health Services Research
programme that PFS is very highly valued by patients. Longer and deeper remissions also help prevent the
bone and organ damage which is so debilitating for patients and which can be expensive to treat.
We welcome the Committee’s acknowledgement of the evidence presented that available data shows a
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Comments noted.
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significant improvement in overall survival (OS) with the risk of death reduced by 50% compared with
bortezomib and dexamethasone (VD). (ACD 3.7)
We do not agree with the Committee’s interpretation of the data presented on this issue as “immature” or that
data were collected over a “short time”. (ACD 1.2). CASTOR was a Phase III trial with a follow-up of nearly
three years. We believe strongly that the combination of PFS and OS benefit demonstrated in CASTOR is
compelling evidence of its effectiveness.

5

Consultee
(patient
group)

Myeloma UK

6

Consultee
(patient
group)

Myeloma UK

We understand why improvements in OS are valued by HTA systems. However, demonstrating definitive OS
benefit within the “real world” timescale required to deliver effective treatments to patients is becoming
increasingly challenging. It is essential that improvements in survival do not perversely make it harder for
drugs to be approved through HTA processes. Patients have told us that this approach risks penalising
myeloma patients for living longer.
We welcome the Committee’s recognition of the fact that daratumumab is an innovative treatment. The
Committee is aware from consideration of previous myeloma treatments that delivering effective treatments
options with differing mechanisms of action is vital for patient’s survival and for a treatment pathway that will
deliver the best results.
In summary, we welcome the extent to which the Committee has recognised the significant survivial benefit
delivered by DVD, and the consensus which exists around its clinical effectiveness. We also welcome its
recognition of daratumumb as an innovative and “game changing” treatment in myeloma.
There continues to be unmet need in the treatment of myeloma, and especially at this point in the treatment
pathway where no novel triplet combination is available.
The patient community is very clear that where there is agreement that a drug is this clinically effective it
should be made available on the NHS. It is therefore vital that the company, NHS and NICE work together to
ensure that it can be delivered.

Web
comment

I comment as a patient with myeloma who has benefitted enormously from daratumumab
combination therapy (accessed in my case through clinical trial participation). The CASTOR study
demonstrates that my experience is far from unique. Prolonged disease control achieved by a
comparatively non-toxic treatment is much better than multiple relapses and subsequent
remissions with their associated physical and emotional traumas. The overall survival data from
CASTOR may be immature, happily because at the time of the last published analysis
comparatively participants in either arm of this study had died. Nevertheless, the current
information clearly indicates that the PFS gain from daratumumab will translate into an unequivocal
overall survival gain with time. It would be a disservice to my fellow patients were Janssen-Cilag
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and NICE to fail to agree an access scheme or for NICE to defer a decision until the overall
survival data from CASTOR is more mature
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1.

Overview

Janssen welcomes the opportunity to comment on the preliminary recommendation made by the
Appraisal Committee (AC) detailed in the appraisal consultation document (ACD). We are
disappointed that the AC’s preliminary decision is to not recommend daratumumab with bortezomib
and dexamethasone (DBd) for patients with relapsed or refractory multiple myeloma (RRMM). We are,
however, committed to working with the National Institute for Health and Care Excellence (NICE) to
address the AC’s key concerns, as outlined in the ACD, in order to gain access for patients to this highly
innovative treatment.
The treatment pathway in myeloma is clearly changing, with the Cancer Drugs Fund (CDF) clinical lead
indicating the development of a national treatment algorithm which will allow routine commissioning
of bortezomib retreatment. Janssen welcome the pragmatic approach taken by the AC with regard to
the treatment pathway, and its decision to recognise bortezomib plus dexamethasone (Bd) as a
relevant comparator at second-line, regardless of prior bortezomib exposure. Janssen is also pleased
to note agreement with the AC on the following key points:
•
•
•

recognition of DBd as an innovative and game-changing treatment, with clinical outcomes
representing a step-change in the treatment of patients with multiple myeloma;
acknowledgement of an association between minimal residual disease (MRD) negativity and
improved prognosis, including overall survival (OS); and
acknowledgement of the benefits of DBd outside of the quality-adjusted life year (QALY)
framework, including the psychological benefit of delaying a second relapse expressed by the
patient expert.

A summary of the key areas of uncertainty highlighted in the ACD, and brief discussion of Janssen’s
response, is provided below.
1. Long-term survival on DBd and comparator treatments:
Consequential to the substantial impact of DBd on the prognosis of patients, OS data are still
considered immature, with more than 75% of DBd patients surviving despite nearly 3 years of
follow-up. Median OS is not expected to be reached until at least 6 years of follow up; by contrast,
median OS for carfilzomib and dexamethasone (Cd) was reached after 3.7 years of follow up.(1)
This presents a challenge for economic modelling. However, based upon known information, such
as the impact of MRD negativity (akin to absence of disease) on the prognosis of patients, it is
possible to estimate a relatively narrow range of clinically plausible estimates of the long-term
survival benefit of DBd. The AC’s preferred modelling assumptions using a hazard ratio (HR) applied
to the Bd Weibull curve and Janssen’s preferred log-logistic curve provide the upper and lower
bounds on DBd OS benefit; with the exponential offering a mid-point with respect to clinical
plausibility.
With Bd representing standard of care for over 10 years and median OS already reached with Cd,
the long-term survival of comparator treatments is better known. Updated data (31.2 months
median follow up) from CASTOR provide clinically plausible estimates of OS for Bd and Cd with the
Gompertz curve. These estimates are in line with, and in the case of Bd superior to, the outcomes
accepted in the appraisal of Cd (TA457).
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2. Generalisability of the second-line subgroup data for the comparison with Cd:
Janssen appreciate the AC’s pragmatism in considering the pre-specified, stratified, randomised
subgroup of second-line (2L) patients as more suitable for comparison of relative clinical
effectiveness and cost-effectiveness than the post-hoc subgroup of 2L bortezomib naïve (2LBN)
patients. Sensitivity analysis adjusting for imbalances in baseline characteristics in the second-line
subgroup demonstrate that these minor imbalances have minimal impact on relative estimates of
progression-free survival (PFS) and OS; PFS HRs varied between 0.21 and 0.23 and OS HRs varied
between 0.51 and 0.58. Furthermore, cost-effectiveness results are relatively insensitive to prior
treatment with bortezomib with DBd dominating Cd (with and without the daratumumab PAS)
when considering the 2LBN and 2L populations. Janssen therefore conclude that the second-line
subgroup is generalisable for the comparison of DBd and Cd.
3. Requirement to adjust for the duration of treatment of bortezomib in ENDEAVOR:
Although CASTOR and ENDEAVOR specify different treatment durations for bortezomib, estimates
of the actual cumulative dose of bortezomib received are similar between the trials (66.8mg in
CASTOR and 66.1mg in ENDEAVOR). However, even when using the updated data (31.2 month
median follow up) from CASTOR, differences remain in modelled outcomes for Cd versus TA457.
Moreover, correct application of the adjustment for differences in the planned dose of bortezomib
between CASTOR and ENDEAVOR provide aligned results. As such, Janssen consider it appropriate
to adjust the efficacy of Cd to reflect that accepted in TA457.
4. Validity of the post progression utility values used in the economic model:
As per the NICE reference case, Janssen consider it most appropriate to use utility data from the
same source as efficacy data, collected via EQ-5D. As acknowledged in the appraisal of ixazomib
(TA505), clinical practice in myeloma is to assess progression biochemically, rather than clinically
and to switch patients on to the next line of treatment ahead of clinical progression. This is because
it is clinical progression that is associated with deterioration in quality of life. Moreover, the small
difference in pre- and post-progression utility is driven by underestimation of the pre-progression
utility, which does not account for the observed improvement in quality of life in the monotherapy
phase of treatment with DBd (+0.08) nor the expected improvement in quality of life in the
treatment free interval following treatment with Bd.
Cost-effectiveness of DBd in 2L RRMM
Janssen are appreciative of the many positives highlighted in the ACD and of the pragmatism shown
by the AC and NICE. However, the paucity of information in the ACD regarding the cost-effectiveness
of DBd, compounded by residual uncertainty in the impact of modelling assumptions on the ICER (as
a result of modelling errors in the Evidence Review Group’s [ERG’s] analyses, see Section 2.3 and 4),
creates a problem with respect to assessing cost-effectiveness. In addition, consequential to the
confidential PASs in place for comparator and subsequent treatment, Janssen do not know the actual
ICERs for DBd.
As acknowledged by the AC, DBd is a game-changing innovative medicine that provides benefits not
captured in the cost per QALY framework. Following updates to the cost-effectiveness analyses using
the latest datacut from CASTOR (31.2 months median follow-up versus the 26.9 months follow up
originally submitted) and allowing some flexibility in the willingness to pay threshold as per NICE’s

3

structured decision-making framework, Janssen consider that DBd represents a cost-effective use of
NHSE resources.
With the application of daratumumab’s PAS, Janssen’s revised base case ICER for DBd versus Bd is
₤31,403 and daratumumab dominates Cd (i.e., DBd is more effective and less costly).
As noted above, Janssen’s revised base case versus Bd is the midpoint of a clinically plausible range,
with the AC’s preferred OS modelling assumptions (using a HR applied to the Bd Weibull curve) and
Janssen’s preferred log-logistic curve providing upper and lower bounds of ₤33,188 and ₤27,301,
respectively. Within this range, DBd is cost-effective under the current PAS, considering that:
•
•
•

OS with Bd is overestimated versus the previously accepted position in TA457;
daratumumab is a highly innovative and game-changing treatment; and
daratumumab provides additional benefits outside of the QALY framework.

A detailed response to each of these key issues is provided on the following pages.

2.

Overall survival

“Daratumumab plus bortezomib and dexamethasone improves survival but by how much is unclear
because there are no long-term trial data” [para 3.7]
“The committee noted that the available data showed that daratumumab plus bortezomib and
dexamethasone reduced the risk of death by 50% compared with bortezomib plus dexamethasone (HR
0.50, 95% CI 0.30 to 0.84, p=0.008) [para 3.7]
“It is appropriate to adjust trial data for follow-on treatments not used in the NHS, but more
information is needed on adjustment methods” [para 3.9]
Janssen agree with the AC that the OS data from CASTOR are immature; however, it is important to
note that this is because many patients are still alive as opposed to there being no long-term trial data.
In the company submission, over two years (26.9 months) of follow-up were provided; however,
consequential to the remarkable efficacy of daratumumab, less than a quarter of patients receiving
second-line treatment with DBd had died.
Since the original submission, an updated datacut, providing nearly three years follow-up (median
follow up 31.2 months), has become available from CASTOR. Despite this longer follow-up, the
percentage of patients alive remains high, with more than three quarters of patients alive following
second-line treatment with DBd. In CASTOR, median OS with DBd is not anticipated to be reached
before 6 years of follow up. By contrast, median OS for carfilzomib was reached after 3.7 years (44
months) of follow-up.(1)
Despite the increasing influence of subsequent therapy in the Bd arm (where more than xx% of
patients have progressed versus less than xx% of patients in the DBd arm), treatment with DBd
continues to be associated with a statistically significant OS benefit compared with Bd. After 31.2
months median follow up, the unadjusted OS HR of DBd vs Bd was x.xx (95% CI: x.xx, x.xx; x=x.xxxx;
Table 1 and Figure 1), clearly establishing the benefit of DBd as a life-extending treatment.
PFS and time to treatment discontinuation (TTD) results for second-line patients in the updated
datacut are presented in Appendix 9.1.
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Table 1: Summary of updated OS data (31.2 months median follow up) from CASTOR, second-line
population
Bd (n=113)

DBd (n=122)

Number of events, n (%)

xx (xx.x)

xx (xx.x)

Number of censored, n (%)

xx (xx.x)

xx (xx.x)

25% quantile (95% CI)

xx.xx (xx.xx, xx.xx)

xx.xx (xx.xx, xx)

Median (95% CI)

xx (xx, xx)

xx (xx, xx)

75% quantile (95% CI)

xx (xx, xx)

xx (xx, xx)

HR (95% CI)a

--

x.xx (x.xx, x.xx)

p-valueb

--

x.xxxx

Kaplan-Meier estimate (months)

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; CI = confidence interval; HR = hazard
ratio; ISS = international Staging System; NE = not established; OS = overall survival.
a Hazard ratio and 95% CI from a Cox proportional hazards model with treatment as the sole explanatory variable and
stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3), and prior bortezomib treatment (no vs.
yes). A hazard ratio < 1 indicates an advantage for DBd.
b p-value is based on the log-rank test stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3),
and prior bortezomib treatment (no vs. yes).

Figure 1: Kaplan-Meier plot of updated OS data (31.2 months median follow up) from CASTOR, secondline population

DVd = daratumumab-bortezomib (Velcade)-dexamethasone; OS = overall survival; Vd = bortezomib (Velcade)dexamethasone.
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In line with the original submission, the updated OS data have been adjusted for subsequent
treatments not available in England using the inverse probability of censoring weights (IPCW)
methodology. As requested by the AC, additional information on the adjustment method is provided
in Appendix 9.2. Importantly, none of the weights used in the adjustment were extreme (with a
maximum stabilised weight of 3.62 and an average stabilised weight of 1), providing assurance that
the results are stable, and analyses are robust. Following adjustment, the OS HR remains consistent
at x.xx (95% CI: x.xx; x.xx) compared to x.xx (95% CI: x.xx; x.xx) with the previously submitted IA2
datacut. This observed stabilisation in OS benefit is testament to the innovative and powerful
mechanism of action provided by daratumumab, which not only targets the tumour directly, but also
boosts patients’ immune system to better fight the disease.(2)
Due to the remarkable efficacy of daratumumab, and thus the absence of median overall survival after
nearly 3 years follow up, it becomes important to consider intermediate endpoints which can provide
reliable surrogate markers of survival outcomes. In myeloma, MRD is accepted as an important
prognostic factor and the link between MRD negativity and OS has been demonstrated in a number
of recent publications.(3-7)

2.1

Minimal Residual Disease (MRD)

“Daratumumab combination therapy improves minimal residual disease but there is no evidence on
how this outcome correlates with overall survival” [para 3.8]
“The committee concluded that, although there may be an association between minimal residual
disease and overall survival, the relationship between these outcomes over the long term had not been
established. Therefore, it did not consider minimal residual disease could not be used as a proxy for
overall survival because it had not seen evidence of a non-confounded association between them over
a period longer than the CASTOR trial.” [para 3.8]
MRD represents a more sensitive measure of disease burden and depth of response than traditional
methods using clinical response criteria. Indeed, achieving MRD negative status is considered akin to
complete absence of the disease and recent studies have associated MRD negativity with an increased
likelihood of attaining a functional (operational) cure.(6)
The AC recognised an association between MRD negativity and overall survival but stated that the
relationship between these outcomes over the long term had not been established. Janssen
acknowledge that a quantitative relationship between MRD negativity and overall survival has not yet
been established at second-line. It is important to note, however, that this is because historically MRD
negativity was thought to be unobtainable for relapsed or refractory patients. Aside from POLLUX
(Phase III trial of daratumumab in combination with lenalidomide and dexamethasone versus
lenalidomide plus dexamethasone), CASTOR was the first RRMM trial to assess MRD negativity.
A quantitative relationship between MRD-negative status and significant improvements in OS has,
however, been established in numerous front-line studies, with clinical experts in agreement that
MRD negativity represents one of the best prognostic markers in myeloma.(3-7) Indeed, International
Myeloma Working Group (IMWG) guidelines now recommend consideration of MRD negativity after
each treatment stage in patients with a complete response (CR).(8)
Three recent meta-analyses have examined the quantitative relationship between MRD negativity and
OS in newly diagnosed MM and are summarised in Table 2. Importantly, in patients achieving a CR,
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MRD negativity was associated with an OS HR of 0.47 (95% CI: 0.33, 0.67; p<0.001), supporting the
assertion that MRD negativity has a prognostic value superior to achievement of CR.(7)
Table 2: Summary of meta analyses of MRD negativity and OS
Study

Sample size

Methods

Results

Munshi et al
2017(7)

N=1,100

The HR between MRD negative status and
MRD positive status was assessed by
pooling data from relevant trials. Data
were adjusted to allow for different
proportions of patients with MRD across
the studies and analysed using the Peto
method

All patients:

The HR between MRD negative status and
MRD positive status in patients receiving
an ASCT examined using a random effects
model which weighted studies using the
inverse–variance method

HR = 0.48; 95% CI: 0.33–
0.70; p<0.001

The χ2 test was used to estimate the
statistical significance of different MRD
rates between groups. Landmark survival
analyses (from time of response
assessment) were plotted per KaplanMeier methodology; differences between
curves were tested for statistical
significance with the (two-sided) log-rank
test. Variables with a significant impact on
survival in univariable analysis were
included in a multivariable Cox
proportional hazard model. Variables
were retained in the model for levels of
significance of p < 0.05. A comparison
between Cox models for PFS and OS
according to depth of response defined by
CR or MRD negativity was performed.

MRD-negative status was
strongly associated with
prolonged OS (median not
reached; p<0.001) overall
and in subgroups defined
by prior transplantation,
disease stage, and
cytogenetics, with
prognostic superiority of
MRD negativity versus CR
particularly evident in
patients with high-risk
cytogenetics

(12 studies)

Landgren et al
2016(5)

N=342

Lahuerta,et al
2017(4)

N=609

(2 studies)

(3 studies)

HR = 0.57; 95% CI: 0.460.71; p<0.001
CR patients:
HR = 0.47; 95% CI: 0.330.67; p<0.001

ASCT = autologous stem cell transplant; CI = confidence interval; CR = complete response; HR = hazard ratio; MRD =
minimal residual disease; OS = overall survival; PFS = progression-free survival.

In CASTOR, results demonstrate the high quality of response for second-line patients treated with DBd.
At median follow-up of 31.2 months, the percentage of patients achieving CR or better has remained
stable at xx.x% versus xx.x% for DBd and Bd respectively. Impressively, MRD-negative rates have
improved since the IA2 datacut and are now more than xxxxx times higher for DBd compared with Bd
(updated data at 31.2 months median follow-up: xx.x% vs x.x% at 10-5 threshold; IA2: xx.x% vs x.x% at
10-5 threshold). As noted in the original submission, for high-risk patients (defined as those patients
with at least one high-risk cytogenetic abnormality including del17p, t(4;14) or t(14;16), MRD
negativity was only observed in the DBd arm of the trial (xx.x% at 10-⁵ threshold). These results
underline the superior efficacy of daratumumab and continued improvement in prognosis for those
patients treated with DBd. Moreover, these unprecedented levels of response suggest that the
underlying risk of death for second-line patients treated with DBd could improve over time as the
relative proportion of MRD-negative patients increases (Section 2.3).
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The impact of MRD negativity on OS in the second-line subgroup from CASTOR can be observed in
Figure 2.
Figure 2: Kaplan-Meier plot for updated OS data (31.2 months median follow up) from CASTOR,
second-line MRD-negative (10-5) patients

DVd = daratumumab-bortezomib (Velcade)-dexamethasone; MRD = minimal residual disease; OS = overall survival; Vd =
bortezomib (Velcade)-dexamethasone.

Figure 2 illustrates that, regardless of the treatment regimen, the survival outcomes for patients who
achieve MRD-negative status are exceptional with more than xx% of patients alive after a median
follow-up of 31.2 months. Therefore, while Janssen acknowledge that data supporting the prognostic
value of MRD in the RRMM patient population is limited, compared with evidence in newly diagnosed
patients, the results from CASTOR demonstrate that MRD negativity has a profound impact on
prognosis that can reasonably be expected to confer such benefits as seen in newly diagnosed patients.

2.2

Modelling assumptions - Bd

“Long-term survival on daratumumab plus bortezomib and dexamethasone is overestimated and
survival on current treatments is underestimated” [para 3.12]
“The company assumed that no people would be alive at 10 years on bortezomib plus dexamethasone
or carfilzomib. However, the clinical experts stated that around 5% to 10% of people currently having
second-line treatment for multiple myeloma would be expected to be alive 10 years from now.” [para
3.12]
“The ERG estimated that 9% of people would be alive at 10 years on bortezomib plus dexamethasone,
which was more in line with the clinical experts’ opinion” [para 3.12]
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The AC considered that choice of the Gompertz curve for Bd underestimated the survival benefit of
this regimen based on clinical expert opinion and the proportion of patients expected to be alive at 10
years. Specifically, the AC agreed with the clinical experts who stated that around 5% to 10% of
patients would be expected to be alive at 10 years.
Janssen acknowledge the reasonableness of the AC’s position, and the importance of considering
clinical expert opinion with regard to the plausibility of overall survival estimates. We note, however,
that in the carfilzomib appraisal (TA457) the ERG considered both Gompertz and Weibull
extrapolations to be clinically plausible, with a preference for the Gompertz distribution. In addition,
based on the IA2 data from CASTOR and external data available at the time of submission, the
Gompertz seemed most appropriate. However, as noted in the original submission, Janssen recognise
that the Weibull distribution is also a good candidate, albeit at the upper bound of clinical expert
opinion.
In order to better understand the survival benefit of Bd, survival extrapolations have been updated
using the latest datacut (31.2 months median follow up) from CASTOR. The updated extrapolations
for Bd are displayed in Figure 3, with the corresponding Akaike information criteria (AIC)/Bayesian
information criteria (BIC) statistics and 10-year OS predictions presented in Table 3. The updated
extrapolations predict 5.7% of patients alive after 10 years using the Gompertz distribution and 11.6%
using the Weibull distribution. Based on the 5% to 10% range advised by the clinical experts, Janssen
notes that the updated Gompertz distribution gives the most clinically plausible results, with the
Weibull distribution providing a more optimistic estimate of OS with current standard of care.
Figure 3: Parametric extrapolation of OS for Bd based on updated data (31.2 months median follow up)
from CASTOR, second-line patients
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Bd = bortezomib-dexamethasone; OS = overall survival.
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Table 3: AIC/BIC and 10 year OS estimates for Bd from parametric extrapolation of updated data from
CASTOR
AIC

BIC

10 year OS
estimates

Weibull

432.103

437.557

11.6%

Log-normal

433.024

438.479

31.8%

Log-logistic

431.978

437.433

24.4%

Exponential

430.302

433.029

16.4%

Generalized gamma

433.978

442.161

16.3%

Gompertz

432.260

437.715

5.7%

AIC = Akaike information criterion; Bd = bortezomib-dexamethasone; BIC = Bayesian information criterion; OS = overall
survival.

To further validate the choice of OS curve for Bd, the life-years gained (LYG) for the Bd arm of
ENDEAVOR (as accepted in TA457) were compared with Janssen’s original base case and AC preferred
case, using extrapolations from IA2 and the updated datacut from CASTOR. The comparison results
are presented in Table 4 and demonstrate that the updated Gompertz distribution estimates a survival
benefit for Bd almost 6 months greater than that accepted in the Cd appraisal, and only marginally
less than the AC’s preferred base case. Janssen therefore consider that the updated Gompertz curve
provides the most clinically plausible results and is conservative relative to the survival benefit of Bd
accepted in TA457.
Table 4: Comparison of LYG for Bd
Scenario
Company base case (Gompertz)

NICE preferred base case (Weibull)

TA457 accepted

Total LYG for Bd
IA2 (submitted)

3.01

Updated datacut

3.73

IA2 (submitted)

3.85

Updated datacut

4.16

-

3.41

Bd = bortezomib-dexamethasone; IA = interim analysis; LYG = life years gained.

2.3

Modelling assumptions - DBd

“Long-term survival on daratumumab plus bortezomib and dexamethasone is overestimated and
survival on current treatments is underestimated” [para 3.12]
“The clinical experts considered that the company’s prediction that 22% of people having
daratumumab plus bortezomib and dexamethasone would be alive at 20 years to be overoptimistic,
even taking into account the benefits of this treatment on minimal residual disease and the potential
for an association between minimal residual disease and overall survival.” [para 3.12]
“The ERG preferred the Weibull curve for both arms” [para 3.12]
Janssen understand the AC’s perspective on the long-term survival estimates for DBd but question the
relevance of focusing on 20-year survival rates when the treatment landscape in myeloma is rapidly
evolving. More and more effective treatments are being made available at front-line and in the RRMM
setting meaning clinical practice will be fundamentally different in 20 years time. It is more relevant
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to consider in decision making, the known data, such as the unprecedented levels of response
observed with DBd and the highly statistically significant impact of DBd on PFS and OS.
Janssen acknowledge that 22% of patients alive after 20 years represents a step-change from survival
outcomes using current standard of care; however, this level of improvement is not unrealistic given
the unprecedented levels of CR and MRD negativity observed with daratumumab.
MRD negativity has been identified as an important prognostic factor in myeloma, with the surrogate
relationship between MRD negativity and OS established in a number of recent publications.(3-7)
Moreover, the latest datacut for CASTOR demonstrates further deepening of response to DBd; with
the proportion of MRD negative patients continuing to increase (xx.x% in updated datacut [31.2
months median follow up] vs 16.4% in IA2 at 10-5 threshold). Given that MRD negativity is considered
akin to complete absence of the disease, it is not unreasonable to assume that many of these patients
would remain alive for 20 years.
Importantly, and as flagged by Janssen in the Appraisal Committee meeting on June 6th, despite
accepting the need to adjust for the impact of subsequent therapy not available in England, the ERG’s
analysis is based on the unadjusted HR for OS. When the adjusted HR is used in the ERG’s analyses,
the difference between Janssen’s original base case versus Bd (Table 5) and the AC’s preferred base
case versus Bd (Table 6) is not as high as suggested in the ACD: “using the Weibull curve to model
overall survival for daratumumab plus bortezomib and dexamethasone, and bortezomib plus
dexamethasone, as per the ERG base case, increased the ICERs by more than £30,000 per QALY gained”
[para 3.16]. Indeed, following adjustment for subsequent treatments not available in England, the AC’s
preferred modelling assumptions estimate 11% of DBd patients alive after 20 years.
Table 5: Cost-effectiveness: Janssen’s original base case (list prices, IA2 data)a
Total costs
(£)

Total LYG

Bd

₤xx,xxx

3.01

DBd

₤xxx,xxx

x.xx

Total
QALYs

DBd vs Bd
Incremental cost
(£)

QALYs gained

ICER (£ per QALY
gained)

x.xx

-

-

-

x.xx

₤xxx,xxx

x.xx

₤42,190

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; IA =interim analysis; ICER =
incremental cost-effectiveness ratio; LYG = life-years gained; OS = overall survival; QALY = quality-adjusted life year.
a Janssen’s original base case includes: Gompertz function for Bd OS, log-logistic function for DBd OS, utility data from
CASTOR (plus minor corrections identified at clarification).
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Table 6: Cost-effectiveness: AC’s preferred base case (list prices, IA2 data)a
Total costs
(£)

Total LYG

Total
QALYs

DBd vs Bd
Incremental cost
(£)

QALYs gained

ICER (£ per QALY
gained)

Using unadjusted (for subsequent treatment not available in England) HR for DBd vs Bd
Bd

xxxx,xxx

3.85

x.xx

-

-

-

DBd

xxxx,xxx

x.xx

x.xx

xxxx,xxx

x.xx

₤83,156

Using adjusted (for subsequent treatment not available in England) HR for DBd vs Bd
Bd

xxxx,xxx

3.85

x.xx

-

-

-

DBd

xxxx,xxx

x.xx

x.xx

xxxx,xxx

x.xx

₤61,567

AC = appraisal committee; Bd = bortezomib and dexamethasone; DBd = daratumumab, bortezomib and dexamethasone;
HR = hazard ratio; IA =interim analysis; ICER = incremental cost-effectiveness ratio; LYG = life-years gained; OS = overall
survival; QALY = quality-adjusted life year.
a AC’s preferred base case includes: Weibull function for Bd OS, HR for DBd OS, utility data from ENDEAVOR (plus minor
corrections identified at clarification).

As noted in Section 2.1, it is anticipated that the underlying risk of death (or hazard function) for
second-line patients treated with DBd could improve over time as the relative proportion of MRDnegative patients increases. Indeed, this is supported by the decreasing risk of death over time
observed in the daratumumab monotherapy trials (MMY2002 and GEN501, Figure 4). However,
examination of the hazard function for the Weibull distribution recommended by the ERG and the loglogistic distribution used in the original submission indicate an increasing (Figure 5) and decreasing
(Figure 6) risk of death over time, respectively; although the rate of decrease in the risk of death
predicted for the log-logistic distribution is steeper than that observed in the daratumumab
monotherapy trials. Consequently, based on the impact of response (particularly MRD negativity) on
OS and the risk of death over time, Janssen suggest that the choice of a Weibull curve recommended
by the ERG is likely to underestimate the survival benefit conferred by DBd, whereas, the log-logistic
may overestimate the survival benefit.
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Figure 4: Daratumumab monotherapy mortality hazard over time based on MMY2002+GEN501
extrapolation using Weibull

Figure 5: DBd mortality hazard over time using Weibull distribution (ERG scenario)

DBd = daratumumab-bortezomib-dexamethasone.
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Figure 6: DBd mortality hazard over time using loglogistic distribution (Company base case)

DBd = daratumumab-bortezomib-dexamethasone.

In order to better understand the survival benefit of DBd, survival extrapolations have been updated
using the latest datacut (31.2 months median follow up) from CASTOR. The updated extrapolations
for DBd are displayed in Figure 7, with the corresponding AIC/BIC statistics presented in Table 7.
Predictions of patients alive at 5, 10, 15 and 20 years are presented in Table 8.
Figure 7: Parametric extrapolation chart for DBd based on updated data from CASTOR
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Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; HR = hazard ratio.
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Table 7: AIC and BIC from parametric extrapolation chart for DBd based on updated data from CASTOR
AIC

BIC

Weibull

328.304

333.912

Log-normal

330.405

336.013

Log-logistic

328.929

334.537

Exponential

326.990

329.794

Generalized gamma

329.756

338.168

Gompertz

327.179

332.787

AIC = Akaike information criterion; BIC = Bayesian information criterion; DBd = daratumumab-bortezomib-dexamethasone.

Table 8: 5 to 20 year OS estimates for DBd based on updated data (31.2 months follow up) from
CASTOR, second-line patients
Percentage of patients remaining alive
5 years

10 years

15 years

20 years

Weibull

62.7%

36.3%

20.3%

11.1%

Log-normal

69.1%

54.7%

45.8%

35.7%

Log-logistic

65.4%

45.7%

34.4%

26.4%

Exponential

65.3%

42.5%

27.7%

18.0%

Generalized gamma

59.1%

15.0%

0.0%

0.0%

Gompertz

50.1%

1.6%

0.0%

0.0%

DBd = daratumumab-bortezomib-dexamethasone; OS = overall survival.

Updated OS data from CASTOR indicates 26.4% of patients alive at 20 years using log-logistic
distribution, compared to 11.1% using a Weibull distribution. As discussed throughout this section,
both positions are clinically plausible, with the truth likely to lie somewhere in between. As such,
Janssen propose the exponential curve (predicting 18% of patients alive at 20 years), which provides
the best statistical fit and a compromise on the magnitude of long-term survival benefit, as the most
clinically plausible choice for DBd.

3.

Generalisability of 2L subgroup

“The second-line subgroup is appropriate to assess clinical effectiveness but the effect of patient
differences across treatment arms is unclear.” [Para 3.5]
“The committee concluded that there was some uncertainty associated with the differences between
treatment arms in the second-line subgroup because there were imbalances in prognostic factors and
treatment effect modifiers that could have acted in opposite directions.” [Para 3.5]
The AC noted uncertainty around the impact of imbalances in patient baseline characteristics between
treatment arms of CASTOR in the second-line subgroup. This is because, although the baseline
characteristics are, in total, well matched for the second-line subgroup, there are minor differences in
the proportion of patients previously exposed to lenalidomide and the proportion of patients with the
genetic abnormality of 17p deletion (Del17p). Janssen have examined the impact of these imbalances
using two different statistical techniques.

15

The first approach explored the impact of adding additional stratification factors to the Cox
proportional hazard model used to obtain the PFS and OS hazard ratios and 95% confidence intervals
(CI). Results from models with the additional stratification factor of prior lenalidomide exposure or
Del17P were compared to the previously submitted second-line HRs for PFS and OS. A summary of the
results for PFS and OS based on the latest datacut from CASTOR are presented in Table 9, with full
results in Appendix 9.3
Table 9: Analysis of adjustment for imbalances in baseline characteristics based on updated data from
CASTOR
HR

CI (95%)

P-value

2L Patients

x.xx

x.xx, x.xx

<x.xxxx

2L Patients adjusted for prior lenalidomide use

x.xx

x.xx, x.xx

<x.xxxx

2L Patients adjusted for risk of Del17P

x.xx

x.xx, x.xx

<x.xxxx

2L Patients

x.xx

x.xx, x.xx

x.xxxx

2L Patients adjusted for prior lenalidomide use

x.xx

x.xx, x.xx

x.xxxx

2L Patients adjusted for risk of Del17P

x.xx

x.xx, x.xx

x.xxxx

Progression free survival

Overall survival

2L = second line; CI = confidence interval; HR = hazard ratio.

Adjusting to correct for imbalances related to prior lenalidomide exposure or Del17P had a marginal
impact on both the PFS and OS hazard ratios. The hazard ratios were affected in opposite directions,
with Del17p having a marginally larger influence on PFS and prior lenalidomide exposure having a
marginally larger influence on OS.
The second statistical technique was to test for interaction between the prognostic factor and the
treatment regimen received. This analysis indicated that neither prior exposure to lenalidomide nor
Del17P had a statistically significant impact on the results, see Appendix 9.3. Therefore, whilst there
are individual imbalances in baseline characteristics between the two arms of CASTOR, notably related
to prior lenalidomide exposure and Del17P, Janssen conclude that these do not have a statistically
significant impact on the results.

4.

Comparison with carfilzomib

“The clinical effectiveness of daratumumab plus bortezomib and dexamethasone compared with
carfilzomib plus dexamethasone is unclear” [para 3.10]
“The committee agreed that [cumulative dose] was a relevant point in considering whether the
duration of bortezomib treatment in ENDEAVOR should be adjusted. However it was not presented
with data about the cumulative dose of bortezomib, nor with data on whether cumulative dose was
more closely associated with outcomes, and so could not appraise any potential effect of this at this
time. The committee therefore concluded that the company’s network meta analysis could have
overestimated the effectiveness of daratumumab plus bortezomib and dexamethasone compared with
carfilzomib plus dexamethasone.” [para 3.10]
“The committee considered that the subgroup of people having second-line treatments who had not
had previous bortezomib was relevant for the comparison with carfilzomib plus dexamethasone, but
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that how previous treatments affected outcomes remained unclear. It concluded that, on balance, the
data for the second-line subgroup was more robust because it was randomised. However, it also
concluded that examining the sensitivity of the cost-effectiveness estimates to using the second-line,
bortezomib naïve data was warranted.” [para 3.11]
The AC expressed concern that the effectiveness of DBd compared to Cd was overestimated in
network meta analyses (NMA) included in the original submission. This is because, unlike the appraisal
of carfilzomib (TA457), no adjustment was made to correct for differences in the treatment duration
of bortezomib in the Bd arms of CASTOR and ENDEAVOR; ENDEAVOR used a treat to progression
approach, whereas CASTOR restricted the number of cycles of Bd to 8 (as per the marketing
authorisation).
Janssen welcomes the AC’s acknowledgement of the relevance of comparing the actual cumulative
dose of bortezomib received in CASTOR and ENDEAVOR when considering the requirement to adjust.
Indeed, the importance of cumulative dose was recognised in a retrospective analysis of the VISTA
study that found a higher cumulative Bd dose was associated with significantly increased OS compared
with a low cumulative Bd dose (age-adjusted HR, 0.561; p=0.00002).(9)
In Table 10 Janssen has estimated the cumulative dose of bortezomib received in the second-line
populations of ENDEAVOR and CASTOR. The results indicate a marginal (2.0%) difference between the
studies, with CASTOR associated with a higher cumulative dose than ENDEAVOR.
Table 10: Comparison of bortezomib cumulative dose between CASTOR and ENDEAVOR in second-line
subgroup
CASTOR

Source

ENDEAVOR

Source

4.77

CASTOR

91.7%

CASTOR

85%

(10)

Median treatment duration - cycles

7.6

CASTOR

8.0

(10)

Body surface area (m2)

1.87

CASTOR

1.87

CASTOR

Bortezomib maximum dose per cycle

5.2

Calculated

5.2

Calculated

Estimate of cumulative dose received (mg)

67.4

Total doses (mg/m2) received in all cycles
Median dose intensity (mg/m 2/cycle) (a/b)

66.1

Calculation: Max dose of bortezomib per cycle x median no of cycles x median dose intensity x body surface area.

To further validate the appropriateness of adjusting for bortezomib dosing, comparison of the life
years gained for Cd in the updated cost-effectiveness model (31.2 months median follow up) against
the life years gained for Cd accepted in TA457 was carried out (Table 11). Janssen note that while the
updated Gompertz provides higher LYG for Bd than those accepted in TA457 (see Section 2.2), the LYG
for Cd are lower than that accepted in TA457.
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Table 11: Comparison of LYG for Cd, no Bd dosing adjustment
Scenario
Company base case (Gompertz)

NICE preferred base case (Weibull)

TA457 accepted

Total LYG for Cd
IA2 (submitted)

3.32

Updated datacut

4.21

IA2 (submitted)

4.42

Updated datacut

4.79

-

5.74

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; IA = interim analysis; LYG = life-years gained.

Importantly, Janssen have identified an error in the ERG’s implementation of the adjustment of the
HRs; with the adjustment being applied from the start of the model, rather than from 24 weeks as per
TA457. This error results in an overestimation of the LYG with Cd. The impact of the corrected
adjustment on the LYG estimates for Cd reported in Table 11, are summarised in Table 12.
Table 12: Comparison of LYG for Cd, with corrected Bd dosing adjustment
Scenario
Company base case (Gompertz)

NICE preferred base case (Weibull)

TA457 accepted

Total LYG for Cd
IA2 (submitted)

3.94

Updated datacut

5.20

IA2 (submitted)

5.72

Updated datacut

6.21

-

5.74

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; IA = interim analysis; LYG = life-years gained.

Janssen conclude that, despite a similar cumulative dose of bortezomib between CASTOR and
ENDEAVOR, there are notable differences in the LYG estimates for Cd between the updated economic
model and those accepted in TA457 which implys that an adjustment is necessary. Janssen suggest,
therefore, that an adjustment is applied to correct for the difference in treatment duration between
the trials, noting however the importance of applying this adjustment correctly, in line with TA457.
Finally, to address the AC’s query regarding the impact of prior bortezomib exposure on the costeffectiveness results, scenario analyses have been conducted using hazard ratios from the 2LBN
population (Section 7.2). Results indicate that the comparison of DBd and Cd is relatively insensitive
to the patient population modelled, with DBd dominating Cd at list price (for both DBd and Cd) and
with the daratumumab PAS.

5.

Utility values

“The effect of disease progression on quality of life is underestimated and clarification of company’s
methodology is needed”
“the committee considered that, in clinical practice, quality of life would be expected to decrease the
more disease progresses. As such, the ERG’s estimate of post-progression utility were more plausible,
even though it came from ENDEAVOR and was not derived from EQ-5D data (the preferred quality-oflife measure in the NICE methods guide). The committee concluded that the company had
underestimated the effect of disease progression on quality of life and that clarification on the
company’s methodology for collecting quality-of-life data in CASTOR was needed.”
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Janssen understand the AC’s position regarding the effect of disease progression on quality of life and
appreciate that the difference between pre-progression (0.728) and post-progression (0.695) utilities
may seem low. As noted in the ACD, the measure of disease progression used in CASTOR was based
on biological markers rather than the onset of clinical symptoms. However, as acknowledged in TA505,
this is reflective of clinical practice, where myeloma clinicians seldom wait for signs of clinical
progression before moving patients onto subsequent lines of therapy.(11)
Importantly, as stated in the original submission, the pre-progression utility value from CASTOR is
likely to be conservative (i.e. underestimates the quality of life impact of DBd). This is because quality
of life for patients treated with DBd improved as patients moved into the monotherapy phase of
treatment (Figure 8). These observed improvements in utility for the monotherapy phase of DBd were
not implemented in the model due to the absence of stable data at comparative time points for
patients receiving Bd. Therefore, Janssen contend that the magnitude of the change in utility post
progression may appear less than expected due to an underestimation of the pre-progression utility
value, rather than an over-estimation of post-progression utility.
Figure 8: Mean EQ-5D utility values over time

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone.

Furthermore, Janssen would like to highlight that the ERG’s recommendation to use utility values from
ENDEAVOR goes against the NICE reference case which states a clear preference to use EQ-5D data
from the trial data where possible. Importantly, the use of utility values from ENDEAVOR instead of
CASTOR creates a disconnection between the measurements of benefits which introduces
unnecessary uncertainty.
A full description of CASTOR EQ-5D utility data collection and analysis is provided in Appendix 9.4.

6.

Model assumptions

“The committee’s preferred modelling assumptions were:
•

using data from the second-line subgroup rather than the second-line bortezomib-naive
subgroup. (see section 3.10)
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•

•

•
•

extrapolation of overall survival with bortezomib plus dexamethasone, and carfilzomib plus
dexamethasone to reflect plausible 10-year survival estimates of between 5% to 10% (see
section 3.11)
extrapolation of overall-survival estimates on daratumumab plus bortezomib and
dexamethasone to give 20-year survival estimates that were lower than the company’s
extrapolations using the log-logistic curve, and closer to the ERG’s estimate using the Weibull
curve (see section 3.11)
assuming a greater decrease in utility after disease progression than that currently modelled
by the company (see section 3.13)
adjusting to account for people having bortezomib for longer than is stipulated in its
marketing authorisation in ENDEAVOR (see section 3.12).” [para 3.15]

Revised base case (based on updated CASTOR datacut at 31.2 months follow-up)
Considering the AC’s stated wishes, alongside the issues covered in Sections 1-5 of this document,
Janssen provide a revised base case, as follows:
•
•
•
•
•

using (updated) data from the second-line subgroup rather than the second-line bortezomibnaive subgroup;
extrapolation of overall survival with Bd using updated Gompertz extrapolations;
extrapolation of overall survival with DBd using updated exponential extrapolations;
CASTOR trial-based utilities to align with data source for efficacy estimates;
adjustment for differences in Bd dosing between CASTOR and ENDEAVOR.

In addition to the revised base case and in acknowledgement of the AC’s preferred assumptions,
Janssen has provided scenario analyses as follows:
•
•

AC preferred OS extrapolation approach: Weibull for Bd and adjusted (for subsequent
treatment not available in England) HR for DBd
Use of utility data from ENDEAVOR

Scenario analyses on the impact of prior bortezomib exposure in the comparison of DBd and Cd has
also been explored through the use of HRs calculated from the 2LBN population. All scenario analyses
results are presented in Section 7.2.

7.

Revised economic analyses

The revised base case includes updated PFS, OS and TTD data based on the latest datacut from CASTOR
(31.2 months median follow up). The revised base case results, with and without PAS, versus Bd and
Cd are reported in Table 13 and Table 14, respectively. A breakdown of the costs and QALYs are
provided in Appendix 9.5.1.
Due to the confidential nature of the carfilzomib PAS (and other PASs associated with subsequent
treatment), and for consistency, it is important to note that the only PAS included in the remainder of
this section is that for daratumumab when used in combination with Bd. It is therefore challenging to
determine the actual cost-effectiveness of DBd. However, based on the information available to
Janssen, DBd is a cost-effective use of NHS resources when taking into account the wider context of
innovation and benefits beyond the QALY.
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Table 13: Revised base case – With PAS
Total costs
(£)

Total LYG

Bd

xxx,xxx

3.73

Cd

xxxx,xxx

DBd

xxxx,xxx

Total
QALYs

Pairwise (DBd vs comparator)
Incremental cost
(£)

QALYs
gained

ICER (£ per QALY
gained)

x.xx

xxx,xxx

x.xx

₤31,403

5.20

x.xx

xxxx,xxx

x.xx

DBd dominates

x.xx

x.xx

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ICER = incremental cost-effectiveness ratio; LYG = life years gained; QALY = quality-adjusted life year.

Table 14: Revised base case – Without PAS
Total costs
(£)

Total
LYG

Total
QALYs

Pairwise (DBd vs comparator)
Incremental cost
(£)

QALYs
gained

ICER (£ per QALY
gained)

Bd

xxx,xxx

3.73

x.xx

xxxx,xxx

x.xx

₤46,387

Cd

xxxx,xxx

4.21

x.xx

xx,xxx

x.xx

₤3,155

DBd

xxxx,xxx

x.xx

x.xx

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ICER = incremental cost-effectiveness ratio; LYG = life years gained; QALY = quality-adjusted life year.

7.1

Revised one-way sensitivity analysis results

The results of the one-way sensitivity analysis are presented, with and without the PAS, versus Bd
and Cd in Figure 9 to Figure 11. The with PAS one-way sensitivity analysis comparing DBd versus Cd
showed that DBd dominated Bd in all cases except when testing the upper value of PFS HR CAR-DEX
(£2,765) and BOR-DEX OS parametrization (DBd is less costly and less effective, (£32,434 Cd vs DBd).
Figure 9: Revised one-way sensitivity analysis results versus Bd, with PAS

Bd = bortezomib-dexamethasone; BOR = bortezomib; DARA = daratumumab; DEX = dexamethasone; ICER = incremental
cost-effectiveness ratio; OS = overall survival; PAS = patient access scheme; PFS = progression-free survival; Pts = patients;
QALY = quality-adjusted life year; Subs = subsequent; TTD = time to discontinuation; Tx = treatment.
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Figure 10: Revised one-way sensitivity analysis results versus Bd, without PAS

Bd = bortezomib-dexamethasone; BOR = bortezomib; DARA = daratumumab; DEX = dexamethasone; ICER = incremental
cost-effectiveness ratio; OS = overall survival; PAS = patient access scheme; PFS = progression-free survival; Pts = patients;
QALY = quality-adjusted life year; Subs = subsequent; TTD = time to discontinuation; Tx = treatment.

Figure 11: Revised one-way sensitivity analysis results versus Cd, without PAS

BOR = bortezomib; CAR = carfilzomib; Cd = carfilzomib-dexamethasone; DARA = daratumumab; DEX = dexamethasone;
ICER = incremental cost-effectiveness ratio; OS = overall survival; PAS = patient access scheme; PFS = progression-free
survival; Pts = patients; QALY = quality-adjusted life year; Subs = subsequent; TTD = time to discontinuation; Tx =
treatment.

7.2

Revised scenario analysis results

A summary of the results of the scenario analysis, with and without the PAS, are presented in Table
15 and Table 16, respectively. Full results for each scenario are presented in Appendix 9.5.2.
Importantly, the analysis demonstrates that the economic value of DBd is reasonably robust to
structural assumptions, and in particular the choice of extrapolation curves; a key area of uncertainty
highlighted by the ERG and AC. When selecting the log-logistic distribution for DBd OS, in line with
Janssen’s original base case model, the ICER versus Bd decreases from ₤31,403 to ₤27,301, with the
daratumumab PAS. At the opposite end of the range, taking the demonstrably conservative OS
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modelling assumptions preferred by NICE, the ICER for DBd versus Bd increases from ₤31,403 to
₤36,294, with the daratumumab PAS.
Scenario analyses was also conducted to address the AC’s query regarding the impact of prior
bortezomib exposure on the cost-effectiveness of DBd. The analysis used hazard ratios from the 2LBN
population with the results indicating that the comparison of DBd and Cd is relatively insensitive to
patient population modelled, with DBd dominating Cd in all scenarios, with and without the PAS.
Finally, scenario analysis was conducted to consider the impact on the cost-effectiveness results of
taking utility values from ENDEAVOR, rather than CASTOR, as recommended by the ERG. The results
indicate that the source of utilities has a negligible impact on the ICER, with ICERs ranging from
₤31,403 to ₤32,219.
Table 15: Scenario analyses results, with PAS
Janssen Revised Base case

Scenario Analysis

ICER (DBd vs.
Bd)

ICER (DBd vs. Cd)

Economic modelling
assumptions:

Base case

₤31,403

DBd dominates

Scenario 1: NICE preferred OS modelling

₤36,294

DBd dominates

₤27,301

DBd dominates

N/A

DBd dominates

N/A

DBd dominates

₤32,219

DBd dominates

• Latest CASTOR datacut (31.2
months median follow up)
• Population: 2L
• Bd extrapolation: Gompertz
• DBd extrapolation:
Exponential
• Utilities: CASTOR
• MAIC: Adjustment for
differences in Bd dosing

As for Janssen revised base case except for:
• Bd extrapolation: Weibull
• DBd extrapolation: Adjusted HR
•
Scenario 2: Janssen original base case OS
modelling
As for Janssen revised base case except for:
• DBd extrapolation: Log-logistic

Scenario 3: Second-line bortezomib naïve
subgroup
As for Janssen revised base case except for:
• Population: 2LBN
Scenario 4: No adjustment for Bd dosing
As for Janssen revised base case except for:
• MAIC: No adjustment for differences in
Bd dosing
Scenario 5: Same utilities as TA457
As for Janssen revised base case except for:
• Utilities: ENDEAVOR

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ICER = incremental cost-effectiveness ratio.

Table 16: Scenario analyses results, without PAS
Janssen Revised Base case

Scenario Analysis

ICER (DBd vs.
Bd)

ICER (DBd vs.
Cd)

Economic modelling assumptions:

Base case

₤46,387

• Population: 2L
• Bd extrapolation: Gompertz
• DBd extrapolation: Exponential

DBd
dominates

Scenario 1: NICE preferred OS modelling

₤53,707

DBd
dominates

As for Janssen revised base case except for:
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• Utilities: CASTOR
• MAIC: Adjustment for
differences in Bd dosing

• Bd extrapolation: Weibull
• DBd extrapolation: Adjusted HR
Scenario 2: Janssen original base case OS
modelling

₤40,278

DBd
dominates

N/A

DBd
dominates

N/A

₤3,155

₤47,594

DBd
dominates

As for Janssen revised base case except for:
• DBd extrapolation: Log-logistic

Scenario 6: Second-line bortezomib naïve
subgroup
As for Janssen revised base case except for:
• Population: 2LBN
Scenario 7: No adjustment for Bd dosing
As for Janssen revised base case except for:
• MAIC: No adjustment for differences in Bd
dosing
Scenario 8: Same utilities as TA457
As for Janssen revised base case except for:
Utilities: ENDEAVOR

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ICER = incremental cost-effectiveness ratio.

7.3

Revised probabilistic results

The revised probabilistic results, with and without the PAS, versus Bd and Cd are presented in Table
17 and Table 18, respectively. The probabilistic sensitivity analysis plots and cost-effectiveness
acceptability curves are presented in Appendix Error! Reference source not found..
Table 17: Revised probabilistic results – With PAS
Total costs (£)

Total
LYG

Total
QALYs

Pairwise (DBd vs comparator)
Incremental
cost (£)

LYs
gained

QALYs
gained

ICER (£ per QALY
gained)

Bd

xxx,xxx

3.76

x.xx

xxx,xxx

x.xx

x.xx

£30,353

Cd

xxxx,xxx

5.34

x.xx

xxxx,xxx

x.xx

x.xx

DBd dominates

DBd

xxxx,xxx

x.xx

x.xx

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ERG = Evidence Review Group; ICER = incremental cost-effectiveness ratio; LYG = life years gained; PAS = patient access
scheme; QALY = quality-adjusted life year.

Table 18: Revised probabilistic results versus – Without PAS
Total costs (£)

Bd

xxx,xxx

Total
LYG

Total
QALYs

3.76

x.xx

Pairwise (DBd vs comparator)
Incremental
cost (£)

LYs
gained

QALYs
gained

xxxx,xxx

x.xx

x.xx
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ICER (£ per QALY
gained)

£44,918

Cd

xxxx,xxx

5.34

x.xx

DBd

xxxx,xxx

x.xx

x.xx

xxxx,xxx

x.xx

x.xx

DBd dominates

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ERG = Evidence Review Group; ICER = incremental cost-effectiveness ratio; LYG = life years gained; PAS = patient access
scheme; QALY = quality-adjusted life year.

Revised analyses demonstrate that DBd is robustly cost-effective versus Bd and dominant over Cd (at
list price for Cd); with probabilistic results demonstrating the stability of the stable model. One-way
sensitivity analyses indicates that OS is the biggest driver of model results. However, scenario analyses
show that the analyses are robust to structural assumptions regarding OS. Within, the context of a
highly innovative and game changing medicine, that offers benefits outside of the cost per QALY
framework. DBd is a cost-effective use of NHS resources.
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9.

Appendices

9.1

Updated CASTOR data (median follow-up 31.2 months)

In second-line patients, treatment with DBd was associated with a significantly greater PFS benefit
compared with Bd at 31.2 months follow-up. Treatment with DBd was associated with an
unprecedented xx% reduction in the risk of disease progression or death compared with Bd alone
(HR x.xx, 95% CI: x.xx, x.xx; pxx.xxxx; Table 19 and Figure 12).
Table 19: Summary of PFS (second-line patients; ITT analysis; 31.2 months follow-up)
Bd (n=113)

DBd (n=122)

Number of events, n (%)

xx (xx.x%)

xx (xx.x%)

Number of censored, n (%)

xx (xx.x%)

xx (xx.x%)

25% quantile (95% CI)

x.xx (x.xx, x.xx)

xx.xx (x.xx, xx.xx)

Median (95% CI)

x.xx (x.xx, x.xx)

xx.xx (xx.xx, xx.xx)

75% quantile (95% CI)

xx.xx (xx.xx, xx.xx)

xx (xx.xx, xx)

HR (95% CI)a

-

x.xx (x.xx, x.xx)

p-valueb

-

xx.xxxx

Kaplan-Meier estimate (months)

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; CI = confidence interval; ITT =
intention to treat; HR = hazard ratio; NE = not established; PFS = progression-free survival.
a Hazard ratio and 95% CI from a Cox proportional hazards model with treatment as the sole explanatory variable and
stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3), and prior bortezomib treatment (no vs.
yes). A hazard ratio < 1 indicates an advantage for DBd.
b p-value is based on the log-rank test stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3),
and prior bortezomib treatment (no vs. yes).
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Figure 12: Kaplan-Meier plot for PFS (second-line patients; ITT analysis)

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; ITT = intention to treat; PFS =
progression-free survival.

In second-line patients, treatment with DBd was associated with a greater TTD benefit compared
with Bd at 31.2 months follow-up. The HR for treatment with DBd compared with Bd was x.xx (95%
CI: x.xx, x.xx; p=x.xxxx; Table 20).
Table 20: Summary of TTD (second-line patients; ITT analysis; 31.2 months follow-up)
Description

Bd (n=111)

DBd (n=119)

Number of events, n (%)

xx (xx.x%)

xx (xx.x%)

Number of censored, n (%)

xx (xx.x%)

xx (xx.x%)

25% quantile (95% CI)

x.xx [x.xx, x.xx]

xx.xx [x.xx, xx.xx]

Median (95% CI)

xx (xx, xx)

xx.xx [xx.xx, xx.xx]

75% quantile (95% CI)

xx (xx, xx)

xx [xx.xx , xx]

HR (95% CI)a

-

x.xx (x.xx, x.xx)

p-valueb

-

x.xxxx

Kaplan-Meier estimate (months)
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Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; CI = confidence interval; ITT =
intention to treat; HR = hazard ratio; NE = not established; TTD = time to treatment discontinuation.
a Hazard ratio and 95% CI from a Cox proportional hazards model with treatment as the sole explanatory variable and
stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3), and prior bortezomib treatment (no vs.
yes). A hazard ratio < 1 indicates an advantage for DBd.
b p-value is based on the log-rank test stratified with ISS (I, II, or III), number of prior lines of therapy (1 vs. 2 or 3 vs. >3),
and prior bortezomib treatment (no vs. yes).

9.2

Adjustment for subsequent treatments not available in England

9.2.1

Rational for adjustment and method used

As described in Janssen’s original submission, many patients in CASTOR received subsequent
treatment with therapies not available in England. Furthermore, a higher proportion of patients in the
Bd arm received such treatments. Therefore, the standard OS analysis is likely to underestimate the
true OS benefit of DBd in England, because these treatments are known to prolong survival, but would
not be available to patients in England.
NICE DSU technical support document 16(12) recommends use of the following available complex
methods to adjust for such biases introduced by treatment switching:
•
•
•
•

Rank Preserving Structure Failure Time Models (RPSFTM);
Iterative Parameter Estimation (IPE);
Two-stage method;
Inverse Probability of Censoring Weights (IPCW).

Due to the nature of switching to a variety of subsequent therapies observed in CASTOR, the RPSFTM,
IPE and two-stage methods were deemed to not be applicable in this case. This is because multiparameter models would be required, with a different parameter to be estimated for each subsequent
therapy. Given the limited patient numbers available by subsequent therapy, this makes it impossible
to reliably estimate the required parameters. The fact that these models perform poorly in practice
has been shown before.(13-15)
Additionally, RPSFTM and IPE methods require the fundamental assumption of a common treatment
effect, which is questionable for DBd treatment.(16) That is, the relative benefit of DBd differs across
subgroups with respect to time from diagnosis and treatment history: the number and type of
previous lines of treatments used are key prognostic indicators.
The two-stage method is also unsuitable in this case, because it can only be applied if an appropriate
secondary baseline (e.g. progression or discontinuation of randomised treatment) exists, and all
switching occurs soon after that secondary baseline time-point. Otherwise, the two-stage method will
be prone to time-dependent confounding.(17) These conditions may not be true for CASTOR, as time
between progression and/or discontinuation of randomised treatment to switch was highly variable,
particularly for Bd. This is illustrated by Figure 13 and Figure 14 showing treatment pattern over time
for each patient included in the DBd (Figure 13) and Bd (Figure 14) arms.
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Figure 13: Treatment timeline by patient from baseline (DBd), second-line patients

DBd = daratumumab-bortezomib-dexamethasone; PD = progressive disease; Trt = treatment; subthr = subsequent therapy.

Figure 14: Treatment timeline by patient from baseline (Bd), second-line patients

Bd = bortezomib-dexamethasone PD = progressive disease; Trt = treatment; subthr = subsequent therapy.
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Therefore, the IPCW method was selected as the only viable method. IPCW has been accepted in
previous NICE TAs and is generally considered to be robust providing that switching proportions are
moderate and sample sizes are not too small (Table 21).(18-21)
Table 21: Switching proportions and sample sizes, second-line patients (IA3)
Treatment

No of patients

No.
progressed

% progressed

No. switch to
non-UK

% switcher to
non-UK

DBd

122

60

0.4918033

19

0.1557377

Bd

113

89

0.7876106

56

0.4955752

Note: non-UK = subsequent treatments which are not available in England.

Table 22: Switching proportions and sample sizes, second-line patients (updated data, 31.2 months
follow up)
Treatment

No of patients

No.
progressed

% progressed

No. switch
to non-UK

% switcher to
non-UK

DBd

122

71

0.5819672

24

0.1967213

Bd

113

89

0.7876106

57

0.5044248

Note: non-UK = subsequent treatments which are not available in England.

IPCW assumes that there are no unmeasured confounders related to either baseline or timedependent co-variates describing patients. Whilst this assumption cannot be tested, the method is
likely to work adequately if the assumption is approximately true; and no important independent
predictors are missing.(17)
9.2.2

Method of adjustment

The IPCW method involves censoring patients upon treatment switch to a treatment that is not
available in England, and then reweighting the follow-up information for patients who remain in the
study to remove any censoring-related selection bias.
xx% of patients (xx out of xxx patients) in the Bd arm of CASTOR switched to treatments that are not
available in England versus xx% of patients (xx out of xxx patients) in the DBd arm for the first
subsequent therapy not available in England received (updated data, 31.2 months follow up). The
types of subsequent treatments received as well as the number of patients receiving them are
presented in Table 23 below. Note that daratumumab monotherapy was only adjusted for if received
outside of the recommended fourth-line setting.
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Table 23: First subsequent therapy received which are not available in England
Subsequent therapies not available in England/adjusted for
through IPCW

DBd (N
switchers)

Daratumumab

Bd (N
switchers)

N
(switchers

Xx

Xx

Carfilzomib+dexamethasone

X

X

Xx

Carfilzomib+dexamethasone+lenalidomide

X

X

X

Dexamethasone +ixazomib+lenalidomide

X

X

X

Bortezomib+dexamethasone+investigational

X

Carfilzomib

X

Carfilzomib +daratumumab+ dexamethasone

X
X

X

X

X

Dexamethasone +nivolumab+pomalidomide

X

X

Dexamethasone +elotuzumab+ lenalidomide

X

X

Cyclophosphamide+ dexamethasone +elotuzumab+
lenalidomide

X

X

Alemtuzumab+ carfilzomib +ciclosporin+ dexamethasone
+fludarabine + lenalidomide + melphalan + methotrexate

X

X

Carfilzomib +dexamethasone+ thalidomide

X

X

Carfilzomib + lenalidomide

X

X

dexamethasone +investigational+ lenalidomide

X

X

Daratumumab+ dexamethasone + pomalidomide

X

X

Carfilzomib +dexamethasone+ pomalidomide

X

X

Dexamethasone+ other+ pomalidomide

X

X

Daratumumab+ methylprednisolone

X

X

Carfilzomib +cyclophosphamide+ dexamethasone

X

X

Bortezomib + daratumumab + dexamethasone

X

X

Alemtuzumab + atithymocyte + busulfan + fludarabine

X

X

Bendamustine+ dexamethasone + ixazomib

X

X

Ixazomib + lenalidomide + methylprednisolone

X

X

Cyclophophamide + interferon + lomustine + melphalan+
prednisolone + vincristine

X

X

Dexamethasone + elotuzumab + pomalidomide

X

X

Daratumumab+ prednisolone

X

X

Xx

xx

Total

Xx

Bd = bortezomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone; IPCW = inverse probability of
censored weights.

The IPCW analysis involved the following three steps:
•
•
•

Creation of Panel data:
Estimation of stabilised time-dependent weights
Run Time-dependent weighted Cox Regression
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9.2.2.1
Creation of panel data
For each patient, follow-up time from randomisation until treatment switch or end of follow-up
(defined as death, withdrawal of consent, or end of study, whichever occurred first) was partitioned
into intervals; daily time intervals were used as this was expected to provide the most reliable results
leveraging all available information. Sensitivity analyses were carried out for longer time periods.
Individual patient level data from CASTOR were then reformatted to create panel data. That is, one
record per individual per time interval. Baseline covariates were repeated across-intervals and time
varying covariates (TVC) were specific to each time interval. In the absence of TVC values specific to a
particular time period the last observation was used. Table 24 summarises the baseline characteristics
and TVC used.
Table 24: Baseline and time varying covariates added to panel data
Baseline covariates

Age (<65, >=65)
Sex (Male, Female)
Race (White, Others)
ISS Staging (I,II,III)
Cytogenetic Risk at study entry (High Risk, Low Risk, Standard Risk, Not Done)
Region (Western Eu+ US, Others)
ECOG Performance Score (0, >=1)
Renal Function (Baseline Crcl) (>60mL/min, <=60mL/min)
Type of Multiple Myeloma (IgG, Non-IgG)
Prior Bortexomib (yes, No)
Prior IMiD (Yes, No)
Refractory to IMiD (Yes, No)
Refractory to Last Line of Therapy (Yes, No)
Prior Systematic therapies (Yes/No)
Prior Surgery (Yes/No)
Prior Anthracyclines(Yes/No)
Prior ASCT (Yes/No)

Time varying covariates

Albumin
Alkaline Phosphate
Creatinine Clearance
Serum Monoclonal Protein
Urine Monoclonal Protein
Hemoglobin
Platelets (Percentage change from baseline)
EQ-5D-5L Utility Score
EQ-5D-VAS
Fatigue
Pain
Global Health Status

ASCT = autologous stem cell transplant; ECOG = Eastern Cooperative Oncology Group; EQ-5D-5L = EuroQol five dimensions
questionnaire; IMiD = immunomodulatory drug; ISS = International Staging System; VAS = visual analogue scale.

The validity of the IPCW method relies on the ‘No unmeasured confounders assumption’. The
covariates should capture both baseline and time-varying covariates that predict both treatment
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switching and prognosis on survival. Baseline characteristics and TVCs were identified following
assessment of data collected in the trial combined with expert clinical opinion.
Time-dependent outcome binary variables were then created for switch and death, with patients
censored at the time of switch if they received a subsequent therapy that is not available in England
(implemented in the panel data structure by leaving out all observations after switching occurred).
9.2.2.2
Estimation of stabilised time-dependent weights
After artificial censoring of patients at time of switch (after having progressed), follow-up information
for patients who remain at risk of switch were weighted such that they account not only for
themselves, but also for patients with similar characteristics (both baseline and time-varying) whose
follow-up was censored by informative censoring. This involved the estimation of stabilised timedependent weights as follows:
•
•

Patients not at risk of switching (i.e., patients who have not progressed) are assigned a
probability of switching of 0
For each progressed patient (at “risk” of switching), the probability of switching within each
time period is estimated using two logistic regression models (fitted separately for DBd and
Bd, including splines to make time-dependent relationships sufficiently flexible):
o

Model 1: conditional on baseline covariates and time-varying covariates. The full model
includes all the above-mentioned time-varying and baseline covariates. A reduced model
was derived using the stepwise variable selection method with a significance level of
15%.

o
•

Model 2: conditional on baseline variables selected in Model 1

Stabilised weights are then calculated for each patient and each time interval using the ratio
of the probabilities of not switching from Model 2 and Model 1.

SW = (1- estimated probability of switch in Model 2)/(1-estimated probability of switch in Model 1)
For the previously submitted analysis based on the IA2 datacut and the updated analysis based on the
updated OS from CASTOR (31.2 months follow up), Model 1 used data from progressed patients only
and Model 2 used data from all patients. In addition, sensitivity analyses were carried out using
unstabilised weights in the final model and using stabilised weights where Model 1 and Model 2 used
data from progressed patients only.
The weights from each of these analyses for the originally submitted IA2 data and the updated data
(31.2 months follow up) are displayed in Figure 15 to Figure 20 below.
The time-dependent weights were estimated using a daily interval. For visual simplicity, only the
biweekly distribution of the estimated stabilised weights are shown. All patients start with weight 1
and the re-weighting begins at a timepoint when switching/death occurred. Variability in assigned
weights increases over time, as expected, as more patients initiate subsequent therapy and become
censored in the analysis. However, no extreme weights are observed, with the maximum stabilised
weight at 3.62 and the maximum unstabilised weight at 16.86. The average weight is stable at 1. At
later timepoints, where the number of subjects that are at risk of switching becomes low, a slight
departure from 1 is observed for the mean stabilised weights.
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Figure 15: Distribution of the estimated stabilised weights over time by 2-week interval (IA2)

Figure 16: Distribution of the estimated unstabilised weights over time by 2-week interval (IA2)
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Figure 17: Distribution of the re-estimated stabilised weights over time by 2-week interval (IA2)

Figure 18: Distribution of the estimated stabilised weights over time by 2-week interval (updated data,
31.2 months follow up)
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Figure 19: Distribution of the estimated unstabilised weights over time by 2-week interval (updated
data, 31.2 months follow up)

Figure 20: Distribution of the re-estimated stabilised weights over time by 2-week interval (updated
data, 31.2 months follow up)

9.2.2.3
Run time-dependent weighted Cox Regression
Lastly, time-dependent weighted Cox-Regression analyses were run on the censored panel data with
variable selection (stepwise at 10% level) and using SW as time-varying weights. Table 25 summarises
the IPCW results from the final reduced model and sensitivity analyses for the IA2 and updated (31.2
months follow up) datacut.
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Table 25: Summary results of time-dependent weighted cox regression
Datacut

Setting

Weights used

Figure #

HR [95% CI]

p-value

List of selected
baseline variables

IA2

Final model

Stabilised

1

x.xx [x.xx; x.xx]

0.0025

ISS Staging, Race

Sensitivity 1

Unstabilised

2

x.xx [x.xx; x.xx]

0.0019

ISS Staging, Sex

Sensitivity 2

Stabilised

3

x.xx [x.xx; x.xx]

0.0022

ISS Staging, Race

Final model

Stabilised

4

x.xx [x.xx; x.xx]

0.0027

ISS Staging

Sensitivity 1

Unstabilised

5

x.xx [x.xx; x.xx]

0.0034

ISS Staging

Sensitivity 2

Stabilised

6

x.xx [x.xx; x.xx]

0.0044

ISS Staging

2YFUP

9.3

Statistical analysis of imbalances in patient baseline characteristics
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9.4

Method for calculating pre- and post-progression utilities

Data used to derive utility values in the model came from EQ-5D data collected in CASTOR from the
second-line population both before disease progression and after disease progression. Note, postprogression utilities were measured at week 8 and week 16 post progression in the follow-up phase
of the trial.
Results from CASTOR showed that there was an initial increase in quality of life that remained
relatively high throughout the trial. Quality of life for DBd patients increased following cessation of Bd.
This is expected given the favourable safety profile of daratumumab monotherapy. In the Bd arm of
CASTOR utility data was also collected until progression. No statistically significant difference was
found between treatment arms.
In the pre-progression health state, utilities were estimated as the average of all utilities measured
before the date of progression using a repeated-measures mixed-effects regression model. The
regression model included a subject random intercept to account for repeated measures of individuals
over multiple cycles before progression.
In the post-progression health state, utilities were estimated as the average of all utilities measured
after the date of progression using a repeated-measures mixed-effects regression model. A subject
random intercept was included in the regression model to account for repeated measures of
individuals after progression. Eligible patients were patients who progressed and whose progression
was not death.
In the DBd arm 118 patients and 2,736 observations were available while in the Bd arm 108 patients
provided 974 observations for the calculations. At the last visit 25 patients receiving DBd provided
data for the calculations while the sample size for Bd dropped below 20 following the 40th visit which
increased the risk of bias when comparing the treatment arms. Therefore, observed improvements in
utility for the monotherapy phase of DBd have not been implemented because of the absence of
robust evidence at later visits for patients receiving Bd.
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Figure 21: MMY3004 IA2 EQ-5D-3L utility index score over time – 1 prior line population
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9.5

Updated model results

9.5.1

Disaggregated model results

Table 26. Revised base case, disaggregated costs and QALYs, with PAS
Health Outcomes

DBd

Bd

Cd

LY accrued

x.xx

3.73

5.20

LYs accrued: Progression Free
Survival

x.xx

x.xx

x.xx

LYs accrued: Post Progression
Survival

x.xx

x.xx

x.xx

QALY accrued

x.xx

x.xx

x.xx

QALYs accrued: Progression
Free Survival

x.xx

x.xx

x.xx

QALYs accrued: Post
progression Survival
QALYs accrued: Adverse
Events

x.xx

x.xx

x.xx

xx.xx

x.xx

x.xx

PFS Drug Cost

xxxx,xxx

xxxx,xxx

xxxx,xxx

PFS Administration Cost

xx,xxx

xx,xxx

xxx,xxx

PFS Co-medication Cost

xx,xxx

Xxxx

Xxxx

PFS Medical Resource Use

xx,xxx

xx,xxx

xx,xxx

PPS Subsequent Treatment
Drug Cost

xxx,xxx

xxx,xxx

xxx,xxx

PPS Medical Resource Use

xx,xxx

xx,xxx

xx,xxx

Adverse Event Cost

xx,xxx

Xxxx

Xxxx

Terminal Cost

xx,xxx

xx,xxx

xx,xxx

Total Cost

xxxx,xxx

xxx,xxx

xxxx,xxx

Costs

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib and
dexamethasone; LY = life year; PFS = progression-free survival; PPS = post-progression survival; QALY = quality-adjusted life
year.

55

Table 27. Revised base case disaggregated costs and QALYs, without PAS
Health Outcomes

DBd

Bd

Cd

LY accrued

x.xx

3.73

5.20

LYs accrued: Progression Free
Survival

x.xx

x.xx

x.xx

LYs accrued: Post Progression
Survival

x.xx

x.xx

x.xx

QALY accrued

x.xx

x.xx

x.xx

QALYs accrued: Progression
Free Survival

x.xx

x.xx

x.xx

QALYs accrued: Post
progression Survival
QALYs accrued: Adverse
Events

x.xx

x.xx

x.xx

xx.xx

x.xx

x.xx

PFS Drug Cost

xxxx,xxx

xxx,xxx

xxxx,xxx

PFS Administration Cost

xx,xxx

xx,xxx

xxx,xxx

PFS Co-medication Cost

xx,xxx

Xxxx

Xxxx

PFS Medical Resource Use

xx,xxx

xx,xxx

xx,xxx

PPS Subsequent Treatment
Drug Cost

xxx,xxx

xxx,xxx

xxx,xxx

PPS Medical Resource Use

xx,xxx

xx,xxx

xx,xxx

Adverse Event Cost

xx,xxx

Xxxx

Xxxx

Terminal Cost

xx,xxx

xx,xxx

xx,xxx

Total Cost

xxxx,xxx

xxx,xxx

xxxx,xxx

Costs

Bd = bortezomib and dexamethasone; Cd = carfilzomib and dexamethasone; DBd = daratumumab, bortezomib and
dexamethasone; LY = life year; PFS = progression-free survival; PPS = post-progression survival; QALY = quality-adjusted life
year.
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9.5.2

Scenario analysis results

Table 28. Revised scenario analyses results, with PAS
Scenario Regimen
#

1

2

3

4
5

Total
costs (£)

Total
LYG

Total
QALYs

Bd

xxxx,xxx

4.16

Cd

xxxx,xxx

DBd

Pairwise (DBd vs comparator)
Incremental
cost (£)

QALYs
gained

ICER (£ per QALY
gained)

x.xx

xxx,xxx

x.xx

₤36,294

6.21

x.xx

xxxx,xxx

x.xx

DBd dominates

xxxx,xxx

x.xx

x.xx

Bd

xxx,xxx

3.73

x.xx

xxx,xxx

x.xx

₤27,301

Cd

xxxx,xxx

5.20

x.xx

xxxx,xxx

x.xx

DBd dominates

DBd

xxxx,xxx

x.xx

x.xx

Cd

xxxx,xxx

5.32

x.xx

xxxx,xxx

x.xx

DBd dominates

DBd

xxxx,xxx

x.xx

x.xx

Cd

xxxx,xxx

4.21

x.xx

xxxx,xxx

x.xx

DBd dominates

DBd

xxxx,xxx

x.xx

x.xx

Bd

xxx,xxx

3.73

x.xx

xxx,xxx

x.xx

₤32,219

Cd

xxxx,xxx

5.20

x.xx

xxxx,xxx

x.xx

DBd dominates

DBd

xxxx,xxx

x.xx

x.xx

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ICER = incremental cost-effectiveness ratio; LYG = life years gained; PAS = patient access scheme; QALY = quality-adjusted
life year.
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Table 29: Revised scenario analyses results, with PAS
Scenario Regimen
#

1

2

3

4
5

Total
costs (£)

Total
LYG

Total
QALYs

Bd

xxxx,xxx

4.16

Cd

xxxx,xxx

DBd

Pairwise (DBd vs comparator)
Incremental
cost (£)

QALYs
gained

ICER (£ per QALY
gained)

x.xx

xxx,xxx

x.xx

₤53,707

6.21

x.xx

xxxx,xxx

x.xx

DBd dominates

xxxx,xxx

x.xx

x.xx

Bd

xxx,xxx

3.73

x.xx

xxx,xxx

x.xx

₤40,278

Cd

xxxx,xxx

5.20

x.xx

xxxx,xxx

x.xx

DBd dominates

DBd

xxxx,xxx

x.xx

x.xx

Cd

xxxx,xxx

x.xx

x.xx

xxxx,xxx

x.xx

xxxxxxxxxxxxx

DBd

xxxx,xxx

x.xx

x.xx

Cd

xxxx,xxx

x.xx

x.xx

xxxx,xxx

x.xx

xxxxxxxxxxxxx

DBd

xxxx,xxx

x.xx

x.xx

Bd

xxx,xxx

x.xx

x.xx

xxx,xxx

x.xx

xxx,xxx

Cd

xxxx,xxx

x.xx

x.xx

xxxx,xxx

x.xx

xxxxxxxxxxxxx

DBd

xxxx,xxx

x.xx

x.xx

Bd = bortezomib-dexamethasone; Cd = carfilzomib-dexamethasone; DBd = daratumumab-bortezomib-dexamethasone;
ICER = incremental cost-effectiveness ratio; LYG = life years gained; PAS = patient access scheme; QALY = quality-adjusted
life year.

9.5.3

Probabilistic sensitivity analyses results

Figure 22 Probabilistic results on the cost-effectiveness plane, with PAS
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Figure 23 Cost-effectiveness acceptability curves, with PAS

Figure 24 Probabilistic results on the cost-effectiveness plane, without PAS
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Figure 25 Cost-effectiveness acceptability curves, without PAS
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Please read the checklist for submitting comments at the end of this form.
We cannot accept forms that are not filled in correctly.
The Appraisal Committee is interested in receiving comments on the
following:
 has all of the relevant evidence been taken into account?
 are the summaries of clinical and cost effectiveness reasonable
interpretations of the evidence?
 are the provisional recommendations sound and a suitable basis for
guidance to the NHS?
NICE is committed to promoting equality of opportunity, eliminating unlawful
discrimination and fostering good relations between people with particular
protected characteristics and others. Please let us know if you think that the
preliminary recommendations may need changing in order to meet these
aims. In particular, please tell us if the preliminary recommendations:
 could have a different impact on people protected by the equality legislation


than on the wider population, for example by making it more difficult in
practice for a specific group to access the technology;
could have any adverse impact on people with a particular disability or
disabilities.

Please provide any relevant information or data you have regarding such
impacts and how they could be avoided or reduced.
Organisation
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Stakeholder or
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you are
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individual rather
than a registered
stakeholder please
leave blank):
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Please disclose
any past or
current, direct or
indirect links to, or
funding from, the
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Myeloma UK
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Consultation on the appraisal consultation document – deadline for comments 5pm on 2
August 2018
Insert each comment in a new row.
Do not paste other tables into this table, because your comments could get lost – type directly into this
table.

Example 1
1

2

We are concerned that this recommendation may imply that …………..
We welcome the Committee’s recognition that daratumumab (Darzalex®), bortezomib (Velcade®)
and dexamethasone (DVD) is a step-change in the treatment of multiple myeloma and that it delivers
significant survival benefit for patients. (ACD 3.17)
Given past approvals where access has been restricted at this point in the myeloma treatment
pathway, we also welcome the fact that the Committee’s deliberations have not been subject to
restriction such as bortezomib naïve patients only.
We understand the company’s decision to position the treatment at second line only, given the
clinical data and that doing so optimises the clinical and cost effectiveness case for approval. This
decision also addresses continuing unmet need at this point in the treatment pathway (which still
exists despite the welcome news that access to bortezomib retreatment is to become available).
(ACD 3.1)
Effective treatment options are important at all stages of relapse but it is particularly important to
ensure that patients get the best and deepest responses at an early stage in their myeloma. Patients
therefore feel strongly that treatments with innovative mechanisms need to be made available much
earlier in the pathway. However, approval of DVD at this point in the pathway will be disappointing to
those patients who are beyond first relapse; particularly given the fourth line only restriction placed on
daratumumab monotherapy.
The increased number of effective treatments available for myeloma is welcome and means a great
deal to patients. However, it has heightened the need to take a whole pathway approach to drug
approvals in myeloma. In this context, we will continue to work with all stakeholders to widen access
to innovative treatments like DVD, so that it delivers optimum patient benefit.

3

4

We welcome the Committee’s recognition of the consensual evidence presented by the patient and
clinical experts and the Cancer Drugs Fund (CDF) Clinical Lead that the Progression Free Survival
(PFS) delivered by DVD is a “game-changing” treatment effect. (ACD 3.6)
We know from our extensive engagement with patients and from findings from our Health Services
Research programme that PFS is very highly valued by patients. Longer and deeper remissions also
help prevent the bone and organ damage which is so debilitating for patients and which can be
expensive to treat.
We welcome the Committee’s acknowledgement of the evidence presented that available data shows
a significant improvement in overall survival (OS) with the risk of death reduced by 50% compared
with bortezomib and dexamethasone (VD). (ACD 3.7)
We do not agree with the Committee’s interpretation of the data presented on this issue as
“immature” or that data were collected over a “short time”. (ACD 1.2). CASTOR was a Phase III trial
with a follow-up of nearly three years. We believe strongly that the combination of PFS and OS
benefit demonstrated in CASTOR is compelling evidence of its effectiveness.
We understand why improvements in OS are valued by HTA systems. However, demonstrating
definitive OS benefit within the “real world” timescale required to deliver effective treatments to
patients is becoming increasingly challenging. It is essential that improvements in survival do not
perversely make it harder for drugs to be approved through HTA processes. Patients have told us
that this approach risks penalising myeloma patients for living longer.
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August 2018

5

6

We welcome the Committee’s recognition of the fact that daratumumab is an innovative treatment.
The Committee is aware from consideration of previous myeloma treatments that delivering effective
treatments options with differing mechanisms of action is vital for patient’s survival and for a
treatment pathway that will deliver the best results.
In summary, we welcome the extent to which the Committee has recognised the significant survivial
benefit delivered by DVD, and the consensus which exists around its clinical effectiveness. We also
welcome its recognition of daratumumb as an innovative and “game changing” treatment in myeloma.
There continues to be unmet need in the treatment of myeloma, and especially at this point in the
treatment pathway where no novel triplet combination is available.
The patient community is very clear that where there is agreement that a drug is this clinically
effective it should be made available on the NHS. It is therefore vital that the company, NHS and
NICE work together to ensure that it can be delivered.
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• If you have received agreement from NICE to submit additional evidence with your
comments on the appraisal consultation document, please submit these separately.
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not to publish them at all, if we consider the comments are too long, or publication would be
unlawful or otherwise inappropriate.
Comments received during our consultations are published in the interests of openness and
transparency, and to promote understanding of how recommendations are developed. The
comments are published as a record of the comments we received, and are not endorsed by
NICE, its officers or advisory committees.
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aims. In particular, please tell us if the preliminary recommendations:
 could have a different impact on people protected by the equality legislation


than on the wider population, for example by making it more difficult in
practice for a specific group to access the technology;
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disabilities.
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1

The provisional recommendations are not a sound and suitable basis for guidance to the NHS – they
ignore the hugely favourable positive effects of the daratumumab / bortezomib / dex combination for
relapsed myeloma patients and the committee should urgently reconsider their recommendation. The
magnitude of benefit seen is unprecedented in this setting and the combination is consider a game
changing combination.

1

It is not made clear that there is currently a significant unmet need for 2nd line myeloma therapy for
patients who have previously been treated with bortezomib (as a direct result of the bortezomib naïve
subgroup NICE approved carfilzomib / dexamethasone for TA457). NHSE have not yet approved
bortezomib retreatment and basing the appraisal on this assumption contradicts normal NICE
processes. If it does approve retreatment it should be noted that responses and durations of response
are much less than those for bortezomib naïve patients. Allowing bortezomib retreatment will be only
a minor improvement for myeloma patients and whilst welcomed is certainly not as favourable a move
forward as the ACD text suggests
It is clear that there is an enormous advantage for daratumumab / bortezomib / dex over bortezomib /
dex at 2nd line in terms of overall responses, depth of response (greater MRD negative, greater
complete responses) and progression free survival – a difference of this magnitude is unprecedented
in myeloma phase 3 trials

2

3

Clinical experience would not suggest that prior lenalidomide exposure will reduce responses to
bortezomib / dex or daratumumab / bortezomib / dex and therefore using this as an argument for
uncertainty is incorrect.

4

It should be recognised that to observe an overall survival advantage with short follow-up for a
myeloma phase 3 trial at 2nd line is uncommon and this demonstrates the clear early advantages seen
of daratumumab / bortezomib / dex over bortezomib / dex – it is unlikely that this benefit will reduce
over time only increase

5

We refute that there is not clear evidence for an association between MRD negative status and
overall survival. This has been clearly established
The negative associations of 17p deletion are well established (the single most sensitive genetic
predictor for poor survival for myeloma) and therefore bias the outcomes of the Phase 3 trial in favour
of bortezomib / dexamethasone thereby underestimating the positive effects of daratumumab /
bortezomib / dex

6

7

The daratumumab / bortezomib / dexamethasone is a game changing combination for relapsed
myeloma patients particularly at 2nd line. Not finding common ground with pharma to approve this
treatment will disadvantage a large proportion of myeloma patients, and will contribute to worse
survival for myeloma patient compared with other countries that have access to this treatment.

8

The overall appraisal process remains flawed with binary evaluation approaches and exclusion of
clinicians from discussions surrounding the ICER. This process is not sufficiently patient focused. The
process is biased against those interventions which are added to existing therapies as they bear the
cost of the existing therapy in the ICER regardless of whether or not the combinations appears truly
synergistic (as daratumumab / bortezomib / dexa appears to be)
When considering the treatment pathway for myeloma it is acknowledged that there are now multiple
therapies available. However, it should be clearly recognised that only ~50% of patients will be able to

9
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be treated with a 3rd line therapy due to the accumulation of myeloma morbidity, treatment toxicities,
medical co-morbidities and patients choice (Yong et al 2017). It is critical to therefore ensure that the
best possible therapies are available as early in the pathway as possible to maximise the benefits
gained from them and thereby maximise both quality and length of life.
Insert extra rows as needed
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1

Amgen believe that on the balance of evidence, particularly the uncertainty associated with
the indirect comparative effectiveness estimates, it is not feasible for the Committee to
‘expect’ the daratumumab combination (DVd) to be ‘better’ than carfilzomib plus
dexamethasone (Kd).
In Section 3.10 of the draft ACD it is acknowledged that the clinical effectiveness of DVd compared
with Kd is ‘unclear’. The results informing clinical effectiveness estimates are derived from a network
meta-analysis (NMA) of the second-line subgroups from CASTOR and ENDEAVOUR. Although the
point estimates for both progression free survival (PFS) and overall survival (OS) favoured the
daratumumab arm, several factors should be taken into account when interpreting these outcomes:
• As indicated by the Committee, there are important differences in terms of prior treatment
received in the second line subgroup between the DVd and Vd arms in CASTOR, specifically
with respect to those who received prior lenalidomide and those refractory to prior treatment
•

It is clear that administration of bortezomib for a fixed number of cycles (CASTOR) compared
to bortezomib administered until progression (ENDEAVOR) biases the results against
carfilzomib [this point is discussed further in Comment 3]

During the Committee Meeting clinical experts noted that “there was no evidence to suggest that
previous lenalidomide therapy modifies the effect of subsequent treatments”; however, “the
Committee did not see any evidence to the contrary either”. Data from the Amgen sponsored
ENDEAVOR trial suggests that patients that have had prior lenalidomide or are refractory to
lenalidomide have poorer outcomes than those that have not received prior lenalidomide. For
example, based on subgroups from the ITT population, patients receiving Vd and who had no prior
lenalidomide achieved a median PFS of 10.2 months.1 This is compared to 7.3 and 6.6 months for
those who received prior lenalidomide and those who had received prior lenalidomide and were
refractory to it, respectively.1 Furthermore, during appraisal TA457 it was acknowledged that
differences in factors that are strongly related to the outcome can cause bias in the treatment effect
estimate and those considered to be predictive/prognostic factors for PFS/OS should be adjusted.
The accepted methodology applied in TA457 captured the opinion of two leading UK-based haematooncologists who identified prior lenalidomide as a potential risk factor. Therefore, by not correcting for
baseline imbalances, the efficacy of Kd compared to DVd will be underestimated.
In addition, as we discuss in Comment 3, it is imperative that the differences in the treatment duration
of Vd between ENDEAVOR and CASTOR is taken into account to obtain an unbiased estimate of
relative efficacy and interpret the clinical outcomes appropriately. The presented NMA does not
account for this important difference and thus is likely to underestimate the benefit of Kd versus DVd.
Of note, when an adjustment was made to the duration of bortezomib treatment by the evidence
review group (ERG), in line with TA457, the Committee concluded that ‘carfilzomib plus
dexamethasone had near-identical modelled survival to daratumumab plus bortezomib and
dexamethasone’ which is aligned with our own interpretation of the data.
In conclusion, the evidence base to ‘expect’ the daratumumab combination to be ‘better’ as is
currently reported in the draft ACD is weak. Amgen support the Committee’s acknowledgement
of the novel mechanism of action of the daratumumab combination and the potential
advantages that may transpire in managing patients with highly individualised treatment
needs; however, any resulting guidance should remain evidence-based when commentating
on the comparative clinical results between Kd and DVd.
1.

Moreau, P., et al. "Impact of prior treatment on patients with relapsed multiple myeloma treated with carfilzomib and
dexamethasone vs bortezomib and dexamethasone in the phase 3 ENDEAVOR study." Leukemia 31.1 (2017): 115
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2

The Company’s estimates of survival are inconsistent with the accepted modelling approach
for Kd validated in TA457
From the Committee Slides presented at the 6th June NICE Committee Meeting, the mean overall
survival estimates based on the Company’s and ERGs modelling assumptions were presented. For
the Kd arm, the Company estimated a mean PFS of [commercial in confidence information removed]
and an OS of [commercial in confidence information removed]. This was in contrast to the ERG
estimates of [commercial in confidence information removed] and [commercial in confidence
information removed] for PFS and OS, respectively.1 It is important to note that the Company
estimates of PFS and OS significantly underestimated the mean survival time derived from the
economic evaluation accepted by the NICE Committee during appraisal TA457. Based on this
validated model approach, PFS and OS for Kd were estimated to be 2.2 years and 7.1 years,
respectively, and are very closely aligned to the ERG estimates above.
This notable discrepancy highlights the challenges in estimating the comparative efficacy of DVd
versus Kd (as discussed above), and is indicative that the ERGs approach to analysing the available
data may better reflect the true survival benefit associated with Kd. This point is further supported by
the following observations:
• The Company’s modelled survival estimates of Kd is similar to the modelled survival
estimates of Vd (mean [commercial in confidence information removed] versus [commercial
in confidence information removed]) which is inconsistent with the statistically significant
reduction in risk of death observed in the intention-to-treat (ITT) analysis of ENDEAVOR (HR
0.79, 95% CI 0.63–0.92).2 In the TA457 economic evaluation, this translated to a mean OS
increase >2 years for Kd versus Vd in the relevant subgroup population.
•

In contrast, the ERGs estimates demonstrate a ‘near-identical’ modelled survival for DVd
versus Kd which is consistent with the HRs reported for OS in the ITT analyses of CASTOR
and ENDEAVOR (0.77 versus 0.79, respectively)

On the balance of evidence, Amgen believe that the ERGs approach better represents the survival
benefit of Kd which is more closely aligned with the modelling approach accepted by the NICE
Committee during TA457. It is worth noting that the primary factor driving this discrepancy in survival
estimates is whether an adjustment is made for the differences in the duration of Vd treatment
between CASTOR and ENDEAVOR. This point is discussed further below.
1.
2.

3

Data was presented during the 6th June NICE Committee Meeting at which Amgen representatives attended. However,
the specific slide referred to here is no longer included in the published Committee Papers. As a precaution, this
information has been highlighted as commercial–in–confidence.
Dimopoulos, Meletios A., et al. "Carfilzomib or bortezomib in relapsed or refractory multiple myeloma (ENDEAVOR): an
interim overall survival analysis of an open-label, randomised, phase 3 trial." The Lancet Oncology 18.10 (2017): 13271337.

The Committee acknowledged that adjusting the Kd survival estimates to account for the
differences in Vd treatment duration is appropriate
Amgen maintain that an adjustment to the duration of bortezomib treatment is a necessary
requirement to obtain an unbiased estimate of the relative efficacy of DVd versus Kd. In CASTOR,
the bortezomib treatment duration was limited to 8 cycles, whereas in ENDEAVOR bortezomib was
given continuously until disease progression or unacceptable toxicity with no upper limit on the
number of cycles. During the appraisal meeting the Company suggested that an adjustment may not
be necessary given that the cumulative dose is similar between the two trials – however, Amgen
believe that this statement is inconsistent with the available evidence base. The key rationale
supporting this position is outlined and discussed below.
Scientific understanding of the proteasome1, 2
Bortezomib is a reversible proteasome inhibitor to which myeloma cells are sensitive. In a clinical
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study (supported by Millennium Pharmaceuticals) the proteasome inhibition (with bortezomib) was
measured after administration of bortezomib and investigators found that proteasome function
recovered within 72 hours after dosing. Therefore, it seems reasonable to assume that the efficacy of
bortezomib is related to the duration of therapy, as opposed to the cumulative dose received, as
there were no long term effects on the proteasome observed after bortezomib administration.
Impact of Vd treat-to-progression in ENDEAVOR
A recent analysis based on updated PFS data from CASTOR aimed to estimate how the efficacy of
Kd versus Vd would have differed had Vd been given for up to 8 cycles, using a matching adjusted
indirect comparison (MAIC) with Vd patients enrolled in the CASTOR clinical trial. 3 This approach
was accepted by NICE during the TA457 appraisal to account for the potential bias of Vd treatmentto-progression which does not reflect use in clinical practice. The analyses demonstrated
unequivocally that the duration of Vd treatment has a significant impact on PFS and OS.
A subsequent analysis comparing PFS with Vd in PANORAMA-1 (Vd treatment up to 48 weeks)
versus ENDEAVOR (Vd treatment till progression) was performed to assess whether a consistent
effect of longer Vd treatment duration can be demonstrated. The analysis was based on the same
methodology as accepted by NICE during the TA457 appraisal. The results suggested that despite
longer treatment duration of Vd in PANORAMA-1 than in CASTOR, there was still an additional risk
of progression or death if patients stopped Vd treatment after 48 weeks vs. continuous Vd treatment.
Both analyses highlight the necessity for an adjustment to treatment duration to be taken in to
account when deriving comparative efficacy estimates of Kd versus DVd.
Cumulative dose in ENDEAVOR versus CASTOR
Based on the data available to Amgen, we believe that it is highly unlikely that the cumulative dose of
Vd is similar in ENDEAVOR and CASTOR. The mean treatment duration observed in ENDEAVOR
was 41 weeks. Comparatively, the mean treatment duration from CASTOR was estimated to be 18
weeks based on the previously published information that 57.4% patients completed 8-cycles of Vd.4
Given that in both trials bortezomib was administered on Days 1, 4, 8, and 11 of 21-day treatment
cycles at a dose of 1.3 mg/m2, it would appear unlikely that the cumulative dose be consistent.
Additional evidence base – ALCYONE study5
Further evidence to support that the duration of dosing is related to efficacy comes from the Janssen
sponsored ALCYONE study. This is a study comparing daratumumab, bortezomib, melphalan and
prednisolone vs bortezomib, melphalan and prednisolone (VMP) in newly diagnosed multiple
myeloma patients. Patients in the VMP arm received up to nine 42 day cycles of treatment (378
days).
The PFS Kaplan-Meier curve (not reported here) shows a dramatic increase in the disease
progression in patients randomised to the VMP (control) arm after completion of nine cycles of
therapy (~12 months timepoint). Specifically, at 12 months, the PFS was 76%, which translates to a
24% risk of progression or death during the first 12 months. At 18 months, the PFS was 50.2%, which
translates to a 34% risk of progression or death during this next 6-month period.
This study effectively demonstrates that continuous VMP results in a reduced rate of progression –
thus, the suggestion from the Company that the 8 cycles of Vd administered in CASTOR would be
equivalent to a longer duration of therapy is not supported by this finding. In contrast, the ALCYONE
study provides compelling evidence to suggest that the duration of therapy is closely linked to
outcomes.
In conclusion, based on the available evidence, Amgen do not agree that a similar cumulative
dose of Vd was observed between ENDEAVOR and CASTOR. Amgen maintain that an
adjustment to the duration of bortezomib treatment is a necessary requirement to obtain an
unbiased estimate of the relative efficacy of DVd versus Kd.
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1.
2.
3.

4.
5.

Orlowski, Robert Z., et al. "Phase I trial of the proteasome inhibitor PS-341 in patients with refractory hematologic
malignancies." Journal of Clinical Oncology 20.22 (2002): 4420-4427.
Yong, Kwee, et al. "The start of a new wave: developments in proteasome inhibition in multiple myeloma." European
journal of haematology (2018).
Weisel, Katja et al. “Carfilzomib and dexamethasone versus 8 cycles of bortezomib and dexamethasone: an indirect
comparison and exploratory analysis of the efficacy and safety of the randomized, phase 3 Endeavor trial”. 2018
Available at:https://learningcenter.ehaweb.org/ eha/2018/stockholm/
216023/katja.weisel.carfilzomib.and.dexamethasone.versus.8.cycles. of.bortezomib.and.html. Last Accessed: Aug 2018
Palumbo, Antonio, et al. "Daratumumab, bortezomib, and dexamethasone for multiple myeloma." New England Journal of
Medicine 375.8 (2016): 754-766.
Mateos, María-Victoria, et al. "Daratumumab plus bortezomib, melphalan, and prednisone for untreated myeloma." New
England Journal of Medicine 378.6 (2018): 518-528.
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1
2

It is unclear whether the complex PAS for bortezomib which is in operation for TA129 has
been offered for this appraisal and therefore applied in calculating the cost-effectiveness of
daratumumab plus bortezomib and dexamethasone.
Section 3.2 states that “it [the committee] therefore determined the relevant comparators
based on the future treatment pathway”. As such, lenalidomide plus dexamethasone is also
a relevant comparator for patients who have had bortezomib at first line when stem cell
transplantation was not suitable, given the associated appraisal (ID667, part-rev TA171) is
currently suspended. However, this is not considered in the appraisal consultation
document.
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Example 1

1

We are concerned that this recommendation may imply that …………..

Has all of the relevant evidence been taken into account?
As previously communicated to NICE, Takeda UK believes that ixazomib (as the ixazomib +
lenalidomide + dexamethasone [IRd] regimen – TA505) should have been included in the
scope for this appraisal (ID974) as a comparator for people who have had either 2 or 3
previous therapies.
This is because ixazomib, given as the IRd regimen, became available to new patients via
the Cancer Drugs Fund (CDF) on 19th December 2017 while the Final Scope for the ID974
appraisal was published on 3rd January 2018. For example and by way of comparison, we
note that daratumumab monotherapy was included as a comparator in the ID974 appraisal
(“subject to ongoing NICE appraisal”) for people who have had 3 previous therapies, even
though it was not added to the CDF until 17th January 2018 (i.e. almost a month later than
ixazomib was added to the CDF).
As an all-oral, triplet combination we believe ixazomib (given as the IRd regimen) is an
important and convenient treatment option for patients, carers, healthcare professionals and
the wider NHS.
We believe there is an error on Slide 6 of the Pre-Meeting Briefing (i.e. page 8 of the
Committee Papers) in that ixazomib is not included as a Proteasome Inhibitor option. By
contrast, we note that both elotuzumab and bendamustine are included on Slide 6 of the
Pre-Meeting Briefing as treatment options even though the former has had its NICE
appraisal terminated while the latter has no Marketing Authorisation in the UK for this
indication (although it is available via the CDF).
However, in line with TA505, we do acknowledge that ixazomib is correctly positioned as a
3rd or 4th line treatment option that is available via the CDF on the following pages within the
Committee Papers – pages 9, 12, 59, 92 and 93.
We have no further comments relevant to this question.

2

Are the summaries of clinical and cost effectiveness reasonable
interpretations of the evidence?
We have no comments.
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3

Are the provisional recommendations sound and a suitable basis for guidance
to the NHS?
We have no comments.
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Comments on the ACD:
I comment as a patient with myeloma who has benefitted enormously from
daratumumab combination therapy (accessed in my case through clinical trial
participation). The CASTOR study demonstrates that my experience is far from
unique. Prolonged disease control achieved by a comparatively non-toxic treatment
is much better than multiple relapses and subsequent remissions with their
associated physical and emotional traumas. The overall survival data from CASTOR
may be immature, happily because at the time of the last published analysis
comparatively participants in either arm of this study had died. Nevertheless, the
current information clearly indicates that the PFS gain from daratumumab will
translate into an unequivocal overall survival gain with time. It would be a disservice
to my fellow patients were Janssen-Cilag and NICE to fail to agree an access
scheme or for NICE to defer a decision until the overall survival data from CASTOR
is more â€œmatureâ€•.
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1

Introduction

The NICE Appraisal Consultation Document (ACD) issued in July 2018 did not recommend
daratumumab plus bortezomib and dexamethasone for previously treated multiple myeloma.
The ACD specified the committee’s preferred modelling assumptions and requests for
additional information and sensitivity analyses, which we summarise in Table 1 below.
Table 1: Committee’s preferred modelling assumptions and uncertainties
Key issues

Committee’s preferred
assumptions (ACD 3.15)

Key outstanding uncertainties
(ACD 3.16) and other issues

1. Long term
survival

Extrapolation of overall survival

High uncertainty over
extrapolations due to short-term
and immature data (ACD 3.12)

2. Generalisability
of subgroup
data

• For comparators Bd and Cd:
reflect plausible 10-year
survival estimates of
between 5% to 10%
• For DBd: 20-year survival
estimates lower than the
company’s extrapolations
using the log-logistic curve,
and closer to ERG estimate
using the Weibull curve
Using data from the second-line
sub-group rather than the
second-line bortezomib-naive
subgroup

Other uncertainties noted:
•

•

possible association between
minimal residual disease
(MRD) and long-term survival
(ACD 3.8);
method of adjustment for
subsequent treatments not
used in NHS (ACD 3.9)

Generalisability of second-line
subgroup for comparison with
carfilzomib, as patients in England
would not have had previous
bortezomib. (ACD 3.11)
Committee also noted uncertainty
due to differences between
treatment arms in the second-line
subgroup. (ACD 3.5)

3. Bortezomib dose
in ENDEAVOR

Adjusting to account for people
having bortezomib for longer
than is stipulated in its
marketing authorisation in
ENDEAVOR

Uncertainty over comparison with
carfilzomib due to lack of data on
cumulative bortezomib dose in
ENDEAVOR and CASTOR trials,
and relationship with outcome
(ACD 3.13)

4. Post progression
utility

Assuming a greater decrease in
utility after disease progression
than that currently modelled by
the company

Committee requested clarification
over method for utility estimation
from CASTOR (ACD 3.14)
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The company response to the ACD included additional information related to the four key
areas of uncertainty and a revised economic model with updated results from the CASTOR
trial. We critique the company’s response to the four key issues in sections 2 to 5 below and
summarise results from the company’s revised model in section 6.
The cost-effectiveness results throughout this report are based on list prices for all
medications. These do not reflect actual costs in the NHS, as a commercial arrangement
has been agreed for daratumumab in combination with bortezomib and there are also
existing arrangements for other concomitant, comparator and subsequent treatments. We
report cost-effectiveness results with all agreed price discounts in a confidential addendum.

2

Long term survival

The company explains how they have sought to address uncertainties over survival in
section 2 of their response to the ACD. This includes updated analysis of the CASTOR trial
and revised survival extrapolations for second-line daratumumab with bortezomib and
dexamethasone (DBd) and for the comparator bortezomib with dexamethasone (Bd) – see
sections 2.1, 2.2 and 2.3 below. The company response also includes more information
about the method used to adjust OS for subsequent treatments not available in England and
new estimates of the relationship between minimal residual disease (MRD) and overall
survival, which we discuss in sections 2.4 and 2.5 respectively.
2.1

Update of CASTOR survival data

Updated analysis of the CASTOR trial extends median follow-up by 4.3 months, from 26.9 to
31.2 months. The company used the updated data to fit new curves for overall survival (OS),
progression free survival (PFS) and time to treatment discontinuation (TTD) for the secondline patient subgroup, which are used in the revised economic model.
Impact of new data on clinical effectiveness
We show the original and updated Kaplan-Meier (KM) plots for second-line OS in Figure 1
below.
*********************************************************************************************************
*********************************************************************************************************
*********************************************************************************************************
*********************************************************************************************************
*********************************************************************************************************
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*********************************************************************************************************
*************************************************
Table 2 Survival estimates from the CASTOR trial, second-line subgroup

Original submission

Updated

(26.9 months median follow-up)

(31.2 months median follow-up)

Bd

DBd

Bd

DBd

Overall survival
Events, n (%)

40/113 (35.4)

25/122 (20.5)

***

***

Censored, n (%)

NR

NR

***

***

Median (95% CI)

NE

NE

***

***

0.50 (0.30, 0.84)

-

***

-

***

-

***

94/113 (83.2)

60/122 (49.2)

***

***

Censored, n (%)

NR

NR

***

***

Median (95% CI)

7.9 (6.8, 9.0)

26.2 (21.2, NE)

***

***

-

0.23 (0.16, 0.33)

-

***

Events, n (%)

NR

NR

***

***

Censored, n (%)

NR

NR

***

***

Median (95% CI)

NR

NR

***

***

-

0.44 (0.26, 0.76)

-

***

HR (95% CI)
Adjusted HR a
Progression free survival
Events, n (%)

HR (95% CI)
Time to discontinuation

HR (95% CI)

Bd = bortezomib with dexamethasone; DBd = daratumumab with bortezomib and dexamethasone; CI
= confidence interval; HR = hazard ratio; NE = not established; NR = not reported.
Hazard ratio for OS adjusted for subsequent treatments not available in the NHS in England using
inverse probability of censoring weights (IPCW) method, see section 2.4 below
a

Sources: Company submission Table 15 and Company response to ACD Tables 1, 19 and 20

ERG conclusion: The updated CASTOR analysis shows that the survival advantage of
second-line daratumumab with bortezomib and dexamethasone compared with bortezomib
and dexamethasone alone persists over an additional 4.3 months of follow up. However, the
additional information provided by the update is modest, leading to a **************** of the
estimated relative effect on survival and no decrease in uncertainty. We therefore do not
expect that the update should make much difference to the cost-effectiveness results.

Page 3 of 26

Confidential

Original submission (median follow-up 26.9 months)

Updated OS data (31.2 months median follow up)

Solid lines, daratumumab with bortezomib and dexamethasone (DBd); dotted lines, bortezomib with dexamethasone (Bd/Vd)

Figure 1 Kaplan-Meier plots of overall survival from the CASTOR trial, second-line population
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2.2

Extrapolation for bortezomib with dexamethasone

The company’s original base case included a Gompertz extrapolation of overall survival for
Bd, which predicted that no patients would be alive after 10 years. The committee concluded
that a plausible clinical estimate was that around 5% to 10% of people currently having
second-line treatment for multiple myeloma would survive for 10 years. The ERG’s preferred
distribution of Weibull gave an estimated 10-year survival of 9%, which the committee
considered more in line with clinical expert opinion.
We show the company’s revised parametric OS curves fitted to the updated CASTOR data
in Figure 2 and summary statistics in Table 3. As in the original submission, the OS curves
are adjusted for subsequent treatments not available in the NHS in England (see section 2.4
below). We note differences between the AIC/BIC statistics reported in the company’s ACD
response document (Table 3 page 10) and those in the revised model. It is not apparent
which set of statistics is correct, but they do not lead to substantively different conclusions.
Table 3: Updated OS extrapolations (adjusted), CASTOR Bd second-line subgroup

Survival
function
Weibull
Log-normal
Log-logistic
Exponential
Gamma
Gompertz

Fit to trial data
(ACD response)
AIC (rank) BIC (rank)
432.1 (3)
437.6 (3)
433.0 (5)
438.5 (5)
432.0 (2)
437.4 (2)
430.3 (1)
433.0 (1)
434.0 (6)
442.2 (6)
432.2 (4)
437.7 (4)

Fit to trial data
(updated model) a
AIC (rank) BIC (rank)
304.8 (2)
310.3 (2)
305.7 (5)
311.1 (4)
304.8 (2)
310.3 (2)
303.2 (1)
305.9 (1)
306.8 (6)
315.0 (5)
305.0 (4)
310.5 (3)

OS predictions
10 years
11.6%
31.8%
24.4%
16.4%
16.3%
5.7%

20 years
1.0%
18.5%
12.3%
2.7%
3.3%
0.0%

AIC = Akaike information criterion; BIC = Bayesian information criterion; OS = overall survival
Adjusted for subsequent treatments that are not available in the NHS in England using inverse probability of censoring
weights (IPCW) method, see section 2.4 below
a AIC/BIC statistics reported in the company’s ACD response document differed from those in the revised economic
model.
Source: Company ACD response Table 3, 10 and 20-year survival predictions from revised company model

Goodness of fit to trial data
Visual inspection of the parametric OS curves in Figure 2 shows that they all have a similar
fit to the updated CASTOR data, with the exception of the log-normal. The AIC and BIC
statistics in Table 3 are most favourable for the exponential, followed by the log-logistic,
Weibull and Gompertz. However, the absolute differences in AIC and BIC values for these
four distributions are small, so it is unclear which curve best fits the data although their longterm OS predictions are very different.

Page 5 of 26

Confidential
Clinical plausibility of extrapolations
The company use a Gompertz distribution to extrapolate overall survival with Bd in their
revised base case model. They argue that with the updated trial data, the Gompertz gives
the most clinically plausible results, as predicted survival at 10 years is 5.7%, which falls
within the committee’s clinically plausible range of 5%-10%. The company also reports costeffectiveness results with a Weibull distribution for Bd (Scenario 1), but noting that this gives
a more optimistic prediction of 11.6% survival at 10 years.
External validation
The company validates their choice of OS curve for Bd by comparing mean life years
estimated from their revised model and the carfilzomib appraisal (TA457) – see Table 4 in
the company ACD response. Survival expectations from the updated CASTOR results are
better than from ENDEAVOR data in TA457, but this difference is smaller with the Gompertz
extrapolation (5 months) than with the Weibull (9 months).a We acknowledge this point, but
note that the comparison of estimates from single arms of the CASTOR and ENDEAVOR
trials may not be reliable, given differences in the trial populations and methods.
To supplement our critique, we also compare the OS curves in Figure 2
with long-term survival results for patients treated with bortezomib after one or more
previous treatment (Orlowski et al. 2016).1 We refer to this study due to the long follow up
(median 8.6 years) and because it was used for validation in the original company
submission (Figure 23) and ERG report (Figure 12), and also in the carfilzomib appraisal
(TA457). The Orlowski KM initially shows a lower mortality rate than the updated CASTOR
KM, but after nearly 9 years of follow up approximately 15% of patients were still alive,
similar to the Weibull extrapolation from CASTOR. As with the ENDEAVOR comparison,
caution is advised in interpreting the comparison of single arms from the CASTOR and
Orlowski trials.
ERG conclusion: The company’s updated CASTOR analysis gives more favourable
predictions of long-term survival for second-line bortezomib and dexamethasone than the
analysis in the original submission. We consider that the Gompertz and Weibull curves offer
a similar fit to the updated CASTOR data with predictions of 10 year survival that are close
to the committee’s plausible range of 5 to 10% at 10 years.

The company cites the accepted TA457 estimate as 3.41 life years (ACD response Table 4).
However, mean life years for Bd associated with the preferred ICER is given as 3.34 in the TA457
ERG’s review of additional evidence, dated April 2017. This point does not substantively affect
arguments over the relative magnitude of life year estimates from TA457 and the current appraisal.
a
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Figure 2 Parametric extrapolations of OS for second-line Bd, updated CASTOR data (adjusted)
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2.3

Extrapolation for daratumumab with bortezomib and dexamethasone

The original company base case assumed a log-logistic curve to extrapolate OS for secondline DBd, which implied that 40% of patients would survive to 10 years and 22% to 20 years.
Based on clinical expert opinion, the committee concluded that this was an overestimate,
even accounting for potential survival benefits from increased incidence of minimal residual
disease with DBd. They considered it plausible that 20-year survival would be closer to the
ERG estimate of 6.6%, based on a Weibull extrapolation.
Turning to the updated CASTOR data, we show reported AIC/BIC statistics and long-term
survival predictions from parametric survival models for second-line DBd in Table 4. These
estimates are independently-fitted to the CASTOR DBd arm and adjusted for subsequent
treatments, using the IPCW method (see section 2.4). Based on the updated Weibull curve,
the predicted 20-year survival rate is 11%. We note that the company ACD response
document reported 20-year survival as 35.7% for the log-normal and 26.4% for the loglogistic, which do not match results from the revised model. Corrected figures are shown in
Table 4 below.
Table 4: Updated OS extrapolations (adjusted), CASTOR DBd second-line subgroup

Survival
function

Fit to trial data
(ACD response)

Fit to trial data
(revised model) a

OS predictions

AIC (rank)

BIC (rank)

AIC (rank)

BIC (rank)

10 years

20 years

Weibull

328.3 (3)

333.9 (3)

265.2 (3)

270.8 (3)

36.4%

11.2%

Log-normal

330.4 (6)

336.0 (5)

266.8 (6)

272.4 (5)

54.8%

39.8%

Log-logistic

328.9 (4)

334.5 (4)

265.7 (4)

271.3 (4)

45.7%

27.3%

Exponential

327.0 (1)

329.8 (1)

263.5 (1)

266.3 (1)

42.6%

18.1%

Gamma

329.8 (5)

338.2 (6)

266.7 (5)

275.1 (6)

15.2%

0.0%

Gompertz

327.2 (2)

332.8 (2)

264.1(2)

269.7 (2)

1.7%

0.0%

AIC = Akaike information criterion; BIC = Bayesian information criterion; OS = overall survival
Adjusted for subsequent treatments that are not available in the NHS in England using inverse probability of censoring
weights (IPCW) method, see section 2.4 below
a

AIC/BIC statistics in the company’s ACD response document differed from those in the revised economic model.

Source: Company ACD response Table 7 and 8, 10 and 20-year survival predictions from revised company model

Goodness of fit to trial data
As for Bd, the AIC and BIC statistics reported in the company’s ACD response document
differ from those in the revised economic model. It is not clear which set of statistics is
correct, but they show a similar ranking of how well the parametric curves fit the trial data.
The lowest AIC and BIC statistics are for the exponential, suggesting that it has the best fit,
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followed by the Gompertz, Weibull and log-logistic. However, we consider that none of the
parametric extrapolations offer a good visual fit to the KM plot (see Figure 3 below).
Clinical plausibility of extrapolations
It is apparent from comparison with survival expectations under current treatment (5-10%
alive at 10 years), that the Gompertz and gamma extrapolations for DBd are too pessimistic.
At the other end of the range, the log-normal extrapolation for DBd is unrealistically
optimistic, with nearly 40% of patients predicted to survive 20 years. This leaves a choice
between Weibull, exponential or log-logistic.
The company states that 20-year predictions for the Weibull (11%) and log-logistic (27%) are
both clinically plausible, given the “unprecedented” levels of MRD negativity observed with
daratumumab (***** at second-line in revised CASTOR analysis, ******** 16.4% in the
original submission) and the expectation that many of these patients would live for 20 years see section 2.5 below. They go on to note the decreasing risk of death over time in the
daratumumab monotherapy trials (Figure 4 in the ACD response), arguing that this trend lies
between the increasing trend in hazard with the Weibull and decreasing trend with the loglogistic extrapolations of DBd from CASTOR (Figures 6 and 7 in the ACD response). The
company therefore proposes the exponential curve as a compromise, with survival
predictions (18% at 20 years) lying between the Weibull and Log-logistic.
We also note methodological guidance to use the same parametric function for extrapolating
survival curves for intervention and comparator arms (DSU TSD14). This would tend to
favour the Weibull distribution, which has a reasonable fit to both arms of the CASTOR trial
and provides clinically plausible long-term extrapolations. Use of a Weibull function for the
carfilzomib and dexamethasone comparator would also offer consistency with the preferred
extrapolation in TA457. The exponential might be considered as an alternative extrapolation
for OS, although it gives more optimistic survival estimates for Bd, which might not be
considered realistic.
ERG conclusion: We consider that the Weibull extrapolation of updated CASTOR data,
which estimates 20-year survival at 11%, offers the best match to the committee’s estimate
of a clinically plausible long-term prediction of survival for patients treated with daratumumab
plus bortezomib and dexamethasone at second-line. The Weibull also has the merit of
providing a fair fit to trial data and plausible long-term extrapolations for the comparator
treatments. We also present results for a scenario with an exponential survival distribution
for all comparators.
9
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We note that the company did not include updated KM curves in the model – as a result, the
ERG was unable to verify the latest dataset.The choice between parametric extrapolations of
the OS curve was hampered by the lack of diagnostic plots, thus we could not tell whether
the proportional hazards assumption was met. The company had not explicitly stated if they
have updated the NMA with the updated dataset, although we note that the HRs reported in
the latest model did not vary from those reported in the original model, except for the
inclusion of an adjusted HR for OS.

10
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Figure 3 Parametric extrapolations of OS for second-line DBd, updated CASTOR data (adjusted)
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2.4

Adjustment of OS for subsequent treatments

The updated OS data have been adjusted using the same methodology as in the original
submission to take account of the fact that some patients received subsequent treatments
which are not available in the NHS in England. As requested in the ACD, the provided
additional information about how they had arrived at its adjusted estimates (ACD 3.9).
The company provide a table (reproduced below in Table 5) to show the proportion of
patients in each arm that have switched to a treatment not available in the England NHS and
this remains low. Furthermore, the company have also provided the distribution of weights
which were not available in the original CS. Reassuringly the average stabilised weight is
one, with a maximum stabilised weight of 3.62. The maximum unstablised weight is 16.86
and no extreme weights are observed which could have unduly influenced (and possibly
biased) the results. We showed a comparison of adjusted and unadjusted OS HRs reported
in the CS (26.9 months median follow-up) and the updated OS data (31.2 months median
follow-up) for the second-line population in Table 2 above.
Table 5 Second-line patients switching to treatments not available in English NHS
(updated, 31.2 months follow-up)
Treatment

No of

No.

%

No. switch

T switcher to

patients

progressed

progressed

to non-UK

non-UK

DBd

122

71

0.5819672

24

0.1967213

Bd

113

89

0.7876106

57

0.5044248

Note: non-UK = subsequent treatments which are not available in England.
Reproduction of Company Response to the ACD, Table 22.

In their response to the ACD, the company notes that the ERG’s preferred analysis on the
original CASTOR dataset did not include an adjustment for subsequent therapy not available
in the English NHS. We accept this point and note that if we had used the adjusted hazard
ratio of **** for DBd compared with Bd in the second-line population (rather than the
unadjusted value of 0.50) with a Weibull extrapolation for Bd, we would have estimated 20year survival at 11.4%. However, this compares with an estimate of 5.5% from the Weibull
distribution fitted independently to the CASTOR DBd arm with adjustment for subsequent
treatment, as in the company’s original submitted model. This difference arises because the
reported hazard ratio derived from a Cox proportional hazards model is inconsistent with a
Weibull model fitted independently to the control group data. Our original aim in introducing a
relative DBd curve was to estimate results for a second-line bortezomib naïve population (for
which a hazard ratio, but not independently-fitted and adjusted parametric curves, were
12
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available). However, this is no longer necessary, as policy on bortezomib retreatment is
changing, and the committee has requested results for the second-line subgroup. We
therefore suggest that independent estimation of DBd and Bd curves with adjustment for
subsequent treatment should be used. However, we also present results with DBd OS
curves estimated relative to Bd, as this approach has to be used for the carfilzomib and
dexamethasone (Cd) comparator (as individual patient data are not available).
ERG conclusion: We consider that it is appropriate to adjust the CASTOR trial results for
treatments that are not currently available in the NHS in England. The IPCW method used to
make this adjustment is appropriate. The reported numbers of patients censored due to
treatment switching and the re-weighting of remaining patients are not extreme, so the
results should be relatively robust. For implementation in the model, the parametric survival
extrapolations fitted independently to the CASTOR Bd and DBd trial arms with IPCW
adjustment should be used. The alternative method of estimating the DBd curve by applying
an adjusted hazard ratio to the Bd curve is not reliable.

2.5

Minimal residual disease (MRD)

In the updated data cut at a median of 31.2 months follow-up, the company point to
improved MRD-negative rates (Table 6). This shows that a significantly higher proportion of
patients in the DBd arm are MRD negative than in the Bd arm.
Table 6 MRD-negative rate results for the CASTOR trial in second-line patients

MRD-negative rate
at 10-5 threshold
n/N
MRD (95% CI)

Median 31.2 months follow-up
DBd (n=122)
Bd (n=113)
NR
NR
***
***
***
***

OR (95% CI),
p-value

NR

Median 26.9 months follow-up
DBd (n=122)
Bd (n=113)
20/122
3/113
16.4%
2.7%
(10.3, 24.2)
(0.6, 7.6)
7.19 (2.07, 24.92)
p = 0.00018

In support of the trial data for overall survival, which is not yet mature, the company present
the case for a relationship between MRD and OS. The bulk of the evidence to date for a
correlation between MRD negativity and OS comes from studies conducted in patients newly
diagnosed with MM. The company summarise three recent meta-analyses conducted to
examine the relationship between MRD negative status and OS in people with newly
diagnosed MM. However, the ERG notes that of these three meta-analyses, Landgren et al.2
and Lahuerta et al.3 include only 2 and 3 studies respectively and there is some overlap (one
study in each meta-analysis) with the Munshi et al.4 meta-analysis. For this reason, the ERG
13
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has focussed on the Munshi et al. meta-analysis which includes 12 studies and has the
largest number of patients (n=1,100). The majority of the 12 studies are relatively small (five
studies fewer than 50 participants, five approximately 100 participants or fewer) with two
larger studies (n=295 and n=642 participants) therefore having a greater influence on the
summary estimate. Although one arm of the confidence interval of 8 of the small studies
touches or crosses the line of no effect, the central estimates of the HRs for all but one study
suggest that, compared with MRD positivity, MRD negativity is associated with better OS.
The overall effect estimate from 12 studies was HR 0.57, 95% CI 0.46 to 0.71; p<0.001). Six
of the 12 studies providing data for the OS meta-analysis had also reported the conventional
outcome of complete response (CR) at the time of MRD measurement. In patients achieving
CR MRD negativity was also associated with better OS with the overall effect estimate from
6 studies for patients with CR was HR 0.47 (95% CI 0.33-0.67; p <0.001).
ERG conclusion: We believe that sound evidence for a relationship between MRD
negativity and OS is emerging for patients newly diagnosed with MM. However, as the
company point out, a quantitative relationship between MRD negativity and OS has not yet
been established at second-line, predominantly because the assessment of MRD negativity
in the relapsed or refractory MM population has only recently been included in clinical trials.
Without this quantitative evidence, the impact of MRD negativity on long-term survival
predictions and hence on cost-effectiveness cannot be established.

3

Generalisability of subgroup data

The company presented cost-effectiveness results using data from the second-line subgroup
rather than the second-line bortezomib naïve subgroup. This is consistent with the
committee’s preferred approach. The company response also includes a scenario analysis
for the comparison with carfilzomib using data from the second-line bortezomib naïve
subgroup, which the committee concluded to be warranted (ACD paragraph 3.11).
The committee also pointed out that there was some uncertainty due to differences in patient
characteristics across treatment arms in the second-line subgroup (ACD 3.9), the impact of
which was unclear in the original submission. These related to imbalance in the proportions
of patients previously exposed to lenalidomide and with Del17p genetic abnormalities. In
response, the company assessed the impact of these differences using two statistical
techniques:
•

Technique 1: Adding stratification factors to the Cox proportional hazard model used
to obtain PFS and OS hazard ratio estimates
14
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•

Technique 2: Assessing interactions between the prognostic factors and the
treatment regimen received

The results of these analyses are presented in Appendix 9.3 of the company’s ACD
response. The models using the above techniques had minimal impact on the estimated
HRs for PFS and OS as shown in Table 9 of company response document (page 16).
ERG conclusion: The original and revised company base cases use trial data for the
second-line subgroup, as preferred by the committee. In their ACD response, the company
also presents an analysis (scenario 3) using data for the second-line bortezomib naïve
subgroup for the comparison with carfilzomib. In addition, the company presents further
statistical analysis to test the effect of some imbalances in baseline characteristics in the
second-line subgroup. We agree with the company’s conclusions that these imbalances are
unlikely to influence clinical or cost-effectiveness results.

4

Bortezomib dose in ENDEAVOR

The ACD specified that cost-effectiveness should be adjusted for the longer duration of
bortezomib treatment in the ENDEAVOR trial, compared with the maximum licensed
duration used in the the CASTOR trial (8 3-week cycles). This difference is likely to cause
underestimation of the relative effectiveness of carfilzomib with dexamethasone (Cd) in
comparison with Bd and DBd. In the carfilzomib appraisal (TA457), OS and PFS estimates
for Cd were adjusted for the duration of bortezomib treatment in ENDEAVOR. The ERG
used the same approach, but as pointed out in the company’s ACD response, we incorrectly
applied the adjustments to whole time horizon rather than just the post 24-week period. The
company corrected this error in their revised model, yielding a small reduction in expected
life years for Cd: 5.31 life years with the bortezomib adjustment applied across the whole
time horizon, compared with 5.20 years with the adjustment applied only after 24 weeks
(company revised base case with Gompertz extrapolation). The effect of the corrected
adjustment on updated survival predictions is illustrated in Figure 4 and Figure 5 below.
Nevertheless, the company accept that there are “notable differences” between the life year
estimates for Cd from their revised model (4.21 and 4.79 years respectively for Gompertz
and Weibull extrapolations of OS) and the value accepted in the carfilzomib appraisal 5.87
life years (Table 1 p7, TA457 ERG’s review of additional evidence, dated April 2017). They
have therefore accept the need for the bortezomib adjustment, while stating that the
cumulative doses of bortezomib in the second line subgroup were similar in the ENDEAVOR
and CASTOR trials (Table 10 of the ACD response document). We replicated the
15
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company’s calculations for ENDEAVOR, but obtained a slightly higher estimate for CASTOR
(67.8 mg). We also note that the company’s calculations were based on median estimates of
dose intensity and treatment duration, so may not accurately predict the mean dose relevant
for the economic model.

Figure 4 Updated OS curves (Weibull) – no bortezomib adjustment

Figure 5 Updated OS curves (Weibull) – corrected bortezomib adjustment (from 24 weeks)

ERG conclusion: The company estimated that despite the different durations of bortezomib
treatment specified in the CASTOR and ENDEAVOR protocols, the cumulative dose of
bortezomib received by participants in the two trials was similar. We consider that there is
uncertainty over this, due to the lack of accurate data on mean cumulative dose per patient.
However, regardless of this point, we recognise that Janssen have responded to the
committee’s request to adjust survival, and implemented this using the same method as in
TA457. This resulted in estimates of survival for second-line carfilzomib that are more
consistent with those accepted in TA457.
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5

Post progression utility

The ACD concluded that the company had underestimated the effect of disease progression
on quality of life and requested further clarification of the methodology for collecting data in
the CASTOR trial.
In response, Janssen stated that the measure of disease progression in CASTOR was
based on biological markers rather than the onset of clinical symptoms which, in their view,
was reflective of clinical practice. They argued that estimated reduction in utility may be less
than expected because the pre-progression utility is underestimated rather than because the
post-progression utility is overestimated. Further, they disagree with the ERG’s
recommendation to use utilities from ENDEAVOR citing two reasons: i) it conflicts with the
NICE reference case preference for EQ-5D trial data (the ENDEAVOR utilities are mapped
from EORTC QLQ-C30 data from ENDEAVOR) and ii) using utilities from ENDEAVOR
disconnects the measurement of benefits, thereby introducing uncertainty.
We do not disagree with any of these arguments. Nevertheless, we still consider that the
company has not addressed the concerns of the appraisal committee, as the difference in
utilities for pre-progression and post-progression remains unrealistically small. We consider
that this arises from inherent problems in the data collection that have not, and cannot, be
compensated for in the analysis. The company EQ-5D data were not collected for the
patients in the Bd arm for the same length of follow up as in the DBd arm (shown in Figure 8
of the response document). We also note an error in the utility estimate for post-progression
disease from ENDEAVOR used in the company’s scenario analysis (as shown in Table 7).
Table 7: Error in utility estimates for post progression utility

ENDEAVOR

Post progression disease
Post-FAC ERG model
Janssen’s revised model
Mean utility
SE
Mean utility
SE
0.638
0.064
0.665
0.0665

ERG conclusion: The company has not responded to the committee’s request that the
model should reflect a greater decrease in utility after disease progression. In the absence of
any relevant supplemental data from the CASTOR trial, we think that the utilities mapped
from the ENDVEAVOR trial, as used in TA457, are still the best available estimates for use
in this current appraisal.

17

Confidential
6

Cost-effectiveness results

6.1

Revised company base case

Table 8 summarises the company’s responses to the issues raised by the AC.

Table 8: Summary of company response to issues raised in ACD
Issue
1
Long-term
survival

2
Subgroup
data

Company’s response
Revised base case
Scenarios
Updated CASTOR:
Scenario 1:
• Bd Gompertz
• Bd Weibull
(5.7% at 10 year)
(12% at 10 year)
• Cd HR vs. Bd
• Cd HR vs. Bd
(9.2% at 10 year)
(17% at 10 year
• DBd exponential
• DBd adjusted HR
(18% at 20 year)
(19% at 20 year)

Committee’s preferred
modelling assumptions
• Comparators (Bd and Cd)
to reflect plausible 10-year
overall survival estimates
of 5% to 10%
• DBd to give 20-year
survival estimates lower
than the company’s
extrapolations using loglogistic (22%) and closer to
the ERG’s estimate using
Weibull (6%)
Using data from the secondline sub-group rather than the
second-line bortezomib-naive
subgroup

3
Bortezomib
dose

Adjusting to account for
people having bortezomib for
longer than is stipulated in its
marketing authorisation in
ENDEAVOR
4
Assuming a greater decrease
Progression in utility after disease
utility
progression than that
currently modelled by the
company

Adjusted for
differences in
bortezomib dosing
as applied in TA457

Scenario 2:
• DBd log-logistic
(27% at 20 year)
Scenario 3:
Estimates for
second line
Bortezomib naïve
sub-group
Scenario 4:
No adjustment for
differences in
bortezomib dosing

No change –same
utility values from
CASTOR as in the
original submission

Scenario 5:
Utility data from
ENDEAVOR (with
an error)

Updated data from
second line subgroup

In Table 10, we present a summary of the step-by-step changes made by the company to
their original submission in order to obtain the updated cost-effectiveness results. We
replicated the company’s cost-effectiveness model results. At list prices, the revised
company analyses increased the ICER for DBd vs Bd from £42,190 to £46,387. For DBd vs
Cd, the updated analysis with list prices indicates DBd to provide better value for money as it
dominates Cd (more effective and less costly). This is an improvement from their original
analysis when DBd was both more effective and more costly, although with an ICER less
than NICE threshold of £30k.
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It is worth noting that there is a reporting error in the results for Cd in Table 14 of the
company response document, shown below in Table 9. We present the corrected results for
the Cd arm in Table 10 below.

Table 9 Error in CE results for Cd arm
Cost
***
***

Cd (reported in Table 14 of company response)
Cd (ERG extracted from revised model)

LYG
4.21
5.20

QALYs
***
***

Table 10 Cumulative changes to company’s base case (list prices)
Comparator

Company original
base case (ERG
corrected)
Survival data

Bd dosing

Company revised
base case

Total cost

Total
QALYs

Pairwise ICERs
(DBb vs
comparator)
₤42,190
₤7,188

Fully
incremental
ICERs

Bd
***
***
Cd
***
***
Ext. dom.
DBd
***
***
₤42,190
Updated CASTOR data (31.2 months median follow up)
Bd
***
***
₤40,278
Cd
***
***
₤2,801
Ext. dom.
DBd
***
***
₤40,278
+ DBd OS exponential distribution
Bd
***
***
₤46,387
Cd
***
***
₤3,155
Ext. dom.
DBd
***
***
₤46,387
+ Adjustment for Bd dosing in ENDEAVOR
Bd
***
***
₤46,387
Cd
***
*** DBd dominates
Dominated
DBd
***
***
₤46,387
All of the above
Bd
***
***
₤46,387
Cd
***
*** DBd dominates
Dominated
DBd
***
***
₤46,387

The company has conducted a range of sensitivity analyses, which are discussed in sections
7.1 to 7.3 of the response document. Briefly, the results of the one-way sensitivity analyses
(shown as tornado plots) were similar to those in their original one-way sensitivity analyses,
with OS parameters for DBd and Bd remaining the most influential drivers of costeffectiveness results. Other parameters, including time to treatment discontinuation, patients
receiving subsequent treatment, PFS and mean body weight did not impact the model
significantly. The mean results from the probabilistic sensitivity analysis were reassuringly
similar to the deterministic results.

19

Confidential
6.2

Scenario analyses

We summarise list price results from the company’s scenario analyses, alongside
supplementary ERG scenarios in Table 11 below. We replicated all the company scenarios,
except for the utility analysis. As discussed above, we used a mean utility of 0.638 for postprogression, as reported in the Amgen ACD response for TA457 (December 2016).

Table 11 Scenario analyses around company’s revised base case (list prices)
Comparator

Company’s
updated
base case
OS modelling

Patient sub
group
Bd dosing

Utilities

Total cost

Total
QALYs

Pairwise ICERs
(DBb vs
comparators)

Fully
incremental
ICERs

Bd
***
***
₤46,387
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤46,387
Bd Weibull; DBd adjusted HR (***)
Bd
***
***
₤53,707
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤53,707
Bd Gompertz; DBd log-logistic (independent)
Bd
***
***
₤40,278
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤40,278
Bd Weibull; DBd Weibull (independent)
Bd
***
***
£64,432
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤64,432
Bd exponential; DBd exponential (independent)
Bd
***
***
£57,788
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤57,788
No adjustment for subsequent treatments
Bd
***
***
£65,703
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤65,703
Second line bortezomib naive
Cd
***
***
DBd dominates
Dominated
DBd
***
***
No adjustment for bortezomib dosing
Bd
***
***
₤46,387
Cd
***
***
₤3,155
Ext. Dom.
DBd
***
***
₤46,387
As in TA457 (0.737 pre progression and 0.638 post progression)
Bd
***
***
₤48,919
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤48,919
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The scenario analyses reinforce the impact of uncertainty over OS modelling assumptions.
The scenario with no adjustment of OS for subsequent treatments has the largest impact on
the base case results, increasing the ICER for DBd vs Bd from £46,387 (base case) to
£65,703. The scenario with independent Weibull extrapolations of survival led to the next
biggest change in ICER (£64,432). At list prices, DBd appeared to be more effective and
less costly than Cd in all the scenarios except one. The exception was the scenario with no
adjustment for bortezomib dosing, but in this case Cd was subject to extended dominance.
In Table 12, we present list price cost-effectiveness results of a scenario that we believe best
reflects the committee’s preferred modelling assumptions:
•

Extrapolating OS for Bd and DBd with independently fitted Weibull curves

•

OS curves adjusted for subsequent treatment

•

OS adjusted for bortezomib in the ENDEAVOR trial

•

Second-line population

•

Utilities mapped direction from ENDEAVOR (as in TA457)

Table 12 ERG scenario reflecting committee preferred assumptions (list prices)
Comparator
Total cost
Total QALYs
Pairwise ICERs
Fully incremental
(DBb vs comparator)
ICER
Bd
***
***
₤67,087
Cd
***
***
DBd dominates
Dominated
DBd
***
***
₤67,087
Lastly, we highlight the survival predictions under this ERG scenario in comparison with
those from the company’s revised base case – see Table 13.
Table 13 Survival predictions from company revised base case and ERG preferred scenario

Comparator

Bd
Cd
DBd

Company revised base case
Bd Gompertz; DBd exponential
10 year
20 year
6%
0%
19%
0%
43%
18%
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ERG preferred scenario
Bd and DBd Weibull (independent)
10 year
20 year
12%
1%
29%
7%
36%
11%
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ERG conclusions: Updated results from the CASTOR trial led to a small improvement in
the estimated cost-effectiveness of daratumumab with bortezomib and dexamethasone for
second-line multiple myeloma. At list prices and with the company’s original base case
assumptions: the ICER for DBd compared with Bd fell from £42,190 to £40,278; and Cd
dominated by DBd. However, the company’s revised base gave an increased ICER of
£46,387 for DBd compared with Bd, driven by the change from log-logistic to exponential
extrapolation of survival in the intervention arm.
The ERG considers that the revised company base case meets some but not all of the
committee’s preferred modelling assumptions. In particular, we think that the company’s
choice of survival function is still too optimistic for DBd. We also note that the company have
not made any changes to the utilities in their base case model, so the difference between the
progression free and post-progression stages of disease is still small: a difference of 0.033
estimated from CASTOR EQ-5D data. We still believe that the mapped estimates from the
ENDEAVOR trial are more realistic, with a pre/post progression difference of 0.099. In our
estimation, implementing the committee’s preferred assumptions would increase the list
price ICER of the daratumumab intervention to £67,087 in comparison with bortezomib.
We show cost-effectiveness results using a proposed PAS price reduction for daratumumab
and all other agreed discounts for comparator, concomitant and subsequent treatments in a
confidential addendum to this report.
Finally, we emphasise again that substantial uncertainty remains surrounding the long-term
extrapolation of survival data, which is the key factor driving the model.
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