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CONFIDENTIAL UNTIL PUBLICATION

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Premeeting briefing

Lenalidomide for the treatment of multiple myeloma (part-
review of TA171)

This premeeting briefing is a summary of:

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

e the Evidence Review Group (ERG) report.

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

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

Key issues for consideration

General considerations

e Should thalidomide be considered a comparator?
e How well do the populations in the trials match the decision problem?

o0 Did not exclude people for whom thalidomide treatment is not
appropriate, cannot be tolerated or is contraindicated (and a number of
patients had previously received thalidomide)

o Patients are younger than the average population with multiple
myeloma (63 rather than 70)

0 The number of patients with prior stem cell therapies was higher than
expected

o0 Includes a high proportion of patients who have had two or three prior

therapies
Clinical effectiveness
¢ Is lenalidomide more effective than the comparators?

o0 No direct comparison
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e Taking into account the population in the model (>1 prior therapies, younger
population, high number of previous stem cell transplants), are the results
likely to over or under-estimate the efficacy of lenalidomide?

e Time to failure data is used in the health economic model, but the data are not
presented in the manufacturer’'s submission, do these data need to be
considered?

e Are the sources selected for relative effectiveness of bortezomib appropriate?

0 The ERG noted a study (Hrusovsky) that was not used in the
manufacturer’'s economic model.

e Are the included adverse events the most appropriate? Data was presented
from MM-009 and MM-010 which have a short follow up, and no further

searches were made.

Cost effectiveness

e Are the assumptions made in the manufacturer’'s model clinically plausible?
Specifically:

0 The model assumes that patients move from treatment failure to
subsequent treatment without a pause in treatment (immediately
accruing the costs of subsequent treatment in both the lenalidomide
and comparator arms, and immediately accruing the mortality benefit of
third line treatment in the comparator arm).

o Following disease progression, patients remain in the progressive
disease state, patients cannot move to the progression free survival
state and experience the associated utility

0 The modelled progression free survival is in favour of bortezomib whilst
overall survival favours lenalidomide.

o Patients receive third and fourth line treatments, is this representative
of clinical practice?

o The overall survival estimate for lenalidomide, has it been
overestimated?

e Are the manufacturer’'s updates to the analyses appropriate?

o Bortezomib progression free survival adjusted for baseline

characteristics
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0 Using log-logistic curves to prevent the curves crossing

0 Removing the ‘min’ function (used to prevent curves crossing) where
possible

o Corrected an inconsistency between the intervention and comparator
arm in the patient flow sheet.

Should third and fourth line treatments be modelled? If so:

o Is having a different mix depending on previous treatment appropriate?

o0 Are the modelled treatment mixes representative of clinical practice?

o Should all costs and effects be modelled?

The model includes crossing overall survival and progression free survival
curves that cross on the comparator arm. What may be the impact of this on
cost effectiveness and can this be addressed? Can the extrapolation be
considered valid given the crossing of the curves?

The manufacturers model does not include patient access schemes in the
base case.

0 The bortezomib patient access scheme was included in a scenario, has
it been correctly modelled (assumed a 15% discount)?

0 The patient access scheme for lenalidomide for patients at third line
treatment has not been modelled. Is this appropriate? Would patients
reach 26 cycles (and hence be eligible for the patient access scheme)?

The utility values used in the model are higher than the general population. Is
this appropriate?

For lenalidomide, two trials are available (MM-009 and MM-010) however the
model used only data from MM-009 in the economic model. The manufacturer
stated that it was not appropriate to use pooled data in the economic model
because of breaking randomisation; however, pooled clinical effectiveness
data was presented. Is this appropriate to only use MM-009 data, or should
the model include pooled data, or MM-010 only?

Are the modelled costs appropriate?

o Excluding dexamethasone (at 3rd/4"™ line of treatment)

0 Was the cost of bortezomib calculated appropriately?

0 Were lenalidomide monitoring costs calculated appropriately?
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o0 Should bortezomib be given until treatment failure, or should it be given
for a fixed number (8) of cycles?

0 Are transport costs (50% of patients) modelled correctly?

Why is there a change in the ICER to be more in favour of lenalidomide
following an improvement in progression free survival that favours

bortezomib?

Background: clinical need and practice

Multiple myeloma is a cancer that arises from plasma cells (white blood
cells) in the bone marrow. The term multiple myeloma refers to the
presence of more than one site of affected bone at the time of diagnosis.
Myeloma cells produce large quantities of an abnormal antibody, known
as paraprotein (which cannot fight infection), and suppress the
development of normal red blood cells, white blood cells, and platelets.
People with multiple myeloma can therefore experience bone pain, bone
fractures, tiredness (because of anaemia), infections, hypercalcaemia (too
much calcium in the blood) and kidney problems. Cancer Research UK
estimated that the 2010 age-standardised incidence of multiple myeloma
in England to be 6.7 per 100,000 men and 4.4 per 100,000 women.

Life expectancy for people with multiple myeloma is determined by the
stage of the disease. In the UK about 70% of people with multiple
myeloma live for at least 1 year after diagnosis, and 37% for 5 years. Ten
year survival is between 15% and 19%. Life expectancy for multiple
myeloma can be predicted based on the stage of the cancer. The stages
are determined by the serum albumin and serum beta-2 microglobulin
levels (Table 1).
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Table 1 Stage of disease and overall survival

Stage

Median survival (months)

Stage | (albumin = 3.5 & beta-2 microglobulin <3.5) 62

Stage Il (beta-2 microglobulin levels 3.5 to 5.5) 44

Stage IIl (beta-2 microglobulin level > 5.5) 29

1.3

There is currently no cure for multiple myeloma. The aims of treatment are
to control the disease and relieve symptoms. The primary management of
multiple myeloma is stem cell transplant. However, due to factors
including age, co-morbidities, and performance status, stem cell
transplant is not appropriate for approximately 86% of people with multiple
myeloma. For people with multiple myeloma for whom stem cell
transplantation is not considered suitable, NICE Technology Appraisal

guidance recommends the following:

e NICE Technology Appraisal guidance TA228 recommends thalidomide
as a first line treatment, or bortezomib if thalidomide is contraindicated.

e NICE Technology Appraisal guidance TA129 recommends bortezomib
following one prior therapy

e NICE Technology Appraisal guidance 171 recommends lenalidomide
following two prior therapies.

Treatment with bendamustine and/or retreatment with bortezomib are
commonly used following relapse if other treatments are contraindicated
or inappropriate (sometimes via the Cancer Drugs Fund). The British
Society for Haematology guidelines for the diagnosis and management of
multiple myeloma recommend a number of options for the treatment of
relapsed patients including thalidomide, lenalidomide and bortezomib
(usually in combination with dexamethasone). The guidelines note that
there is no defined sequence and combination of drugs.

National Institute for Health and Care Excellence 5 of 49

Premeeting briefing — Multiple myeloma: Lenalidomide

Issue date: February 2014





1.4

2.1

2.2

2.3

3.1

CONFIDENTIAL UNTIL PUBLICATION

Bortezomib is therefore recommended at both first and second line (i.e.
retreatment) if thalidomide is contraindicated, and there are currently no

recommended alternatives to bortezomib retreatment at second line.

The technology

Lenalidomide (Revlimid®) is an immunomodulating agent, and a structural
derivative of thalidomide. Lenalidomide’s mechanism of action is anti-
neoplastic, anti-angiogenic, pro-erythropoietic, and immunomodulatory.

Lenalidomide is administered orally.

The summary of product characteristics lists the following adverse
reactions for lenalidomide: neutropenia, anaemia and thrombocytopenia.
Lenalidomide is structurally related to thalidomide. Thalidomide is a
known human teratogenic substance that causes severe life-threatening
birth defects. If lenalidomide is taken during pregnancy, a teratogenic
effect of lenalidomide cannot be ruled out. For these reasons a risk
minimisation plan was developed and agreed with the MHRA to ensure
that there is no foetal exposure to lenalidomide. For full details of adverse
reactions and contraindications, see the summary of product

characteristics.

Lenalidomide is available as a 21 tablet pack. The cost per pack varies
according to tablet size: £3,570 (5 mg), £3780 (10mg), £3,969 (15 mg)
and £4,368 (25 mg; British national Formulary [BNF] edition 65). The
recommended starting dose is 25mg. Costs may vary in different settings

because of negotiated procurement discounts.

Remit and decision problem(s)

The remit from the Department of Health for this appraisal was to appraise
the clinical and cost effectiveness of lenalidomide within its licensed
indication for treating multiple myeloma previously treated with

bortezomib.
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Final scope issued by Decision problem addressed in
NICE the submission
Population Adults with multiple myeloma for whom thalidomide is

contraindicated and whose disease has progressed after at least 1
prior treatment with bortezomib.

The manufacturer estimated the size of the population stated in the decision
problem, using the costing template from TA228. The manufacturer used a
population of England and Wales, and assumed that annually there are 2,047
patients with multiple myeloma for whom stem cell transplantation is not appropriate,
that 15% are unable to tolerate or are contraindicated to thalidomide, and that 86.5%
progress to a second line treatment. Applying these assumptions, the population

would include 266 people.

The ERG noted that the population in the scope differed from that presented in the
decision problem by the manufacturer in terms of previous treatments. Only 4% of
the population in the trial had also been previously treated with bortezomib.
Additionally there were more people in the trial who had received 2 or more prior
therapies, rather than just one prior therapy. The ERG stated that clinical advice

indicated that the type of previous treatment should not impact the effectiveness of

lenalidomide.
Final scope issued by Decision problem addressed in
NICE the submission

Intervention Lenalidomide in combination with dexamethasone.

Comparators e Bortezomib monotherapy and bortezomib in combination with

high-dose dexamethasone

e Chemotherapy including regimens based on melphalan,
vincristine, cyclophosphamide and doxorubicin

¢ Bendamustine

The ERG noted that the manufacturers’ decision problem differed from that in the
scope as an incremental analysis of all the comparators was not presented, instead
bortezomib was the comparator selected for the base case analyses, and the other
comparators were explored in scenario analyses. In addition, it was unclear whether
the base case comparator was bortezomib monotherapy or bortezomib in

combination with dexamethasone. The ERG assumed the base case was
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bortezomib monotherapy as a scenario was presented that included combination
with dexamethasone, although 64% of people in the trial that was used to inform the
effectiveness of bortezomib (in both analyses) received bortezomib in combination

with dexamethasone.

The ERGs clinical expert commented that people for whom thalidomide was
contraindicated in early treatment (for example because of poor renal function) may

still be treated with thalidomide later on and after relapse.

Final scope issued by Decision problem addressed in
NICE the submission

Outcomes The outcome measures to be | All outcomes measures, excluding
considered include: time to next treatment, will be

e Progression free addressed in the submission.
survival

e Overall survival

e Response rates

e Time to next treatment

e Adverse effects of
treatment

o Health related quality
of life

The manufacturer stated that time to next treatment was not included as it was not a

reported outcome in the clinical trials presented in this submission.

Final scope issued by Decision problem addressed in
NICE the submission
Economic The submission will provide an estimate of cost-effectiveness using
evaluation the QALY as an output.

The time horizon for estimating clinical and cost effectiveness will be
appropriate for the indication and the population and in line with the
reference case requirements.

The costs will be considered from the perspective of the NHS and
Personal Social Services.

The costs will be presented excluding any patient access schemes
for either the intervention or the comparators.
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3.2 Lenalidomide is being considered for treating multiple myeloma following
one prior treatment with bortezomib, for those for whom treatment with

thalidomide is contraindicated.

Figure 1: Current treatment pathway with the proposed introduction of
lenalidomide as a second-line treatment

First line — Second line > Third line 5 Fourth line

Cyclophosphamide; Melphalan;
Cisplatin; Doxorubicin;
Etoposide

Lenalidomide +
dexamethasone

Lenalidomide;

R Cyclophosphamide; Cisplatin;
Letitenz olls 1O Bortezomib retreatment . 2

Lenalidomide;
Melphalan;
Cyclophosphamide

treatment ’ Doxorubicin; Etoposide;
Melphalan

Bendamustine; other Lenalidomide; Bortezomib;
chemotherapy agents Cyclophosphamide; Melphalan

4 Clinical-effectiveness evidence

4.1 The manufacturer identified, through a systematic literature review, two
identically designed randomised controlled trials that compared
lenalidomide plus dexamethasone with placebo plus dexamethasone
(MM-009 and MM-010). In addition, six subgroup and two updated
analyses for the randomised controlled trials were identified (see sections
4.9-4.12). No randomised controlled trials were identified that directly
compared lenalidomide with the comparators defined in the decision
problem. The manufacturer presented data from the following studies,
identified through systematic literature review, to show the efficacy of

bortezomib and bendamustine:

— Bortezomib: 6 non-randomised clinical trials were identified. A study
by Taverna et al (2012) was presented as the most relevant, which
was a retrospective survey of people who had received bortezomib
retreatment (see sections 4.13-4.14)
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— Bendamustine: One retrospective study was identified that included
people with relapsed or refractory multiple myeloma following prior
treatment (Damaj et al (2012); see sections 4.15-4.16)

Lenalidomide plus dexamethasone compared with placebo plus
dexamethasone (MM-009 and MM-010)

Clinical effectiveness

4.2

MM-009 and MM-010 compared treatment with lenalidomide plus
dexamethasone with placebo plus dexamethasone in patients with
multiple myeloma who had received at least 1 prior therapy. Patients
received a starting daily dose of 25 mg oral lenalidomide or placebo on
days 1-21 of each 28-day cycle. All patients also received 40 mg oral
dexamethasone on days 1-4, 9—12 and 17-20 for the first 4 cycles. After
the fourth cycle, 40mg of dexamethasone was administered on days 1-4
only. Treatment was continued until disease progression or
discontinuation due to adverse effects. At disease progression or
unblinding, patients in the placebo plus dexamethasone monotherapy
group could switch treatment arms to receive lenalidomide. The study
designs of MM-009 (n=353) and MM-010 (n=351) were identical other
than study location (MM-009: United States and Canada; MM-010:
Australia, Europe [including the UK] and Israel). The primary outcome was
time to progression. Secondary outcomes included overall survival,
response rates, adverse effects and time to decrease in performance
status. Patients were stratified according to serum concentration of 32-
microglobulin, previous stem-cell transplantation and number of previous
anti-myeloma therapies. Table 1 summarises prior therapies;
approximately 35% of patients had received one prior therapy (first
relapse) and more than 65% had received at least two prior therapies.
Exclusion criteria included those previously treated with lenalidomide or
whose disease was refractory to dexamethasone. Response was

assessed using the European Group for Blood and Marrow
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Transplantation criteria. A number of post-hoc subgroups from the pooled

populations were investigated, according to the number of prior therapies

and patients who had received prior thalidomide or bortezomib therapy.

Table 2: Baseline characteristics for MM-009 and MM-010 and treatment history

of patients

Study MM-009 Study MM-010

Len/Dex Dex Len/Dex Dex
Type of Therapy N=170 N=171 p-Value N=176 N=175 p-value
Median age 64.0 62.0 0.505 63.0 64.0 0.453
Sex (% Male) 60.0 59.1 0.912 59.1 58.9 1.000
No. of prior anti- 1.000 0.909
myeloma therapies
1 64 (37.6%) 64 (37.4%) 56 (31.8%) 57 (32.6%)
2or3 106 (62.4%) | 107 (62.6%) 120 (68.2%) | 118 (67.4%)
Prior SCT 0.631 0.312
0 68 (40.0%) 69 (40.4%) 77 (43.8%) 81 (46.3%)
1 28 (16.5%) 18 (10.5%) 31 (17.6%) 21 (12.0%)
2 25 (14.7%) 28 (16.4%) 30 (17.0%) 23 (13.1%)
3 15 (8.8%) 17 (9.9%) 4 (2.3%) 4 (4.0%)
>3 34 (20.0%) 37 (21.6%) 34 (19.3%) 43 (24.6%)
Prior thalidomide therapy 0.586 0.091
Yes 72 (42.4%) 78 (45.6%) 52 (29.5%) 67 (38.3%)
Prior bortezomib 0.864 1.000

(Velcade®) therapy
Yes

18 (10.6%)

20 (11.7%)

8 (4.5%)

7 (4.0%)

SCT, stem cell transplant.

4.3

The manufacturer presented primary and secondary outcomes of the MM-

009 and MM-010 trials individually and as a pooled dataset, using the

intention to treat population. Table 2 below shows the results at unblinding

for all patients. Lenalidomide plus dexamethasone was associated with

statistically significantly reduced time to progression, statistically

significantly increased progression free and overall survival and

statistically significantly improved response rates compared with placebo

plus dexamethasone, on both trials.
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Table 3: Time to progression, progression free survival, and response rates for
MM-009 and MM-010 at unblinding, and overall survival

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
N 177 176 176 175
Time to Medli(a”' 481 20.1 487 20.1
progression [ WEEKS 36.9, 1.4 16.7, 23.1 40.9,72.1 18.1, 20.7
(at unblinding) [[95% Cl] [ ] [ ] [ ] [ ]
HR 2.822 2.850
[95% Cl] [2.146, 3.701] [2.159, 3.762]
Progression |N 170 171 176 175
free survival | Median 41.1 20.1
(at unblinding) | [95% ClI] [29.4, NE] 20.1[16.7, 24.1] NE[34.1, NE] [19.7,21.7]
HR 2.970 2.567
[95% Cl] [2.089, 4.222] [1.834, 3.592]
Overall N 177 176 176 175
survival
Median,
months 29.6 20.2 NE 20.6
[95% Cl]
HR 0.44 0.66
[95% Cl] [0.30, 0.65] [0.45, 0.96]
N 177 176 176 175
CR[c] 25 (14.1%) 1 (0.6%) 28 (15.9%) 6 (3.4%)
RR 52 (29.4%) 16 (9.1%) 46 (26.1%) 16 (9.1%)
Response (at
unblinding) |PR 31 (17.5%) 18 (10.2%) 32 (18.2%) 20 (11.4%)
SD 54 (30.5%) 102 (58.0%) 53 (30.1%) 97 (55.4%)
PD 5 (2.8%) 25 (14.2%) 3 (1.7%) 25 (14.3%)
NE [d] 10 (5.6%) 14 (8.0%) 14 (8.0%) 11 (6.3%)

ITT, intention to treat; TTP, time to progression; PFS, progression-free survival; NE, not estimable; Cl, confidence
interval; CR, complete response; PD, progressive disease ; PR, partial response; RR, remission response; SD,
stable disease.

4.4 In a pooled analysis of MM-009 and MM-010 (see Table 3), at unblinding
(median 17.5 months; n=704), lenalidomide plus dexamethasone was
associated with a statistically significantly higher median time to
progression, progression free survival and overall response rate'. Pooled
overall survival data were presented after a median follow-up of 48
months. Overall survival was statistically significantly longer in patients
treated with lenalidomide plus dexamethasone than in those treated with

placebo plus dexamethasone.

* Assessed using the European Group for Blood and Marrow Transplantation criteria, with six response categories defined: complete response,
near-complete response, partial response, stable disease, disease progression and ‘response not evaluable’
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Len/Dex Dex p value
(n=353) (n=351)
Up to unblinding (median 17.5 months) Response rate, %
ORR 60.6 21.9 <0.001
CR 15.0 2.0 <0.001
VGPR 17.3 2.8
PR 28.3 17.1
Median TTP, months 134 4.6 <0.001
Median PFS, months 11.1 4.6 <0.001
Extended FU (median 48 months). Median OS
(since randomisation), months 38.0 31.6 0.045

CR, complete response; DoR, duration of response; FU, follow-up; ORR, overall response rate; OS, overall survival; PFS,
progression-free survival; PR, partial response; TTP, time-to-progression; VGPR, very good partial response.

4.5

The median overall survival of patients on the placebo plus
dexamethasone arms of MM-009 and MM-010 was higher than historical
retrospective analyses, which were between 14 and 17 months from first
relapse. The manufacturer stated that the results for overall survival were
affected by crossover of patients at unblinding: 170 of 351 patients in the
placebo plus dexamethasone arm received lenalidomide at disease
progression or unblinding. These patients were included in the placebo

plus dexamethasone arm for the overall survival analyses.

Health related quality of life

4.6

The manufacturer presented data on health-related quality of life,
measured using the Eastern Cooperative Oncology Group-performance
status (ECOG-PS; used to assess progression of disease and impact on
daily living abilities). The median time to first worsening was longer in the
lenalidomide plus dexamethasone arm (36.6 weeks) of MM-009
compared with placebo plus dexamethasone (12.1 weeks) and shorter in
MM-010 (lenalidomide plus dexamethasone: 10.1 weeks, placebo plus
dexamethasone: 12.3 weeks). However none of the results were
statistically significant. The manufacturer stated that the different results

from the two trials could be due to the subjectivity of the scoring.

Adverse events

4.7 The manufacturer presented adverse event data from MM-009 and MM-
010 and the pooled analyses. The most common adverse events
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associated with lenalidomide plus dexamethasone were haematological,
and could be managed through dose reductions. Anaemia, neutropenia,
thrombocytopenia, constipation, pneumonia, decreased weight,
hypokalaemia, hypocalcaemia, tremor, rash, and deep vein thrombosis
(DVT) were reported significantly more frequently in the lenalidomide plus
dexamethasone group than in the placebo plus dexamethasone
group.There was an increased risk of developing thromboembolic adverse
events (DVT, pulmonary embolism) in lenalidomide plus dexamethasone
arm compared with placebo plus dexamethasone arm (9.1% versus 4.3%

and 4.0% versus 0.9%, respectively).

The manufacturer stated that peripheral neuropathy can be treatment
limiting for other multiple myeloma treatments. The pooled analyses
showed that lenalidomide was not associated with an increased risk of
peripheral neuropathy. Grade 2 peripheral neuropathy was experienced
by 1.4% of lenalidomide plus dexamethasone patients and 1.4% of
placebo plus dexamethasone patients; grade 3 peripheral neuropathy
occurred in 1.7% and 0.6% of the lenalidomide plus dexamethasone and
placebo plus dexamethasone patients, respectively. There were no grade

4 peripheral neuropathic events in either group.

Lenalidomide is structurally related to thalidomide. Thalidomide is a
known human teratogenic substance that causes severe life-threatening
birth defects. If lenalidomide is taken during pregnancy, a teratogenic
effect of lenalidomide cannot be ruled out. For these reasons a risk
minimisation plan was developed and agreed with the MHRA to ensure

that there is no foetal exposure to lenalidomide.

The manufacturer outlined that a letter was issued to health care
professionals in June 2013 regarding the safety of lenalidomide for the
treatment of myelodysplastic syndromes associated with an isolated
deletion 5q abnormality. This letter highlighted an increase in risk of
progression to acute myeloid leukaemia in patients who had an isolated

deletion 5q abnormality. The letter also discusses clinical trial studies of
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newly diagnosed multiple myeloma and the incidence of second primary
malignancies (including acute myeloid leukaemia). The manufacturer
stated that neither of the populations described as having increases in risk
were relevant to the population being appraised.

Subgroups

411

4.12

The manufacturer presented two subgroup analyses, using data from MM-
009 and MM-010, which explored the effectiveness of lenalidomide plus
dexamethasone after varying numbers of previous treatment. The first
compared lenalidomide following one prior therapy with use following two
or more prior therapies (Stadtmauer, 2009). The second looked at overall
survival and progression free survival with lenalidomide use following one

prior therapy only.

The manufacturer presented subgroup analyses of MM-009 and MM-010
that compared the efficacy of lenalidomide plus dexamethasone following
one prior therapy with use following two or more prior therapies
(Stadtmauer, 2009). This included 353 patients on lenalidomide plus
dexamethasone, of whom 133 had received one prior therapy and 220
had received two or more prior therapies. Compared to those who had
received two or more prior therapies, patients in the lenalidomide plus
dexamethasone group who had received one prior therapy had

statistically significantly longer:

e time to progression: 17.1 months versus 10.6 months [HR 0.68, 95% CI
0.48-0.97]; p=0.026

e progression free survival: median of 14.1 months versus 9.5 months
[HR 0.71, 95% CI 0.2—-0.99]; p=0.047 (Figure 3).

e overall survival from study enrolment: median overall survival of 42.0
versus 35.8 months; p=0.041 (Figure 3).

The manufacturer also stated that a pooled analysis by Dimopoulos et al

showed that the type of previous therapy did not affect response rates to

treatment with lenalidomide plus dexamethasone.
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Figure 2 Kaplan-Meier curve progression free survival and overall survival, one

prior therapy compared to two or more prior therapies
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progression free survival in those who had received one prior therapy

only. This analysis did not included time to progression. In both MM-009

and MM-010, among patients who had one prior therapy only, median

progression free survival was statistically significantly longer in the

lenalidomide plus dexamethasone group compared with placebo plus
dexamethasone (Table 5). For both MM-009 and MM-010, there were no

statistically significant differences in median overall survival (Table 5).

Table 5: Progression free survival of second-line patients in studies MM-009

and MM-010
Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
N 68 67 56 57
Died n (%) 37 (54.4) 48 (71.6) 31 (55.4) 48 (84.2)
PFS Median (months) 16.6 4.6 13.3 4.5
[95% CI] [11.0, 36.8] [4.0, 5.7] [5.1, 26.9] [2.8, 5.6]

Hazard ratio [95% ClI]

0.30 [0.19, 0.47]

0.39 [0.24, 0.62]

Log-rank test p-value <0.0001 <0.0001

Died n (%) 34 (50.0) 41 (61.2) 21 (37.5) 31 (54.4)

Median (months) 50.1 37.6 NE 37.2
(OX) [95% CI] [8.3, 32.5] [6.5, 21.5] [34.3, NE] | [2.1, 23.5]

Hazard ratio [95% ClI]

0.70 [0.44, 1.10]

0.71[0.41, 1.23]

Log-rank test p-value

0.1179

0.2175

PFS, progression-free survival; Cl, confidence interval; OS, overall survival; NE, not estimable.
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Bortezomib

Clinical effectiveness and adverse events

4.14 The manufacturer presented data relating to the efficacy of bortezomib
from 6 non randomised controlled trials. The most relevant was identified
as the Taverna et al (2012) study, which was a retrospective survey of 42
patients across 26 centres in Switzerland. People included in the study
had multiple myeloma that had responded to initial bortezomib therapy,
but whose myeloma had subsequently progressed or relapsed, and who
were then retreated with bortezomib (after a treatment-free interval). The
study inclusion criteria specified that the initial treatment with bortezomib
therapy had achieved complete response, near complete response or
partial response, and that people had completed a retreatment regimen
with bortezomib after relapse or disease progression. People had
received a median of 2 prior therapies (range 1 to 11).

4.15 The 6 non- randomised controlled trials indicated:

— Response rates:
¢ The response rate in the bortezomib trials ranged from 21% to
64.3%. Response to bortezomib was dependent upon initial
response to bortezomib (a higher probability of response for
patients who responded initially).
¢ On the Taverna et al (2012) study bortezomib retreatment had a
clinical benefit rate (complete response, (near) complete response
and partial response and stable disease) of 83%.
¢ Intotal, 85.7% of patients who attained complete response or
near complete response with initial bortezomib treatment also
attained complete response or near complete response with
retreatment.
¢ The median duration of response following bortezomib
retreatment was 12.6 months (range 0-37.7 months), with 35%
(95% CI 20.6-51.7) still responders at data cut-off.
— Treatment free interval:
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¢ Among the subgroup of patients with a first treatment free interval
of >6 months, response rate to bortezomib retreatment was higher
than in those with a first treatment free interval of <6 months
(74.1% versus 46.7%; p=0.10).
— Progression free survival:
¢ Median time to progression following bortezomib retreatment was
10.5 months (range 0.4—=39.5 months).
— Overall survival:
¢ Median overall survival from first diagnosis, after prior bortezomib
and after bortezomib retreatment was 9.3, 3.5 and 1.7 years,
respectively.
— Adverse events:
¢ Bortezomib as retreatment was well tolerated, and the safety
profile was consistent with previous studies of bortezomib in
relapsed multiple myeloma. The most common adverse drug
reactions attributed to bortezomib were nervous system disorders
(including peripheral neuropathy) and blood/lymphatic system
disorders.

Bendamustine

Clinical effectiveness

4.16 One retrospective study in France was identified that showed the clinical
effectiveness of bendamustine, including people with relapsed or
refractory multiple myeloma (n=110, Damaj et al (2012)). People in the
study had received prior treatment with alkylators, steroids, IMiDs or
bortezomib. Patients were participating in a compassionate use
programme in which they received treatment with bendamustine. The
aims of the study were to evaluate the response rate to bendamustine, the
duration of response, progression free survival and overall survival.
Response rates were assessed according to EBMT (European Society for

Blood and Marrow Transplantation) criteria, overall survival was
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calculated from the first dose of bendamustine and progression free

survival included death from any cause or progression as events.

The Damaj et al (2012) study showed that following treatment with
bendamustine, 33 patients (30%) had an overall response (>PR); 22
patients (20%) had stable disease; and 55 patients (50%) did not respond.
People with multiple myeloma that was refractory to treatment with
lenalidomide or bortezomib plus thalidomide responded to treatment with
bendamustine (30 (27%) refractory to lenalidomide, 33 (31%) refractory to
thalidomide and bortezomib). After a median follow-up of 10 months, 49
patients who had received bendamustine had died following progression
(or due to other causes related to myeloma) and 61 patients were still
alive. At data cut-off, median duration of response had not been reached
and 66% of patients responding to bendamustine therapy remained in
response more than 6 months after initiation of bendamustine therapy.
Following bendamustine treatment, median progression free survival was

9.3 months and median overall survival was 12.4 months.

ERG critique of clinical effectiveness

4.18

The ERG reviewed the literature review conducted by the manufacturer
and concluded that overall, the searches presented were broadly suitable.
The ERG reviewed the designs of MM-009 and MM-010 and concluded
that they were high quality, the methodology used to assess the quality of
the trials was adequate, and that the evidence submitted generally

reflected the decision problem. However several issues were noted:

e Both trials were initiated in 2004, and since then management of
multiple myeloma has undergone a lot of changes (specifically the
introduction of novel agents such as bortezomib) and do not accurately
reflect current clinical practice

e The mean age of patients in the clinical trials was substantially lower
than of patients in clinical practice with multiple myeloma (63 rather
than around 70)
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¢ A significant proportion of patients had three or more prior stem cell
transplants (based on expert clinical advice, the ERG expected this to
be lower)

e The proportion of patients who received 2 or 3 prior therapies is higher
than those who received one prior therapy only.

The ERG noted that there was no direct trial-based comparison between
lenalidomide and the primary comparators, and the only evidence for
comparator treatments was taken from non-randomised controlled trials.
The ERG also commented that time to failure was not presented in the

submission, despite this being an endpoint of MM-009 and MM-010.

The ERG identified a number of inconsistencies in the evidence
presented. For example in the intention-to-treat analysis, the number of
subjects considered in the progression free survival analysis (170 for
lenalidomide plus dexamethasone, 171 for placebo plus dexamethasone)
was different to those for time to progression (177 for lenalidomide plus
dexamethasone, 176 for placebo plus dexamethasone), and for patient
crossover, the manufacturer reported two different figures. Additionally,

the TTP data were inconsistent when reported in weeks or months.

Comments from other consultees

Statements from a patient group supported the manufacturer’s
representation of the clinical pathway. That is, those not eligible for high-
dose therapy and stem cell transplantation typically receive thalidomide,
or bortezomib (if thalidomide is contraindicated or cannot be tolerated;
approximately 20%). This is then followed by bortezomib (potentially

retreatment) at second line.

The patient group highlighted that the population includes those who
responded successfully to bortezomib, and therefore were likely to
respond again, but also those who had not. The group commented that
bortezomib retreatment would not be appropriate if it had been previously
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ineffective, was contraindicated or could not be tolerated. The patient
group emphasised that for these patient there were currently no treatment
options on the NHS, as to be eligible for lenalidomide they needed to have
a second relapse, but that they could obtain lenalidomide through the
Cancer Drug Fund. The patient group commented that it was important to
appraise lenalidomide in this setting, especially for those patients for

whom retreatment with bortezomib is not appropriate.

The patient group commented on the advantages of lenalidomide. They
stated that as an oral treatment, it was easy and convenient to use and
did not need invasive procedures. They stated that this could also lead to
NHS savings from reduced outpatient visits and staff time. They stated
that there was also a benefit to patients, as it reduces the need for regular
travel to hospital. Although they noted this was perceived as a
disadvantage to some patients, because regular visits to the hospital
gives confidence in the quality of care and ensures there is medical
support available. Some patients also reported problems with committing
to oral dosing schedules. Overall, however, the patient group concluded
that the data was compelling and the potential advantages to patients

significantly outweigh any disadvantages.

Finally the patient group noted that the decision problem defined that the
population included those for whom thalidomide was not tolerated or is
contraindicated. Thalidomide, like lenalidomide, is an immunomodulatory
drug. Therefore, if thalidomide is contraindicated or cannot be tolerated,

patients may have a similar response/reaction to lenalidomide.

Cost-effectiveness evidence

The cost-effectiveness evidence consisted of a systematic literature
review and a de novo Markov model. The systematic review did not
identify any relevant cost-effectiveness studies. The model compared
lenalidomide with bortezomib for patients with multiple myeloma for whom

thalidomide is contraindicated, and whose disease has progressed after at
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least one prior therapy with bortezomib. The model had 3 health states:
pre-progression (on treatment), pre-progression (off treatment), post-
progression, and a death state (Figure 1). A lifetime time horizon (25
years) was used, the cycle length was 28 days, and discounting (3.5%) of
costs and QALYs was included. The model took an NHS and PSS
perspective. Patient access schemes available for bortezomib following
one prior therapy and lenalidomide following two prior therapies were not

included in the model base case.

Figure 3. Model structure

6.2

‘ Pre- Pre- \
progression progression

(on treatment)” (off treatment)

Progressive L Death ‘J
’_ disease W

h 4

Patients enter the model having been treated with bortezomib at first-line,
and receive second-line treatment with lenalidomide plus dexamethasone,
or the comparator, for the duration of the pre-progression (on treatment)
health state. The manufacturer used bortezomib retreatment as the base-
case comparator. Alternative second line treatment options, including
bendamustine and other chemotherapy agents, were explored in scenario
analyses. The manufacturer’'s model also included third and fourth line
treatments. The manufacturer developed a best supportive care mix for
third and fourth line treatment (Table 6), the composition of which

depended on previous treatments.
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Table 6 Treatment mix used in the model for third and fourth line therapies

Drug 3rd-line therapy 4th-line therapy
Len/Dex Base case Following Other 2" line  |All arms
arm comparator arm bortezomib comparator

Bortezomib 22.2%

Dexamethasone 56.3% 31.3% 5.6%

Melphalan 18.8% 10.4% 11.1% 20%

Cyclophosphamide 62.5% 34.7% 22.2% 20%

Cisplatin 12.5% 6.9%

Doxorubicin 12.5% 6.9%

Etoposide 31.3% 17.4%

Prednisolone 6.3% 3.5% 11.1%

Prednisone 6.3% 3.5%

Lenalidomide 100.0% 44.4% 44.4% 60%

*Base case model assumes dexamethasone also given in combination;
100% as patients use more than one treatment

6.3

BSC, best supportive care; Columns sum to more than

The transition probabilities in the model were based on the overall

survival, progression free survival, and time to failure curves, and were

derived as follows:

— Lenalidomide: The full MM-010 dataset was used to estimate

progression free survival, time to failure and overall survival for

lenalidomide (see section 6.4 for further details). These data were

used to determine the transition between the health states, as

follows:

¢ Transition from ‘pre-progression on treatment’ to either pre-

progression off treatment’ or ‘progressive disease’ was

determined using progression free survival and time to failure

¢ Transition from ‘pre-progression off treatment’ to ‘progressive

disease’ was determined by progression free survival and time to

failure

¢ Transition from any health state to the death state was

determined by overall survival.

Comparators: Transitions on the comparator arm were modelled in

a similar way to the lenalidomide arm. The overall survival,

progression free survival and time to failure estimates for the

comparators were derived by applying a hazard ratio to the MM-010

data. Progression free survival and overall survival estimates were
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obtained from the literature (identified through systematic literature
review). Hazard ratios for lenalidomide compared with each
comparator were crudely approximated by comparing the median
progression free survival or overall survival estimates between the
studies of interest (Table 7). It was assumed that time to failure had
the same hazard ratio as progression free survival. In the
progressive disease health state, on the comparator arm, patients
could receive lenalidomide as a third line treatment (such as in the
base case). This impacted the transitions between the health states
in that when the 3rd line treatment was lenalidomide, transition to the

death state was based on the MM-010 trial overall survival data.

Table 7 Comparative efficacy estimates included in the model

Hazard ratio
Treatment Variable Evidence source
(>1 favours
lenalidomide)
Bortezomib retreatment 0S Taverna 2012* 1.70
White 2013* 1.42
PFS Taverna 2012 1.15
White 2013 1.76
Hrusovsky 2010 1.09
Dispenzieri 2010% 1.28
Petrucci 2013 1.26
Min 2007*% 0.84
Bendamustine (and (O Damaj 2012 3.00
chemotherapy agents) PFS Damaj 2012 1.09
6.4 The manufacturer estimated overall survival and progression free survival

from MM-010 rather that MM-009, because it had a European population,

and stated that pooling the trials was not feasible because of breaking

randomisation. Scenarios that used MM-009 data and pooled data were

provided after clarification. The manufacturer presented six parametric

distributions (exponential, Weibull, log-logistic, log-normal, Gompertz and

gamma) for overall survival, progression free survival, and time to failure

for lenalidomide plus dexamethasone. Log-logistic distribution was used in

the model base case for progression free survival and time to failure, and
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exponential piecewise was used for overall survival. The other

distributions were considered in scenario analyses.

Overall survival and progression free survival associated with bortezomib
retreatment was obtained from the Taverna (2012) study (see sections
4.14 and 4.15). Overall survival was adjusted for patient characteristics in
the manufacturer’'s base case, however, progression free survival was
not. A scenario that included progression free survival that was adjusted
for patient characteristics was provided in response to clarification.
Further sources of overall survival and progression free survival were
used in scenario analyses (White 2013, Petrucci 2013, Hrusovsky 2010,
Dispenzieri 2010, Min 2007). In addition, further comparators were
explored in scenario analyses. Overall survival and progression free
survival for bendamustine were derived from Damaj et all 2012 (see
section 4.16). These values were also used for the other chemotherapies
(melphalan, cyclophosphamide, doxorubicin and vincristine based

regimens).

The manufacturer accounted for adverse events in the model. The
adverse events included within the pre-progression health states of the
manufacturer’'s model were taken from NICE Technology Appraisal 171
(Table 8).The event rates were estimated from MM-010 for lenalidomide
plus dexamethasone and the VISTA trial for bortezomib. The melphalan
and prednisolone arm of the VISTA trial was used to estimate the adverse
event rates for all other chemotherapies. An average rate was estimated
and applied to each model cycle. No adverse events were modelled in the
post-progression health state, other than for patients in the comparator
arm who receive lenalidomide plus dexamethasone as a third line

treatment and then experience the associated adverse event rates.
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Annual rate (cycle rate)

Other
Adverse event Grade Len/Dex Bortezomib comparators
Anaemia 3 8.3% (0.6%) 17.7% (1.3%) 26.2% (2.0%)
4 0.5% (<0.1%) 3.0% (0.2%) 10.3% (0.8%)
Constipation 3 1.4% (0.1%) 0.7% (0.1%) 0.0% (0.0%)
4 0.0% (0.0%) 0.0% (0.0%) 0.0% (0.0%)
Diarrhoea 3 2.3% (0.2%) 7.7% (0.6%) 0.8% (0.1%)
4 0.0% (0.0%) 0.7% (0.1%) 0.0% (0.0%)
Deep vein thrombosis 3 3.2% (0.5%) 1.0% (0.1%) 0.8% (0.1%)
4 0.5% (<0.1%) 0.0% (0.0%) 0.0% (0.0%)
Hypercalcaemia 3 0.5% (<0.1%) 0.0% (0.0%) 0.0% (0.0%)
4 0.0% (0.0%) 0.0% (0.0%) 0.0% (0.0%)
Neutropenia 3 59.3% (4.4%) 34.0% (2.6%) 31.4% (2.4%)
4 5.1% (0.4%) 11.3% (0.9%) 19.5% (1.5%)
Peripheral 3 1.4% (0.1%) 14.3% (1.1%) 0.0% (0.0%)
neuropathy 4 0.0% (0.0%) 0.3% (<0.1%) 0.0% (0.0%)
Pneumonia 3 4.6% (0.4%) 5.3% (0.4%) 5.2% (0.4%)
4 0.5% (<0.1%) 2.0% (0.2%) 1.6% (0.1%)
Thrombocytopenia 3 11.0% (0.8%) 22.7% (1.7%) 21.8% (1.7%)
4 1.4% (0.1%) 19.4% (1.5%) 18.7% (1.4%)
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The manufacturer used utility values from the literature to estimate QALYs
(Table 9). Health related quality of life data were not collected in the MM-
009 and MM-010 clinical trials. Instead, the manufacturer identified health
related quality of life studies from the literature. Of the 8 studies identified
only 2 (Khanna 2006 (SF-36, USA), van Agthoven 2004 (EQ-5D,
Netherlands)) were primary studies, the other 6 reported utility values
from the van Agthoven study. The manufacturer used utility values from
the van Agthoven study in the model. The pre-progression utility value
was 0.81, which decreased after 2 years to 0.77. The post-progression
utility value was 0.64. Utility values were adjusted for age, based upon
published UK EQ-5D values. The manufacturer also included adverse
event utility decrements to each model cycle. These were applied in the
pre-progression health state for all treatments, or post-progression for
patients receiving lenalidomide plus dexamethasone third-line. The utility
decrements for each treatment per model cycle were 0.013 for
lenalidomide plus dexamethasone, 0.033 for bortezomib, and 0.025 for

bendamustine or chemotherapy agents.

Table 9 Summary of quality-of-life values for cost-effectiveness analysis

Variable Value Justification
Utility value: pre-progression 0.810
Utility value: pre-progression after 2 0.770 van Agthoven et al, 2004
years
Utility value: post-progression 0.640
Utility decrement associated with:
Anaemia 0.310
Hypercalcaemia 0.000
Pneumonia 0.190 oniv d btained th o
. nly decrement obtained throug

Thrombocytopenia 0310 systematic search. Brown et al, 2013
Neutropenia 0.145
Diarrhoea 0.000
Constipation 0.000

. Only decrement obtained through
Peripheral neuropathy 0.065 systematic search. Coffey et al, 2002

. . Only decrement obtained through

Deep vein thrombosis 0.150 systematic search. Brown et al, 2013

Cl, confidence interval.
* Standard error 10% of the mean; ** Standard error 20% of the mean.
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6.8 The manufacturer's model included treatment costs, resource use COsts,
and costs associated with adverse events. Treatment acquisition costs
were obtained from the department of Health Electronic Market
Information Tool (eMIT) or the BNF. The cost of lenalidomide included
dose reductions and interruptions, based on those observed on MM-010.
Bortezomib has a patient access scheme, whereby there is a rebate for
patients who do not respond to treatment. This was not accounted for in
the manufacturers base case, however, a scenario analysis was
presented that assumed an overall discount of 15%. The adverse event
costs included in the model were a weighted average of adverse events,
the costs of which were based on where each adverse event was treated
(inpatient, hospital day case, outpatient, and general practice; see Table 8
for adverse event proportions). The unit cost of treatment in primary care
was that of a GP visit. Other costs were obtained from NHS reference

costs.
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Table 10 List of health states and associated costs in the economic model

Lenalidomide Base case comparator
Health arm arm, bortezomib
states
(cost per cycle) |(cost per cycle)
Pre- Technology Len: £3,773 £4,067.30
progression Dex (cycles 1-
(typically on 4): £7.76
treatment)
Dex (cycles
5+): £2.59
Concomitant G-CSF and administration £473.62 n/a
Monitoring and tests £153.34
Administration £161.85 (first £1,065.76
cycle only)
Transport £6.39 (first £17.04
cycle only)
Adverse events £17.11 £29.26
Additional monitoring for lenalidomide £824.26 n/a
(annual rate)
Post- 3 line treatment £70.20 £3,772.88
progression \Y, IV administration: £0.00
administration: | Transport: £0.00
£69.63 o . .
Duration: Lenalidomide
Transport: PFS from MM-010
£3.06
Duration:
maximum 4
cycles (17.2
weeks)

4™ line treatment

Transport : £0.00

Therapy: £2,277.28
IV administration:

£0.00

Duration: maximum 4 cycles (16.8

weeks)
Monitoring and tests £175.86
Adverse events £0.00 ‘517.11

Terminal care

£1,235 on death

Alternative
3" line
treatment
scenarios

Treatment mix after bortezomib 2™ line

Drug cost £1,716.99
IV administration:

n/a £49.45
Transport: £2.20
Treatment mix after other 2™ line £2,592.00
comparators n/a IV administration:
£203.00

Transport: £3.25

National Institute for Health and Care Excellence

Premeeting briefing — Multiple myeloma: Lenalidomide

Issue date: February 2014

29 of 49






Results of the economic analyses

6.9

CONFIDENTIAL UNTIL PUBLICATION

The manufacturer presented their initial results in the manufacturer’s

submission. During clarification, however, the ERG noted a number of

issues with the manufacturer’s initial base case modelling and

consequently two rounds of clarification were undertaken and further

revised analyses and results were presented by the manufacturer (the

analyses are termed as follows: Initial modelling (base case), modelling

after clarification 1 (base case A) and modelling after clarification 2 (base

case B)). Each set of analyses is presented below.

Manufacturer’s initial analyses and results

6.10 The manufacturer presented a base case deterministic ICER, comparing
lenalidomide plus dexamethasone with bortezomib retreatment, of
£14,535 per QALY gained (incremental costs £7682, incremental QALYs
0.53), and a mean probabilistic ICER of £13,930 per QALY gained (Table
11). The probability of lenalidomide being cost effective at £20,000 and
£30,000 per QALY gained were 58.6% and 73.1% respectively (Figure 3).
The manufacturer’s deterministic sensitivity analysis showed that the
ICER was most sensitive to the bortezomib hazard ratio for overall
survival, with a range of ICERs for lenalidomide compared with
bortezomib from -£107,892 to £26,121 per QALY gained (Figure 3). Other
model drivers included which overall survival and time to treatment failure
models were applied.
Table 11: Base-case results
Technologies Ig;?ls Total Total Incremental Incremental | Incremental ilﬁcl:ErFérfe)ntal
) LYG QALYs | costs (E) LYG QALYs (QALYs)

Base case
Bortezomib 113,740 | 5.03 2.89 7,682 0.71 0.53 14,535
Lenalidomide 121,422 | 5.74 3.42
Probabilistic sensitivity analysis
Bortezomib NS NS NS 7,123 NS 0.51 13,930
Lenalidomide NS NS NS
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; NS: Not stated
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Figure 4 Tornado diagram —top 10 parameters in terms of ICER sensitivity
(base case)
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6.11 The manufacturer presented several scenario analyses, including
exploring the time horizon, comparator, lenalidomide efficacy, comparator
efficacy and variance in bortezomib patient access scheme (Table 12).
The ICERs ranged from lenalidomide dominating to £80,180.
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Table 12 Scenario Analyses (base case)

Parameter | Base Case | Scenario analysis ICER
Base case £14,535
Time horizon 25 years 5 years Len dominates
10 years Len dominates
15 years £4,336
20 years £10,736
Choice of comparator Bortezomib Bortezomib retreatment/dex £14,444
retreatment Bendamustine/prednisolone £80,108
Bendamustine/dexamethasone £55,621
Melphalan/prednisone £60,246
High-dose cyclophosphamide/dex £67,660
Low-dose cyclophosphamide/dex £64,345
Doxorubicin £66,895
Vincristine £64,332
Comparator Bortezomib Blended comparator by market share | £32,462
retreatment
The use of Len/Dex at third line | 100% len As per historical best supportive care | £38,330
(i.e. less than100% len)
Include dex with 3™ and 4" line | Yes No £14,533
treatments where applicable
Parameter used to model TTF PFS £29,077
treatment discontinuation
Curve fit for OS Piecewise Weibull (time horizon set to 38 years) | Len dominates
exponential
Curve fit for PFS Log-logistic Log-normal multivariable £14,667
multivariable
Curve fit for TTF Log-logistic Log-normal multivariable £56,145
multivariable
Curve fit for PFS and TTF Log-logistic Log-normal multivariable £56,274
multivariable
Comparative efficacy of OS from OS from White (2013) £3,905
bortezomib Taverna (2012)
PFS from PFS from Petrucci (2013) £21,053
Taverna (2012)  "pES from Hrusovsky (2010) £10,743
PFS from Dispenzieri (2010) £22,288
PFS from Min (2007) Len dominates
PFS from White (2013) £43,331
Bortezomib patient access Not included 15% discount at 2™ line applied for all | £27,898
scheme bortezomib 2" line patients
15% price discount applied for 55% of | £21,885
bortezomib 2" line patients
Dex: dexamethasone; Len: lenalidomide
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Manufacturers revised analyses after clarification round 1

6.12

6.13

In the manufacturers submission, the bortezomib progression free survival
derived from Taverna (2012) was not adjusted for patient characteristics
(see section 6.3), and therefore in response to the first clarification, the
manufacturer adjusted the bortezomib hazard ratio. Adjusting for patient
characteristics reduced the hazard ratio from 1.15 to 0.9; now favouring
bortezomib. This resulted in a gain in QALY's and reduction in total costs
for lenalidomide. The new base case ICER (referred to from this point as
revised base case A) was dominant in favour of lenalidomide plus
dexamethasone. The manufacturer explained this counterintuitive result
by explaining that people receiving bortezomib had a longer progression
free survival, but shorter overall survival than those receiving lenalidomide
plus dexamethasone. The manufacturer stated that this could be due to
the nature of re-treatment. That is, they have previously responded to
bortezomib and so are likely to have a response again, and therefore
have a good progression free survival response, but that because they
have been exposed to bortezomib treatment before, the progression free

survival benefit may not translate to an overall survival benefit.

In response to the first clarification, the manufacturer explored the impact
of using MM-009 data only, or combining the results of MM-009 and MM-
010 by using mean outcomes weighted by mean number of patients in the
trials (the ERG asked for data that was pooled, however the manufacturer
stated that it was not possible to do this due to breaking randomisation).
The manufacturer presented ICERs of £12,567 (MM-009 only) and £3,122
(combined trial results) per QALY gained. The results presented include
the updated progression free survival hazard ratio adjusted for bortezomib
characteristics (an overall survival hazard ratio of 1.7 and progression free

survival hazard ratio of 1.35)).
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In response to the first clarification, the manufacturer presented several
updated scenario analyses of base case A. These included the scenarios
presented in the original analyses as well as different curve fits, using trial
data from patients who has one prior therapy only and using MM-009
rather than MM-010 for lenalidomide clinical effectiveness estimates. The
ICERSs for lenalidomide plus dexamethasone compared with bortezomib
retreatment ranged from lenalidomide dominating, to an ICER of £43,331
per QALY gained. The highest ICER was £67,660 per QALY gained for
lenalidomide plus dexamethasone compared with high-dose
cyclophosphamide plus dexamethasone. The mean probabilistic results
showed that lenalidomide plus dexamethasone dominated bortezomib
retreatment with a probability of cost effectiveness at £20,000 and
£30,000 per QALY gained of 74.5% and 85%, respectively.

Manufacturers revised analyses after clarification round 2

6.15

Following the response to the first clarification, the ERG identified a
number of further issues and therefore initiated a second round of
clarification. The ERG highlighted that the progression free survival and
overall survival curves crossed in the manufacturers model, which would
result in more people in progression free survival than still alive in the
model. The manufacturer’'s model used a ‘min’ function to correct for this,
such that the minimum value (between overall survival and progression
free survival) was used when overall survival was greater than
progression free survival (i.e. progression free survival = overall survival;
all those alive would be in progression free survival). The manufacturer
subsequently changed the curve fitting for overall survival of lenalidomide,
and removed the min function from the model. In the base case model a
piecewise exponential curve was fitted to overall survival, and log-logistic
curves fitted to progression free survival and time to failure. To prevent
the curves crossing, the manufacturer changed the fitted overall survival

curve to log-logistic.
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In response to the second clarification, the manufacturer presented a
revised base case (from this point referred to as revised base case B)
that:

corrected an inconsistency in the intervention and comparator arm in
the patient flow sheets

used the log-logistic curve for overall survival, progression free survival
and time to failure for the intervention arm, to prevent the curves from
crossing

removed the use of the minimum function (previously used to ensure
modelled progression free survival was never higher than overall
survival) where possible to minimise potential issues with patient flow
calculations

used a progression free survival hazard ratio for bortezomib that was
adjusted for patient characteristics, as in base case A, (0.9 in favour of

bortezomib; see section 6.12)

The revised probabilistic and deterministic base case results (Table 13)
showed that lenalidomide plus dexamethasone dominated bortezomib
plus dexamethasone. The probability of cost-effectiveness was 100% at a
threshold of £20,000 per QALY gained. The manufacturer performed one
way sensitivity analyses (Figure 7), using net monetary benefit (assuming
a maximum acceptable ICER of £30,000 per QALY gained), because of
negative ICERs. The results were most sensitive to the bortezomib hazard
ratios for PFS.
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Table 13 Model outputs by clinical outcomes base case B

Total ICER (£)
. Total |Total Incremental |Incremental |Incremental |.

Technologies |costs incremental

©) LYG |QALYs |costs (£) LYG QALYs (QALYs)
Updated base case
Bortezomib 131,111 |6.50 |3.45 i i

— -38,337 1.07 0.53 Lenalidomide

Lenalidomide (92,774 |7.56 |3.98 dominates
Probabilistic sensitivity analysis
Bortezomib NS NS NS -37,584 NS 0.53 Lenalidomide
Lenalidomide | NS NS |NS dominates

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

NS: Not stated

Figure 5 Deterministic sensitivity analysis base case B

Bortezomib hazard ratio [PFS]

Bortezomib hazard ratio [O5]

OS parameter: cons

TTF parameter: Cons

Annual discount rate: health outcomes

IV administration cost

TTF parameter: Beta =2.5mg/L

Duration of 4th line therapy (weeks)

Proportion of patients who receive cyclophosphamide at 4th line

Proportion of patients on treatment interruption

6.18

£0

Net Monetary Benefit

£10,000 £20,000 £30,000

£40,000

£50,000

£60,000

£70,000

@ Lower Bound

® Upper bound

The manufacturer conducted several scenario analyses, as detailed in

Table 14. Lenalidomide plus dexamethasone dominated bortezomib plus

dexamethasone in the following scenarios in the revised base case B:

e Reducing the time horizon

e Including dexamethasone in 3" and 4™ line treatments

e Parameter used to model treatment failure (time to treatment failure or

progression free survival)
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e Source for comparative efficacy of bortezomib

¢ Including the bortezomib patient access scheme

The following scenarios increased the ICER:

e Enabling a mixture of 3" line treatments on the comparator arm, rather
than just lenalidomide (essentially reducing lenalidomide use from
100% to 44% at 3™ line) increased the ICER to £26,665 per QALY
gained.

When lenalidomide was compared with bendamustine or other

chemotherapies, the ICER increased up to £36,718 per QALY gained.
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Table 14 Scenario analyses following clarification round 2 (base case B)

Parameter Base Case Setting Scenario Setting ICER

Base case N/A N/A Len Dominates

Time horizon 25 years 5 years Len Dominates
10 years Len Dominates
15 years Len Dominates
20 years Len Dominates

Type of comparison

Use of 3rd line lenalidomide | 100% len As per historical BSC (<100% len) £26,665

Choice of comparator

Bortezomib retreatment

Bortezomib retreatment + dex

Len Dominates

Bendamustine + dex £23,435
Bendamustine + presnisolone £23,424
Melphalan + prednisone £28,516
HD Cyclophosphamide + LD-dex £36,718
LD Cyclophosphamide + MD-dex £33,088
Doxorubicin £35,836
Vincristine £33,013
Include dexamethasone with | Yes No Len Dominates

3rd and 4th line treatments

Varying modelling of lenalidomide efficacy

Parameter used to model
treatment failure

Time to treatment
failure

Progression-free survival

Len dominates

Varying treatment efficacy assumptions

Comparative efficacy of
bortezomib

Overall survival from
Taverna 2012

White 2013

Len Dominates

Progression free
survival from Taverna
2012

Petrucci 2013

Len Dominates

Hrusovsky 2010 Len Dominates
Dispenzieri 2010 Len Dominates
White 2013 Len Dominates

Varying cost assumptions

Bortezomib PAS

Not included

15% discount received by all
patients

Len Dominates

15% discount received by 55% of
patients

Len Dominates

Using clinical inputs for the second-line population

Source of lenalidomide data
for clinical inputs in second
line population

All patients in MM-009

Second-line population only

Len Dominates

Varying source of data

Source of lenalidomide data
for base case

MM-009

MM-010

Len Dominates

Source of lenalidomide data
for clinical inputs in second
line population

MM-009

MM-010

Len Dominates

Varying curve fits

Results with non-crossing
parametric curve fits

Log-logistic

Gompertz

Len Dominates

Gamma

Len Dominates

Varying subsequent treatment

options

Subsequent treatment

options

Third and fourth line
therapy included

No subsequent treatment modelled

Len Dominates
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ERG critique of cost effectiveness

6.19

6.20

The ERG stated that the search terms and databases in the systematic

literature review used were appropriate.

The ERG reviewed the manufacturer’s approach to the de novo model
and highlighted a number of important logical errors in the original model.
A number of these issues were not resolved following the two rounds of

clarification.

Model structure.

6.21

6.22

The ERG noted that there were differences between how the 3 and 4™
line treatment of the intervention and the comparator arms in the

manufacturer’'s model were modelled (Figure 6), as follows:

— In the intervention arm, when 3 and 4™ line treatments were
modelled, only the costs of the treatments are included. However, in
the comparator arm, when lenalidomide was included as a 3" line
treatment, as well as the treatment costs, the cost of adverse events
were included. In addition, disutility of adverse events was incurred,
and efficacy (in terms of overall survival) was changed to being that
of lenalidomide (that is, determined from the MM-010 trial).

— The time period of 3" line treatment was different between the
intervention and the compactor arm. On the intervention arm it was
fixed duration. On the comparator arm, when lenalidomide was a 3™
line treatment the duration of treatment was derived from MM-010

progression free survival.

The ERG reviewed the transition from the ‘progression-free (on
treatment)’ health state to the ‘progression-free (off treatment)’ and

‘progressive disease’ health states.

— In both the lenalidomide and comparator arm, following the end of
the ‘progression-free (on treatment)’ health state, patients

immediately move on to receive third line treatment when in the
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‘progression-free (off treatment)’ and ‘progressive disease’ health
state. Patients immediately begin to accrue the costs associated with
subsequent lines of treatment, without a treatment break.

— In the comparator arm, following the end of the progression-free (on
treatment) health state, in addition to accruing the costs associated
with third line treatment, patients also accrue the mortality benefit
associated with lenalidomide.

Expert clinical opinion sought by the ERG was that these scenarios were
not clinically plausible. In clinical practice, patients experience a treatment
break following the end of the ‘progression-free survival (on treatment)
health state’, and, following the start of a subsequent treatment line of
treatment, there would be 4-6 months before any mortality benefit of

subsequent treatments would be seen.

The ERG noted further issues with the way the 3™ and 4™ line treatments
were modelled. The ERG commented that the manufacturer’s current
treatment pathway (Figure 1) was not consistent with the 39 and 4™ line
treatments included in the model (Table 5), and a number of the
treatments included in the model were no longer routinely used in clinical
practice. The ERG questioned whether 3" or 4™ treatment lines would be
used in clinical practice. The ERG also noted that it was predominantly
only cost data that was included at the 3" and 4™ line treatments (with the
exception of lenalidomide), and therefore questioned whether these

treatment lines should be included in the model.
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Figure 6 ERG presentation of the manufacturer’'s model
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6.24 The ERG noted that in the ‘progressive disease’ health state in the model,

patients incur the progressive disease utility for all of the time in the health
state. However, whilst in the progressive disease health state, patients
can receive 3rd and 4th line treatments which, in clinical practice, could
result in a progression free state and therefore an improvement in health
and an increase in utility. The ERG noted that this clinical benefit is not
captured in the model as they remain in the ‘progressive disease’ health

state with no utility change.

Data extrapolation.

6.25 The manufacturer extrapolated progression free survival, time to
progression and overall survival data from MM-010 using the mean of
covariates method. The ERG noted that the mean of covariates method
may skew the results, and stated that alternative approaches could have
been used to adjust for baseline characteristics. Further, the ERG stated
that it was not clear why each of the covariates had been chosen as
some, such as ECOG score of 1, were not statistically significant
predictors. The ERG stated that it was not clear if all potential predictors
were included in the model (number of prior therapies was not included),

and that pre-selection may have biased the model.
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6.26 The ERG commented that overall survival with lenalidomide was likely to
have been overestimated in the model. The ERG noted that after
approximately 25 years, 11% of patients were still alive. The ERG
commented that given patients enter the model at 63 years old, this
indicated that approximately 11% of patients would live beyond the age of

88 years.

Comparative efficacy.

6.27 The ERG commented on the manufacturer’s updated progression free
survival hazard ratio for bortezomib, which had changed from 1.15
(favouring lenalidomide, in the original analyses) to 0.9 (favouring
bortezomib in base case B (see section 6.12)). The ERG noted that
despite this favouring bortezomib, following this change, lenalidomide
dominated bortezomib (from the original base case ICER of approximately
£14,500). The ERGs clinical experts advised that this progression free
survival hazard ratio in favour of bortezomib was not likely to be clinically
plausible, as in clinical practice patients receiving bortezomib retreatment
would be expected to progress more quickly than those receiving
lenalidomide.

Curves crossing

6.28 The ERG considered the manufacturer’s approach to crossing curves.
The manufacturer had used the ‘min’ function in Excel in the initial base
case analyses to ensure the curves did not cross. However, the ERG
commented that this does not solve the fundamental issue that the
survival curves informing the Markov transition probabilities crossed. The
ERG noted that the manufacturer had changed the choice of extrapolation
for overall survival from exponential to log-logistic for base case B.
However, the ERG commented that curve fit should be selected based on
the best fit to the actual survival data and the long term natural history of
the disease, rather than to prevent curves crossing. Figure 9 shows the

ERG reproduced Kaplan-Meier plot and fitted log-logistic curve for overall
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over 25 years, which showed a poor fit. The ERG also noted that the

curves still cross in the comparator arm of the model in base case B.

Figure 7 Kaplan-Meier and fitted log-logistic survival curve for overall survival
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6.29 The ERG found conceptual and mathematical mistakes in the
manufacturer’'s model. For example, the manufacturer’'s hazard ratio for
the relative effectiveness of bortezomib was 0.9 (favouring bortezomib),
however, the Markov traces show that in the model people receiving
lenalidomide remain in the pre-progression health state for longer than

those who received bortezomib (Figure 10).
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Figure 8 Markov traces from manufacturer’s original submission
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Drug costs:

The ERG noted several issues related to cost inputs:

e Concomitant dexamethasone was not included in the initial base case,
base case A or base case B

e The ERG could not trace back the calculations used to estimate the
costs of bortezomib per cycle.

¢ The manufacturer's model assumed that patients remain on bortezomib
retreatment until progression or treatment failure. However, the ERGs
clinical experts suggested that bortezomib is given for a fixed number
of cycles (usually 8). Fixing bortezomib retreatment duration to only 8
cycles significantly increased the ICER of lenalidomide compared with
bortezomib (see section 6.30).

e The manufacturer assumed transport costs for the administration of
bortezomib for 50% of patients, however, the ERGs clinical expert
suggested that this would be significantly lower than 50% and the

frequency would be less than that assumed in the model.
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e The ERG noted the disease monitoring cost calculation for
lenalidomide was not clear, particularly which costs were attributed to

which state (that is, progression or progression free).

Health related quality of life

6.31 The ERG noted that patients in the progression-free survival state have a
utility value of 0.81, which is higher than would be expected for a healthy
member for the UK population at the same age (expected to be 0.8). The
ERG also noted mathematical mistakes in the estimation of the pre-

progressive state QALYSs.

6.32 The ERG noted that while on 3 and 4™ line treatment, patients are
assumed to always be in the progressive disease state and incur the
associated utility (0.64). Patients cannot benefit from treatment in that
they cannot move into progression free survival and incur a higher utility

value.

Critique of results and sensitivity analysis

6.33 The ERG noted fundamental methodological issues with the economic
model, including issues with the model structure (including asymmetry of
the intervention and comparator arms), data extrapolation (including
crossing curves), clinical plausibility of several of the inputs, issues with
cost data and issues with the values for health related quality of life. The
ERG presented updated analyses for lenalidomide plus dexamethasone
compared with bortezomib plus dexamethasone in second line patients
only (Table 15), that is, the costs and effectiveness of subsequent
treatments were not included in the analysis. It was assumed that 65% of
people receiving bortezomib also received dexamethasone. However,
given the structural and methodological concerns raised, the ERG stated
that these results should be interpreted with caution. In the ERG’s
analysis for second line therapy only (that is, third and fourth line
treatments are not modelled), lenalidomide plus dexamethasone
dominated bortezomib plus dexamethasone. The ERG presented some
further scenarios (based on the manufacturer’'s base case B model) in
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which an error in the manufacturers model regarding the allocation of
patients to the different health states was amended, the bortezomib
treatment duration was fixed to 8 cycles, and an adverse events disutility
mistake was corrected. The ICER that incorporated all these changes was
£54,369 per QALY gained for lenalidomide plus dexamethasone

compared with bortezomib.

Table 15 Results of the ERG analyses using corrections to the model

Cost-effectiveness
results per patient

Len/Dex Bort Incremental value (1-2)

Base Case — second-line only

Total costs £ £85,546 £86,432 £-885
QALYs 3.98 2.49 1.48
ICER Len dominates

Allocation of patients to model cycles correction

Total costs £ £120,268 £158,420 £-3,8152

QALYs 4.09 2.66 1.42

ICER (compared with
ERG base case)

ICER with all changes
incorporated (cumulative)

Len dominates

Len dominates

Duration of Bort treatment correction

Total costs £ £85,546 £42,839 £42,707
QALYs 3.98 2.50 1.48
o compared v
|Irc1: cIf)Fr{p\(,)v:ahte?;l (%Z?\?S IZ?ive) £54,535
AE disutility correction

Total costs £ £85,546 £86,432 £-885
QALYs 3.98 2.49 1.48

ICER (compared with
ERG base case)

ICER with all changes
incorporated (cumulative)

Len dominates

£54,369
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7 Equality issues

7.1 No potential equality issues have been identified
8 Innovation

8.1 No innovation statements have been provided.
9 Authors

Carl Prescott
Technical Lead(s)

Melinda Goodall
Technical Adviser

with input from the Lead Team (John Pounsford, John Cairns, Matthew Campbell-
Hill)
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Appendix A: Supporting evidence

Related NICE guidance

Published
e Improving outcomes in Haematological Cancer. NICE Cancer Service Guidance
(2003).

e Bortezomib monotherapy for relapsed multiple myeloma. NICE technology

appraisal guidance 129 (2007).

e |enalidomide for the treatment of multiple myeloma in people who have received

at least one prior therapy. NICE technology appraisal guidance 171 (2009)

e Bortezomib and thalidomide for the first-line treatment of multiple myeloma. NICE

technology appraisal guidance 228 (2011).

Under development
NICE is developing the following guidance (details available from www.nice.org.uk):

e Multiple myeloma. NICE clinical guideline. Publication date to be confirmed.
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Appendix B: Clinical efficacy section of the draft European

public assessment report

http://www.ema.europa.eu/docs/en GB/document library/EPAR -
Product Information/human/000717/\WC500056018.pdf
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Appendix B

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Proposed Health Technology Appraisal

Lenalidomide for the treatment of multiple myeloma in people who have
received at least one prior therapy with bortezomib (partial review of
TA171)

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of lenalidomide within its
licensed indication for treating multiple myeloma previously treated with
bortezomib* 2.

Background

Multiple myeloma is a form of cancer that arises from plasma cells (a type of
white blood cell) in the bone marrow. Myeloma cells produce large quantities
of an abnormal antibody, known as paraprotein. Unlike normal antibodies,
paraprotein has no useful function and lacks the capacity to fight infection.
Myeloma cells supress the development of normal blood cells that are
responsible for fighting infection (white blood cells), carrying oxygen around
the body (red blood cells) and blood clotting (platelets). The term multiple
myeloma refers to the presence of more than one site of affected bone at the
time of diagnosis. People with multiple myeloma can experience bone pain,
bone fractures, tiredness (because of anaemia), infections, hypercalcaemia
(too much calcium in the blood) and kidney problems.

In 2009, 4270 people were diagnosed with multiple myeloma in England and
Wales. The condition is most frequently diagnosed in older people, with 71%
of people diagnosed aged 65 years and over. Multiple myeloma is more
common in men than in women and the incidence is also reported to be
higher in people of African and Caribbean family origin. The 5-year survival
rate for adults with multiple myeloma in England is estimated to be 37.1%.

Multiple myeloma is an incurable disease. The main aims of therapy are to
prolong survival and maintain a good quality of life by controlling the disease
and relieving symptoms. For people with multiple myeloma who are not
considered suitable for stem-cell transplantation, NICE TA228 recommends
as a first line treatment option thalidomide given with alkylating agents (such
as melphalan or cyclophosphamide) and corticosteroids (such as
prednisolone or dexamethasone) or, if thalidomide is contraindicated,
bortezomib given with alkylating agents and corticosteroids. TA129
recommends bortezomib monotherapy as a second line treatment option for

! This is a part-review of TA171 (the rest of the appraisal will be placed on the static list).

% The remit for TA171 was: ‘To appraise the clinical and cost effectiveness of lenalidomide in
combination with dexamethasone for the treatment of multiple myeloma in people who have
received at least one prior therapy’.
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the treatment of progressive multiple myeloma in people who are at first
relapse having received one prior therapy and who have undergone, or are
unsuitable for, bone marrow transplantation (if the response to bortezomib is
measured using serum M protein after a maximum of four cycles of treatment,
and treatment is continued only in people who have a complete or partial
response). TA171 recommends lenalidomide in combination with
dexamethasone as a third line treamtent option for the treatment of multiple
myeloma only in people who have received two or more prior therapies.

First-line treatment of multiple myeloma with bortezomib was not an option
during the development of TA171. Therefore, recommendations on the
treatment of multiple myeloma with lenalidomide in people for whom
thalidomide is contraindicated and who have received first-line line treatment
with bortezomib are being developed in the current part-review.

The technology

Lenalidomide (Revlimid, Celgene) is a structural analogue of thalidomide. It
has anti-neoplastic, anti-angiogenic, pro-erythropoeitic, anti-inflammatory and
immunomodulatory properties. Lenalidomide is administered orally.

Lenalidomide in combination with dexamethasone has a UK marketing
authorisation for the treatment of multiple myeloma in adults who have
received at least one prior therapy.

Intervention(s)

Lenalidomide in combination with dexamethasone.

Population(s)

Adults with multiple myeloma for whom thalidomide is
contraindicated and whose disease has progressed after
at least 1 prior treatment with bortezomib.

Comparators e Bortezomib monotherapy and bortezomib in
combination with high dose dexamethasone
e Chemotherapy including regimens based on
mephalan, vincristine, cyclophosphamide and
doxorubicin
e Bendamustine
Outcomes The outcome measures to be considered include:

e progression-free survival

e overall survival

e response rates

e time to next treatment

e adverse effects of treatment
e health-related quality of life.
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Economic
analysis

The reference case stipulates that the cost effectiveness
of treatments should be expressed in terms of
incremental cost per quality-adjusted life year.

The reference case stipulates that the time horizon for
estimating clinical and cost effectiveness should be
sufficiently long to reflect any differences in costs or
outcomes between the technologies being compared.

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

The availability of any patient access schemes for the
intervention or comparator technologies should be taken
into account.

Other
considerations

Guidance will only be issued in accordance with the
marketing authorisation.
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Related NICE
recommendations
and NICE
pathways

Related Technology Appraisals:

Technology Appraisal No. 129, October 2007,
‘Bortezomib monotherapy for relapsed multiple
myeloma’. Static list.

Technology Appraisal No. 171, June 2009,
‘Lenalidomide for the treatment of multiple myeloma in
people who have received at least one prior therapy’.
Static list.

Technology Appraisal No. 228, July 2011, ‘Bortezomib
and thalidomide for the first-line treatment of multiple
myeloma’. Review proposal date July 2014.

Suspended Technology Appraisal ‘Multiple myeloma -
lenalidomide (maintenance, post autologous stem cell
transplantation)’.

Suspended Technology Appraisal, ‘Vorinostat in
combination with bortezomib for the treatment of
multiple myeloma in people who have received at least
one prior therapy’.

Suspended Technology Appraisal, ‘Lenalidomide for the
treatment of newly diagnosed multiple myeloma’

Related Guidelines:
Clinical Guideline in Preparation, ‘Multiple myeloma:
diagnosis and management of multiple myeloma'.

Earliest anticipated date of publication January 2016.

Cancer Service Guidance, October 2003, ‘Improving
Outcomes in Haematological Cancer’.

Related NHS
England policy

National service framework:
‘Improving outcomes: a strategy for cancer’, Jan 2011.

https://www.gov.uk/government/uploads/system/uploads
/attachment data/file/135516/dh 123394.pdf.pdf
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Final matrix of consultees and commentators
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appeal)
Manufacturers/sponsors General

o Celgene (lenalidomide)
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Afiya Trust

Black Health Agency

Cancer 52

Cancer Black Care

Cancer Equality

Equalities National Council
Helen Rollason Cancer Charity
Independent Age

Independent Cancer Patients Voice
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Leukaemia CARE

Macmillan Cancer Support
Maggie’s Centres

Marie Curie Cancer Care
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Muslim Health Network
Myeloma UK

Rarer Cancers Foundation
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Specialised Healthcare Alliance
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Professional groups

e Association of Cancer Physicians

e British Association for Services to the
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Haematology

British Geriatrics Society

British Psychosocial Oncology Society

British Society of Haematology

Cancer Network Pharmacists Forum

Cancer Research UK
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Royal College of Nursing

Royal College of Pathologists

Royal College of Physicians
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British National Formulary
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Medac GmbH (doxorubicin)

Merck, Sharp and Dohme (dexamethasone)
Napp Pharmaceuticals (bendamustine)
Pfizer (cyclophosphamide, doxorubicin, )
Rosemount Pharmaceuticals
(dexamethasone)

Teva UK (vincristine)

Wockhardt UK (doxorubicin)
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Consultees

Commentators (no right to submit or
appeal)

Royal College of Radiologists
Royal Pharmaceutical Society
Royal Society of Medicine

UK Health Forum

UK Myeloma Forum

United Kingdom Clinical Pharmacy
Association

¢ United Kingdom Oncology Nursing
Society

Others

Department of Health

NHS England

NHS Leeds South and East CCG
NHS Telford & Wrekin CCG
Welsh Government

Cochrane Haematological Malignancies
Group

Elimination of Leukaemia Fund

Health Research Authority

Leukaemia and Lymphoma Research
Institute of Cancer Research

MRC Clinical Trials Unit

National Cancer Research Institute
National Cancer Research Network
National Institute for Health Research
Research Institute of the Care of Older
People

Assessment Group

National Institute for Health Research
Health Technology Assessment
Programme

TBC

Associated Guideline Groups

National Collaborating Centre for Cancer

Associated Public Health Groups

None

NICE is committed to promoting equality, eliminating unlawful discrimination and
fostering good relations between people who share a protected characteristic and
those who do not. Please let us know if we have missed any important organisations
from the lists in the matrix, and which organisations we should include that have a
particular focus on relevant equality issues.
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Definitions:

Consultees

Organisations that accept an invitation to participate in the appraisal; the manufacturer(s) or
sponsor(s) of the technology; national professional organisations; national patient
organisations; the Department of Health and the Welsh Government and relevant NHS
organisations in England.

The manufacturer/sponsor of the technology is invited to make an evidence submission,
respond to consultations and has the right to appeal against the Final Appraisal
Determination (FAD).

All non-manufacturer/sponsor consultees are invited to submit a statement?, respond to
consultations, nominate clinical specialists or patient experts and have the right to appeal
against the Final Appraisal Determination (FAD).

Commentators

Organisations that engage in the appraisal process but that are not asked to prepare an
evidence submission or statement, are able to respond to consultations and they receive the
FAD for information only, without right of appeal. These organisations are: manufacturers of
comparator technologies; NHS Quality Improvement Scotland; the relevant National
Collaborating Centre (a group commissioned by the Institute to develop clinical guidelines);
other related research groups where appropriate (for example, the Medical Research
Council [MRC], National Cancer Research Institute); other groups (for example, the NHS
Confederation, NHS Alliance and NHS Commercial Medicines Unit, and the British National
Formulary.

All non-manufacturers/sponsors commentators are invited to nominate clinical specialists or
patient experts.

Assessment Group

An independent academic group (commissioned by the National Institute for Health
Research (NIHR) Health Technology Assessment Programme (HTA Programme) to assist in
the appraisal) prepares an Assessment Report on the health technology (a review of the
clinical and cost effectiveness of the technology(ies) based on a systematic review of the
literature and a review of manufacturer and sponsor submission to the Institute).

! Non manufacturer consultees are invited to submit statements relevant to the group they are
representing.
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Executive summary

Multiple myeloma is a haematological malignancy associated with a range of
debilitating symptoms, and it continues to be incurable and relapsing in nature
with a 5-year relative survival rate of 37%. The main aims of treatment are to
prolong survival and maintain a good quality of life by controlling the disease

and associated symptoms.

The UK annual incidence of multiple myeloma is 7.5 per 100,000 population,
with the rate increasing with age. The primary management of individual
patients is based on their fithess for chemotherapy and stem cell
transplantation, which is determined by factors including their age, co-
morbidities and performance status. It is estimated that high-dose
chemotherapy with stem cell transplantation is inappropriate for 86% of

patients.

Initial treatment for these patients consists of either thalidomide-based or
bortezomib-based regimens as per the NICE TA228. Following first relapse,
patients may then be considered for second-line treatment with bortezomib as
per the NICE TA129. However, with the evolution of the treatment pathway
and in particular the increasing use of bortezomib first line (since the
publication of TA228), lenalidomide now represents an important additional
treatment option for patients at first relapse. Lenalidomide is an oral
immunomodulating agent with anti-neoplastic, anti-angiogenic, pro-
erythropoietic and immunomodulatory properties, which was granted a
marketing authorisation for treatment of multiple myeloma after 1 prior therapy
in 2007. The use of lenalidomide is mostly limited to patients after 2 prior
therapies (NICE TA171). However, some patients are currently successfully
treated with lenalidomide after 1 prior therapy, made available by the Cancer
Drugs Fund (CDF).

The efficacy of lenalidomide has been demonstrated in the MM-009 and MM-
010 phase lll randomised clinical trials (RCTs). A subset analysis of patients
who had 1 prior therapy demonstrated an overall response rate (ORR) of

66.9%, a time to progression (TTP) of 17.1 months and progression-free
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survival (PFS) of 14.1 months. The median overall survival (OS) was 42.0
months. This analysis also demonstrated that comparative treatment
outcomes with lenalidomide are better when used earlier on in the pathway.
Further pooled analysis provided evidence that the efficacy of lenalidomide is
consistent regardless of prior therapy. Response for Len/Dex used
subsequent to first-line bortezomib demonstrated a higher response (73% vs

44%) when used at second line compared to later lines of therapy.

In the treatment setting that is being appraised here, following first relapse,
there is no established treatment standard, even though available information
indicates that retreatment with bortezomib is fairly common. The available
evidence on efficacy of treatments currently employed is of poor quality, as
highlighted by a systematic literature review. Most of the identified studies
were not RCTs, but were single arm, mostly observational in nature, with very
few patients and limited published data. From the sources that were obtained,
median PFS estimates ranged from 5.1 to 9.6 months for bortezomib;
evidence for bendamustine reported only one estimate, a median of 9.3
months. An OS of 20.4 to 24.0 months was reported for bortezomib,

compared to 12.4 months for bendamustine.

The cost-effectiveness of lenalidomide was determined using a Markov model
developed in Microsoft® Excel. Survival was partitioned into three health
states: pre-progression (on treatment), pre-progression (off treatment) and
post-progression. Transition probabilities were determined for OS, PFS and
time to treatment failure (TTF) curves, derived from MM-010 clinical study
data. This approach was used to estimate lifetime outcomes and costs
associated with patients with multiple myeloma following prior treatment with
bortezomib. Life years and quality-adjusted life years (QALYS) are the primary
clinical model outcomes. Cost outcomes include the cost of therapy and

subsequent therapies, medical resource use and adverse event management.

The cost-effectiveness model indicates that, over a lifetime horizon, patients
receiving lenalidomide plus dexamethasone (Len/Dex) following one prior
treatment (with bortezomib) will experience an additional 1.31 years of pre-
progression survival compared to bortezomib retreatment (Table 1). The
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model estimates that lenalidomide will lead to an OS gain of 0.71 years,
resulting in a QALY gain of 0.53. Discounted incremental costs associated
with lenalidomide are £7,682, leading to an ICER of £14,535. Extensive
sensitivity analyses performed to assess parameter and structural uncertainty
indicated that the model results were sensitive to estimates of bortezomib
comparative efficacy (ICERs dominant to £43,331), OS parameters and TTF
parameters. Probabilistic sensitivity analysis (PSA) indicated a 73% chance of
cost effectiveness at a willingness-to-pay threshold of £30,000 per QALY.

Table 1: Base-case cost-effectiveness results

Model result Lenalidomide Bortezomib Incremental
Technology

o £104,211 £47,085 £57,126
acquisition cost
Other costs £17,211 £66,654 -£49,444
Total costs £121,422 £113,740 £7,682
Pre-progression

2.48 1.18 1.31

LYG
Total LYG 5.74 5.03 0.71
QALYs 3.24 2.89 0.53
ICER £14,535

LYG, life years gained; QALY(s), quality-adjusted life year(s); ICER, incremental cost-effectiveness
ratio.

QALYs and Costs are presented with a 3.5% discount rate. LYG are undiscounted.

Given the current multiple myeloma treatment pathway it is estimated that just
over 250 patients, contingent on the proportion being treated initially with
bortezomib, will progress to second-line treatment each year. Patients not
treated with lenalidomide at second line will invariably be treated with
lenalidomide at third line, as per TA171. Enabling access to this specific
cohort of patients is estimated to be initially cost saving to the NHS, while also
improving patient outcomes. Based upon estimated current lenalidomide use,
a budget saving of approximately £4,000 per 100,000 population in Year 1 is
predicted, increasing to £7,000 per 100,000 population in Year 5.

Page 10 of 268






Section A — Decision problem

1 Description of technology under assessment

1.1 Give the brand name, approved name and, when appropriate,
therapeutic class. For devices, provide details of any different

versions of the same device.

Name: Lenalidomide (Revlimid®).
Pharmacotherapeutic group: Immunomodulating agent.
ATC code: L04 AX04.

1.2 What is the principal mechanism of action of the technology?

Lenalidomide (Revlimid®) is an immunomodulating agent. It belongs to a class
of agents referred to as immunomodulatory derivatives, and is a structural

derivative of thalidomide.*

Lenalidomide mechanism of action includes anti-neoplastic, anti-angiogenic,
pro-erythropoietic, and immunomodulatory properties. Specifically,
lenalidomide inhibits proliferation of certain haematopoietic tumour cells
(including multiple myeloma plasma tumour cells), enhances T cell- and
Natural Killer (NK) cell-mediated immunity and increases the number of NK
cells, inhibits angiogenesis by blocking the migration and adhesion of
endothelial cells and the formation of microvessels, augments foetal
haemoglobin production by CD34+ haematopoietic stem cells, and inhibits
production of pro-inflammatory cytokines (e.g., TNF-a and IL-6) by

monocytes.

1.3 Does the technology have a UK marketing authorisation/CE
marking for the indications detailed in this submission? If so, give
the date on which authorisation was received. If not, state current
UK regulatory status, with relevant dates (for example, date of

application and/or expected approval dates).
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Lenalidomide was granted European Medicines Agency (EMA) marketing

authorisation for multiple myeloma on 14 June 2007.

1.4 Describe the main issues discussed by the regulatory organisation
(preferably by referring to the [draft] assessment report [for
example, the EPARY])). If appropriate, state any special conditions
attached to the marketing authorisation (for example, exceptional

circumstances/conditions to the marketing authorisation).

The EPAR notes that treatment with lenalidomide must not be started if the
absolute neutrophil count (ANC) is < 1.0 x 10° /L, and/or platelet count is < 75
x 10° /L or, dependent on bone marrow infiltration by plasma cells, platelet

countis <30 x 10%/L.2

Lenalidomide is structurally related to thalidomide, a known human
teratogenic substance that causes severe life-threatening birth defects. If
lenalidomide is taken during pregnancy, a teratogenic effect of lenalidomide
cannot be ruled out in humans and for this reason a risk minimisation plan
was mandated and approved by the EMA and Medicines and Healthcare
products Regulatory Agency (MHRA) during the licensing process to ensure

that there is no foetal exposure to lenalidomide. See section 1.12.

In addition, Celgene must provide a letter and educational kits for healthcare
professionals, and brochures for patients, explaining the fact that lenalidomide
is expected to be harmful to the unborn child and detailing the steps that need
to be taken for the medicine to be used safely. It will also supply cards for
patients to ensure that all appropriate safety measures have been taken by
each patient.

To monitor for potential haematological toxicity, patients are required to

undergo routine blood tests, please see section 1.13.
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15 What are the (anticipated) indication(s) in the UK? For devices,
provide the (anticipated) CE marking, including the indication for

use.

Lenalidomide has a UK marketing authorisation for two indications:

« in combination with dexamethasone for the treatment of multiple
myeloma, in adults who have received at least one prior therapy

« for treatment of patients with transfusion-dependent anaemia due to
low- or intermediate-1-risk myelodysplastic syndromes (MDS)
associated with an isolated deletion 5q cytogenetic abnormality when
other therapeutic options are insufficient or inadequate

1.6 Please provide details of all completed and ongoing studies from
which additional evidence is likely to be available in the next
12 months for the indication being appraised.

None

1.7 If the technology has not been launched, please supply the
anticipated date of availability in the UK.

Lenalidomide was launched in the UK on 25 June 2007. Although the licensed
indication is for treatment following one prior therapy, the NICE
recommendation in June 2009 restricted use to the treatment of patients who
have received two or more prior therapies (TA 171) (see section 2.4).
However, since then lenalidomide has been prescribed for eligible patients
after one prior therapy through Individual funding requests (IFR). More
recently, lenalidomide was approved for funding through the Cancer Drugs
Fund (CDF) as a second-line treatment.”

1.8 Does the technology have regulatory approval outside the UK? If

S0, please provide details.

In addition to the EU states, lenalidomide is approved in a total of 44

countries; see appendix A for the full details of countries and indications.
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1.9 Is the technology subject to any other form of health technology

assessment in the UK? If so, what is the timescale for completion?

Celgene intends to submit to the Scottish Medicines Consortium (SMC) in

December 2013 for the same population being evaluated in this submission.

Lenalidomide is currently under appraisal by NICE in the indication of MDS
(treatment of patients with transfusion-dependent anaemia due to low- or
intermediate-1-risk myelodysplastic syndromes associated with an isolated
deletion 5q cytogenetic abnormality when other therapeutic options are
insufficient or inadequate), the anticipated publication date is quarter 1 2014.
SMC is assessing lenalidomide in the same indication, with advice expected
10 March 2014.

1.10 For pharmaceuticals, please complete the table below. If the unit
cost of the pharmaceutical is not yet known, provide details of the

anticipated unit cost, including the range of possible unit costs.

Table 2: Unit costs of technology being appraised

Pharmaceutical formulation Hard capsule
White capsules marked “REV 25mg”

Pale blue/white capsules marked “REV
15mg”

Blue-green/pale yellow capsules marked
“REV 10mg”

White capsules marked “REV 5mg”

Acquisition cost (excluding VAT) Cost per 21-tablet pack shown
25mg: £4,368

15mg: £3,969

10mg: £3,780

5mg: £3,570

Method of administration Oral

Doses 25mg, 15mg, 10mg, 5mg

Dosing frequency Daily for 21 days in a 28-day cycle

Average length of a course of The median time on treatment in the
treatment second-line setting from the clinical trials
was 12.5 months (0.3-24.1)°

Average cost of a course of treatment | £3,773 per cycle for a mean of 28.1 cycles
(see section 7.5)
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Anticipated average interval between Treatment is continuous until progression.
courses of treatments

Anticipated number of repeat courses | Treatment with lenalidomide is continuous
of treatments until progression.

Dose adjustments Dosing is continued or modified based
upon clinical and laboratory findings.
Please see SPC section 4.2 for more
details.

SPC, summary of product characteristics.

1.11 For devices, please provide the list price and average selling price.
If the unit cost of the device is not yet known, provide details of the

anticipated unit cost, including the range of possible unit costs.

Not applicable

1.12 Are there additional tests or investigations needed for selection, or

particular administration requirements for this technology?

Due to the structural similarities with thalidomide (a known human teratogen),
lenalidomide is contraindicated in women of child-bearing potential, or male
partners of women of child-bearing potential, unless appropriate contraceptive
measures and pregnancy testing are carried out. Women of child-bearing
potential should have 2 negative pregnancy tests (sensitivity of at least 25

mlU/mL) prior to commencing treatment.

A medically supervised pregnancy test should be repeated every 4 weeks,
including 4 weeks after the end of treatment, except in the case of confirmed
tubal sterilisation. These pregnancy tests should be performed on the day of

the prescribing visit or in the 3 days prior to the visit to the prescriber.

1.13 Is there a need for monitoring of patients over and above usual
clinical practice for this technology?

To monitor for potential haematological toxicity, patients are required to
undergo routine blood tests to assess full blood counts weekly for the first 8

weeks of therapy, and monthly thereafter.
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A letter was issued to health care professionals on the 10th June 2013
regarding the safety of lenalidomide for the treatment of MDS associated with
an isolated deletion 5¢g cytogenetic abnormality. This letter highlighted an
increase in risk of progression to acute myeloid leukemia in patients who are
transfusion dependant and had complex cytogenetics at baseline compared
with patients who had an isolated Del (5q) abnormality. This increased risk

does not apply to the indication being appraised here.

1.14 What other therapies, if any, are likely to be administered at the

same time as the intervention as part of a course of treatment?

As per the marketing authorisation granted, lenalidomide is indicated in

combination with dexamethasone for the population being appraised by NICE.

2 Context

2.1 Please provide a brief overview of the disease or condition for
which the technology is being used. Include details of the

underlying course of the disease.

Multiple myeloma is a haematological malignancy that arises from the
monoclonal expansion of plasma cells in the bone marrow.® Patients with
multiple myeloma suffer from a range of debilitating symptoms, including
skeletal destruction, which arises from activation of osteoclasts by multiple
myeloma cells — leading to painful lytic bone lesions, pathological fractures
and hypercalcaemia. Secretion of M-proteins by plasma cells results in renal
insufficiency, and patients are also more susceptible to infection, due to a

compromised B-cell lineage.®®

While treatment can result in remission, the main aims of therapy are to
prolong survival and maintain a good quality of life by controlling the disease

and relieving symptoms.®

The prognostic outlook is one where patients will relapse after initial
treatment, or discontinue therapy due to adverse events or toxicity, for

example peripheral neuropathy. The disease also becomes refractory to
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current treatments.® Figure 1 shows the relapsing nature of the disease.
Section 2.4 provides additional detail on the life expectancy of patients with

multiple myeloma.

Figure 1: Disease progression in multiple myeloma
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Source: Adapted from Hajek R. Multiple Myeloma - A Quick Reflection on the Fast Progress. 2013°

2.2 Please provide the number of patients covered by this particular
therapeutic indication in the marketing authorisation and also
including all therapeutic indications for the technology, or for which
the technology is otherwise indicated, in England and Wales and

provide the source of the data.

Table 3 shows the total incidence of multiple myeloma in England and Wales,
which is 2,368 patients. This figure was obtained using the methodology in the
NICE costing template for bortezomib and thalidomide for the first-line
treatment of multiple myeloma.® The total male and female populations aged
over 20 years for each country and the respective gender-specific multiple

myeloma incidence rates are used.
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Table 3: Incidence of multiple myeloma in England and Wales

Item Estimate — Estimate — Source
England Wales

g/loal()a population (aged | 18,996,481 1,096,889 NHS Information C.entre

Female population 20,223,021 1,188,486 f((:)r Health arllfl Social
are (2010)

(aged 20+)

Myeloma incidence 7.1 7.1

(per 100,000) — Males Cancer Research UK

Myeloma incidence 4.4 4.1 (2009)*?

(per 100,000) —

Females

Total myeloma 1,430 939 Calculation

incidence

The NICE costing template methodology was replicated.® As such, high-dose
chemotherapy with stem cell transplantation is assumed to be inappropriate
for 86.4% of newly-diagnosed patients, i.e. 2,047 patients, in England and
Wales. Of which, 307 (15%) are unable to tolerate or are contraindicated to
thalidomide. These patients therefore receive bortezomib as first-line

treatment.

The proportion of patients surviving at the mean time to progression (TTP)
following bortezomib, melphalan and prednisolone (1.04 years) in TA228 was
estimated to be 86.5%.'* * This means 266 patients are expected to progress
to second-line treatment and therefore be covered in the marketing

authorisation of lenalidomide for multiple myeloma.

2.3 Please provide information about the life expectancy of people with
the disease in England and Wales and provide the source of the

data.

According to Cancer Research UK, about 70% of people diagnosed with
myeloma in the UK live for at least 1 year after diagnosis. About 37% live for
at least 5 years and it is estimated that between 15% and 19% of people will

live for at least 10 years.™

Life expectancy for multiple myeloma is usually predicted based upon the
stage of the cancer. The stages are determined by the serum albumin and

serum beta-2 microglobulin levels.*® According to this system:

Page 18 of 268






e At Stage I, i.e. albumin = 3.5 & beta-2 microglobulin <3.5, the median
survival is 62 months.

e At Stage Il, Multiple Myeloma (beta-2 microglobulin levels are 3.5 to 5.5) it
is 44 months.

« For patients with Stage Il disease, who show a beta-2 microglobulin level

of more than 5.5, the median survival rate reduces to 29 months.

2.4 Please give details of any relevant NICE guidance or protocols for
the condition for which the technology is being used. Specify

whether any specific subgroups were addressed.

NICE appraisal TA228 (July 2011 recommends thalidomide or bortezomib for

the first-line treatment of multiple myeloma)**:

e “Thalidomide in combination with an alkylating agent and a
corticosteroid is recommended as an option for the first-line treatment
of multiple myeloma in people for whom high-dose chemotherapy with
stem cell transplantation is considered inappropriate.”

e “Bortezomib in combination with an alkylating agent and a
corticosteroid is recommended as an option for the first-line treatment
of multiple myeloma if:

— high-dose chemotherapy with stem cell transplantation is
considered inappropriate; and

— the person is unable to tolerate or has contraindications to
thalidomide.”

NICE recommended thalidomide as first-line treatment because it
demonstrated cost and clinical effectiveness compared with alternative

treatments.

NICE has previously assessed lenalidomide within its licensed indication for
multiple myeloma and in June 2009 recommended it as an option for the
treatment of patients who have received two or more prior therapies.® The

recommendation was conditional on a patient access scheme.
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2.5 Please present the clinical pathway of care that depicts the context
of the proposed use of the technology. Explain how the new
technology may change the existing pathway. If a relevant NICE
clinical guideline has been published, the response to this question
should be consistent with the guideline and any differences should

be explained.

The submission as outlined in the decision problem is in line with the current
clinical pathway; patients with multiple myeloma will only be treated with
bortezomib if they are contraindicated or unable to tolerate thalidomide.
Therefore treatment with lenalidomide for patients who have already received
bortezomib therapy and are not suitable for retreatment is a logical step as
thalidomide will already have been considered or already used as a treatment
option for these patients. The EPAR noted that lenalidomide was effective for
patients previously treated with either thalidomide or bortezomib (see section
1.4).

2.6 Please describe any issues relating to current clinical practice,

including any variations or uncertainty about best practice.

In TA129, NICE recommended bortezomib as an option for the treatment of
progressive multiple myeloma in people who are at first relapse having
received one prior therapy and who have undergone, or are unsuitable for,
bone marrow transplantation.*” Subsequently, TA228 recommended
bortezomib in combination with an alkylating agent and a corticosteroid as an
option for the first-line treatment of multiple myeloma if high-dose
chemotherapy with stem cell transplantation was considered inappropriate

and the person is unable to tolerate or has contraindications to thalidomide.**

As noted in TA228, a range of different agents are used to manage patients
following relapse.** The British Society for Haematology guidelines for the
diagnosis and management of multiple myeloma, recommend a number of

options for the treatment of relapsed patients.®
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The guidelines state that the most appropriate management must be
determined on an individual basis depending on the timing of relapse, age,
prior therapy, bone marrow function, co-morbidities and patient preference. In
NHS England retreatment with bortezomib and/or bendamustine is commonly

used in this patient population via the CDF.*

2.7 Please identify the main comparator(s) and justify their selection.

Bortezomib has recently received a label change for the retreatment of adult
patients with multiple myeloma who have previously responded to treatment
with the same medicine.'® The main comparators for this review, based on
clinical practice, include bortezomib and bendamustine. Thalidomide is
excluded as patients initially treated with bortezomib will either have

contraindications or be unable to tolerate it.

Information published by NHS England on the number of prescriptions related
to the CDF provides an indication of the relevance of the main comparators in
this submission; retreatment with bortezomib is relatively common with the
CDF reporting notifications of retreatment of those patients who have
previously received it and had a good response.*

2.8 Please list therapies that may be prescribed to manage adverse

reactions associated with the technology being appraised.

The main adverse events associated with treatment with lenalidomide are
neutropenia, anaemia and thrombocytopenia. The Summary of Product
Characteristics (SPC) recommends dose reductions and interruptions for
these events. In case of neutropenia, the physician should consider the use of
growth factors in patient management. *

2.9 Please identify the main resource use to the NHS associated with
the technology being appraised. Describe the location of care, staff
usage, administration costs, monitoring and tests. Provide details of

data sources used to inform resource estimates and values.
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Drug acquisition costs are obtained from British National Formulary (BNF),
19, 20

with the exception of dexamethasone (eMit 2013).
Lenalidomide is administered orally. This may require one administration
appointment, but otherwise the administration burden in terms of resource use
will be small. Other treatments, such as bortezomib require an administration
appointment. The cost of administration and travel to administration

appointments is informed by NHS reference costs 2011-12.%

Monitoring visits are likely to be performed by a haematologist. Lenalidomide
requires patients to be monitoring weekly for the first 8 weeks of treatment
and monthly thereafter. The cost of a haematologist appointment is obtained
from NHS reference costs 2011-12.%* The frequency of tests, including full
blood counts, biochemistry tests, protein electrophoresis, immunoglobulin and
urinary light chain excretions, is informed by a previous NICE appraisal in
multiple myeloma (TA171).2 Test costs are informed by a recent multiple

technology appraisal in multiple myeloma (TA228).%?

Terminal care is also likely to be required by some multiple myeloma patients
and is informed by the King’s Fund (2008).%

The treatment of multiple myeloma adverse events may occur in an inpatient,
day case, outpatient, primary care or community care setting. This is informed
by NICE submission in multiple myeloma (TA171).> The costs of treatment are

obtained from NHS reference costs 2011-12.%*

Resource costs are uplifted using inflation indices from the Personal Social

Services Research Unit (PSSRU) where necessary.?*

2.10 Does the technology require additional infrastructure to be put in

place?

No additional infrastructure is required to treat patients in this indication.
Lenalidomide is an oral therapy and therefore can be self-administered at
home, with only outpatient consultations during the course of treatment. This

can be of immense help to patients who have mobility problems.

Page 22 of 268





3 Equality

3.1 Identification of equality issues
3.1.1 Please let us know if you think that this appraisal:
o could exclude from full consideration any people protected by the

equality legislation who fall within the patient population for which

[the treatment(s)] is/are/will be licensed;

o could lead to recommendations that have a different impact on
people protected by the equality legislation than on the wider
population, e.g. by making it more difficult in practice for a specific

group to access the technology

o could lead to recommendations that have any adverse impact on

people with a particular disability or disabilities

Please provide us with any evidence that would enable the Committee

to identify and consider such impacts.

The application does not take into account any specific aspects related to
equality as it is not anticipated that any recommendation would impact any

specific group other than those within the licensed indication.

3.1.2 How has the analysis addressed these issues?

Not applicable

4 Innovation

4.1.1 Discuss whether and how you consider the technology to be
innovative in its potential to make a significant and substantial
impact on health-related benefits, and whether and how the
technology is a ‘step-change’ in the management of the condition.

Not applicable
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4.1.2 Discuss whether and how you consider that the use of the
technology can result in any potential significant and substantial
health-related benefits that are unlikely to be included in the quality-
adjusted life year (QALY) calculation.

Lenalidomide is an oral therapy and therefore can be self-administered at
home, with only outpatient consultations during the course of treatment. This
can be of immense help to patients who have mobility problems. However this
benefit is unlikely to be reflected in the standard quality-adjusted life year
(QALY) measure, particularly as the available literature for utilities in multiple
myeloma is limited to health states dependent upon progression status rather

than therapy received.

4.1.3 Please identify the data you have used to make these judgements,
to enable the Appraisal Committee to take account of these

benefits.

A wide range of studies have confirmed that the majority of patients prefer oral

2531 Questionnaire-based studies have also demonstrated

to IV chemotherapy.
a preference for home-based rather than hospital-/clinic based therapy. Oral
agents offer patients a more convenient treatment option that can be
administered at home, providing patients with a greater sense of control over
their therapy and less interruption of their daily activities. Oral agents also
avoid the medical complications and psychological distress associated with
venous access and associated risks of hospital acquired infections.

This is likely to be of relevance in the population being considered who tend to
be elderly and may be more prone to mobility issues and at greater risk of

skeletal fractures than the general population.
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5 Statement of the decision problem

Table 4: Decision problem

Final scope issued
by NICE

Decision problem
addressed in the
submission

Rationale if
different from the
scope

Adults with multiple
myeloma for whom
thalidomide is

contraindicated and

As defined in the

Population whose disease has final scope. N/A
progressed after at
least 1 prior treatment
with bortezomib.
Lenalidomide in . .
Intervention combination with A.‘S defined in the N/A
final scope.
dexamethasone.
All comparators as
defined in the final
scope will be
Bortezomib addressed in the
monotherapy and submission, where
bortezomib in evidence exists.
combination with
high-dose For clarity
dexamethasone treatment with
bortezomib is
Comparator(s) Chemotherapy referred to N/A
including regimens throughout this
based on melphalan, submission as
vincristine, bortezomib
cyclophosphamide retreatment as in
and doxorubicin this patient
population all
Bendamustine patients will have
previously
received
bortezomib.
The outcome
measures to be
considered include:
e PES All outcomes Time to next
e OS measures, treatment was not a
excluding time to .
Outcomes e response rates , reported outcome in
e time to next next treatment, will the RCTs presented
be addressed in S .
treatment in this submission.

e adverse effects of
treatment
e HRQL

the submission.

Economic analysis

The reference case
stipulates that the
cost effectiveness of
treatments should be

The submission
will provide an
estimate of cost-
effectiveness

N/A
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Final scope issued
by NICE

Decision problem
addressed in the
submission

Rationale if
different from the
scope

expressed in terms of
incremental cost per
QALY.

The reference case
stipulates that the
time horizon for
estimating clinical and
cost effectiveness
should be sufficiently
long to reflect any
differences in costs or
outcomes between
the technologies
being compared.
Costs will be
considered from an
NHS and Personal
Social Services
perspective.

The availability of any
patient access
schemes for the
intervention or
comparator
technologies should
be taken into account.

using the QALY as
an output.

The time horizon
for estimating
clinical and cost
effectiveness will
be appropriate for
the indication and
the population and
in line with the
reference case
requirements.

The costs will be
considered from
the perspective of
the NHS and
Personal Social
Services.

The costs will be
presented
excluding any
patient access
schemes for either
the intervention or
the comparators.

Subgroups to be

) None noted. N/A N/A
considered
Special
considerations,
including issues None noted. N/A N/A

related to equity or
equality

HRQL, health-related quality of life; NHS, National Health Service; OS, overall survival; PFS,
progression-free survival; QALY, quality-adjusted life year.
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Section B — Clinical and cost effectiveness

Element of health
technology
assessment

Reference case

Section in ‘Guide to
the methods of
technology appraisal’

Defining the decision | The scope developed by NICE 5.25and 5.2.6
problem
Comparator(s) Therapies routinely used in the 5.25and 5.2.6
NHS, including technologies
regarded as current best practice
Perspective costs NHS and PSS 5.2.7t05.2.10
Perspective benefits | All health effects on individuals 5.2.7t05.2.10

Type of economic

Cost-effectiveness analysis

5.2.11and 5.2.12

evaluation

Synthesis of Based on a systematic review 5.3

evidence on

outcomes

Measure of health QALYs 5.4

effects

Source of data for Reported directly by patients and 54

measurement of carers

HRQL

Source of preference | Representative sample of the 54

data for valuation of | public

changes in HRQL

Discount rate An annual rate of 3.5% on both 5.6
costs and health effects

Equity weighting An additional QALY has the same | 5.12

weight regardless of the other
characteristics of the individuals
receiving the health benefit

HRQL, health-related quality of life; NHS, National Health Service;

services; QALY(s), quality-adjusted life year(s).

PSS, personal social

6 Clinical evidence

Identification of studies

6.1.1

Describe the strategies used to retrieve relevant clinical data, both

from the published literature and from unpublished data that may

be held by the manufacturer or sponsor. The methods used should

be justified with reference to the decision problem. Sufficient detail

should be provided to enable the methods to be reproduced, and

the rationale for any inclusion and exclusion criteria used should be
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provided. Exact details of the search strategy used should be

provided in section 10.2, appendix 2.

A systematic review was conducted in August 2013 to identify clinical studies
for multiple myeloma patients treated with lenalidomide in combination with
dexamethasone (Len/Dex) following initial treatment with bortezomib, as

stated in the remit of the scope.

Results from previous systematic searches of Len/Dex therapy and potential
comparators in relapsed or refractory multiple myeloma were updated and
combined with results of systematic searches of Len/Dex therapy and specific

comparators named in the decision problem in multiple myeloma.

In order to ensure the published literature was comprehensively reviewed, a
wide range of databases was searched. These included: Medline, Embase,
Cochrane Library, NHS EED, HTA database, DARE and CINAHL. In addition,
2011-2013 subject-specific conference proceedings of the American Society
of Hematology (ASH), the American Society of Clinical Oncology (ASCO) and
the European Hematology Association (EHA) were searched. Reference lists
of previous systematic reviews/meta-analyses and clinical guidelines identified

were hand-searched to highlight any further relevant studies.

Within the search strategy, the defined study population is wider than the one
specified in the scope, as the objective was to include all potential studies,
especially relevant as the search term second-line therapy was not a valid

term.
Details of the search strategy used are provided in section 10.2, appendix 2.

6.2 Study selection

6.2.1 Describe the inclusion and exclusion selection criteria, language
restrictions and the study selection process. A justification should
be provided to ensure that the rationale is transparent. A suggested

format is provided below.
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All studies were screened manually and included if they met all of the

inclusion criteria and none of the exclusion criteria. Eligibility criteria applied

are listed in Table 5.

Table 5: Eligibility criteria used in clinical search strategy

Inclusion criteria

Exclusion criteria

Population
e Adult patients with rrMM with =1 prior treatment
with bortezomib
Intervention
e Lenalidomide / dexamethasone
Comparators
e Bortezomib monotherapy
e Bortezomib / high-dose dexamethasone
e Melphalan, vincristine, cyclophosphamide or
doxorubicin based regimens
e Bendamustine
Outcomes
e Survival (OS or PFS)
e Response (overall response rate, best
response)

e Time to next treatment
e Time to progression
e Safety (adverse effects of treatment)
¢ HRQL
Study design
¢ RCTs

e Prospective non-RCTs or observational studies
of 25 patients
Restrictions
e Language = English

Population

Newly diagnosed
multiple myeloma or
treatment-naive patients
Studies that investigated
both newly-diagnosed
and rrMM, but did not
segregated the results
Studies on children and
other blood cancer
Studies in which patients
had no prior bortezomib

Intervention

Lenalidomide
monotherapy
Lenalidomide / any other
intervention

Comparators

Any other mono- or
combination-
chemotherapy

Stem cell transplantation

HRQL, health-related quality of life; OS, overall survival; PFS progression-free survival; RCT, randomised

controlled trial; rrMM, refractory multiple myeloma.

Date restriction (2011-2013) was applied only to conference proceedings and

systematic review/meta-analysis in order to reflect current information on the

interventions and disease area of interest to the systematic review.

Subgroup analyses were included if the analyses were based on the following:

e Elderly patient

e Patients with renal impairment (RI)

e Prior treatment analysis (primary bortezomib)

e Number of previous lines of therapy
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e Long-term treatment use versus discontinuation
e Performance status

¢ Disease and patient characteristics

6.2.2 A flow diagram of the numbers of studies included and excluded at
each stage should be provided using a validated statement for
reporting systematic reviews and meta-analyses such as the

QUOROM statement flow diagram (www.consort-

statement.org/?0=1065). The total number of studies in the

statement should equal the total number of studies listed in
section 6.2.4.

Previous systematic searches of Len/Dex therapy and potential comparators
in relapsed or refractory multiple myeloma, conducted in March 2013
identified 2,802 citations. 112 additional citations were identified in the update
of these systematic searches, conducted in August 2013. Systematic
searches of Len/Dex therapy and specific comparators in multiple myeloma,
also conducted in August 2013, identified an additional 5,599 potentially

relevant citations.

When combined, a total of 8,513 citations were identified from electronic
database and conference proceeding searches. After removal of duplicates
identified by reference management software, 7,487 citations remained and
218 citations selected for further assessment at level 2.

In total, 44 studies in 53 publications met the eligibility of the systematic

review. Figure 2 summarises the study selection.
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Figure 2: Flow diagram

CP, conference proceedings.

*Only systematic reviews or meta- analyses were excluded for this reason.

6.2.3
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When data from a single RCT have been drawn from more than

one source (for example, a poster and a published report) and/or

when trials are linked (for example, an open-label extension to an

RCT), this should be made clear.

The systematic review identified four randomised controlled trials (RCTS). In

addition, six subgroup and two update analyses for two of these RCTs were

identified. Details of the secondary publications are provided in Table 6.
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Table 6: Relevant secondary publications

Author, year
(reference)

Intervention

Comparator

Population

Publication type

Link to RCT

Dimopoulos 2009 Len/Dex Placebo/Dex rrMM patients with 21 prior anti- Full paper Updated pooled

myeloma therapy analysis of MM-009 and
MM-010

Chanan-Khan 2012* | Len/Dex Placebo/Dex Elderly patients with rrMM and =1 Full paper Sub-group analysis of
prior anti-myeloma therapy MM-009 and MM-010

Dimopoulos 2010a>* | Len/Dex _ rrMM patients with impaired renal Full paper Sub-group analysis of
failure and 21 prior anti-myeloma MM-009 and MM-010
therapy

Harousseau 2010%° Len/Dex _ rrMM patients with 21 prior anti- Full paper Sub-group analysis of
myeloma therapy who achieved a CR MM-009 and MM-010
or VGPR as best response compared
with those who achieved a PR

San-Miguel 2011% Len/Dex _ rrMM patients with 21 prior anti- Full paper Sub-group analysis of
myeloma therapy who achieved 2PR MM-009 and MM-010

Stadtmauer 2009° Len/Dex _ rrMM patients who had 21 prior lines Full paper Sub-group analysis of
of therapy MM-009 and MM-010

Wang 2008 ** Len/Dex Placebo/Dex rrMM patients with 21 prior anti- Full paper Sub-group analysis of
myeloma therapy regardless of prior MM-009 and MM-010
exposure to thalidomide

Dimopoulos 2011* Len/Dex rrMM patients with 21 prior anti- Abstract Long-term update

myeloma therapy

analysis of Len/Dex of
MM-009and MM-010

CR, complete response; Dex, dexamethasone; Len, lenalidomide; PR, partial response; RCT, randomised controlled trial; rrMM, relapsed or refractory multiple myeloma;
VGPR, very good partial response.
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Complete list of relevant RCTs

6.2.4 Provide details of all RCTs that compare the intervention with other
therapies (including placebo) in the relevant patient group. The list
must be complete and will be validated by independent searches

conducted by the Evidence Review Group.

Three of the RCTs examined the efficacy of Len/Dex (Richardson et al, 2006,
MM-009, MM-010), while the fourth RCT examined the efficacy of bortezomib
treatment (AMBER). Details of the four RCTs are shown in Table 7.

Table 7: Relevant primary publications

Author, year | Intervention Comparator | Population Publication
(reference) type
Richardson Len 30mg/ Len 15mg/ rrMM patients | Full paper
2006% once daily/Dex | twice with =1 prior
daily/Dex anti-myeloma
therapy (at
least one prior
chemotherapy)
MM-010% Len/Dex Placebo/Dex | rrMM patients | Full paper
with =1 prior
anti-myeloma
therapy
MM-009** Len/Dex Placebo/Dex | rrMM patients | Full paper
with =1 prior
anti-myeloma
therapy
AMBER* Bor/Placebo Bor/Bev rrMM patients | Full paper
with =1 prior
anti-myeloma
therapy
Bev, bevacizumab; Bor, bortezomib; Dex, dexamethasone; Len, lenalidomide; rrMM, relapsed or
refractory multiple myeloma.

The systematic review did not identify any RCTs on the other comparators:
bendamustine, bortezomib plus high-dose dexamethasone or chemotherapy
including regimens based on melphalan, vincristine, cyclophosphamide and

doxorubicin.

In addition to those papers identified in Table 6 and Table 7. Celgene

provided two additional items:
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e A paper by Mateos et al, Bortezomib Plus Melphalan and Prednisone
Compared With Melphalan and Prednisone in Previously Untreated
Multiple Myeloma: Updated Follow-Up and Impact of Subsequent
Therapy in the Phase 11l VISTA Trial, that also presents responses in
second and third line treatment with lenalidomide; and **

¢ An additional poster presented by Dimopoulos et al, Consistency of
LEN Plus DEX Efficacy Across Prior Treatments in Relapsed or

Refractory Multiple Myeloma (MM).**

6.2.5 Please highlight which of the RCTs identified above compares the
intervention directly with the appropriate comparator(s) with
reference to the decision problem. If there are none, please state
this.

None of the identified RCTs directly compare the intervention with the
appropriate comparators. Of the four RCTs identified for the systematic
review, MM-009 and MM-010 actively compared Len/Dex to placebo/Dex.
While Richardson et al (2006) compared two doses of lenalidomide treatment

in combination with dexamethasone: Len 30mg/Dex versus Len 15mg/Dex.

In the AMBER trial, bortezomib in combination with bevacizumab was

compared with single-agent bortezomib.

6.2.6 When studies identified above have been excluded from further
discussion, a justification should be provided to ensure that the
rationale for doing so is transparent. For example, when studies
have been identified but there is no access to the level of trial data

required, this should be indicated.

The Richardson et al paper is not discussed in further detail within the main
body of the submission because it is a phase Il dose-comparison study that
has been superseded by the two phase Il studies MM-009 and MM-010,
which are of relevant doses in the correct patient population.

The AMBER study is also excluded. Although it is the only RCT for the

comparators in the decision problem identified during the systematic review,
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the proportion of patients who had received bortezomib as second-line
treatment was low (19%) and the study did not report outcomes for this
population. Due to the low retreatment rate in this trial, it has limited
informative value for modelling purposes leading to the use of non-RCT trials,
see section 6.8.1. Additionally, as the paper compared monotherapy to
combination therapy with bevacizumab, there is no common link with which to

compare this study to the RCT evidence available for lenalidomide.
Details of excluded RCTs can be found in appendix B.

List of relevant non-RCTs

6.2.7 Please provide details of any non-RCTs (for example experimental
and observational data) that are considered relevant to the decision
problem and a justification for their inclusion. Full details should be
provided in section 6.8 and key details should be presented in a

table; the following is a suggested format.

As discussed earlier, 40 non-RCTs (41 publications) were identified; of these,
9 were published in abstract format, see Table 8. The key data relevant to the
decision problem are contained within the phase Il studies MM-009 and MM-
010. The Taverna et al and Damaj et al papers were assessed as the most
relevant information for comparator treatments (see section 6.8).*> *® For

completeness the remaining non-RCT studies are presented in appendix C.
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Table 8: List of relevant non-RCTs

Author, year | Intervention Population Objectives Justification for
(reference) inclusion
MM-021* Len/Dex rrMM patients with =1 prior | To assess the efficacy, safety & pharmacokinetics | Met all of the
(13) anti-myeloma therapy of lenalidomide plus low-dose dexamethasone in | inclusion criteria
Chinese patients with rrMM.
Berenson, Pom/Dex/PLD | rrMM patients with =21 prior | To investigate the safety & efficacy of Pom in Met all of the
2012 anti-myeloma therapy combination with IV Dex & PLD using a modified | inclusion criteria
dose and longer 28-day schedule for patients with
rrMM
Ho, 2011 * Cyclo/Bor/(Dex | Patients that had received To report the safety & efficacy of Cyclo/Bor/(Dex | Met all of the
or Predn) Cyclo/Bor/(Dex or Predn) at | or Predn) combination in patients with rrMM inclusion criteria
Moffitt centre
Hrusovsky, Bor + Dex® Patients previously treated | To evaluate the efficacy & safety of Bor Met all of the
2010°° with Bor and achieved at retreatment in patients with relapsed multiple inclusion criteria
least a PR myeloma who had responded to initial Bor
treatment.
Conner, Bor Patients retreated with Bor To describe patterns of retreatment with Bor in a Met all of the
2008 therapy after initial course community-based setting & responses to inclusion criteria
of Bor. retreatment.
Kneppers, Len/Dex Patients relapsing after an To determine the response & survival in patients Met all of the
2010 initial response or no who relapsed or were resistant to Thal. inclusion criteria
response at all on the
former treatment
RETRIEVE™ | Bor + Dex® Patient previously achieving | To evaluate the efficacy & safety of Bor Met all of the

2PR to prior bortezomib
therapy

retreatment in patients with MM, who had
relapsed/progressed after achieving at least PR to
prior Bor-based therapy.

inclusion criteria
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Author, year | Intervention Population Objectives Justification for
(reference) inclusion
Berenson, Mel/arsenic Relapsed or refractory To investigate the efficacy & safety of MAC Met all of the
2006 trioxide/ patient to prior anti-multiple | combination therapy in a larger cohort of patients | inclusion criteria
ascorbic acid myeloma treatment with rrMM and the effects on renal function
GEM- Len/Dex lenalidomide treated To evaluate the clinical results of Len as a Met all of the
PETHEMA® patients within a compassionate salvage therapy in rrMM patients | inclusion criteria
compassionate use
program
MM-018° Len/Dex Patients with progressive To obtain additional data on the safety and Met all of the
disease after 22 cycles of efficacy of Len/Dex treatment and to assess the inclusion criteria
prior anti-MM treatment. impact on quality of life.
Guglielmelli, | Len/Dex Patients previously treated | To evaluate the impact of Thal therapy on Len Met all of the
2011%° with Thal-based regimen. response and outcome in rrMM patients. inclusion criteria
Baz, 2012°® | Pom/Cyclo/De | rrMM patients after =2 prior | To evaluate the safety of adding oral weekly Met all of the
X therapies and were Cyclo to Pom and a more frequent dose of Dex inclusion criteria
lenalidomide refractory and plan a phase Il randomised trial to assess the
efficacy of this strategy in rrMM
Berenson, Bor/Mel Patients with active To assess the safety, tolerability & response rate | Met all of the
2006b°° progression after two prior in a dose-escalation study of Bor/Mel combination | inclusion criteria
treatment regimens for rrMM
Damaj, Ben/Predn rrMM disease after prior To evaluate the response rate to bendamustine, Met all of the
2012 therapies that had to the duration of response, PFS & OS. inclusion criteria
include alkylators, steroids,
IMiDs (either Len or
thalidomide) and
bortezomib.
Delforge, Len/Dex Patients with progressive To report the results of the Revlimid Medical Met all of the
2011%° disease according to EBMT | Need Programme, with emphasis on the activity inclusion criteria

or IMWG criteria.

of Len/Dex in Thal & Bor refractory patients.
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Author, year

Intervention

Population

Objectives

Justification for

(reference) inclusion
Sood, 2009°* | Bor + Dex or Relapsed patients following | To determine the safety & efficacy of Bor Met all of the
Thal or Dox? prior bortezomib treatment | retreatment in patients with MM who had inclusion criteria
previously responded to Bor and to determine the
TTP & incidence of SAEs with bortezomib
retreatment.
Klein, 2011° | Len/Dex Patients with rrMM To evaluate the influence of renal impairment & Met all of the
complicated by renal failure | previous therapies in patients with relapsed MM inclusion criteria
who have been treated with Len
Dimopoulos, | Len/Dex rrMM patients To analyse data on different doses of Dex with Met all of the
2012% Len in rrMM patients inclusion criteria
Falcone, Bor/Dor/Dex rrMM patients To verify the synergistic interaction of Met all of the
2012% Bor/PLD/Dex towards myeloma cells inclusion criteria
Moscetti, Len/Dex Overtreated MM patients NR Met all of the
2012% inclusion criteria
Oehrlein, Len/Dex rrMM patients treated with To analyse the long-term outcome in rrMM Met all of the
2012°% Len/Dex patients treated with Len/Dex inclusion criteria
Palumbo, Pom/Cyclo/Pre | Patients relapsed/refractory | To assess dosing, efficacy and safety of Met all of the
2012% dn to Len Pom/cyclo/predn in MM patients inclusion criteria
relapsed/refractory to Len
Voorhees, PLD/Bor/ rrMM patients To evaluate the safety and preliminary efficacy of | Met all of the
2011°% vorinostat vorinostat when combined with the PLD and Bor inclusion criteria
backbone.
Touzeau, Len/Dex Patients older than 74 years | To assess the outcome of patients over the age of | Met all of the
2012% treated with Len/Dex for 75 with rrMM treated with Len/Dex combination inclusion criteria

rrMmm

therapy
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Author, year | Intervention Population Objectives Justification for
(reference) inclusion
Offidani, Induction rrMM patients To explore the efficacy of Thal, Dex, PLD and Bor | Met all of the
20117° therapy combination in rrMM patients inclusion criteria
Thal/Dex/PLD/
Bor
Consolidation
Bor/(Dex/Thal)
/Dex
Maintenance
Thal
Schey Cyclo/Dex/Len | rrMM patients To determine the MTD of cyclophosphamide Met all of the
2010 when combined with lenalidomide and inclusion criteria
dexamethasone in rrMM
Popat 2009 | Bor/Mel/Dex Patients with relapsed MM To determine the efficacy and safety of Bor/Mel Met all of the
combination when Mel is given as a single inclusion criteria
MTD: Mel/Bor intravenous dose every 28 days with bortezomib.
Petrucci Mel/Bor/Predn | Elderly patients with rrMM To assess the dosing, efficacy and safety of a Met all of the
2013% lower dose-intensity Mel and Predn schedule plus | inclusion criteria
weekly Bor as salvage treatment for elderly
patients with MM and to determine the durations
of PFS & OS
Palumbo Len/Mel/Predn | rrMM patients To evaluate the safety and efficacy of salvage Met all of the
2010™ Thal therapy with Len, Mel, Predn and Thal in patients | inclusion criteria

with rrMM
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Author, year | Intervention Population Objectives Justification for
(reference) inclusion
GIMEMA"™ Mel/Predn/ rrMM patients To identify the most appropriate dose of Met all of the
(Palumbo et | Thal/Def defibrotide in combination with Mel Predn and inclusion criteria
al, 2010) Thal in rrMM patients and to determine its safety
and tolerability
Ciolli 2008" | Bor/Dex/Thal Advanced MM To compare the results achieved in two groups of | Met all of the
advanced MM patients receiving the same Bor, inclusion criteria
Bor/Dex/Thal/ Thal and Dex regimen with or without PLD
PLD
Chanan- Bor/PLD/Thal | rrMM patients To investigate the efficacy of a steroid-free Met all of the
Khan 2009’ combination including Bor, PLD and Thal among | inclusion criteria
patients with advance stage rrMM
Palumbo Bor/Dex/Dox/P | Advanced MM To evaluate the safety and efficacy of the Met all of the
2008 LD combination of Bor with Dox or PLD and low-dose | inclusion criteria
Dex repeated every 28 days, in patients with
rrMM.
lida 2010 Len/Dex Japanese patient with rrMM | To investigate the safety, efficacy and Met all of the
pharmacokinetics of Len in Japanese patients inclusion criteria
with rrMM
ECOG Bor High-risk MM To prospectively evaluate the effect upfront Bor Met all of the
E2A02%° has upon response rate, 1- and 2-year PFS and inclusion criteria
OS among patients with high-risk MM
Dimopoulos | Len/Dex Patients with rrMM with To evaluate the impact of several cytogenetic Met all of the
2010b™ Len/Dex/Bor impaired renal function abnormalities in patients with rrMM who received | inclusion criteria

Len and Dex with or without the addition of Bor
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Author, year | Intervention Population Objectives Justification for
(reference) inclusion
Waterman Dex/Bor/PLD rrMM patients To evaluate the efficacy and safety of a more Met all of the
2011% frequent low-dose schedule of PLD, Bor and inclusion criteria
intravenous Dex for patients with rrMM, many of
whom were previously treated with Bor
Terpos Bor/Mel/Dex/T | rrMM patients To determine the efficacy and safety of the Met all of the
2008°%3 hal combination of Bor, Mel, Dex and intermittent inclusion criteria
Thal and its effect on bone remodelling and
angiogenesis in rrMM
Schwamborn | Len/Dex rrMM patients To evaluate the efficacy of treatment of patients Met all of the
2011% with rrMM who could not be treated with the usual | inclusion criteria
dose of Len (25mg per day, for 21 days in a 28-
day cycle)
Taverna Bor + Dex or rrMM patients NR Met all of the
2012% other therapies inclusion criteria
Berenson, Bor/Mel Patients with active Update result of Berenson 2006b
2008% progression after two prior

treatment regimens

Bor, bortezomib; Cyclo, cyclophosphamide; Dex, dexamethasone; Dox, doxorubicin; EBMT, European Society for Blood and Marrow Transplantation ; IMiDs,
Immunomodulatory drugs; IMWG, International Myeloma Working Group; Len, lenalidomide; MAC, melphalan/arsenic trioxide/ascorbic acid; Mel, melphalan; MM,

multiple myeloma; MTD; maximum tolerated dose; OS, overall survival; PFS, progression-free survival; Pom, pomalidomide, PLD, pegylated liposomal doxorubicin; PR,

partial response; Predn, prednisone; RCT, randomised controlled trial; rrMM, relapsed or refractory multiple myeloma; SAEs, serious adverse events; TTP, time to
progression; VGPR, very good partial response.
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6.3 Summary of methodology of relevant RCTs

6.3.1 As a minimum, the summary should include information on the
RCT(s) under the subheadings listed in this section. Items 2 to 14
of the CONSORT checklist should be provided, as well as a
CONSORT flow diagram of patient numbers (www.consort-

statement.org). It is expected that all key aspects of methodology

will be in the public domain; if a manufacturer or sponsor wishes to
submit aspects of the methodology in confidence, prior agreement
must be requested from NICE. When there is more than one RCT,

the information should be tabulated.

Methods

6.3.2 Describe the RCT(s) design (for example, duration, degree and
method of blinding, and randomisation) and interventions. Include
details of length of follow-up and timing of assessments. The
following tables provide a suggested format for when there is more
than one RCT.

Lenalidomide — MM-009/MM-010

Study design

The MM-009 and MM-010 studies were identically designed multicentre phase
[1l, double-blind, randomised, placebo-controlled clinical trials designed to
evaluate the efficacy and safety of Len/Dex compared with Dex in patients
with relapsed multiple myeloma (Figure 3). Study MM-009 was conducted in
the United States and Canada and enrolled 353 patients. Study MM-010 was

conducted in Europe, Israel and Australia and enrolled 351 patients.®® &’

Page 42 of 268



http://www.consort-statement.org/�

http://www.consort-statement.org/�



Figure 3: Design summary for studies MM-009 and MM-010

Multiple myeloma patients (>1 prior therapies)

Randomisation/Stratification
» Beta-2 microglobulin (<2.5 vs >2.5)
e Prior transplant (0 vs >1)
e Number of prior anti-multiple myeloma
regimens (1 vs =2)

MM-009 North America
(353 pts)

MM-010 International
(351 pts)

Len/Dex
Cycle 1-4
e Len 25mg days 1-21
* Placebo days 22-28
e Dex 40mg, days 1-4, 9-12,
17-20
Cycle 5
e Len 25mg days 1-21
« Placebo days 22-28

Dex/Placebo
Cycle 1-4
* Placebo days 1-28
« Dex 40mg, days 1-4, 9-12,
17-20

Cycle 5 onwards
e Placebo days 1-28
e Dex 40mg days 1-4

e Dex 40mg days 1-4

Continue until PD or unacceptable toxicity

Primary endpoint: TTP
Second:a\ry endpoints: OS, response rate,

safety, 1S skeletal-related event, : ECOG-PS

A 4
EOCG-PS, Eastern Cooperative Oncology Group performance status, OS, overall survival; PD,
progressive disease; TTP, time to progression.

Central randomisation was performed with a block size of four and the use of
an integrated voice-response system (IVRS). The IVRS ensures that
registration and randomisation were performed quickly and conveniently. In
order to reduce selection bias, the random assignment of patients to treatment
groups was stratified according to the level of serum beta-2 microglobulin
(<2.5mg/L versus =22.5mg/L), previous stem cell transplantation (none versus
=1), and the number of previous anti-myeloma therapies (1 versus =2).
Patients were assigned to receive either Len/Dex or placebo/Dex by

randomisation at a 1:1 ratio.

These were double-blind studies. The lenalidomide and placebo capsules

were identical in appearance, and the subjects, investigators, other study site
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personnel and Celgene personnel who were responsible for the study were

blinded to each subject’s treatment until the study was unblinded.

Outcomes

The primary outcome for MM-009 and MM-010 was TTP, with a protocol-
specified interim analysis planned for when 50% of the subjects had reached
the primary endpoint, to determine if the study should be stopped for
superiority, futility or unfavourable toxicity. Prospectively-defined secondary
analyses of TTP were conducted, according to: the number of lines of prior
therapy; whether patients had previously received stem-cell transplantation
and chemotherapy; and category of baseline serum beta-2 microglobulin.
Post-hoc analyses of outcome according to the type of prior therapy were also
undertaken. A number of other sub-group and pooled analyses have been
conducted and presented at conferences. These are discussed further in the
following sections (sections 6.3.7 and 6.5.1).

Measurable disease was defined as a serum monoclonal protein (M-protein)
level of at least 0.5g/dL or a urinary Bence—Jones protein level of at least 0.2g
per day. A complete list of patient inclusion/exclusion criteria are described in

detail in sections 6.3.3 below.

Power calculation

The number of patients was calculated so that a one-sided log-rank test at the
0.025 level, allowing for one interim analysis, would have a statistical power of
85% to detect a difference between the TTP for each group with a constant
hazard ratio of 1.5, reflecting an increase of 50% in the median TTP. The

number of events required was 222.

On the basis of the planned accrual rate, a log-rank test of OS that was
performed 18 months after the last patient had been enrolled, when 194
deaths were expected, would have a power of 80% to detect a hazard ratio for
death of 0.67.
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Interim analysis

An interim analysis of safety and efficacy was planned when disease had
progressed in 111 patients in both studies MM-009 and study MM-010 (half of
the 222 events required for 85% power). The safety and efficacy data were
reviewed by an Independent Data Monitoring Committee (IDMC). If the
predetermined O’Brien—Fleming boundary for the superiority of Len/Dex over
placebo/Dex was crossed, the study would be unblinded at the discretion of
the IDMC and patients would be allowed to receive lenalidomide at the time of

disease progression or at the investigator’s judgment.

Interventions

The selection of combination therapy with Len/Dex was based on the
available data regarding the additive or synergistic effects of
immunomodulatory drugs (IMiDs) and dexamethasone in the treatment of

multiple myeloma at the time the study was initiated.?%2

Dexamethasone was adopted as the control arm because it represented an
accepted standard or care at the time and other chemotherapy regimens were
not considered superior.%¥%°

The use of high-dose dexamethasone as the control therapy allowed for a
direct comparison with Len/Dex experimental treatment, enabling evaluation

of the contribution of lenalidomide to the combination.

The dose and schedule of dexamethasone administration used in these
studies represent a pulse high-dose regimen that is used to treat subjects with
advanced multiple myeloma.®" * The intensity of high-dose dexamethasone
therapy was decreased after four cycles of treatment. The dose of
dexamethasone chosen was considered ethically acceptable as an active

comparator.®*
Timing
Patients received a starting dose of 25mg daily oral lenalidomide or placebo

on days 1-21 of each 28-day cycle. All patients also received 40mg of oral

dexamethasone on days 1-4, 9-12 and 17-20. After the fourth cycle, 40mg of
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dexamethasone was administered on days 1-4. Treatment was continued

until the occurrence of disease progression or unacceptable toxicity.

Blood counts and physical examination were performed on days 1, 8 and 15
during cycle 1, days 1 and 15 during cycles 2 and 3; and on day 1 of each
cycle thereafter. Serum and urinary protein electrophoresis studies were
performed on day 1 of each cycle and at the end of treatment.

Treatment crossover

Patients in the placebo/Dex arm were able to crossover to receive
lenalidomide either at study unblinding or on discontinuation of treatment if
they had experienced disease progression prior to this point. Interpretation of

OS data for placebo/Dex was therefore complicated by this.

Adverse events

Toxic effects were graded according to the National Cancer Institute’s
Common Toxicity Criteria, version 2.0.% In the case of a grade 3 or 4 adverse
event, treatment was withheld and restarted at the next lower daily dose. The

dose of lenalidomide was modified as follows:

e 15mg (dose level, —-1)
e 10mg (dose level, —2)

e 5mg (dose level, —3)

For grade 3 or 4 neutropenia without other toxic effects, the first dose-

modification step was:

e Daily granulocyte colony-stimulating factor (G-CSF) at 5ug per
kilogram of body weight and 25mg of lenalidomide (dose level —1)

e G-CSF at 5ug/kg and 15mg (dose level, —2)

e G-CSF at 5ug/kg and 10mg (dose level, —3)

e G-CSF at 5ug/kg and 5mg (dose level, —4)

Dose levels —2 to —4 included daily administration of 5ug per kg of G-CSF at
the investigator’s discretion. Thromboprophylaxis was not required, although it

was used on an individual basis.
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Modifications in the dose of dexamethasone because of toxic effects were:

e 40mg daily for 4 days every 2 weeks (dose level, —1)
e 40mg daily for 4 days every 4 weeks (dose level, —2)

e 20mg daily for 4 days every 4 weeks (dose level, —3)

Assessment of response

The response of patients was assessed according to the criteria of the
European Society for Blood and Marrow Transplantation (EBMT).?” %
Myeloma paraprotein: serum and urine protein electrophoresis were
performed at baseline, on day 1 and 15 during the first three cycles, followed
by day 1 of each subsequent cycle and at the end of treatment. Quantitative
immunoglobulins were determined and serum and urine fixation studies

performed at baseline and day 1 of each cycle beginning with cycle 2.

A partial response (PR) was defined as a reduction of M-protein by at least
50% in serum, 90% in urine, or both, as confirmed by at least two
electrophoretic measurements. A complete response (CR) was defined as the
complete disappearance of M-protein in serum and urine by immunofixation,
as confirmed by two measurements and the presence of less than 5% marrow
plasma cells; the criteria for near CR (nCR) were identical to those for CR but
without confirmation of marrow plasmacytosis of less than 5% or the
disappearance of M-protein. The TTP was measured from randomisation to
the date of the first assessment showing disease progression. Progressive
disease (PD) was defined as an increase of at least 25% in M-protein from
nadir; an absolute increase in serum M-protein of more than 500mg/dL, as
compared with the nadir value; an absolute increase in urinary M-protein of
more than 200mg per 24-hour period; and either a new bone lesion or
plasmacytoma (or an increase in the size of such lesions), or a serum calcium

level of more than 11.5mg/dL (2.9mmol/L).

Data for patients who died before there was evidence of disease progression
were censored at the time of the last evaluation for assessment of protocol-

specified TTP. Survival status was determined every 6 months after the
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discontinuation of treatment, and OS was calculated as the time from

randomisation until death from any cause or the date of the last visit.

Statistical analyses

All primary analyses were based on the intention-to-treat population (ITT), and
subgroup analyses were planned on the basis of stratification variables. An
unstratified log-rank test was used to compare the time-to-event variables
between the two study groups. Both the TTP and OS were estimated by
Kaplan—Meier methods. A Cox proportional-hazard regression model was
used to assess the effect of demographic and prognostic variables on
differences in treatment responses between the two study groups. Exact tests

were used to compare response rates. All reported p-values are two-sided.

Participants

6.3.3 Provide details of the eligibility criteria (inclusion and exclusion) for
the trial. The following table provides a suggested format for the
eligibility criteria for when there is more than one RCT. Highlight

any differences between the trials.

Lenalidomide — MM-009/MM-010

Inclusion criteria

Patients were eligible for the study if they had all of the following

characteristics® ®':

e Were at least 18 years of age and able and willing to sign an informed
consent form

e Had progressive multiple myeloma after at least 2 cycles of anti-
myeloma treatment or to have relapsed with progressive disease after
treatment

e Had measurable disease that was not resistant to dexamethasone (in
patients who had prior dexamethasone treatment)

Patients were considered to have disease that was resistant to
dexamethasone if they had undergone disease progression during previous

therapy containing high-dose dexamethasone (total monthly dose, >200mg).
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Additional eligibility criteria included:

e An Eastern Cooperative Oncology Group performance status (ECOG-
PS) of no more than 2

¢ A serum aspartate aminotransferase or alanine aminotransferase
level that was no more than three-times the upper limit of the normal
range

e A serum bilirubin level that was less than two-times the upper limit of
the normal range

e A serum creatinine level of less than 2.5mg/dL (221umol/L)

e An absolute neutrophil count of at least 1.0 x 10%/L

e A platelet count of more than 75,000/mm? for patients with less than
50% bone marrow plasma cells and more than 30,000/mm? for

patients with 50% or more bone marrow plasma cells

Women of child-bearing potential were eligible if they agreed to use
contraception, had a negative pregnancy test before enrolment, and agreed to
undergo monthly pregnancy testing until 4 weeks after discontinuation of

study drug.

Exclusion criteria

Patients who were previously exposed to lenalidomide or whose disease was
refractory to dexamethasone were excluded in both studies (MM-009 and
MM-010). This was important to ensure there was no bias in the trial.

Additional exclusion criteria included:

e Known hypersensitivity (immunologic reaction) to thalidomide or
dexamethasone

e History of uncontrollable side effects to dexamethasone

e Use of any standard/experimental anti-myeloma drug therapy within
28 days of initiation of study drug

e Use of any experimental non-drug therapy within 56 days of initiation
of study drug treatment
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6.3.4 Describe the patient characteristics at baseline. Highlight any

differences between study groups.

Lenalidomide — MM-009/MM-010
In MM-009, patients were enrolled from 27 February 2003 at 48 sites in the

United States (44 sites) and Canada (four sites). In MM-010, patients were
enrolled from 22 September 2003 at 50 sites in Australia (six sites), Europe

(41 sites), and Israel (three sites).

Table 9 and Table 10 (below) show patient characteristics for the study
subjects enrolled to Len/Dex and placebo/Dex study groups in MM-009 and
MM-010. The two treatment groups were well balanced with respect to
baseline characteristics including age, sex, stage, ECOG scores, serum beta-
2 microglobulin level, and prior therapy. There were no significant differences
(p>0.05) between the two groups according to a pooled t-test for continuous
variables (age, age from diagnosis) and Fisher's exact test for categorical
variables.?® %’

The number and types of prior anti-myeloma therapies (Table 10) were
consistent between MM-009 and MM-010. In MM-009, significantly more of
the subjects in the Len/Dex group (80.0%; 136/170) than in the placebo/Dex
group (70.2%; 120/171) had received prior therapy with Dex (p=0.045;
Fisher's exact test); other than this, no significant differences were observed
between the treatment groups in prior anti-myeloma therapies. In MM-010, no
significant differences were observed between the Len/Dex and placebo/Dex

groups in the number or type of prior anti-myeloma therapies. 2 &’

Of note are the figures for the number of prior therapies that patients had
received on entry into the study. Although there was an inclusion criterion for
patients to have received at least one prior therapy, approximately 35% of
patients had received one prior therapy only (first relapse), while greater than

65% of patients had received at least two prior therapies. 8%’
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Table 9: Demographic and clinical characteristics of patients enrolled in MM-009 and MM-01

86, 87
0

Characteristic

Study MM-009

Study MM-010

Len/Dex Dex Len/Dex Dex p-Value
N=170 N=171 p-Value [a] N=176 N=175 [a]
Age (years) 0.505 0.453
n 170 171 176 175
Mean 63.3 62.6 62.2 62.9
SD 9.86 9.61 10.12 8.80
Median 64.0 62.0 63.0 64.0
Min, Max 36.0, 86.0 37.0,85.0 33.0, 84.0 40.0, 82.0
Sex 0.912 1.000
Male 102 (60.0%) 101 (59.1%) 104 (59.1%) 103 (58.9%)
Female 68 (40.0%) 70 (40.9%) 72 (40.9%) 72 (41.1%)
Race/ethnicity 0.455 0.247
White 134 (78.8%) 143 (83.6%) 172 (97.7%) | 175 (100.0%)
Black 25 (14.7%) 17 (9.9%) 2 (1.1%) 0 (0%)
Hispanic 3 (1.8%) 5 (2.9%) 0 (0%) 0 (0%)
Asian/Pacific Islander 5 (2.9%) 2 (1.2%) 1 (0.6%) 0 (0%)
Other 3 (1.8%) 4 (2.3%) 1 (0.6%) 0 (0%)
Time from first pathologic diagnosis (years) 0.327 0.079
n 170 171 176 175
Mean 3.6 3.9 4.2 4.8
SD 2.47 2.76 2.86 3.55
Median 2.9 3.1 3.4 4.0
Min, Max 0.5,14.7 0.4,19.7 0.4,15.7 0.3, 26.6
Baseline multiple myeloma stage 1.000 0.613
I 3 (1.8%) 4 (2.3%) 11 (6.3%) 8 (4.6%)
Il 53 (31.2%) 53 (31.0%) 50 (28.4%) 57 (32.6%)
I 113 (66.5%) 114 (66.7%) 115 (65.3%) 110 (62.9%)
Missing 1 (0.6%) 0 (0%) 0 (0%) 0 (0%)
Multiple myeloma progression manifested [b]
Rising M-paraprotein levels 161 (94.7%) 162 (94.7%) 1.000 162 (92.0%) 156 (89.1%) 0.367
Worsening lytic bone disease 30 (17.6%) 38 (22.2%) 0.343 43 (24.4%) 56 (32.0%) 0.124
Waorsening extramedullary plasmacytoma disease 7 (4.1%) 7 (4.1%) 1.000 5 (2.8%) 7 (4.0%) 0.574
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Characteristic

Study MM-009

Study MM-010

Len/Dex Dex Len/Dex Dex p-Value
N=170 N=171 p-Value [a] N=176 N=175 [a]
ECOG-PS 0.131 0.596
0 70 (41.2%) 83 (48.5%) 78 (44.3%) 65 (37.1%)
1 81 (47.6%) 80 (46.8%) 72 (40.9%) 79 (45.1%)
2 13 (7.6%) 6 (3.5%) 23 (13.1%) 27 (15.4%)
3 0 (0% ) 0 (0%) 0 (0%) 1 (0.6%)
Missing 6 (3.5%) 2 (1.2%) 3 (1L.7%) 3 (1.7%)
Lytic bone lesions 0.096 0.603
Present 118 (69.4%) 133 (77.8%) 136 (77.3%) 140 (80.0%)
Absent 51 (30.0%) 38 (22.2%) 40 (22.7%) 35 (20.0%)
Missing 1 (0.6%) 0 (0%) 0 (0%) 0 (0%)
Bone marrow aspirate/biopsy
Cellularity 0.966 0.945
Normal 71 (41.8%) 72 (42.1%) 107 (60.8%) 102 (58.3%)
Hyperplasia 65 (38.2%) 64 (37.4%) 41 (23.3%) 41 (23.4%)
Hypoplasia 26 (15.3%) 27 (15.8%) 26 (14.8%) 28 (16.0%)
Missing 4 (2.4%) 6 (3.5%) 2 (1.1%) 3 (1.7%)
Percent plasma cells 0.371 0.090
n 165 165 172 169
Mean 34.5 31.8 36.2 31.1
SD 28.13 26.79 28.39 26.37
Median 28.0 25.0 30.0 22.0
Min, Max 0.0,95.0 0.0, 100.0 0.0, 100.0 0.0, 100.0
Baseline beta-2 microglobulin 1.000 0.813
<2.5mg/L 49 (28.8%) 50 (29.2%) 51 (29.0%) 48 (27.4%)
>2.5mg/L 121 (71.2%) 121 (70.8%) 125 (71.0%) 127 (72.6%)

[a] For continuous variables (age, time from first pathologic diagnosis, and percent plasma cells), the p-value is based on a pooled t-test. For the categorical variables, the

p-value is based on Fisher's exact test.

[b] More than one category could be selected. Therefore, percentages may total to more than 100%.
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Table 10: Prior anti-myeloma therapy — studies MM-009 and MM-010%%

Type of Therapy

Study MM-009

Study MM-010

Len/Dex
N=170

Dex
N=171

p-Value [a]

Len/Dex
N=176

Dex
N=175

p-value [a]

No. of prior anti-myeloma therapies
1
2o0r3

64 (37.6%)
106 (62.4%)

64 (37.4%)
107 (62.6%)

1.000

56 (31.8%)
120 (68.2%)

57 (32.6%)
118 (67.4%)

0.909

Prior anti-myeloma regimens or SCT
1
2
3
>3

23 (13.5%)
42 (24.7%)
39 (22.9%)
66 (38.8%)

22 (12.9%)
34 (19.9%)
35 (20.5%)
80 (46.8%)

0.491

19 (10.8%)
40 (22.7%)
55 (31.3%)
62 (35.2%)

21 (12.0%)
39 (22.3%)
45 (25.7%)
70 (40.0%)

0.661

Prior SCT
0
1
2
3
>3

68 (40.0%)
28 (16.5%)
25 (14.7%)
15 (8.8%)
34 (20.0%)

69 (40.4%)
18 (10.5%)
28 (16.4%)
17 (9.9%)
37 (21.6%)

0.631

77 (43.8%)
31 (17.6%)
30 (17.0%)
4 (2.3%)
34 (19.3%)

81 (46.3%)
21 (12.0%)
23 (13.1%)
4 (4.0%)
43 (24.6%)

0.312

Prior radiotherapy
Yes
No

60 (35.3%)
110 (64.7%)

65 (38.0%)
106 (62.0%)

0.653

62 (35.2%)
114 (64.8%)

52 (29.7%)
123 (70.3%)

0.305

Prior thalidomide therapy
Yes
No

72 (42.4%)
98 (57.6%)

78 (45.6%)
93 (54.4%)

0.586

52 (29.5%)
124 (70.5%)

67 (38.3%)
108 (61.7%)

0.091

Prior dexamethasone therapy
Yes
No

136 (80.0%)
34 (20.0%)

120 (70.2%)
51 (29.8%)

0.045

116 (65.9%)
60 (34.1%)

120 (68.6%)
55 (31.4%)

0.650

Prior bortezomib (Velcade®) therapy
Yes
No

18 (10.6%)
152 (89.4%)

20 (11.7%)
151 (88.3%)

0.864

8 (4.5%)
168 (95.5%)

7 (4.0%)
168 (96.0%)

1.000

SCT, stem cell transplant.

[a] For continuous variables (age, time from first pathologic diagnosis, and percent plasma cells), the p-value is based on a pooled t-test. For the categorical variables, the

p-value is based on Fisher's exact test.
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Pooled data from studies MM-009 and MM-010
Stadtmauer et al performed a subset analysis of pooled data from MM-009 and MM-

010 to evaluate the benefit of using Len/Dex at first relapse.® The baseline

characteristics and treatment history of these patients are shown in Table 11.

Table 11: Baseline characteristics and treatment history of patients according
to number of prior therapies®

Lenalidomide plus dexamethasone
1 prior therapy >2 prior therapies p-value
(n=133) (n=220)

Median age, years 62.1 63.1 0.34
Male sex, n (%) 82 (61.7) 128 (58.2) 0.58
Baseline beta-2 47 (35.3) 56 (25.5) 0.054
microglobulin <2.5mg/L, n
(%)
Baseline beta-2 86 (64.7) 164 (74.5) 0.054
microglobulin >2.5mg/L, n
(%)
ECOG score 0-1, n (%) 119 (89.5) 188 (85.5) 0.77
Median time from 2.2 (0.4-9.7) 4.1 (0.5-15.7) <0.001
diagnosis,
years (range)
Prior ASCT, n (%) 89 (66.9) 117 (53.2) 0.014
Prior treatment with 13 (9.8) 114 (51.8) <0.001
thalidomide, n (%)
Prior treatment with 2 (1.5) 25 (11.4) <0.001
bortezomib, n (%)

ASCT, autologous stem cell transplantation; ECOG, Eastern Cooperative Oncology Group.

There were significant differences in the following baseline characteristics between
patients who had received one prior therapy compared with those with two or more
prior therapies: prior autologous stem cell transplantation (66.9% versus 53.2%;
p=0.014); prior treatment with thalidomide (9.8% versus 51.8%; p<0.001); and prior
treatment with bortezomib (1.5% versus 11.4%; p<0.001).

The average length of time from diagnosis was also significantly different between
patients with one prior therapy (2.2 years) and those who had received two or more

prior therapies (4.1 years; p<0.001).

Outcomes
6.3.5 Provide details of the outcomes investigated and the measures used to

assess those outcomes. Indicate which outcomes were specified in the
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trial protocol as primary or secondary, and whether they are relevant with
reference to the decision problem. This should include therapeutic
outcomes, as well as patient-related outcomes such as assessment of
health-related quality of life (HRQL), and any arrangements to measure
compliance. Data provided should be from pre-specified outcomes rather
than post-hoc analyses. When appropriate, also provide evidence of
reliability or validity, and current status of the measure (such as use within

UK clinical practice).

Lenalidomide — MM-009/MM-010
The efficacy outcomes used in the phase Il studies MM-009 and MM-010 are of an

international standard specifically designed for use in multiple myeloma efficacy
studies. The design features, endpoints, and plans for interim analysis of these
studies and the regulatory strategy for lenalidomide were discussed with the Irish
Medicines Board, the Swedish Medicinal Products Agency, the German Federal
Institute for Drugs and Medical Devices, and the French Agence Francaise de
Securite Sanitaire des Produits de Sante (AFSSAPS).The protocols for MM-009 and
MM-010 were subjected to a Special Protocol Assessment review by the US Food
and Drug Administration (FDA), Division of Oncology Drug Products. Thus, the
planned endpoints, statistical analyses and other methodologies were determined

and agreed prior to study initiation with both EU and US regulatory bodies.

A number of post-hoc analyses were undertaken to investigate prognostic variables

in multiple myeloma and these are explicitly stated in this submission.

Primary efficacy outcome
The primary efficacy outcome in both MM-009 and MM-010 was time to disease
progression (TTP), which was chosen because it is widely accepted as a surrogate

endpoint in haematology and oncology studies.

TTP, as specified in the protocol, was calculated as the time from randomisation to

the first occurrence of any of the following events:
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e Disease progression based on the myeloma response criteria developed by
EBMT.?" % The TTP was measured to the date of the first assessment in the
series of tests required to determine progression.

¢ Discontinuation from the treatment phase due to disease progression
according to the investigator whether or not confirmed by the EBMT criteria.
The TTP was measured to the last date of visit.

e Death due to disease progression during the treatment period. The TTP was
measured to the date of death if death occurred on or before treatment

discontinuation.

The TTP was censored at the date of last response assessment for subjects who:

e Had not progressed at the time of analysis.

¢ Withdrew from the treatment phase before documented progression,
including those who died of causes not related to multiple myeloma.

e Were given another anti-myeloma therapy without documented progression
or intolerable adverse events (for these subjects, the date of their last
response assessment prior to taking anti-myeloma therapy was used as the

censor date).

For both MM-009 and MM-010, the analysis of TTP was based on the intention-to-
treat population. Median follow-up varied depending on the data-cut presented and

will be specified in the results tables.

Secondary efficacy outcomes

Progression-free survival

Conducted as part of a supportive analysis for the primary endpoint, progression-free
survival (PFS) was calculated as the time from randomisation to documented
progression or death due to any cause during the treatment period, whichever
occurred first. If withdrawal due to adverse events or change of therapy occurred
before documented progression or death, then these observations were censored at

the last progression assessment date.
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Overall survival

OS is defined as the time from randomisation until death from any cause and was
measured in the ITT population. Survival is considered the most clinically meaningful
cancer endpoint, and when studies can be conducted to adequately assess OS, it is
usually the preferred endpoint. This endpoint is precise and easy to measure,
documented by the date of death. OS is generally evaluated in randomised
controlled studies. Demonstration of a statistically significant improvement in OS can
be considered to be clinically important if the toxicity profile is acceptable, and has
often supported new drug approval. Difficulties in performing and analysing survival
studies include the requirement for long follow-up periods, large patient numbers and
the issue of subsequent cross-over can potentially confounding analyses.

Response rate

Response to therapy was assessed using the myeloma response determination

criteria developed by EBMT®" %8

, Which are summarised in appendix 10. These
criteria provide an international standard for the assessment of treatment response
in multiple myeloma, thereby ensuring consistency in the reporting and evaluation of
data across study sites. Initially the trial protocols were planning to use the earlier
Blade criteria.®” However, an updated version was released in 2006 and these were
used to define the response rate.’® The response criteria were assessed by
collecting blood and urine samples for protein electrophoresis to quantify the
proportion of M-protein and immunofixation. New bone lesions and serum calcium

levels were also assessed to determine response.

Functioning and quality of life
Other secondary endpoints included the time to first skeletal-related event and time

to first decrease in ECOG performance status. These are unpublished data available
in the clinical study reports.?® 8" Both of these are measures of patient quality of life

and functioning which may not be captured through response or survival rates.

The time to first worsening of the ECOG performance status was calculated as the
time from randomisation to the date of the first worsening compared with the last
ECOG evaluation obtained prior to randomisation. Data were censored at the last
date that the subject was known to be unchanged or improved from before

randomisation. For subjects who had not worsened at the time of the analysis and
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for those who were lost to follow-up before worsening the ECOG performance status

was documented.

Adverse events

The severity of adverse events and laboratory abnormalities was graded according
to National Cancer Institute (NCI) Common Toxicity Criteria (CTC) Version 2.0.%° The
interpretation of these data is not confounded by the conduct of the studies; similar
results can realistically be expected to occur on a patient-by-patient basis, with

comparable exposure to the study medications in clinical practice.

Statistical analysis and definition of study groups

6.3.6 State the primary hypothesis or hypotheses under consideration and the
statistical analysis used for testing hypotheses. Also provide details of the
power of the study and a description of sample size calculation, including
rationale and assumptions. Provide details of how the analysis took
account of patients who withdrew (for example, a description of the
intention-to-treat analysis undertaken, including censoring methods;

whether a per-protocol analysis was undertaken).

Lenalidomide — MM-009/MM-010
The study objectives and sample calculations for both Study MM-009 and Study MM-

010 were identical and are presented in Table 12.%%
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Table 12: Summary of statistical analyses in RCTs

Trial no. Hypothesis objective | Statistical analysis Sample size, power Data management, patient
(reference) calculation withdrawals

MM-009 and To compare the All primary analyses and OS were | The number of patients No imputation of values for
MM-010 efficacy of oral based on the ITT population, and | was calculated so that a missing data was performed.

(lenalidomide)

lenalidomide in
combination with oral
pulse high-dose Dex
with that of placebo and
oral pulse high-dose
Dex as treatment for
subjects with relapsed
or refractory multiple
myeloma who have
received at least one
prior therapy.

subgroup analyses were pre-
planned on the basis of
stratification variables (level of
beta-2 microglobulin (<2.5mg/L
versus =2.5mg/L; previous stem-
cell transplantation (none versus
=1); number of previous anti-
myeloma therapies (1 versus =2)).
An unstratified log-rank test was
used to compare the time-to-event
variables between the two study
groups. Both the TTP and OS
were estimated by Kaplan—Meier
methods. OS was censored at the
last date that the patient was
known to be alive for patients alive
at the time of analysis and for
patients who were lost to follow-up
before death was documented.
Exact tests were used to compare
rates of response. Formal
statistical hypothesis tests of the
superiority of Len/Dex relative to
placebo/Dex were conducted at
the 2-sided, 0.05 level of
significance.

one-sided log-rank test at
the 0.025 level, allowing for
one interim analysis, would
have a statistical power of
85% to detect a difference
between the TTP for each
group with a constant
hazard ratio of 1.5,
reflecting an increase of
50% in the median TTP.
The number of events
required was 222. On the
basis of the planned
accrual rate, a log-rank test
of OS that was performed
18 months after the last
patient had been enrolled,
when 194 deaths were
expected, would have a
power of 80% to detect a
hazard ratio for death of
0.67. In the case of OS, the
studies were unblinded
before 194 deaths
occurred.

Various sensitivity analyses
were performed to explore
different ways of handling
early dropouts. One
sensitivity analysis requested
by the FDA included
counting subjects who
withdrew from the study for
any reason or who received
anti-myeloma therapy during
the treatment period as
having events on the last
assessment day prior to
withdrawal from the study or
to receiving anti-myeloma
medication. All sensitivity
analyses confirmed the
significant superiority of
Len/Dex relative to
placebo/Dex. The frequency
of missing or out-of window
assessments was
comparable between the 2
treatment arms, thereby
having no effect on the
validity of the analysis
results.
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6.3.7 Provide details of any subgroup analyses that were undertaken and

specify the rationale and whether they were pre-planned or post-hoc.

Lenalidomide — MM-009/MM-010
Subgroup analyses were conducted for TTP, OS and the rate of response in both the

MM-009 and MM-010 studies. Subgroups were analysed on the basis of pre-
specified stratification variables including age, gender and the following: the level of
beta-2 microglobulin (<2.5mg/L versus =2.5mg/L), previous stem-cell transplantation

(none versus 21), and the number of previous anti-myeloma therapies (1 versus 22).

Additional unspecified subgroup analyses were conducted from a pooled analysis of
the MM-009 and MM-010 study data. These analyses investigated study outcomes
in the following:

e Patients with impaired renal function (as defined by creatinine clearance
levels of <30mL/min and <50mL/min)

e Patients with pre-existing peripheral neuropathy (unpublished data provided
in confidence by Celgene)

e Eastern Cooperative Oncology Group (ECOG) performance status scores
(ECOG= 0 versus ECOG> 0)

e Patients with IgA multiple myeloma

e Patients with a complete or near CR (nCR)

¢ Patients receiving low-dose dexamethasone in combination with
lenalidomide

e Patients receiving prior thalidomide therapy

e Patients receiving prior bortezomib therapy

These subgroups were selected on the basis that they represent important
prognostic markers for treatment response in terms of safety and efficacy.

MM-009 and MM-010: Additional post-hoc analyses were conducted using pooled

data from both trials. The analyses investigated the following subgroups:

o Elderly patient (<65 years, 65—74 years and aged =75 years)

e Patients with impaired renal failure
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e Patients who achieved a CR or a very good partial response (VGPR) as best
response compared with those who achieved a PR

e Patients continuing treatment after achieving = PR or discontinuing treatment
due to adverse events, withdrawal of consent, or for reasons other than
disease progression

e First relapse in comparison to later therapy

e Patients previously exposed to thalidomide

Participant flow

6.3.8 Provide details of the numbers of patients who were eligible to enter the
RCT(s), randomised, and allocated to each treatment. Provide details of,
and the rationale for, patients who crossed over treatment groups and/or
were lost to follow-up or withdrew from the RCT. This information should
be presented as a CONSORT flow chart.

Page 61 of 268





Figure 4: CONSORT flow chart for MM-009%°
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Figure 5: CONSORT flow chart for MM-010%°
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6.4 Critical appraisal of relevant RCTs

6.4.1 The validity of the results of an individual study will depend on the

robustness of its overall design and execution, and its relevance to the

decision problem. Each study that meets the criteria for inclusion should

therefore be critically appraised. Whenever possible, the criteria for

assessing published studies should be used to assess the validity of

unpublished and part-published studies. The critical appraisal will be

validated by the ERG.

Quality assessment results for relevant RCTs are shown in full in section 10.3,

appendix 3.

Table 13: Quality assessment results for RCTs

Trial no. (reference)

MM-009 and MM-010

Was randomisation carried out appropriately? Yes
Was the concealment of treatment allocation adequate? Yes
Were the groups similar at the outset of the study in terms of prognostic Yes
factors?

Were the care providers, participants and outcome assessors blind to Yes

treatment allocation?

Were there any unexpected imbalances in drop-outs between groups?

Not reported

Is there any evidence to suggest that the authors measured more No
outcomes than they reported?
Did the analysis include an intention-to-treat analysis? If so, was this Yes

appropriate and were appropriate methods used to account for missing
data?
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6.5 Results of the relevant RCTs

6.5.1 Provide the results for all relevant outcome measure(s) pertinent to the
decision problem. Data from intention-to-treat analyses should be
presented whenever possible and a definition of the included patients
provided. If patients have been excluded from the analysis, the rationale

for this should be given.

Summary of key results of the relevant RCTs

e Studies MM-009 and MM-010, which encompassed a total of 704 patients,
demonstrated that Len/Dex significantly increased response rates, TTP and OS in
multiple myeloma patients who had >1 prior therapy.*® **

e Overall response rate of multiple myeloma patients treated with Len/Dex was
approximately three times greater than with placebo/Dex MM-009: 61.0% versus
19.9%, p<0.001) and (MM-010: 60.2% versus 24.0%, p<0.001). >4

e Median TTP was more than doubled with Len/Dex than placebo/Dex (MM-009:
11.1 versus 4.7 months, p<0.001) and (MM-010: 11.3 versus 4.7 months,
p<0.001). %4

e Pooled analysis of data from studies MM-009 and MM-010 (median follow-up of
48 months) showed that median OS was significantly longer with Len/Dex than
placebo/Dex (38.0 versus 31.6 months; p=0.045).%

e Subset analysis of pooled data from studies MM-009 and MM-010 comparing
patients who received Len/Dex after one prior therapy compared to later in
therapy report TTP (17.1 months versus 10.6 months; p=0.026), PFS (median of
14.1 months versus 9.5 months; p=0.047) and OS (median OS of 42.0 versus
35.8 months; p=0.041).°

e A patient-level analysis of data from both studies in second-line patients only
showed median PFS was longer in the Len/Dex group (16.6 months, 95% CI 11—
36.8 months) than in the placebo/Dex group (16.6 versus 4.6 months, p<0.0001)
and a numerically higher median OS in the Len/Dex group (50.1 months, 95% CI
8.3—32.5 months) compared to the placebo/Dex group (37.6 months, 95% CI 6.5—

21.5 months.%®
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Lenalidomide — MM-009/MM-010
The data from MM-009 and MM-010 presented here were derived from multiple

sources. The majority of the analyses are available from the published sources
outlined in appendix E. However, to supply the full data requested above it was
necessary to use additional sources including the clinical study reports (CSRs) and
documents submitted as part of the marketing authorisation application for
lenalidomide. In addition for certain outcomes it was necessary to consult the

cleaned statistical tables.
Appendix E contains the sources and dates of the various data-cuts.

Interim analysis, study duration and unblinding
Because the O’Brien—Fleming boundary for the superiority of Len/Dex over Dex was

crossed at the interim analysis, the IDMC recommended that the study be unblinded.

In MM-009, patients were enrolled from 27 February 2003. The study was unblinded
on 28 June 2005. In MM-010, patients were enrolled from 22 September 2003. The
study was unblinded on 3 August 2005.

Primary and secondary efficacy analyses were conducted on data from all patients
(i.e., ITT population) randomised in study MM-009 (N=353) and study MM-010
(N=351). The O’Brien—Fleming boundary for the superiority of lenalidomide over

placebo was crossed at the interim analysis in both studies.

TTP results — primary outcome

Interim TTP

The preplanned interim analyses of both MM-009 and MM-010 occurred when half of
the specified disease progressions had occurred i.e. studies were to end when 80%
of the patients progressed; therefore, the interim analyses occurred when 40% of the
total patients had progressed. The results of TTP at the interim phase are presented
in Table 14.
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Table 14: Protocol-defined interim analysis (ITT population) of the primary
outcome (TTP) from MM-009 and MM-010?

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex | Dex
TTP N 170 171 176 175
Progressed n (%) 44 (25.9) 98 (57.3) 39 (22.2) | 99 (56.6)
Censored n (%) 126 (74.1) | 73 (42.7) 137 76 (43.4)
(77.8)
Median 41.1 20.1 NE 20.1
(weeks) [30.3, NE] [16.7, 24.1] | [36.1, NE] | [20.0, 22.1]
[95% CI]
Hazard ratio [95% CI] 3.073 [2.149, 4.395] 3.246 [2.239, 4.708]
Log-rank test p value <0.001 <0.001

ITT, intention to treat; TTP, time to progression; NE, not estimable.

Data from 12 subjects at investigative site #142 were not reviewed or included in the analysis due to
sequestering of the case report forms (CRFs) by this institution. The institution decided to temporarily put a halt to
all clinical trial activities of one investigator for unspecified reasons. At the time, the original case report forms
were therefore unavailable and only uncertified copies were obtained — as validity of these copies was unclear,
the CRFs for these 12 patients were excluded from the original analysis. Subsequently, the institution released
the CRFs, which were included in later analyses of the trial data.

TTP at unblinding
The TTP outcomes of MM-009 and MM-010 at study unblinding are presented in
Table 15.

Table 15: Study unblinding analysis (ITT population) of the primary outcome
(TTP) —data cut-off to June (MM-009)/August (MM-010) 2005%

Statistic | Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
TTP N 177 176 176 175
Progressed n (%) 92 (52.0) 132 (75.0) 82 (46.6) 142 (81.1)
Censored n (%) 85 (48.0) 44 (25.0) 94 (53.4) 33 (18.9)
Overall TTP (weeks) | Median 48.1 20.1 48.7 20.1
[95% CI] |[36.9, 1.4] |[16.7,23.1] |[40.9,72.1] | [18.1, 20.7]
[a]
Hazard Ratio [95% CI] [b] 2.822 [2.146, 3.701] 2.850 [2.159, 3.762]
Log-rank Test p-Value [c] <0.001 <0.001

Cl, confidence interval.

Percentages are based on the number of treated subjects. The median in this table is based on Kaplan—Meier
estimate, and the mean is the univariate mean without adjusting for censoring.

[a] 95% confidence intervals about the median overall time to progression.

[b] Based on a proportional hazards model comparing the hazard functions associated with the treatment
groups (Len/Dex:/Dex)

[c] The p value is based on the a one-tailed unstratified log rank test of survival curve differences between the
treatment groups.

Median follow up: 17.1 months for MM-009 (n=76), 16.7 months for MM-010 (n=74), 16.9 months for
combined (n=150).
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In MM-009, Len/Dex was associated with a significantly longer median TTP (11.1
months) compared to placebo/Dex (4.7 months) (hazard ratio= 2.82; 95% CI: 2.146,
3.701; P<0.001) (Figure 6). Results for TTP are based on data obtained prior to

unblinding upon reaching the O’Brien—Fleming boundary.

Figure 6: MM-009 Kaplan—Meier curves of TTP at study unblinding*
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ITT, intention to treat; TTP, time to progression.

Curves show TTP for the ITT population (a median of 11.1 months in the
lenalidomide (Len/Dex) group and 4.7 months in the placebo (Dex) group, p<0.001
by the log-rank test).

In MM-010, Len/Dex was associated with a significantly longer median TTP (11.3
months) compared to placebo/Dex (4.7 months) (hazard ratio = 2.85; 95% CI: 2.16-
3.76; P<0.001) (Figure 7).

Figure 7: MM-010 Kaplan—Meier curves of TTP at study unblinding®
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Estimates of the median TTP for the ITT population: 11.3 months in the lenalidomide
(Len/Dex) group and 4.7 months in the placebo (Dex) group (p<0.001 by the log-rank
test).

Pooled analysis studies MM-009 and MM-010
Dimopoulos et al conducted a pooled analysis of efficacy data from Studies MM-009

and MM-010, which also includes long-term findings.* This analysis encompassed
353 Len/Dex patients and 351 placebo/Dex patients. The pooled efficacy results of

this analysis are summarised in Table 16.

Table 16: Response rates, TTP, PFS and 0S*

Len/Dex Dex p value
(n=353) (n=351)
Up to unblinding (median 17.5 months)
Response rate, %
ORR 60.6 21.9 <0.001
CR 15.0 2.0 <0.001
VGPR 17.3 2.8
PR 28.3 17.1
Median TTP, months 134 4.6 <0.001
Median DoR, months 15.8 7.0 <0.001
Median PFS, months 11.1 4.6 <0.001
Extended FU (median 48 months)
Median OS, months 38.0 31.6 0.045

CR, complete response; DoR, duration of response; FU, follow-up; ORR, overall response rate; OS, overall
survival; PFS, progression-free survival; PR, partial response; TTP, time-to-progression; VGPR, very good patrtial
response.

Pooled analysis: TTP at study unblinding

Up to study unblinding (median follow-up of 17.5 months), pooled analysis of the two
studies demonstrated that TTP was significantly longer in patients treated with
Len/Dex than in those treated with placebo/Dex (median of 13.4 versus 4.6 months,

respectively; p<0.001; Figure 8, Table 16).%
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Figure 8: Kaplan—Meier estimate of TTP in the ITT population®
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ITT, intention to treat; TTP, time to progression.

The estimate of TTP for the ITT population of the lenalidomide plus dexamethasone and placebo groups.
Len/Dex denotes lenalidomide plus dexamethasone; Placebo/Dex denotes placebo plus dexamethasone.
Survival curves were compared using log-rank test stratified by study (p<0.001).

Progression-free survival results

PES at study unblinding

PFS was evaluated as part of the supportive analysis for the primary outcome, TTP.

The PFS outcomes of MM-009 and MM-010 at study unblinding were very similar
and are presented in Table 17:

In MM-009, Len/Dex was associated with a significantly longer median PFS (41.1
weeks) compared to placebo/Dex (20.1 weeks) (hazard ratio= 2.97; 95% CI: 2.089,
4.222; p<0.001).

In MM-010, Len/Dex was associated with a significantly longer median PFS (not yet
reached) compared to placebo/Dex (20.1 weeks) (hazard ratio = 2.567; 95% ClI.
1.834-3.592; p<0.001).

Table 17: Summary of PFS (ITT population) — MM-009 and MM-010*%*

Statistic Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
PFS [a] N 170 171 176 175
Progressed | n (%) 46 (27.1) 99 (57.9) 51 (29.0) 104 (59.4)
Censored n (%) 124 (72.9) 72 (42.1) 125 (71.0) 71 (40.6)
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Statistic Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
Overall PFS (wk) Median [b] 41.1 20.1 NE 20.1
[95% CI] [c] [29.4, NE] [16.7,24.1] | [34.1, NE] | [19.7, 21.7]
Mean [d] 21.2 15.7 19.8 16.4
SD 13.39 11.17 10.93 10.03
Min, Max 0.0, 60.1 0.0, 57.0 0.0, 44.7 0.3,48.1
Hazard ratio [95% CI] [d] 2.970 [2.089, 4.222] 2.567 [1.834, 3.592]
Log-rank Test p-value [e] <0.001 <0.001

PFS, progression-free survival; NE = not estimable.

[a] Calculated as the time from randomisation to documented progression or death due to any cause, whichever
occurred first. If withdrawal due to adverse events or change of therapy occurred before documented progression
or death, then these observations were censored at the last progression assessment date.

[b] The median is based on the Kaplan—Meier estimate, and the mean is the univariate mean without adjusting for
censoring (i.e., the mean values represent mean PFS documented to date as of the data cut-off date, without
consideration of the fact that a substantial number of subjects who had not yet progressed were continuing in the
study).

[c] Ninety-five percent confidence intervals about the median overall PFS.

[d] Based on a proportional hazards model comparing the hazard functions associated with the treatment groups
(Len/Dex: placebo/Dex).

[e] The p-value is based on a one-tailed unstratified log rank test of survival curve differences between the
treatment groups.

The median PFS in each treatment group in each study was comparable to the
median TTP based on the protocol-specified definition of TTP. In both studies, PFS
was significantly longer in the Len/Dex group than in the placebo/Dex group
(p<0.001; one-tailed unstratified log rank test of the survival curve difference
between treatment groups); overall, the PFS data from study MM-009 were
comparable with those from study MM-010. Based on the hazard ratios, subjects in
the placebo/Dex group were 2.6 to 3.0 times more likely than those in the Len/Dex
group to experience disease progression or death at any time during the treatment

phase.

The analyses confirmed the results that were observed with protocol-specified
analysis of TTP. Significant differences between the treatment groups in favour of
the Len/Dex combination were observed across both studies and were comparable

in magnitude.

Pooled analysis: PFS at study unblinding

The pooled analysis also revealed that up to study unblinding PFS was significantly
longer in Len/Dex patients than in Dex patients (median of 11.1 versus 4.6 months,
respectively; p<0.001; Figure 9, Table 16).%
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Figure 9: Kaplan—Meier estimate of PFS in the ITT population®
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The estimate of progression-free survival for the intent-to-treat population of the lenalidomide plus
dexamethasone-placebo groups. Len/Dex denotes lenalidomide plus dexamethasone; Placebo/Dex denotes
dexamethasone-placebo. Survival curves were compared using log-rank test stratified by study (p<0.001).

Furthermore, time to first response was similar in patients treated with Len/Dex than
in those treated with placebo/Dex (median of 1.9 versus 2.0 months, respectively).
However, Len/Dex patients had a substantially longer duration of response than
placebo/Dex patients (median of 15.8 versus 7.0 months, p<0.001; Table 16:
Response rates, TTP, PFS and 0S*).

The median duration of treatment was 10.1 months for patients treated with Len/Dex
compared with 5.3 months for patients treated with placebo/Dex (p<0.0001). The
pooled overall response rate was significantly higher in Len/Dex patients than
placebo/Dex patients (60.6% versus 21.9%, respectively; p<0.001; Table 16:
Response rates, TTP, PFS and 0S%). Among Len/Dex patients, CR was observed
in 15.0% and VGPR in 17.3%, which was significantly higher compared with
placebo/Dex patients (2.0 and 2.8%, respectively; p<0.001 for the between-treatment

comparison for CR + VGPR).

Overall survival results

Interim OS

Data presented in the clinical overview submitted as part of the marketing
authorisation application for lenalidomide show that in MM-009, as of the cut-off date
of 15 July 2004%*;
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e 9.4% (16/170) of the Len/Dex-treated subjects had died
e 8.8% (15/171) of the placebo/Dex-treated subjects had died

In MM-010, data presented up to the cut-off date of 15 September 2004 show that:

e 15.9% (28/176) of the Len/Dex-treated subjects had died
e 16.0% (28/175) of the placebol/treated subjects had died

Therefore, at this stage of follow-up, relatively few deaths occurred in either
treatment group in MM-009 or MM-010 and consequently, no significant differences

were observed between the Len/Dex and placebo/Dex groups with respect to OS.

OS at unblinding
With a greater duration of follow-up, data presented as part of the scientific

discussion in the EPAR demonstrated a significant survival advantage for Len/Dex
relative to placebo/Dex in MM-009.2 At this time, 37 (20.9%) of the 177 Len/Dex-
treated patients, compared with 62 (35.2%) of the 176 placebo/Dex-treated patients,
had died. At this time, no significant difference in OS had been observed between
the Len/Dex and the placebo/Dex-treated patients in MM-010 (47 and 59 deaths,
respectively), due to the shorter study duration of follow-up.

Updated OS after study unblinding as of May 2006

The median OS is shown in Table 18 and represents data analysed as of May 2006

for both studies — a time from study initiation of 3 years and 3 months for MM-009
and 2 years and 8 months for MM-010.'%? Kaplan—-Meier curves for OS are shown for
MM-009 and MM-010 in Figure 10 and Figure 11 below, respectively.

Both studies continued to show significant improvement with Len/Dex compared with
Dex with respect to median OS. In MM-009, the estimated median OS in the
Len/Dex arm was 29.6 months, versus 20.5 months for placebo/Dex (hazard ratio =
0.44; 95% CI: 0.30- 0.65; p<0.001). These data represent a 9-month increment in

median OS for patients in the Len/Dex versus the placebo/Dex arm.

Median OS for MM-010 was not estimable at this time in the Len/Dex arm and was

20.6 months among those who received placebo/Dex. Although median OS was not
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estimable for Len/Dex, it was still significantly higher than for placebo/Dex (hazard

ratio = 0.66; 95% CI: 0.45-0.96; p=0.03).

Table 18: Median OS following treatment with Len/Dex or placebo/Dex in the
MM-009 and MM-010 trials among patients treated with one prior therapy — ITT

population®®

Characteristic MM-009 MM-010
Len/Dex Dex Len/Dex Dex

Died, n (%) 49 (27.7) 63 (35.8) 47 (26.7) 60 (34.3)

Median OS (months) 29.6 20.2 NE 20.6

Hazard ratio 0.44 0.66

95% ClI 0.30-0.65 0.45-0.96

P <0.001 0.03

Cl, confidence interval: NE, not estimable; ITT. Intention to treat; OS, overall survival. Data analysed

as of May 2006 for both studies — a time from study initiation of 3 years and 3 months for MM-009 and

2 years and 8 months for MM-010. Median follow-up at this time-point is 17.1 months for MM-009 and

16.5 months for MM-010.

Figure 10: Kaplan—Meier curves for OS for all patients in MM-009 as of May
2006 for the ITT population*
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ITT, intention to treat, OS, overall survival.
Estimates of the median OS for the ITT population: 29.6 months in the lenalidomide (Len/Dex) group and 20.2

months in the placebo/Dex group (p<0.001 by the log-rank test).
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Figure 11: Kaplan—Meier curves for OS for all patients in MM-010 as of May
2006 for the ITT population

1007w, 2 i~ Lenalidemide
&p ta ‘! = Placebo
754 ‘“‘-'.'-‘."'---..h
- o
& ., - 1
2 g5 o PR
‘g W]
(3]
o
25 ;
0 T T T T T T | 1
0 5 10 15 20 25 30 35 40
Months

ITT, intention to treat, OS, overall survival.
Estimates of the median OS for the ITT population: not yet reached in the lenalidomide (Len/Dex) group and 20.6
months in the placebo/Dex group (p<0.001 by the log-rank test).

Update on OS: International Myeloma Workshop 2007

In June 2007, an updated median OS was presented at the International Myeloma
Workshop.'® This combined analysis, with follow-up to January 2007, showed that
the OS had extended to 35 months in the Len/Dex arm versus 31 months in the

placebo/Dex arm (p=0.021).

Perspectives on treatment crossover and OS in MM-009 and MM-010

The estimated median OS of patients in the placebo/Dex arms increased with
extended follow-up of the two trials. This phenomenon could be attributed to the
small number of deaths among these patients at the point the studies were
unblinded and the fact that 170 out of 351 patients in the placebo/Dex arms
subsequently went on to receive additional lenalidomide (as per the regimen given to
patients in the Len/Dex arms). Both of these factors would allow the estimated

median to change over time.

The median OS of patients in the placebo/Dex arms is higher than would be

expected. Historical retrospective analyses indicate that the median OS from first

relapse is in the region of 14-17 months in patients with multiple myeloma.'%* 1%°

Further updated OS analysis is available as a pooled analysis later in this section.
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Pooled analysis: Long-term efficacy — OS
After a median follow-up of 48 months, 199 (56.4%) Len/Dex patients had died,

compared with 219 (62.4%) placebo/Dex patients. OS was significantly longer in
patients treated with Len/Dex than in those treated with placebo/Dex (median of 38.0

versus 31.6 months, respectively; p=0.045; Figure 12, Table 16).%

Figure 12: Kaplan—Meier estimate of OS in the ITT population®
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ITT, intention to treat; OS, overall survival. The estimate of OS for the intent-to-treat population of the
lenalidomide plus dexamethasone and dexamethasone-placebo groups. Len/Dex denotes lenalidomide plus
dexamethasone; Placebo/Dex denotes dexamethasone-placebo. Survival curves were compared using log-rank
test stratified by study (p=0.045).

The Cox proportional hazards regression model for multivariate analysis showed that
treatment remained a highly significant predictor of OS (p=0.0008, in favour of
Len/Dex). In addition, baseline beta-2 microglobulin levels higher than 2.5mg/L, a
baseline ISS (International Staging System) score >1, a high baseline percentage of
plasma cells and more than one earlier anti-myeloma treatment were among

significant predictors of short OS after controlling for treatment factor (Table 19).

Table 19: Predictors of OS in all patients (Cox regression model)*

Hazard ratio p-value
(95% CI)

Treatment 1.4(1.2-1.7) 0.0008
(Placebo/Dex versus Len/Dex)
Baseline plasma cells percentage 1.0 (1.0-1.0) <0.0001
(high versus low)
High baseline b2-microglobulin 1.6 (1.2-2.1) <0.0022
(>2.5 versus <2.5mg/l)
Duration of multiple myeloma 0.9 (0.9-1.0) 0.0008
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Hazard ratio p-value
(95% CI)

Lytic bone lesion at baseline (Yes versus No) 1.3(1.0-1.6) 0.064
Number of earlier anti-myeloma therapies 1.2 (1.0-1.3) 0.026
Previously treated with HDT/SCT 1.2 (1.0-1.5) 0.053
(Yes versus No)
Earlier dexamethasone therapy (Yes versus No) 1.3(1.1-1.7) 0.017
ISS score at baseline (Il versus Il versus I) 1.5(1.3-1.7) 0.0001

Cl, confidence interval; HDT, high-dose therapy; ISS, International Staging System; OS, overall survival; SCT,
stem cell transplant.

Of the 351 placebo/Dex patients, 167 (47.6%) received lenalidomide-based therapy
after unblinding of the study or following disease progression. Of those, 147 (88%)
patients crossed over to lenalidomide alone after disease progression before study
unblinding and 20 (12%) crossed over to Len/Dex after the official study unblinding;
median time to crossover was 9.6 months. Of the 20 patients who received Len/Dex
after study unblinding, 6 (30.0%) did so immediately after study unblinding and 14
(70.0%) crossed over after disease progression. Of the 32 placebo/Dex patients
ongoing at study unblinding, 12 did not cross-over to Len/Dex (3 remained on the
dexamethasone regimen and subsequently progressed; the remaining 9 patients
were either responding or in the plateau phase at the time of data cut-off). After the
crossover to a lenalidomide-based therapy, a >PR was achieved in 53 (31.7%)
patients who were previously randomised to a placebo/Dex regimen. By comparison,
in studies MM-009 and MM-010, 61% and 60.2%, respectively, of Len/Dex patients

achieved a response of >PR.

Response to therapy

Responses at study unblinding

The ITT myeloma response rates of patients treated with Len/Dex versus
placebo/Dex during studies MM-009 and MM-010 are presented in Table 20. These
data were taken from the scientific discussion in the EPAR and are reproduced in the
primary publications.? “*** The median follow-up was 17.6 months for MM-009 and
16.4 months for MM-010.

The overall response rate seen in MM-009 (defined as complete, near-complete, or
partial response) was significantly higher for Len/Dex- treated patients in comparison

to those treated with placebo/Dex (61.0% versus 19.9%, p<0.001). There were also
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more patients who had a CR in the Len/Dex arm (14.1%) compared to placebo/Dex
(0.6%) (p<0.001).

The overall response rate for study MM-010 was significantly higher for Len/Dex-
treated patients in comparison to placebo/Dex-treated patients (60.2% versus

24.0%, p<0.001). There were also more patients who had a CR in the Len/Dex arm
(15.9%) compared to the placebo/Dex arm (3.4%) (p<0.001). These findings are very

similar to those of study MM-009 outlined in the previous paragraph.

Table 20: Studies MM-009 and MM-010 — summary of response rates (ITT
population) based on best response assessments*®

Study MM-009 Study MM-010

Len/Dex Dex Len/Dex Dex
n=177 n=176 n=176 n=175
Response [a] [b]

CR [c] 25 (14.1%) 1 (0.6%) 28 (15.9%) 6 (3.4%)
RR 52 (29.4%) 16 (9.1%) 46 (26.1%) 16 (9.1%)
PR 31 (17.5%) 18 (10.2%) 32 (18.2%) 20 (11.4%)
SD 54 (30.5%) | 102 (58.0%) 53 (30.1%) 97 (55.4%)
PD 5 (2.8%) 25 (14.2%) 3 (1.7%) 25 (14.3%)
NE [d] 10 (5.6%) 14 (8.0%) 14 (8.0%) 11 (6.3%)
p-value [€] <0.001 <0.001

Dichotomised response

CR, RR or PR 108 (61.0%) | 35 (19.9%) 106 (60.2%) 42 (24.0%)
SD, PD or NE 69 (39.0%) | 141 (80.1%) 70 (39.8%) 133 (76.0%)
p-value [f] <0.001 <0.001

Odds ratio [g] 6.31 4.80

[95% CI] [3.91, 10.17] [3.03, 7.59]

Cl, confidence interval; CR, complete response; NE, not evaluable; PD, progressive disease, ; PR, partial
response; RR, remission response, SD, stable disease.

[a] Response in this table is based on the review of all myeloma assessment data using Blade criteria.

[b] Response is the highest assessment of response during the treatment phase of the study.

[c] Comparison of the CR rate shows that the CR rate is significantly higher in the Len/Dex group than in the
placebo/Dex group (p<0.003 continuity corrected Pearson chi square).

[d] Including subjects who did not have any response assessment data at the data cut-off point, or whose only
assessment was ‘response not evaluable’.

[e] Probability from Wilcoxon rank sum test.

[f] Probability from continuity-corrected Pearson chi square test.

[g] Calculated based upon the reported response rates

The median follow-up was 17.6 months for MM-009 and 16.4 months for MM-010.
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Evidence for Len/Dex after one prior therapy

Subgroup analyses of pooled efficacy data from studies MM-009 and MM-010
Stadtmauer et al conducted a subset analysis of data from Studies MM-009 and MM-

010, which compared the efficacy of Len/Dex at first relapse with its use as a later
therapy in relapsed or refractory multiple myeloma. This analysis encompassed 353
Len/Dex patients, of whom 133 had received one prior therapy and 220 had received
two or more prior therapies.®

Time to progression results
Analysis of data up to unblinding from studies MM-009 and MM-010 revealed that

Len/Dex-treated patients who had received one prior therapy had a significantly
longer TTP than patients who had received two or more prior therapies (17.1 months
versus 10.6 months [HR 0.68, 95% CI 0.48-0.97]; p=0.026) (Figure 13).

Figure 13: Kaplan—Meier estimates of TTP of patients treated with Len/Dex by
number of prior therapies®
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Progression-free survival results
PFS was also significantly longer in Len/Dex-treated patients who had received one

prior therapy than those treated with two or more prior lines of therapy (median of
14.1 months versus 9.5 months [HR 0.71, 95% CI 0.2—-0.99]; p=0.047) (Figure 14).
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Figure 14: Kaplan—Meier estimates of PFS of patients treated with Len/Dex by
number of prior therapies®
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Overall survival results
OS from study enrolment was significantly longer in Len/Dex patients treated with

one prior therapy than in those who had received two or more prior lines of therapy
(median OS of 42.0 versus 35.8 months; p=0.041) (Figure 15).

Figure 15: Kaplan—Meier estimates of OS of patients treated with Len/Dex by
number of prior therapies®
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Response results and other outcomes
Treatment response and other outcomes of Len/Dex-treated patients with one prior

therapy versus those with two or more prior therapies are presented in Table 21.
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Table 21: Outcomes in patients by number of prior therapies®

Len/Dex
1 prior therapy 22 prior therapies p-value

(n=133) (n=220)
Response rates, n
(%)
Overall response 89 (66.9) 125 (56.8) 0.060
CR 27 (20.3) 26 (11.8) 0.028
VGPR 26 (19.5) 35 (15.9)
CR + VGPR 53 (39.8) 61 (27.7) 0.025
Partial response 36 (27.1) 64 (29.1)
Stable disease 30 (22.6) 77 (35.0)
Progressive disease 6 (4.5 2 (0.9)
Response not 8 (6.0) 16 (7.3)
evaluable
Median duration of 12.5(0.3-24.1) 9.2 (0.03-24.8) <0.001
treatment, months
(range)
Median duration of NR (11.4-NR) 13.0 (8.4-NR) 0.21
response, months
(range)
Patients who 34.5 44.4 0.16
relapsed, %
Patients who had a 33.1 38.0 0.36
dose reduction [a], %
Patients who 14.3 145 0.54

discontinued due
to toxicity, %

[a] With or without interruption in lenalidomide treatment.

CR, complete response; NR, not reached; VGPR, very good partial response.

There was a trend towards a higher overall response to Len/Dex in patients with one

prior therapy than in those with at least two prior therapies (66.9% versus 56.8%;

p=0.06). However, a CR or a VGPR to Len/Dex was achieved by more patients with

one prior therapy than those with two or more prior therapies (39.8% versus 27.7%;

p=0.025).

The median follow-up for Len/Dex responders was 15.5 months. The median

duration of response to Len/Dex had not been reached in the cohort of patients with

one prior therapy, whereas those with two or more prior therapies had a median

duration of response of 13.0 months (p=0.21). Fewer Len/Dex responders with one

prior therapy relapsed compared with those with two or more prior therapies (38.2%

versus 45.6%) at the time of study unblinding.®
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Subsequent pooled analysis by Dimopoulos et al demonstrated that the type of

previous therapy did not affect response rates to treatment with Len/Dex.**

Subgroup analysis of efficacy data from studies MM-009 and MM-010: overall
survival and progression-free survival in second-line patients only

A patient-level analysis of data from studies MM-009 and MM-010 was undertaken to
evaluate OS and PFS in second-line patients only.® This analysis did not include

TTP as this was not an outcome in the final scope agreed with NICE.

PES results

Among second-line patients who participated in study MM-009, median PFS was
longer in the Len/Dex group (16.6 months, 95% CI 11-36.8 months) than in the
placebo/Dex group (4.6 months, 95% CI 4.0-5.7 months); this difference was
statistically significant (HR 0.3, 95% CI1 0.19-0.47; p<0.0001), Table 22 and Figure
16. Similarly, second-line patients from study MM-010 had longer median PFS with
Len/Dex (13.3 months, 95% CI 5.1-26.9 months) than with placebo/Dex (4.5
months, 95% CI 2.8-5.6 months); again, this difference was statistically significant
(HR 0.39, 95% CI 0.24-0.62; p<0.0001), see Table 22 and Figure 17. Notably, PFS
rates of second-line patients from study MM-009 were comparable with those from
study MM-010.%%°

Table 22: PFS of second-line patients in studies MM-009 and MM-010"%

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
PFS n 68 67 56 57
Died n (%) 37 (54.4) 48 (71.6) 31 (55.4) 48 (84.2)
Censored | n (%) 31 (45.6) 19 (28.4) 25 (44.6) 9 (15.8)
Median 16.6 4.6 13.3 4.5
(months)
[95% CI] [11.0, 36.8] [4.0, 5.7] [5.1, 26.9] [2.8, 5.6]
Hazard ratio [95% ClI] 0.30[0.19, 0.47] 0.39[0.24, 0.62]
Log-rank test p-value <0.0001 <0.0001

PFS, progression-free survival.
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Figure 16: Kaplan—Meier estimates of PFS among second-line patients in study
MM-009*%°
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Figure 17: Kaplan—Meier estimates of PFS among second-line patients in study
MM-010"'%°
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OS results

Among second-line patients who participated in study MM-009, median OS was
numerically higher in the Len/Dex group (50.1 months, 95% CI 8.3-32.5 months)
than in the placebo/Dex group (37.6 months, 95% CI 6.5-21.5 months), see Table
23 and Figure 18; however, this difference was not statistically significant (HR 0.70,
95% C1 0.44-1.10; p=0.1179). Among second-line patients from study MM-010,
median OS was not reached in the Len/Dex group (not estimable [NE], 95% CI 34.3
months—NE), compared with 37.2 months (95% CI 2.1-23.5 months) in the
placebo/Dex group, see Table 23 and Figure 19; again there was no significant
difference between the two treatment groups (HR 0.71, 95% CI 0.41-1.23;
p=0.2175).2%°

Table 23: OS of second-line patients in studies MM-009 and MM-010"%

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
oS n 68 67 56 57
Died n (%) 34 (50.0) 41 (61.2) 21 (37.5) 31 (54.4)
Censored | n (%) 34 (50.0) 26 (38.8) 35 (62.5) 26 (45.6)
Median 50.1 37.6 NE 37.2
(months)
[95% CI] [8.3, 32.5] [6.5, 21.5] [34.3, NE] [2.1, 23.5]
Hazard ratio [95% ClI] 0.70[0.44, 1.10] 0.711]0.41, 1.23]
Log-rank test p-value 0.1179 0.2175

Cl, confidence interval; OS, overall survival; NE, not estimable.
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Figure 18: Kaplan—Meier estimates of OS among second-line patients in study
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Figure 19: Kaplan—Meier estimates of OS among second-line patients in study
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Health-related quality of life outcomes

Time to first worsening of ECOG-PS

The median time to first worsening of ECOG-PS was significantly greater in the

Len/Dex arm of MM-009 versus placebo/Dex, while there was no significant

difference between the two treatment arms of MM-010 with respect to this outcome

(Table 24).2

Table 24: Studies MM-009 and MM-010 — time-to-first worsening of ECOG-PS

(ITT population)?

Study MM-009

Study MM-010

Len/Dex Dex Len/Dex Dex
Statistic N=177 N=176 N=176 N=175
Time to first N
worsening n (%) 171 174 173 172
Worsened n (%) 88 (51.5) | 101 (58.0) | 111 (64.2) 97 (56.4)
Censored 83 (48.5) | 73 (42.0) | 62 (35.8) 75 (43.6)
Overall time to first Median 36.3 12.1 10.1 12.3
worsening (wk) [95% CI] [16.1, NE] | [8.3,16.4] | [8.1, 16.1] | [10.1, 24.1]
Mean 30.6 15.2 20.6 17.9
SD 31.11 17.25 23.36 18.13
Min, Max 0.0,104.3 | 0.0,80.9 | 0.0,93.0 0.0, 88.4

Hazard ratio [95% CI]

1.448 [1.083, 1.937]

0.858 [0.653, 1.128]

Log-rank Test p-value

0.012

0.271

Cl, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group performance status; NE, not

estimable.

The median time to first worsening of ECOG-PS score was 36.3 weeks for Len/Dex-

treated subjects in the MM-009 study and only 10.1 weeks in the Len/Dex-treated

subjects in the MM-010 study. No differences in demographic features, safety

profiles, or efficacy outcomes between the Len/Dex treatment groups of these two

studies are evident to explain this difference in median time to ECOG-PS score

worsening. In addition, while overall the MM-010 subjects had a shorter median time

to ECOG-PS worsening, a smaller proportion of Len/Dex-treated MM-010 subjects

than MM-009 subjects discontinued the study due to an adverse event.

It is likely that the discrepant result is due to a subjective difference in the

assessment of ECOG-PS by the respective study investigators — as evidenced by

the fact that a different pattern of ECOG-PS scoring in the total subject population

was observed between the investigators of MM-010 and MM-009. This difference

was not reflected in different objective efficacy or safety outcomes between the

studies.
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Time to first skeletal-related event

Regarding the ‘time to first skeletal-related event’ endpoint, there were too few
events for both studies and no analysis could be performed.

Efficacy conclusions
Len/Dex doubles TTP and PFS versus placebo/Dex, in patients who have received
at least one prior therapy for multiple myeloma. The combination of Len/Dex also

increases response rates and ultimately survival when compared with placebo/Dex.

The evidence is derived from the two phase Il placebo-controlled trials, MM-009 and
MM-010, which included some 700 patients — representing a significant body of
evidence, particularly given the orphan nature of the indication under investigation.
Data for TTP, PFS, OS and response rates from study MM-009 were very similar to
those from study MM-010.%% &’

These data are important, given the unmet need that is presented by multiple
myeloma — being a highly debilitating and ultimately life-threatening haematological
malignancy. The benefits afforded by lenalidomide plus dexamethasone are greatest
in those patients who have received one, versus greater than one prior therapy. The
increased survival afforded by this combination provides an important addition to the

treatment armamentarium.

Results from a pooled analysis of data from studies MM-009 and MM-010 trials, with
a median extended follow-up of 48 months, confirmed significant response outcomes
and OS benefit with Len/Dex in relapsed or refractory multiple myeloma. Moreover,
these data demonstrated that this significant OS benefit was achieved despite nearly
half of the patients in the control arm of the study receiving lenalidomide at the time
of disease progression or study unblinding.*? In addition, subset analysis of pooled
data from studies MM-009 and MM-010 indicated that TTP, PFS and OS were
significantly prolonged and quality of response was superior, when Len/Dex was
administered at first relapse compared with its use later as therapy.®> Additional
analysis also indicated that the type of prior therapy did not affect the response to

treatment with Len/Dex.%®
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A patient-level analysis of data for second-line patients only from studies MM-009
and MM-010 indicated that Len/Dex was clearly superior to placebo/Dex in terms of
prolongation of median PFS; in this subpopulation PFS rates were comparable
across the two studies. Moreover, median OS was numerically greater with Len/Dex,
although the difference did not reach statistical significance. *° This is most likely
due to the large number of patients crossing over from placebo/Dex to Len/Dex after

unblinding.

Therefore, the additional analyses in the population that had received one prior
therapy confirm that treatment with Len/Dex has a significant long-term clinical
benefit in patients with relapsed or refractory multiple myeloma; and patients with
fewer prior treatments will benefit more from Len/Dex treatment, making it a suitable

second-line treatment option.

6.6 Meta-analysis

6.6.1 Follow the required steps when presenting a meta-analysis.

Not applicable

6.6.2 If a meta-analysis is not considered appropriate, a rationale should be
given and a qualitative overview provided. The overview should
summarise the overall results of the individual studies with reference to

their critical appraisal.

Due to the primarily observational nature of the trials identified for comparator
treatments, the inconsistency of the reporting of results, the poor level of reporting of
baseline characteristics and small sample sizes a meta-analysis has not been
conducted. Also, as no common comparator is available between the studies and
multiple studies are only available for bortezomib, the information provided by a
meta-analysis would be limited solely to the length of OS and PFS experienced by
patients treated with bortezomib, with no comparative efficacy estimates possible
based upon available data. As such the available trials are evaluated qualitatively
(appendix C) and the quantitative impact of using alternative estimates of OS and
PFS is assessed within the cost-effectiveness analysis (see section 7.3.2).
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6.6.3 If any of the relevant RCTs listed in response to section 6.2.4 (Complete
list of relevant RCTs) are excluded from the meta-analysis, the reasons
for doing so should be explained. The impact that each exclusion has on
the overall meta-analysis should be explored.

Not applicable
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6.7 Indirect and mixed treatment comparisons

6.7.1 Describe the strategies used to retrieve relevant clinical data on the
comparators and common references both from the published literature
and from unpublished data. The methods used should be justified with
reference to the decision problem. Sufficient detail should be provided to
enable the methods to be reproduced, and the rationale for any inclusion
and exclusion criteria used should be provided. Exact details of the search

strategy used should be provided in section 10.4, appendix 4.

It was not possible to conduct a mixed treatment comparison as all of the evidence
identified for the comparators listed in the scope came from single arms of trials. No

common comparator was presented that would allow an MTC to be conducted.

6.8 Non-RCT evidence

6.8.1 If non-RCT evidence is considered (see section 6.2.7), please repeat the
instructions specified in sections 6.1 to 6.5 for the identification, selection

and methodology of the trials, and the presentation of results.

Quality assessment of relevant non-RCTs
Owing to an absence of head-to-head studies for Len/Dex and its comparators and

studies with common comparators, the search strategy was widened to the individual
comparators. The systematic review eligibility criteria were inclusive of both RCT and
non-RCT study designs; the only excluded study design being that of single case
studies. The details of the systematic review search strategy, search results
screening and study selection criteria relevant to the identification of lenalidomide
and comparator non-RCT evidence are described below (and in appendix C and

sections 10.6 and 10.7, appendices 6 and 7).

Summary of methodology of relevant non-RCTs
The number of non-RCTs identified is summarised below according to the different

interventions shown in Table 25.
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Table 25: Number of studies identified

Intervention/comparators

Primary

publication (n)

Secondary
publication (n)

Lenalidomide plus dexamethasone 14 -
Bendamustine 1 -
Bortezomib treatment (monotherapy * plus 6 -
dexamethasone)

Cyclophosphamide plus other regimen 4 -
Doxorubicin plus other regimen 8 -
Melphalan plus other regimen 7 1
Vincristine 0 -

Summary of results of relevant non-RCTs

Len/Dex

14 studies were identified, the majority of which were single-centre, single-arm

studies. Evidence from the 14 non- RCTs (Table 26) suggests Len/Dex is an

effective treatment regimen for patients with relapsed or refractory multiple myeloma

with ORR of above 60% reached in most cases. Prior treatment with bortezomib did

not affect response rates. For completeness these studies are presented in appendix

C.
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Table 26: Summary of non-RCT evidence for Len/Dex

Study Patient population Country n Response rate Median OS Median PFS
MM-021* rrMM with =1 prior anti-MM therapy China 199 | 47.6% NR 8.3 months
Knepgers rrMM with =1 prior anti-MM therapy Netherlands | 114 | 69.3% 22 months 10 months
2010
GEM- rrMM with =21 prior anti-MM therapy and | Spain 111 | 66.0% 17.4 months NR
PETHEMA®® progressive disease after 22 cycles of
prior treatment
MM-018° rrMM with 21 prior anti-MM therapy and | Spain 63 | 78% Not reached 13.3 months
no other therapeutic options available
Guglielmelli rrMM with =1 prior anti-MM therapy Italy 106 | 57.5% 17.4 months 10.5 months
2011 including thalidomide
Delforge rrMM with =1 prior anti-MM therapy Belgium 98 | 78% for patients NR NR
2011%° previously responding to
bortezomib
75% in patients
unresponsive to
bortezomib
Schwamborn rrMM with 21 prior anti-MM therapy and | Germany 10 | 80% Not reached 4 months
2011% unable to be treated with the usual
dose of lenalidomide
Klein 2011 rrMM with 21 prior anti-MM therapy and | Germany 167 | 61.7% 25.8 months NR
renal impairment
Dimopoulos rrMM with 21 prior anti-MM therapy and | Greece 102 | 64% for mild or no RI 38.9 months for | 11.1 months for
2012%%* impaired renal function 56% for moderate RI mild or no RI mild or no RI
50% for severe RI 29.0 months for | 9.5 months for
moderate RI moderate RI
18.4 months for | 7.8 months for
severe Rl severe Rl
Moscg)tti rrMM with 21 prior anti-MM therapy Italy 33 | 53.5% NR 14 months
2012
Oehré(gin rrMM with =1 prior anti-MM therapy Germany 67 | 82.1% 33.2 months NR
2012
Touzeau rrMM with 21 prior anti-MM therapy and | France 45 | 62% Not reached 14 months
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Study Patient population Country n Response rate Median OS Median PFS
2012 age 275

lida 2010" rrMM with 21 prior anti-MM therapy Japan 6 | 100% NR NR
Dimop&gulos rrMM with =1 prior anti-MM therapy Greece 50 | 71% 16 months 9 months
2010b

MM, multiple myeloma; OS, overall survival; NR, not reported; PFS, progression-free survival; RI, renal impairment; rrMM, relapsed or
refractory multiple myeloma.

* results reported for low-dose dexamethasone group
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Bortezomib

Six studies were identified, the majority of which were multicentre, single-arm
studies. Evidence from the 6 non-RCTs with bortezomib suggests has a lower
response rate than lenalidomide (20-65%), with response being dependent upon
initial response to bortezomib (higher probability of response for patients who

responded initially). Results are presented in Table 27.

The study reported by Taverna et al is the most relevant. It is used for economic
modelling (section 7) because it was the only study measuring OS conducted in a
European population where 100% of patients had previously been treated with
bortezomib.* A fuller description of this study is therefore presented below. For

completeness the remaining studies are presented in appendix C.
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Table 27: Summary of non-RCT evidence for bortezomib

Study Patient population Country n % received Response | Median OS | Median
prior rate PFS
bortezomib

RETRIEVE™ rrMM with =1 prior anti-MM Europe 130 100% 40% NR NR

therapy & at least a partial
response to prior bortezomib-
based therapy

Hruovsky 2010°° | rrMM with =1 prior anti-MM Germany and | 60 100% 63.3% NR 9.3 months

therapy & response to prior Switzerland
bortezomib-based therapy

Conner 2008 rrMM with =1 prior anti-MM USA 82 100% 21% NR NR

therapy & =4 prior bortezomib
doses

Sood 2009% rrMM with =1 prior anti-MM USA, 32 100% 50% NR NR

therapy & response to prior Canada
bortezomib-based therapy

ECOG E2A02** | High risk MM & one prior USA 42 (n=7 7 of 42 28.6% NR 7.9 months

therapy with bortezomib retreatment)

Taverna 2012 | rrMM with = 1 prior anti-MM Switzerland | 42 100% 64.3% 20.4 10.5

therapy & response to prior months months

bortezomib-based therapy

MM, multiple myeloma; OS, overall survival; NR, not reported; PFS, progression-free survival; rrMM, relapsed or refractory multiple myeloma.

*results reported for the 7 patients receiving retreatment.

Page 95 of 268






Taverna et al, 2012 — study summary*

Overview

A retrospective survey was conducted across 26 centres in Switzerland, involving
relapsed multiple myeloma patients who had responded to initial bortezomib therapy,
presented with progressive or relapsed disease and were subsequently retreated
with bortezomib (1.0 or 1.3mg/m? IV) after a treatment-free interval (TFI). The first
TFI was the time between the end of prior bortezomib treatment and the start of
bortezomib retreatment (or start of multiple myeloma-specific interim treatment); the
second TFI was the time between the end of bortezomib retreatment and the start of
next therapy after bortezomib retreatment. In total, 43 patients were enrolled (safety
population) and 42 were evaluated for response (per protocol population). Inclusion
criteria comprised patients with relapsed multiple myeloma aged =18 years, previous
treatment with bortezomib therapy resulting in CR, nCR or PR, and a completed
retreatment regimen with bortezomib after relapse or disease progression. The study
also recorded details of any other multiple myeloma-specific therapy administered to

study participants between the two courses of bortezomib treatment.*

Results

Patient characteristics
The median patient age at the start of bortezomib retreatment was 63 years. Patients

had received a median of 2 prior multiple myeloma therapies (range 1-11 therapies)
before bortezomib retreatment, with the most common being vincristine-adriamycin-
dexamethasone (54.8%), thalidomide-dexamethasone (50%) and melphalan-
prednisone (33%). Moreover, 31% of patients had undergone prior stem cell

transplantation.*

Initial bortezomib treatment and response
Patients in the per-protocol population received a median of 4 cycles of bortezomib

(range 2-19 cycles) as the initial treatment, with the majority (83.3%) having
received 1-6 cycles. Fifty percent of patients received concomitant dexamethasone
with their initial bortezomib treatment. All patients had achieved PR or better with
initial bortezomib therapy, with 33.3% attaining CR or nCR. The median time to
response with initial bortezomib treatment was 2.4 months (range 0.7—6.4 months).

The median first treatment-free interval was 8.9 months (range 0.3-39.0 months),
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the median duration of first response after initial bortezomib therapy was 7.3 months
(range 0-37.7 months), and median TTP was 10.7 months (range 2.7-54.4 months)
for the first progression. *°

Interim anti-multiple myeloma therapy
A total of 12 patients (28.6%) received multiple myeloma-specific interim therapy

between initial bortezomib treatment and retreatment. Interim therapies, either as
monotherapy or in combination, included dexamethasone (n=5), thalidomide or

lenalidomide (n=4) and autologous stem cell transplantation (n=2). *°

Bortezomib retreatment
Patients had received a median of 2 therapies (range 1-11 therapies) prior to

bortezomib retreatment. Bortezomib retreatment consisted of a median of 3 cycles
(range 1-19), with 90.4% patients receiving 1-6 cycles. At retreatment, 27 patients
(64.3%) took concomitant dexamethasone, while 20 patients (47.6%) were
administered other concomitant medications, including 6 patients (14.3%) who

received concomitant anti-neoplastic or immunomodulating agents. *°

Bortezomib retreatment had an overall response rate (CR + nCR + PR) of 64.3%
and a clinical benefit rate (CR + nCR + PR + stable disease) of 83%. In total, 85.7%
of patients who attained CR or nCR with initial bortezomib treatment also attained
CR or nCR with retreatment. Among the subgroup of patients with a first TFI of >6
months, response rate to bortezomib retreatment was higher than in those with a first
TFI of <6 months (74.1% versus 46.7%; p=0.10). Moreover, response rate was lower
in patients who received concomitant dexamethasone than in those who did not
(57.1% versus 78.6%: p=0.31). The median duration of response following
bortezomib retreatment was 12.6 months (range 0-37.7 months), with 35% (95% ClI
20.6-51.7) of patients still responders at data cut-off. Median TTP following
bortezomib retreatment was 10.5 months (range 0.4—=39.5 months).

Median OS from first diagnosis, after prior bortezomib and after bortezomib
retreatment was 9.3, 3.5 and 1.7 years, respectively. At the time of data cut-off
following bortezomib retreatment, 14 patients had died, 4 had progressive disease

as best response, 4 had stable disease, 5 had PR and 1 had CR.
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Safety
Bortezomib as retreatment was well tolerated, and the safety profile was consistent

with previous studies of bortezomib in relapsed multiple myeloma. The most
common adverse drug reactions attributed to bortezomib were nervous system
disorders (including peripheral neuropathy) and blood/lymphatic system disorders,
which were reported by 5 and 3 patients, respectively. Bortezomib was discontinued
in 6 patients due to: peripheral neuropathy (n = 2), lung infection (n=1), unknown
drug toxicity and peripheral neuropathy (n=1), abdominal pain and nausea (n=1),
and thrombocytopenia (n=1). All adverse drug reactions except peripheral
neuropathy had resolved at the time of data analysis. A total of 6 patients reported a
total of 9 suspected serious adverse events; 3 patients discontinued bortezomib
treatment. Serious adverse drug reactions in the 3 patients who remained on
bortezomib retreatment were peripheral neuropathy, neutropenia and asthenia (n=1),

thrombocytopenia (n=1), and cardiovascular disorder (n=1).*

Bendamustine

One study was identified for bendamustine and is summarised below.

Damaj et al, 2012 —study summary*®

Overview

A retrospective study in France collected data for 110 patients with relapsed or
refractory multiple myeloma following prior treatment (which had to include
alkylators, steroids, IMiDs and bortezomib). Patients were participating in a
compassionate use programme in which they received treatment with bendamustine.
Per protocol, the dose of bendamustine was 120-150mg/m? IV, in combination with
prednisone, on days 1 and 2 of 28-day treatment cycles; however dose modification
was at the physicians’ discretion. The aims of the study were to evaluate the
response rate to bendamustine, the duration of response, PFS and OS. Response
rates were assessed according to EBMT criteria, OS was calculated from the first
dose of bendamustine and PFS included death from any cause or progression as

events.*
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Results

Patient characteristics
The median patient age at the start of bendamustine treatment was 63 years (range

34-83 years). Patients had received a median of 4 prior multiple myeloma therapies
(range 1-9 therapies). All 110 patients had previously received treatment with
steroids, alkylators, bortezomib and IMiDs (either lenalidomide or thalidomide); 66

patients had undergone prior autologous stem cell transplantation.*®

Bendamustine treatment
Among 90 patients for whom disease status could be evaluated at the time of their

first bendamustine dose, 71 had progressive disease following their last multiple
myeloma treatment. The median time from multiple myeloma diagnosis to
bendamustine treatment was 60 months (range 10-224 months), and the median
time from most recent prior therapy to bendamustine treatment was 10 days (range
0—-496 days). A median of 4 cycles (range 1-13 cycles) of bendamustine were
administered. The initial bendamustine dose ranged from 60—-150mg/m? per day on
days 1 and 2 of a 28-day cycle; dose of concomitant steroids was also variable.
Overall, 31 patients received more than 6 cycles and 38 patients had fewer than 3

cycles of bendamustine.*®

The overall response rate (>PR) to bendamustine treatment was achieved by 33
patients (30%), including 2 patients (2%) with CR; 22 patients (20%) had stable
disease, while 55 patients (50%) did not respond to bendamustine. Notably, 30
patients (27%) refractory to lenalidomide and 33 patients (31%) refractory to
thalidomide and bortezomib were found to respond to bendamustine. After a median
follow-up of 10 months, 49 patients had died due to progression or other causes
related to myeloma and 61 patients were still alive. Of the living patients, 2 had
attained CR, 27 had achieved PR, 15 had stable disease and 16 had progressive
disease. At data cut-off, median duration of response had not been reached.
Moreover, 66% of patients responding to bendamustine therapy remained in

response more than 6 months after initiation of bendamustine therapy.

Overall, following bendamustine treatment, median PFS was 9.3 months and median
OS was 12.4 months.
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Safety
Evaluation of the toxicity of the drug was not one of the objectives of this study trial,

and therefore adverse event data were not retrospectively collected.*®

Chemotherapies
All evidence identified for treatment with chemotherapy related included combination
with either bortezomib or lenalidomide and is therefore not reported in this section

(see appendix C for details).
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6.9

6.9.1

Adverse events

If any of the main trials are designed primarily to assess safety outcomes
(for example, they are powered to detect significant differences between
treatments with respect to the incidence of an adverse event), please
repeat the instructions specified in sections 6.1 to 6.5 for the identification,
selection, methodology and quality of the trials, and the presentation of
results. Examples for search strategies for specific adverse effects and/or
generic adverse-effect terms and key aspects of quality criteria for

adverse-effects data can found in ‘Systematic reviews: CRD’s guidance

for undertaking reviews in health care’ (www.york.ac.uk/inst/crd). Exact
details of the search strategy used and a complete quality assessment for
each trial should be provided in sections 10.8 and 10.9, appendices 8 and
9.

None of the relevant RCTs had safety as a primary objective

6.9.2

6.9.3

Please provide details of all important adverse events for each
intervention group. For each group, give the number with the adverse
event, the number in the group and the percentage with the event. Then
present the relative risk and risk difference and associated 95%
confidence intervals for each adverse event. A suggested format is shown

below.

Give a brief overview of the safety of the technology in relation to the

decision problem.

Key safety results

e Lenalidomide, in combination with dexamethasone, has a manageable tolerability

profile. The most common adverse events ascribed to Len/Dex are

haematological in nature — principally neutropenia and thrombocytopenia.

Adverse events of this nature are familiar to, and well managed by, haemato-

oncologists. The frequency of febrile neutropenia, was low illustrating that

neutropenia can be effectively managed with monitoring and appropriate

intervention, including dose reduction and dose interruption.

40, 41
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e Importantly, the clinical studies did not report any increase in the incidence of
peripheral neuropathy for lenalidomide treated patients. This finding is in contrast
to other agents used in the treatment of multiple myeloma where the increased
occurrence of peripheral neuropathy can be treatment limiting.*> 4

e Pooled analysis of safety data from the MM-009 and MM-010 trials, with a
median extended follow-up of 48 months, indicated that Len/Dex treatment
remained well tolerated after long-term use.*

e Sub-analysis of pooled data from studies MM-009 and MM-010 showed that
incidence of NCI-CTC grade 3 and 4 adverse events associated with Len/Dex
was similar in patients with either one or at least two prior therapies, with
neutropenia occurring most frequently.®

e Bortezomib retreatment has a management tolerability profile. The most common
adverse events ascribed to bortezomib are also haematological in nature —
principally neutropenia and thrombocytopenia. Gastro-intestinal adverse events
(e.g. diarrhoea), anaemia and peripheral neuropathy are also relatively

Common.42' 45, 50, 51, 53, 106

Safety from studies MM-009 and MM-010
The discussion of comparative safety included here is taken from the scientific

discussion produced as part of the European Public Assessment Report (EPAR) for
lenalidomide, the SPC and the primary publications.’ % 4% 4
Additional pooled analysis, long-term data and expanded access program data are

presented in appendix E.

The pooled safety database as of 31 December 2005 includes 703 patients (353 in
the Len/Dex group and 350 in the placebo/Dex group) and shows the patient
exposure as indicated below in Table 28. Median duration of treatment in the
Len/Dex arm was 44.0 weeks, with 46.2% of patients completing at least 52 weeks

of therapy.

Page 102 of 268






Table 28: Pooled duration of treatment in studies MM-009 and MM-0102

Len/Dex Dex
N=353 N=350
Treatment phase duration
N % n %
<1 week 1 0.3 2 0.6
1 to <4 weeks 14 4.0 14 4.0
4 to <8 weeks 14 4.0 38 10.9
8 to 12 weeks 27 7.6 42 12.0
12 to <16 weeks 15 4.2 28 8.0
16 to <20 weeks 18 5.1 31 8.9
20 to <24 weeks 16 4.5 23 6.6
24 to <28 weeks 19 5.4 38 10.9
28 to <32 weeks 19 5.4 27 7.7
32 to <36 weeks 10 2.8 12 3.4
36 to <40 weeks 11 3.1 15 4.3
40 to <44 weeks 12 3.4 13 3.7
44 to <48 weeks 8 2.3 8 2.3
48 to <52 weeks 6 1.7 4 1.1
>52 weeks 163 46.2 55 15.7
Duration of exposure (weeks)

n 353 350
Mean 53.9 29.7
SD 38.76 26.41
Median 44.0 23.1
Min, Max 0.1, 161.7 0.3,124.0

Min, minimum value; Max, maximum value; SD, standard deviation.

All grades of adverse events observed in at least 10% of patients

The safety population included those patients who had received at least one dose of
study medication. Table 29 presents the pooled results of all adverse events that
were reported by the patients or observed by the investigators and recorded in the
case report form for Studies MM-009 and MM-010 (=10% of cases). The severity of
adverse events and laboratory abnormalities was graded according to NCI CTC

Version 2.0.%°
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Table 29: Studies MM-009 and MM-010 — adverse events reported in at least
10% of patients in either treatment group?

Len/Dex Dex
(N=353) (N=350)

MedDRA System Organ Class/ Grade 1-4 Grade 3-4 Grade 1-4  Grade 34
Preferred Term n (%) n (%) n (%) n (%)
Blood and Lymphatic System Disorders

Neutropenia 152 (43.1) 125 (35.4) 23 (6.6) 12 (3.4)

Anaemia NOS 119 (33.7) 38(10.8) 83 (23.7) 21 (6.0)

Thrombocytopenia 80 (22.7) 46 (13.0) 37 (10.6) 22 (6.3)
Eye Disorders

Vision Blurred 60 (17.0) 1(0.3) 40 (11.4) 1(0.3)
Gastrointestinal Disorders

Constipation 149 (42.2) 8(2.3) 77 (21.7) 2 (0.6)

Diarrhoea NOS 137 (38.8) 11 (3.1) 98 (28.0) 4 (1.1)

Nausea 92 (26.1) 7 (2.0) 76 (21.7) 2 (0.6)

Dyspepsia 59 (16.7) 1(0.3) 51 (14.6) 2 (0.6)

Vomiting NOS 42 (11.9) 4 (1.1) 32(9.1) 4 (1.1)

Abdominal Pain NOS 37 (10.5) 5(1.4) 22 (6.3) 1(0.3)
General Disorders and Administration Site Conditions

Fatigue 161 (45.6) 25 (6.5) 129 (37.4) 17 (4.9)

Asthenia 103 (29.2) 17 (4.8) 86 (24.9) 18 (5.1)

Pyrexia 100 (28.3) 5(1.4) 67 (19.4) 12 (3.4)

Oedema Peripheral 95 (26.9) 6 (1.7) 65 (18.8) 4(1.1)

Oedema NOS 37 (10.5) 3(0.8) 33(9.4) 2 (0.6)
Infections and Infestations

Upper Respiratory Tract 87 (24.6) 5(1.4) 55 (15.7) 2 (0.6)
Infection NOS

Pneumonia NOS 49 (13.9) 32(9.1) 30 (8.6) 19 (5.4)
Investigations

Weight Decreased 68 (19.3) 3 (0.9) 53 (15.1) 1(0.3)
Metabolism and Nutrition Disorders

Hyperglycaemia NOS 57 (16.1) 27 (7.6) 50 (14.3) 27 (1.7)

Anorexia 57 (16.1) 2 (0.6) 36 (10.3) 3 (0.9

Hypokalaemia 52 (14.7) 20 (5.7) 21 (6.0) 5(1.4)
Musculoskeletal and Connective Tissue
Disorders

Muscle Cramp 121 (34.3) 3(0.9 76 (21.7) 1(0.3)

Back Pain 91 (25.8) 6 (1.7) 67 (19.1) 6 (1.7)

Arthralgia 63 (17.8) 2 (0.6) 63 (18.0) 7 (2.0)

Muscle Weakness NOS 56 (16.0) 20 (5.7) 56 (16.0) 11 (3.1)

Bone Pain 51 (14.4) 8(2.3) 40 (11.4) 5(1.4)

Pain in Limb 41 (11.6) 1(0.3) 33(9.4) 5(1.4)

Myalgia 37 (10.5) 4(1.1) 38 (10.9) 2 (0.6)
Nervous System Disorders

Headache 94 (26.6) 3(0.8) 85 (24.3) 1(0.3)

Dizziness 83 (23.5) 7 (2.0) 59 (16.9) 3 (0.9)

Tremor 75 (21.2) 2 (0.6) 26 (7.4) 4 (1.1)

Dysgeusia 54 (15.3) 0 (0) 34 (9.7) 0 (0)

Paraesthesia 51 (14.4) 1(0.3) 47 (13.4) 0 (0)

Hypoesthesia 37 (10.5) 1(0.3) 26 (7.4) 0 (0)
Psychiatric Disorders

Insomnia 129 (36.5) 4 (1.1) 133 (38.0) 1(0.3)

Depression 45 (12.7) 10 (2.8) 37 (10.6) 6 (1.7)
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Len/Dex Dex

(N=353) (N=350)
MedDRA System Organ Class/ Grade 1-4 Grade 3-4 Grade 1-4 Grade 3-4
Preferred Term n (%) n (%) n (%) n (%)
Respiratory, Thoracic, and Mediastinal
Disorders
Cough 90 (25.5) 2 (0.6) 86 (24.6) 1(0.3)
Dyspnoea NOS 85 (24.1) 10 (2.8) 60 (17.1) 10 (2.9)
Nasopharyngitis 65 (18.4) 2 (0.6) 31 (8.9) 0 (0)
Pharyngitis 53 (15.0) 0 (0) 34 (9.7) 0 (0)
Bronchitis NOS 41 (11.6) 2 (0.6) 30 (8.6) 5(1.4)
Skin and Subcutaneous Tissue
Disorders
Rash NOS 76 (21.5) 2 (0.6) 35 (10.0) 0 (0)

Vascular Disorders —
none > 10% frequency

NOS, not otherwise specified.

Anaemia, neutropenia, thrombocytopenia, constipation, pneumonia, decreased
weight, hypokalaemia, hypocalcaemia, tremor, rash, and deep vein thrombosis
(DVT) were reported significantly more frequently in the Len/Dex group than in the
placebo/Dex group. Neutropenia and thrombocytopenia were the primary reasons for

dose reductions in the Len/Dex group.?

In common with many chemotherapeutic agents used in haematological
malignancies and with which specialist haematologists and oncologists are familiar,
myelosuppression was reversed by interruption of treatment, a reduction in dose or

use of granulocyte-colony stimulating factor (G-CSF).?

The frequency of complications of neutropenia and thrombocytopenia such as
infection and bleeding events were low and comparable between both groups. This
further illustrates that neutropenia and thrombocytopenia can be effectively managed
with monitoring and appropriate intervention, including dose reduction and dose

interruption.?

Cardiac adverse events were more frequently reported in Len/Dex arm (18.1%) than
in placebo/Dex arm (11.1%), particularly atrial fibrillation (4.2% including 3.1%
serious) with Len/Dex and 1.1% with placebo/Dex (0.6% were serious). Of the 69
lenalidomide-treated patients experiencing cardiac adverse events (including
irregular heart rate, cardiac murmur, decreased ejection fraction and abnormal ECG,
Q wave, ST-T segment and prolonged QT), 56 were found to have had either an
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underlying conditions or were taking concomitant medications (i.e., beta blocker,

calcium channel blocker, anti-arrhythmic, etc.?

There were more reports of atrial fibrillation in the Len/Dex arm than the placebo/Dex
arm. However, review of the 9 serious reports revealed that the majority of subjects
had either a predisposing prior medical history or the event was reported in

association with other events.

Serious events occurring in at least 1% of patients

Table 30 shows the serious adverse events, which were reported in at least 1% of
patients. While neutropenia was among the most commonly reported events that
occurred significantly more frequently in the Len/Dex arm, only 1.7% of patients were

reported to have experienced febrile neutropenia.

Table 30: Studies MM-009 and MM-010 — serious adverse events reported in at
least 1% of patients?

MedDRA System Organ Class/ Len/Dex Dex
Preferred Term (N=353) (N=350)
n % n %
Patients with at least one serious adverse event 202 57.2 163 46.6
Infections and Infestations 81 22.9 59 16.9
Pneumonia NOS 34 9.6 22 6.3
Respiratory Tract Infection NOS 4 1.1 7 2.0
Sepsis NOS 4 11 5 1.4
Upper Respiratory Tract Infection NOS 4 1.1 1 0.3
Urinary Tract Infection NOS 4 1.1 1 0.3
Vascular Disorders 40 11.3 20 5.7
Deep Vein Thrombosis 25 7.1 11 3.1
Hypotension NOS 2 0.6 4 1.1
General Disorders and Administration Site
Conditions 29 8.2 20 5.7
Pyrexia 12 3.4 13 3.7
Metabolism and Nutrition Disorders 25 7.1 24 6.9
Dehydration 7 2.0 6 1.7
Hyperglycaemia NOS 5 1.4 6 1.7
Hypercalcaemia 1 0.3 6 1.7
Respiratory, Thoracic, and Mediastinal
Disorders 25 7.1 22 6.3
Pulmonary Embolism 13 3.7 3 0.9
Nervous System Disorders 24 6.8 19 5.4
Cerebrovascular Accident 7 2.0 3 0.9
Gastrointestinal Disorders 22 6.2 19 5.4
Diarrhoea NOS 6 1.7 2 0.6
Abdominal Pain NOS 4 1.1 1 0.3
Renal and Urinary Disorders 17 4.8 17 4.9
Renal Failure NOS 6 1.7 9 2.6
Renal Failure Acute 5 1.4 4 1.1
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MedDRA System Organ Class/ Len/Dex Dex
Preferred Term (N=353) (N=350)
n % n %
Cardiac Disorders 27 7.6 12 3.4
Atrial Fibrillation 11 3.1 2 0.6
Cardiac Failure Congestive 5 1.4 0 0
Pulmonary Oedema NOS 1 0.3 4 1.1
Blood and Lymphatic System Disorders 22 6.2 9 2.6
Febrile Neutropenia 6 1.7 0 0
Thrombocytopenia 5 1.4 5 1.4
Anaemia NOS 5 1.4 2 0.6
Neutropenia 5 1.4 1 0.3
Musculoskeletal and Connective Tissue
Disorders 18 5.1 12 3.4
Bone Pain 4 1.1 0 0
NOS, not otherwise specified.

Cases of serious DVT and pulmonary embolism occurred more commonly in the
Len/Dex and placebo/Dex arms (7.1% versus and 3.7% versus 0.9%, respectively;
Table 30).

Deaths

As of 31 December 2005, 107 (30.3%) deaths had been reported among the 353
Len/Dex-treated patients and 142 (40.5%) deaths had been reported among the 351
placebo/Dex-treated patients. The primary cause of death in both treatment groups
was disease progression (70/107 in the Len/Dex group and 101/142 in the
placebo/Dex group).

Of the 107 deaths in the Len/Dex group, 24 were suspected by the investigators to
be related to the study medication. Of the 142 deaths in the placebo/Dex group, 24

were suspected by the investigator to be related to the study medication.?

Dose reductions and interruptions
Table 31 summarises the information relating to dose reductions or interruptions

across both studies.'™*
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Table 31: Frequency of dose reductions or interruptions in Studies MM-009
and MM-010"*

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
n % n % N % n %

At least one adverse event
leading to dose reduction or 113 |66.5| 91 |535| 125 | 71 83 (474
interruption

Neutropenia and thrombocytopenia were the primary reasons for dose reductions in
the Len/Dex groups, and the frequency of discontinuation was low — for MM-009,
neutropenia (2.4%; 4/170) and thrombocytopenia (0.6%; 1/170) and for MM-010,

neutropenia or thrombocytopenia (0.6% and 0.6%, respectively).

Peripheral neuropathy

Only a few cases suggesting a peripheral neuropathy are reported in the two phase
[l studies — MM-009 and MM-010 — and their incidence is comparable between
Len/Dex and placebo/Dex groups (about 5 to 8% of drug-related peripheral sensory
neuropathies/paraesthesia). MM-009 and MM-010 show no increase in the incidence

of peripheral neuropathy in patients treated with lenalidomide.*

Thromboembolic events

There was a significant increased risk for developing thromboembolic adverse
events (DVT, pulmonary embolism) in Len/Dex-treated patients compared with
placebo/Dex- treated patients (9.1% versus 4.3% and 4.0% versus 0.9%,
respectively). Risk factors have been identified as: concomitant erythropoietin
treatment, a prior medical history of thrombosis, older age and lower baseline
plasma cell count. In studies MM-009 and MM-010, all of the recorded cases of

thrombosis reported with a rising paraprotein level at baseline.

Therefore, erythropoietic agents, or other agents that may increase the risk of
thrombosis, such as hormone replacement therapy, should be used with caution in
multiple myeloma patients receiving lenalidomide with dexamethasone. Prophylactic
antithrombotic medicines are recommended, especially in patients with additional

thrombotic risk factors.!
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Pooled analyses and long-term safety data from studies MM-009 and MM-010
Dimopoulos et al have published a pooled analysis of safety data from Studies MM-

009 and MM-010, which also includes long-term findings.** This analysis

encompassed 353 Len/Dex patients and 351 placebo/Dex patients.

The pooled safety analysis revealed that 83.3% of Len/Dex patients experienced at

least one grade 3 or 4 AE, compared with 69.7% of patients who received

placebo/Dex (p<0.0001); the nature of these are broken down in Table 32.

Neutropenia and thrombocytopenia were the most common grade 3 or 4 adverse

events among patients treated with Len/Dex and occurred significantly more

frequently in those treated with placebo/Dex (p<0.001). Grade 3 or 4 hyperglycaemia

was the most common event noted among placebo/Dex patients.

Table 32: Grade >3 adverse events occurring in more than 5% of patients>?

Adverse event, n (%) Len/Dex (n=353) | Dex (n=351)
Neutropenia 125 (35.4)** 12 (3.4)
Thrombocytopenia 46 (13.0)** 22 (6.3)
Anaemia 38 (10.8)* 21 (6.0)
Pneumonia 32(9.1) 19 (5.4)
All thromboembolic events 56 (15.9)** 19 (5.4)
Hyperglycaemia 27 (7.6) 27 (7.7)
Fatigue 23 (6.5) 17 (4.9)
Muscle weakness 20 (5.7) 11 (3.1)
Hypokalaemia 20 (5.7) 5(1.4)
Asthenia 17 (4.8) 18 (5.1)
* p<0.001; ** p<0.05.

As previously reported, thromboembolic events were significantly higher in patients
treated with Len/Dex in the absence of a prophylactic use of an anticoagulant
(p<0.001). Grade 2 peripheral neuropathy was experienced by 1.4% of Len/Dex
patients and 1.4% of placebo/Dex patients; grade 3 peripheral neuropathy occurred
in 1.7% and 0.6% of the Len/Dex and placebo/Dex patients, respectively. There

were no grade 4 peripheral neuropathic events in either group.

Subset analyses of pooled safety data from studies MM-009 and MM-010:
Len/Dex given at first relapse versus later therapy

As part of the subset analysis of data from studies MM-009 and MM-010 conducted
by Stadtmauer et al adverse events were also reported. The incidence of NCI-CTC

grade 3 and 4 adverse events experienced by Len/Dex-treated patients who had
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received one prior therapy versus two or more prior lines of therapy are presented in
Table 33.

Table 33: Incidence of National Cancer Institute Common Toxicity Criteria
(NCI-CTC) grade 3 and 4 adverse events®

Lenalidomide plus dexamethasone
1 prior therapy >2 prior therapies
(n=133) (n=220)
Haematologic toxicities, n (%)
Anaemia 13 (9.8) 25 (11.4)
Thrombocytopenia 12 (9.0) 34 (15.5)
Neutropenia 55 (41.4) 70 (31.8)
Infection 24 (18.0) 29 (13.2)
Febrile neutropenia 2 (1.6) 6 (2.6)
Non-haematologic toxicities, n (%)
Deep-vein thrombosis/pulmonary 14 (10.5) 27 (12.3)
embolism
Peripheral neuropathy 0 (0.0) 5 (2.3)
Fatigue 10 (7.5) 13 (5.9)
Gastrointestinal (hausea, vomiting, 8 (6.0) 7 (3.2)
constipation)

In patients who had received one or two or more prior lines of therapy, the most
common adverse event associated with Len/Dex was grade 3 and 4 neutropenia
(41.4% and 31.8%, respectively). Moreover, incidence of febrile neutropenia was
similar between Len/Dex-treated patients with one or two or more prior therapies
(1.6% versus 2.6%; p=0.72). The most common grade 3 and 4 non-haematologic
adverse events associated with Len/Dex in both cohorts were deep-vein thrombosis /
pulmonary embolism, which occurred with comparable frequency (10.5 versus
12.3%, respectively; p=0.63). No grade 3 and 4 peripheral neuropathy was reported

in Len/Dex-treated patients with one prior therapy.®

Additional safety considerations
In addition to the adverse events observed in clinical trials MM-009 and MM-010,

there following safety considerations are also relevant for lenalidomide.

Elderly patients

The effects of age on the pharmacokinetics of lenalidomide have not been studied.
Lenalidomide has been used in clinical trials in multiple myeloma patients up to 86
years of age. The percentage of patients aged 65 years or over was not significantly

different between the Len/Dex and placebo/Dex groups. No overall difference in
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safety or efficacy was observed between these patients and younger patients, but
greater pre-disposition of older individuals cannot be ruled out. Because elderly
patients are more likely to have decreased renal function, care should be taken in

dose selection and it would be prudent to monitor renal function.

Use in patients with impaired renal function
Lenalidomide is substantially excreted by the kidney, therefore care should be taken
in dose selection and monitoring of renal function is advised. No dose adjustments

are required for patients with mild renal impairment.

The following dose adjustments are recommended at the start of therapy for patients
with moderate or severe impaired renal function or end stage renal disease (Table
34).

Table 34: Dose adjustments in patients with impaired renal function®

Renal function (CLcr) Dose adjustment

Moderate renal impairment

1h/7*
(30<CLcr <50mL/min) 10mg once daily

Severe renal impairment

(CLcr <30 mL/min, not requiring dialysis) 15mg every other day

End Stage Renal Disease 5mg once daily. On dialysis days, the dose
(CLcr <30 mL/min, requiring dialysis) should be administered following dialysis.

CLcr, creatinine clearance.
* The dose may be escalated to 15mg once daily after 2 cycles if patient is not responding to treatment and is
tolerating the treatment.

Use in patients with impaired hepatic function
Lenalidomide has not formally been studied in patients with impaired hepatic function

and there are no specific dose recommendations.*

Pregnancy warnings

Lenalidomide is structurally related to thalidomide. Thalidomide is a known human
teratogenic substance that causes severe life-threatening birth defects. If
lenalidomide is taken during pregnancy, a teratogenic effect of lenalidomide cannot
be ruled out. For these reasons a risk minimisation plan was developed and agreed
with the MHRA to ensure that there is no foetal exposure to lenalidomide.'® The
burden associated with implementation of this plan is minimal. The main objective of
the plan is to inform of the potential teratogenic risk of lenalidomide and to restrict
use in women of child-bearing potential, unless the pregnancy prevention

programme is followed.’. Details of the programme are provided in appendix F.
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Len/Dex safety conclusions
The data from MM-009 and MM-010 demonstrate that Len/Dex combination therapy

is well tolerated in subjects with multiple myeloma who have received at least one
prior therapy and that the addition of lenalidomide to dexamethasone is
accomplished with a minimal increase in toxicity.% 87 1%

The safety analysis highlighted a potential increased thrombotic risk in patients
taking erythropoietic agents concomitantly with Len/Dex. In addition, neutropenia,
thrombocytopenia, constipation, nausea, muscle cramp, tremor and dizziness were
reported more frequently in the Len/Dex group than in the placebo/Dex group. Other
adverse events were reported in comparable proportions of subjects in both
treatment groups.

Moreover, results from a pooled analysis of safety data from the MM-009 and MM-
010 trials, with a median extended follow-up of 48 months, indicated that Len/Dex
treatment remained well tolerated after long-term use, with minimal increase in

toxicity.*?

In a sub-analysis of data from studies MM-009 and MM-010, incidence of NCI-CTC
grade 3 and 4 adverse events associated with Len/Dex was similar in patients who
had received one or two or more prior therapies, with neutropenia occurring most
frequently, indicating that Len/Dex is tolerable for second-line multiple myeloma

therapy.®

Lenalidomide is known to be excreted by the kidney, and the risk of adverse
reactions to this drug may be greater in patients with impaired renal function. A dose-

reduction regimen is recommended for patients with impaired renal function.

While lenalidomide is structurally related to thalidomide, the adverse event profile is
distinct. Lenalidomide differs from thalidomide (currently an unlicensed drug in
Europe) in that it is associated with a low incidence of grade 3 or 4 sedation, fatigue,

rash, and in particular peripheral neuropathy.*® 4% 109-111
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Bortezomib — non RCT evidence
The types of adverse events reported and whether these were all adverse events or

only drug related adverse events varied by study (Table 35). The most commonly
reported grade =3 adverse events were thrombocytopenia and neuropathy. Adverse

events led to treatment discontinuation in 10-22% of patients.
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Table 35: Summary of non-RCT adverse event evidence

Study Patient population Country N Grade | Treatment Most frequently reported
23 AEs | discontinuation due | grade 23 AEs
to AE
RETRIEVE® | rrMM with > 1 prior anti-MM Europe 130 60% 13% Thrombocytopenia (35%)
therapy & at least a partial Neutropenia (7%)
response to prior bortezomib- Diarrhoea (7%)
based therapy Pneumonia (6%)
Anaemia (5%)
Hruovsky rrMM with = 1 prior anti-MM Germany and | 60 10.6% | 10.6% Thrombocytopenia (3%)
2010°%* therapy & response to prior Switzerland Peripheral neuropathy (5%)
bortezomib-based therapy Pyrexia (2%)
Herpes zoster (2%)
Anaemia (2%)
Conner rrMM with = 1 prior anti-MM USA 82 NR 22% Neuropathy (6%)
2008°* therapy & = 4 prior Fatigue (4%)
bortezomib doses Diarrhoea (2%)
Dizziness (2%)
Oedema (2%)
Thrombocytopenia (2%)
Sood 2010%* | rrMM with = 1 prior anti-MM USA, Canada | 32 44% NR Congestive heart failure
therapy & response to prior (3%)*
bortezomib-based therapy Thrombocytopenia (3%)*
ECOG High risk MM & one prior USA 42 (n=7 NR NR NR
E2A02% therapy with bortezomib retreatment)
Taverna rrMM with = 1 prior anti-MM Switzerland 42 14% 14% Nervous system disorders
2012%* therapy & response to prior Including peripheral

bortezomib-based therapy

neuropathy (12%)

Blood and lymphatic system
disorders (7%)

General disorders and
administration site
conditions (7%)

AEs, adverse events; MM, multiple myeloma; rrMM, relapsed or refractory multiple myeloma.
*adverse drug reactions reported rather than all adverse events “toxicities leading to discontinuation reported for most frequent adverse events.
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6.10 Interpretation of clinical evidence

6.10.1 Please provide a statement of principal findings from the clinical
evidence highlighting the clinical benefit and harms from the

technology.

In two phase Il clinical trials (MM-009 and MM-010), the combination of
lenalidomide and dexamethasone resulted in consistent and significant
improvements in response rate, time to disease progression, and OS in
relapsed or refractory patients compared to treatment with high-dose
dexamethasone alone. Moreover, efficacy findings for PFS, TTP and
response rates from study MM-009 were comparable with those from study
MM-010.%*! The results of these studies are notable given the prior

treatment history of these patients and the severity of the disease.

The main efficacy results of these two double-blind randomised trials are as

follows:

e The MM-009 and MM-010 clinical trials demonstrate that the addition
of lenalidomide to dexamethasone significantly increases response
rates, TTP, PFS and OS in patients with multiple myeloma following
at least one prior therapy. The trials included 704 patients —
representing a significant body of evidence, particularly given the
orphan nature of the disease.*® *

e The overall response rate seen in patients treated with Len/Dex was
approximately three-fold higher than was seen with placebo/Dex (MM-
009: 61.0% versus 19.9%, p<0.001) and (MM-010: 60.2% versus
24.0%, p<0.001).% *

e There was a statistically significant improvement in median TTP (the
primary endpoint of the clinical studies) among patients enrolled in the
Len/Dex arms, compared to the placebo/Dex arms of the two trials. In
fact, median TTP was more than doubled with the combination
treatment (MM-009: 11.1 versus 4.7 months, p<0.001) and (MM-010:

11.3 versus 4.7 months, p<0.001). >4
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¢ In a pooled analysis of data from studies MM-009 and MM-010 trials,
with a median extended follow-up of 48 months, 199 (56.4%)
Len/Dex-treated patients had died, compared with 219 (62.4%)
placebo/Dex-treated patients.OS was was significantly longer in
patients treated with Len/Dex that those treated with placebo/Dex
(median of 38.0 versus 31.6 months, respectively; p=0.045). This
confirms the significant OS benefit of Len/Dex in relapsed or
refractory multiple myeloma.®?

¢ In addition, subset analysis of pooled data from studies MM-009 and
MM-010 indicated that TTP (17.1 months versus 10.6 months;
p=0.026), PFS (median of 14.1 months versus 9.5 months; p=0.047)
and OS (42.0 versus 35.8 months; p=0.041) were significantly
prolonged when Len/Dex was administered at first relapse compared
with its use as a later therapy. This indicates that Len/Dex has a
significant long-term clinical benefit in patients with relapsed or
refractory multiple myeloma and patients who have received fewer
prior treatments will get more benefit from treatment.”

e A patient-level analysis of data from both studies in second-line
patients showed median PFS was longer in the Len/Dex group than in
the placebo/Dex group (16.6 versus 4.6 months, p<0.0001) a
numerically higher median OS in the Len/Dex group (50.1 months,
95% CI 8.3-32.5 months) compared to the placebo/Dex group (37.6
months, 95% CI 6.5-21.5 months.*®

The main safety findings for lenalidomide can be summarised as follows:

e Lenalidomide, in combination with dexamethasone, has a
manageable tolerability profile. The most common adverse events
ascribed to lenalidomide are haematological in nature — principally
neutropenia and thrombocytopenia. Adverse events of this nature are
familiar to, and well managed by, haemato-oncologists. The
frequency of febrile neutropenia, was low illustrating that neutropenia
can be effectively managed with monitoring and appropriate

intervention, including dose reduction and dose interruption.
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Importantly, the clinical studies did not report any increase in the
incidence of peripheral neuropathy for lenalidomide treated patients.
This finding is in contrast to other agents used in the treatment of
multiple myeloma where the increased occurrence of peripheral
neuropathy can be treatment limiting.

Pooled analysis of safety data from the MM-009 and MM-010 trials,
with a median extended follow-up of 48 months, indicated that
Len/Dex treatment remained well tolerated after long-term use.*
Furthermore, sub-analysis of data from studies MM-009 and MM-010
showed that the incidence of NCI-CTC grade 3 and 4 adverse events
associated with Len/Dex was similar in patients who had received
either one or at least two prior therapies, with neutropenia occurring
most frequently. This indicates that Len/Dex is tolerable for second-
line multiple myeloma therapy.®

Owing to the structural similarities between lenalidomide and
thalidomide, a risk management programme has been put place to
reduce the risk of foetal exposure to lenalidomide. The programme
employs a simple process that requires the physician and pharmacist
to sign a prescription authorisation form highlighting compliance with
the the risk minimisation plan.

Limited supporting evidence of efficacy and safety of lenalidomide when it is

used at second line in the real-world setting is also available, see appendix E.

Lenalidamide has been prescribed at second line for select patients through

Individual funding requests (IFR) and more recently through the Cancer Drugs

Fund (CDF) where patients have received initial treatment with bortezomib or

are contra-indicated to the use of bortezomib.*

6.10.2

Please provide a summary of the strengths and limitations of

the clinical-evidence base of the intervention.

Validity of the design of studies MM-009 and MM-010
Although there is no direct trial-based comparison of lenalidamide to the

primary comparator treatments, the RCT data from MM-009 and MM-010
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provide a body of well-controlled and robust data. In the context of this
submission, these enable economic comparisons to be made against the

limited non-RCT evidence identified.

Randomisation to the two treatment groups in a double-blind fashion
minimises bias in the assessment of TTP and safety, and the multicentre
design of the study provides reassurance that the results have general
applicability to the population of subjects with multiple myeloma under
investigation. The eligibility criteria require the subjects to have measurable
disease to facilitate the accurate assessment of TTP (the primary efficacy
endpoint). Randomisation was accomplished by a validated IVRS to ensure
that registration and randomisation were performed quickly and conveniently.
In order to maintain balance between the 2 treatment arms in the allocation of
subjects with differing prognoses for TTP and survival, randomisation was
stratified by the following prognostic features: baseline serum beta-2
microglobulin level (£2.5mg/L versus >2.5mg/L), prior therapy (prior treatment
with high-dose chemotherapy and stem-cell transplant or not), and number of

prior anti-myeloma regimens (1 versus 22).

Superiority of Len/Dex
Studies MM-009 and MM-010 were phase Ill randomised, double blind,

placebo controlled, parallel group trials. Results from a pooled analysis of
data from studies MM-009 and MM-010 trials, with a median extended follow-
up of 48 months, confirmed significant response outcomes and significant OS
benefit with Len/Dex in relapsed or refractory multiple myeloma. These data
demonstrated asignificant OS benefit despite nearly half of the patients in the
control arm of the study receiving lenalidomide at the time of disease

progression or study unblinding.*?

Superiority of Len/Dex after one prior therapy
Subset analysis from studies MM-009 and MM-010 indicated that TTP, PFS

and OS were significantly prolonged and quality of response was superior,
when Len/Dex was administered at first relapse compared with its use as a
later line of treatment.®> Subsequent analysis demonstrated that the efficacy of

lenalidomide is consistent regardless of prior therapy used**; and the analysis
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of patient-level data showed benefits in PFS and OS for those patients which
had previously received only one previous therapy.'® Taken together this
evidence suggests Len/Dex is a suitable second-line treatment option for

multiple myeloma.

Evidence for comparator treatments
The systematic literature review highlights the lack of randomised clinical

evidence for retreatment with bortezomib or other comparator treatments

used at second line.

The most appropriate evidence for retreatment with bortezomib came from a
non-RCT and is therefore not as robust as the RCT evidence for Len/Dex.
The median duration of response following bortezomib retreatment was 12.6
months (range 0—37.7 months), with 35% (95% CI 20.6-51.7) of patients still
responders at data cut-off. Median TTP following bortezomib retreatment was
10.5 months (range 0.4—=39.5 months). Median OS from first diagnosis, after
prior bortezomib and after bortezomib retreatment was 9.3, 3.5 and 1.7 years,

respectively.*®

The only evidence available for bendamustine was also from a non-RCT. The
overall response rate (>PR) to bendamustine treatment was achieved by 33
patients (30%), including 2 patients (2%) with CR; 22 patients (20%) had
stable disease, while 55 patients (50%) did not respond to bendamustine.
Notably, 30 patients (27%) refractory to lenalidomide and 33 patients (31%)
refractory to thalidomide and bortezomib were found to respond to
bendamustine. Overall, following bendamustine treatment, median PFS was

9.3 months and median OS was 12.4 months.*

6.10.3 Please provide a brief statement of the relevance of the evidence
base to the decision problem. Include a discussion of the relevance
of the outcomes assessed in clinical trials to the clinical benefits

experienced by patients in practice.

Relevance of evidence base
Clinical efficacy data from two large phase Ill RCTs supports the use of

Len/Dex combination for the treatment of patients who had progressive
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disease following one prior therapy. The evidence is based on results in 704
patients — representing a significant body of evidence, particularly given the

orphan status of lenalidomide in the US and Europe.

The design of the comparator arm and selection of outcome measures for
MM-009 and MM-010 were robust and appropriate for the hypothesis under
investigation, given the regulatory landscape and availability of approved
comparators at the time the studies were initiated. Neither bortezomib nor
thalidomide were approved when the MM-009 and MM-010 trials were
initiated. Moreover, while thalidomide has marketing authorisation for the first-
line treatment of multiple myeloma, it is not licensed for use in previously

treated multiple myeloma.

The ITT population for the MM-009 and MM-010 studies included patients
across many different stages of disease, which requires the use of subset and
patient-level analysis to demonstrate efficacy in the setting relavant to the
decision problem. Importantly, these analyses confirm the principle findings
and demonstrate the clinical benefits of treatment with Len/Dex with one prior
therapy.

Len/Dex has demonstrated superior myeloma control against placebo/Dex in
RCTs across all important sub-groups including age, gender, number and
type of prior therapies, renal insufficiency, ECOG performance status,
suggesting that the data derived from the two trials are both robust and likely

to be reproducible outside of the clinical trial setting.

In comparison to bortezomib monotherapy or in combination with high- dose
dexamethasone, chemotherapy [including regimens based on melphalan,
vincristine, cyclophosphamide and doxorubicin] and bendamustine, the
supporting evidence base for lenalidomide should be considered as superior,
robust and supportive of a clear improvement in all clinically relevant

outcomes over the comparator treatments for this decision scope.

Len/Dex has a manageable tolerability profile. The most common adverse

events ascribed to lenalidomide treatment are haematological in nature —
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principally neutropenia and thrombocytopenia. Adverse events of this nature

are familiar to, and well managed by, haemato-oncologists.

Available information for bortezomib indicates a similar adverse event profile
to lenalidomide with thrombocytopenia and neutropenia forming the 2 most
common serious adverse events experienced by patients. Additionally
guidelines indicate that bortezomib can cause or exacerbate peripheral

neuropathy in up to 30% of patients.®

Relevance of outcomes of studies MM-009 and MM-010
The outcome measures and their relevance to the therapy area are previously

described in section 6.3.5.

The primary endpoint TTP is a broadly accepted surrogate endpoint used in
haematology and oncology studies, but data capture and analysis are subject
to limitations. Accurate capture of TTP data requires balanced and precise
timing of assessment in each arm of the study and analysis does not include

patients who died on therapy, prior to progressing.

Time to first decrease in ECOG performance status is a measure of patient
quality of life and functioning which may not be captured through response or

survival rates.

OS is considered the most reliable cancer endpoint. It is precise and easy-to-
measure endpoint, which documented by the date of death; bias is not a
factor in its measurement. When studies can be conducted to adequately
assess survival, it is usually the preferred endpoint — it is generally evaluated
in randomised controlled studies. Demonstration of a statistically significant
improvement in OS could represent a clinically meaningful outcome if the

toxicity profile is acceptable.

Performing and analysing survival data include long follow-up periods in large
trials where subsequent therapy can potentially confound survival. This was
the case for the studies MM-009 and MM-010. The high number of patients
(170 out of the 351) crossing over from the placebo/Dex arm onto treatment
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with Len/Dex, potentially accounts for the extended OS in the placebo/Dex

arm.

The efficacy outcomes used in the phase Il studies MM-009 and MM-010
provide an international standard for the assessment of multiple myeloma and

represent criteria that were specifically designed for use in efficacy studies.

6.10.4 Identify any factors that may influence the external validity of study
results to patients in routine clinical practice; for example, how the
technology was used in the trial, issues relating to the conduct of
the trial compared with clinical practice, or the choice of eligible
patients. State any criteria that would be used in clinical practice to
select patients for whom treatment would be suitable based on the
evidence submitted. What proportion of the evidence base is for
the dose(s) given in the SPC?

External validity of study results
The MM-010 clinical study included 41 sites across Europe and therefore, the

results achieved in the broad European population included should be
reflective of those to be expected in the population of multiple myeloma
patients in England and Wales. Even though study MM-009 took place in the
USA and Canada, there is no reason to believe that the efficacy from either of
these two trials would not be replicated in UK multiple myeloma patients who
have progressed following at least one prior therapy. The strict inclusion and
exclusion criteria meant that the range of patients were slightly younger and of
higher performance status than might be seen in clinical practice. To examine
these particular aspects, a number of sub-group analyses were undertaken.
These demonstrated that Len/Dex remained superior in efficacy to
placebo/Dex regardless of age, performance status and all other variables
investigated.

The dose used in the trials is the same as that detailed in the Summary of
Product Characteristics.! Patients received a starting dose of 25mg of daily
oral lenalidomide or placebo on days 1-21 of each 28-day cycle. All patients

also received 40mg of daily oral Dex on days 1-4, 9-12, and 17-20. After the
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fourth cycle, 40mg of Dex was administered only on days 1-4. Treatment was
continued until the occurrence of disease progression or unacceptable toxic

effects.

Recommended treatment duration for lenalidomide in the MM-009 and MM-
010 trials was until progression, or unacceptable toxic events.*® ** Efficacy
was demonstrated in MM-009 and MM-010 trial patients including those who

experienced treatment interruptions and dosage reductions.

Oral therapy
Lenalidomide is administered orally, in combination with dexamethasone, and

for the first eight weeks of therapy requires the patient to have a full blood
count, which can be performed locally by the patient’'s general practitioner or

district nurse providing feedback to the treating consultant.

There are a number of advantages associated with the use of oral cancer
therapies over those administered parenterally, particularly in patients
travelling long distances to hospitals and where transport may be infrequent.
This may be especially relevant in rural parts of England and Wales. Many
chemotherapeutic regimes in the relapsed or refractory myeloma setting
require parenteral administration, for example bortezomib requires sub-
cutaneous or intravenous administration on days 1, 4, 8 and 11 of a 21 day
cycle — while this can be given in a day case or outpatient setting, it still
requires 4 hospital visits per month.

In a study of 103 patients with incurable cancer who were starting
chemotherapy, Liu et al. asked about their preference on route of
administration.®" Ninety percent of patients favoured the oral route whenever it
was at least as effective as the intravenous route. They considered that taking
oral administration was more convenient, reduced the number of visits to
hospital, reduced anxiety, allowed working activities, and avoided the
complications due to intravenous administration. Patients said that they

preferred oral rather than intravenous administration.
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Quality of life is also a concern in cancer therapy, particularly in the relapsed /
refractory and palliative setting. In this regard, oral lenalidomide may be
preferable because it allows daily administration at home, thus reducing
hospital visits. Intravenous treatments usually need the insertion of a central
vein catheter or, in the case of a continuous infusion, the use of infusion
pumps. Associated complications include localised pain, infection, bleeding,

deep venous thrombosis and pulmonary embolism.

Further, costs derived from the administration of intravenous chemotherapy
may outweigh those of the drugs themselves. In one study of adjuvant and
palliative chemotherapy for breast cancer, drugs accounted for 19% to 36% of
the total costs of administration.*** Additional costs may also include those of
hospitalisation, travel for patients, salaries of nurses and infusion equipment
supplies. For patients attending hospitals a significant distance from their

homes, hotel bills can also be an added expense for the treating health board.

In everyday clinical practice, lenalidomide offers a convenient, once-a-day,
oral option for patients with relapsed or refractory multiple myeloma, which
may permit fewer hospital visits, and offer patients a preferable treatment

option.
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7 Cost effectiveness

7.1 Published cost-effectiveness evaluations

Identification of studies

7.1.1 Describe the strategies used to retrieve relevant cost-effectiveness
studies from the published literature and from unpublished data
held by the manufacturer or sponsor. The methods used should be
justified with reference to the decision problem. Sufficient detail
should be provided to enable the methods to be reproduced, and
the rationale for any inclusion and exclusion criteria used should be
provided. The search strategy used should be provided as in

section 10.10, appendix 10.

A systematic review was conducted in August 2013 to identify clinical studies
for multiple myeloma patients treated with Len/Dex following initial treatment
with bortezomib. A precise search strategy was used, including terms for

Len/Dex and its comparators (listed in Table 36).

Potential comparators were informed from the draft NICE scope. Key opinion
leaders were consulted for advice on inclusion of the identified relevant
comparators. Additionally, market research data for second-line therapies and
British Society of Haematology (BSH) treatment guidelines for multiple
myeloma patients were reviewed.**** Within the search strategy, the
defined study population is wider than the one specified in the scope, as the
objective was to maximise the pool of potential studies and limit the risk of
omitting any useful evidence - since the population relevant to the appraisal is

very narrow and search terms could not be defined for second-line therapy.

Table 36: Comparators for Len/Dex included in the final scope and in the
searches

Comparators

Bortezomib monotherapy and bortezomib in combination with high-dose
dexamethasone

Chemotherapy including regimens based on melphalan, vincristine,
cyclophosphamide and doxorubicin

Bendamustine
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In order to ensure the published literature was comprehensively reviewed, a
wide range of databases was searched. These included: Medline, Embase,
Cochrane Library, NHS EED, HTA database, DARE, CINAHL and Econlit,
along with subject-specific conference proceedings of ASH, ASCO and EHA.

In addition to the formal electronic searches, reference lists of included cost-
effectiveness and quality-of-life studies identified were hand searched and
scanned for additional publications of relevance to the NICE decision

problem.

Having identified studies from a wide range of databases, the titles and
abstracts were reviewed in detail to assess their relevance for informing the
overall decision problem. Table 37 shows the inclusion criteria for assessing

the relevance of the different studies.

Table 37: Inclusion and exclusion criteria and rationale for each criterion

Inclusion criteria

Category Inclusion criteria Rationale

Study type Full economic evaluation (including The aim of the review
cost-consequence, cost- was to identify relevant
minimisations, cost effectiveness, economic evaluations

cost-utility and cost-benefit
evaluations) that compares two or
more interventions

Population Adults with multiple myeloma who had | This is the relevant
previously been treated with patient population
bortezomib

Interventions | The intervention of interest was
Len/Dex compared to one of the listed
comparators (Table 36)

Outcomes Incremental costs and QALYSs; any The aim of the review
other measure of effectiveness was to identify relevant
reported together with costs economic evaluations,

which must report costs

Comparators | The comparators included in the The comparators for the
search are listed in Table 36 literature search were

selected in accordance
with the final scope

Page 126 of 268





Exclusion criteria
Category Exclusion criteria Rationale
Publication Letters; editorials; reviews of These are not primary
economic evaluations (although study publications.
type reference lists of these were be hand-
searched)

Two reviewers independently inspected each reference (title and abstract)
identified by the literature search and applied study selection criteria. When
abstracts were considered potentially relevant, the full article was obtained

and inspected by the same 2 reviewers.

Description of identified studies

7.1.2 Provide a brief overview of each study, stating the aims, methods,
results and relevance to decision-making in England and Wales.
Each study’s results should be interpreted in light of a critical
appraisal of its methodology. When studies have been identified
and not included, justification for this should be provided. If more
than one study is identified, please present in a table as suggested

below.

Identification of Relevant Studies
As discussed in section 7.1.1 a range of studies were identified and their

relevance assessed according to the inclusion/exclusion criteria described in
Table 37. As illustrated by Figure 20, at the primary review the majority of the
studies failed to meet the inclusion criteria. At the secondary review, no
studies met the inclusion criteria. Therefore, no studies were found that
evaluated the cost-effectiveness of bortezomib following an initial treatment

with the same drug.
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Figure 20: Identification of cost-effectiveness studies of relevance to the
decision problem

Papers identified through searches
as potentially relevant and
screened for inclusion (n=3460)

Papers excluded during primary filtering:
- Wrong study type (n=3394)
- Wrong population (n=5)
) - Wrong intervention (n=12)
- Wrong line of treatment (n=12)
- Duplicate (n=16)

A 4

Papers accessed in full for in
depth evaluation (n=21)

Papers excluded during secondary filtering:
- Wrong study type (n=6)
- Wrong population (n=4)
| ) - Worong intervention (n=3)
- Wrong line of treatment (n=2)
- No relevant outcomes (n=3)
- More recent data available (n=3)

A 4
Papers meeting inclusion criteria
(n=0)
7.1.3 Please provide a complete quality assessment for each cost-

effectiveness study identified. Use an appropriate and validated
instrument, such as those of Drummond and Jefferson (1996)' or
Philips et al. (2004)". For a suggested format based on Drummond

and Jefferson (1996), please see section 10.11, appendix 11.

No relevant studies were identified that warranted a full review.

' Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical
Journal 313 (7052): 275-83.

" Philips Z, Ginnelly L, Sculpher M, et al. (2004) Quality assessment in decision-analytic
models: a suggested checklist (appendix 3). In: Review of guidelines for good practice in
decision-analytic modelling in health technology assessment. Health Technology Assessment
8: 36.
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7.2 De novo analysis

Patients

7.21 What patient group(s) is(are) included in the economic evaluation?
Do they reflect the licensed indication/CE marking or the population
from the trials in sections 1.3 and 6.3.3, respectively? If not, how
and why are there differences? What are the implications of this for
the relevance of the evidence base to the specification of the
decision problem? For example, the population in the economic
model is more restrictive than that described in the (draft) SPC/IFU

and included in the trials.

In line with the NICE decision problem the economic evaluation considers
adults with multiple myeloma for whom thalidomide is contraindicated and
whose disease has progressed after at least 1 prior treatment with
bortezomib. This population is more restrictive than the SPC for lenalidomide
which covers the treatment of multiple myeloma in adult patients who have
received at least one prior therapy. Results from the clinical trials have been

adjusted to take into account the population of interest (see section 7.3.2).

Model structure
7.2.2 Please provide a diagrammatical representation of the model you

have chosen.

Figure 21: Model structure

‘ Pre- Pre- \
progression progression

(on treatment)” (off treatment)

Progressive W L Death J
disease

*All patients enter the model in the pre-progression health state.

h
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7.2.3 Please justify the chosen structure in line with the clinical pathway

of care identified in section 2.5.

Structure
The model has been developed in a partitioned survival structure. Survival is

partitioned into 2 health states: pre-progression and post-progression. Pre-
progression patients can be either on or off second-line therapy. Death is a
final, absorbing state, to which patients can move from any other health state.
This model structure is identical to that used by Picot et al (2011) in their
evidence review of NICE technology appraisal 228.*% The model structure
allows costs and outcomes to be captured from the clinical pathway relevant

to the NICE decision problem.

Clinical pathway
The clinical pathway followed by patients is shown in Figure 22. Patients enter

the model having been treated with bortezomib at first-line, since these
patients are unable to tolerate thalidomide. A number of treatment options are

routinely used at second-line and these are reflected in the model.

A brief survey was conducted among haematology consultants in England to
determine the current use of treatments stated in the NICE final scope. A total
of seven consultants were contacted for their view, with five providing a
response (see section 7.3.5 and appendix G for further detail). Results from

this survey are presented in Table 38.
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Table 38: Market share estimates from a survey of clinicians in England

Proportion
1st Line Treatment 2nd Line rrMM usein LIS e
clinical (%)
practice
Bortezomib (either as monotherapy or
in combination with high-dose 34% 15-50
dexamethasone)
Lenalidomide (via Cancer Drugs Fund) 55% 35-80
Bortezomib
Bendamustine 6% 1-10
Chemotherapy including regimens
based on melphalan, vincristine, 5% 0-10
cyclophosphamide and doxorubicin

rrMM, relapsed or refractory multiple myeloma.

Results from a larger (n=75 in the UK) previously conducted EU5 market
share study on treatments used at first relapse in multiple myeloma (following
any initial treatment) indicated that in the UK bortezomib (70%) and
lenalidomide (21%) are the most commonly used treatments followed by
thalidomide (5%) and bendamustine (4%) which account for very limited
use.™® Other chemotherapy agents were not included in this study. Even
though this market research did not specifically consider the treatment
pathway being appraised by NICE, the results are helpful in validating the

percentages obtained from the smaller sample in Table 38.
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Figure 22: Current treatment pathway with the proposed introduction of
lenalidomide as a second-line treatment"

{ = 7
Lenalidomide + Cyclo 63%
dexamethasone Melph 19%
> Cisp13%.Dox [ ]
(55%) 13%, Etop 13%
— P
Bortezomib Len 44%
Cyclo 35%
" *| CispDoxwEtop 21% [~ |
45
(34%) Melph 10% Len 60%
Borlezomib Melph 20%
— Cyclo 20%
Beandamustine and Len 44%
other Borl 22%
»  Cchemotherapy > Cyclo 22% —
agents (11%) Melph 11%

Green shading = lenalidomide position under appraisal; Market shares taken from Table 38 for second-
line patients and UK registry data for later lines of treatment 1. Cisp, cisplatin; Cyclo,
cyclophosphamide; Dox, doxorubicin; Etop, etoposide; Len, lenalidomide;Melph, melphalan.

Based upon the current treatment pathway >75% of second-line treatment is
with bortezomib if lenalidomide use is not considered. The market share of
bortezomib is likely to rise following the recent EMA label extension for
retreatment in relapsed myeloma. Bortezomib retreatment is therefore
considered as the base case comparator within the model presented.
Additionally, although multiple sources of evidence exist regarding the efficacy
of bortezomib in this setting only one source of information was found for
bendamustine following treatment with bortezomib and no sources were found
for any of the chemotherapy agents listed in the final scope. However, for the
purposes of completeness, comparisons with these treatments are provided

as scenario analyses.

It is necessary to capture all relevant costs over the lifetime of these patients,
and therefore subsequent lines of treatment are included in the model.
Following second and third relapse, ‘real-world’ treatment pathway data from
the Haematological Malignancy Research Network (HMRN) show that
multiple myeloma patients are treated with a variety of different therapies.
"17The HMRN is an on-going UK-based registry of newly diagnosed
haematological cancer patients, established in 2004, with a view to providing

robust and generalisable evidence.

" Note that third-line treatments do not sum to 100% because (a) the use of typical combination
therapies, which include dexamethasone and prednisolone, have not been shown on the diagram, but

are included in the cost-effectiveness analysis, and (b) some patients receive more than 1 agent.
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In the base case analysis, patients receive Len/Dex following discontinuation
of bortezomib. For patients who do not receive Len/Dex third line, the varied
use of treatments following second or third relapse is incorporated in the
model as current management ‘baskets’ of treatment based on the treatments
presented in Figure 22. Incorporating a mix of subsequent treatments within
the model matches the approach taken in NICE TA228.*

Data used within the model
The model uses data predominantly from trial MM-010 for lenalidomide. Data

from MM-010 has been selected for the following reasons:

e This trial has a European patient population and is therefore the most
relevant to the decision problem.

e Pooling results from separate studies is not appropriate as this breaks
randomisation'*® and as data are only available from single arms of
trials no meta-analysis, indirect or mixed treatment comparison is
possible.

e The results of MM-009 and MM-010 are comparable (section 6.5):

0 ORR 61% in MM-009 and 60% in MM-010

0 Mean PFS 21 weeks in MM-009 and 20 weeks in MM-010

0 Median PFS 16.6 months at second line in MM-009 and 13.3
months at second line in MM-010

0 Median OS 29.6 months in MM-009, not reached in MM-010

0 Median OS 50.1 months at second line in MM-009 and not
reached at second line in MM-010

0 27.7% died within trial in MM-009 and 26.7% in MM-010

Data for the primary comparator therapy (bortezomib retreatment) are taken
from available published literature (Taverna 2012*°), which was the only
source containing both OS and PFS where 100% of the study population had
been pretreated with bortezomib. Information from single arm trials has been
used and adjusted where possible for differing baseline characteristics
(section 7.3.2). An MTC was not possible as all of the comparator information

consisted of either observational or phase Il studies with no common
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treatments to the lenalidomide trials. It was not possible therefore to construct

a network of evidence.

7.2.4 Please define what the health states in the model are meant to

capture.

The model consists of four unique health states: pre-progression (on-
treatment and off-treatment), post-progression and death. Pre-progression
captures patients who have not experienced a disease progression on
second-line treatment, as defined by within the lenalidomide CSR (Table 7
and section 9.7.1.3.1).%’

Progression, time on treatment and survival are modelled using parametric
PFS, TTF and OS curve fits derived from MM-010 patient-level data.

7.2.5 How does the model structure capture the main aspects of the
condition for patients and clinicians as identified in section 2
(Context)? What was the underlying disease progression
implemented in the model? Or what treatment was assumed to
reflect underlying disease progression? Please cross-reference to

section 2.1.

The main aims of therapy are to prolong survival and maintain a good quality
of life by controlling the disease and relieving symptoms (section 2.1).2
Multiple myeloma is characterised by a sequence of relapses, where
treatments eventually cease to have a therapeutic effect and the patient

experiences disease progression impacting quality of life.?

The model structure captures within its health states the two key aspects of
multiple myeloma — survival and quality of life which is impacted by disease

progression and the effects of treatment being received.

7.2.6 Please provide a table containing the following information and any
additional features of the model not previously reported. A

suggested format is presented below.
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Table 39: Key features of analysis

Factor Chosen values Justification Reference

Time horizon 25 years Lifetime time horizon | NICE Guide to the
(98.8% of patients methods of technology
have died) appraisals **°

Cycle length 28 days This is length of one | Trial CSR®’
lenalidomide Lenalidomide SPC*
treatment cycle

Half-cycle correction Yes Standard practice

Were health effects
measured in QALYSs; if
not, what was used?

Health effects were
measured in QALYs

Discount of 3.5% for
utilities and costs

3.5%

NICE reference case

NICE guide to the
methods of technology
appraisals

Perspective (NHS/PSS)

The perspective is
that of the NHS and
PSS

NICE reference case

NICE guide to the
methods of technology
appraisals

CSR, case study report; NHS, National Health Service; PSS, personal social services; SPC, summary of product
characteristics; QALYs, quality-adjusted life years.

Technology
7.2.7

Are the intervention and comparator(s) implemented in the model

as per their marketing authorisations/CE marking and doses as

stated in sections 1.3 and 1.5? If not, how and why are there

differences? What are the implications of this for the relevance of

the evidence base to the specified decision problem?

Lenalidomide and bortezomib are included in the model as per their

authorised doses. Dexamethasone is incorporated based upon the mean

dose given in the MM-010 trial. These dosing regimens are consistent with the

spcC.1?0

Other comparators and subsequent therapies are implemented based upon

their SPC documentation or, where a number of dosing regimens are

available, based upon the doses used within the clinical trials used to estimate

efficacy.

7.2.8

Please note that the following question refers to clinical

continuation rules and not patient access schemes. Has a

treatment continuation rule been assumed? If the rule is not stated
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in the (draft) SPC/IFU, this should be presented as a separate
scenario by considering it as an additional treatment strategy

alongside the base-case interventions and comparators.

No continuation rule other than the rules stated in the SPC has been applied.

7.3 Clinical parameters and variables

7.3.1 Please demonstrate how the clinical data were implemented into
the model.

Overview

Patient level data from the MM-010 clinical study were used to inform all
model inputs for lenalidomide. Transition probabilities, based on fitted
parametric survival curves, were informed by TTF, PFS and OS. The sections
below provide a full description of how the clinical parameters are included in
the model. Adverse events and toxicity are included in the model based upon
the rates of treatment-emergent adverse events included within NICE

technology appraisal TA171 at severity grade 3 and 4.3

Transitions between health states
Multivariable equations were developed to model OS, PFS and TTF for

lenalidomide, considering a range of fitted multivariate parametric curve forms
using MM-010 patient-level data. The use of multivariable equations allows
standard parametric curve fits to be adjusted to take into account differences
in baseline population characteristics (for example line of treatment and
disease severity). The use of these multivariable equations was particularly

important within this submission for two reasons:

e To allow adjustment for differing baseline characteristics
between the trials for lenalidomide and those available for
comparators as no direct or indirect comparative information was
available for analysis

e To allow the use of all relevant information from the available
trials due to the small sample sizes available for a second-line

population: available comparator information did not provide
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subgroup analysis by line of treatment and sample sizes were
limited within the MM-009 and MM-010 trials

Figure 23 shows the process used to model OS, PFS and TTF for

lenalidomide versus comparator treatments.

Figure 23: Modelling process for OS, PFS and TTF

Step 1 Step 2

Step 3

Calculate relative
treatment effect as a

Estimate OS, PFS Identify relevant

and TTF for comparator evidence

lenalidomide at 2"
line using the full

dataset for MM-010
and calculating which

for OS, PFS and TTF
based upon the
systematic literature
review

hazard ratio for
comparators vs
lenalidomide
adjusting for

baseline
characteristics are
prognostic factors

prognostic factors
where information is
reported in the trial
publications

OS, overall survival; PFS, progression-free survival; TTF, time to treatment failure.

7.3.2 Demonstrate how the transition probabilities were calculated from
the clinical data. If appropriate, provide the transition matrix, details
of the transformation of clinical outcomes or other details here.

Survival analysis methods
The full MM-010 dataset was used to inform which variables should be

included in the survival models for the relevant, second-line population. As
such, the models presented have been developed such that the baseline

hazard reflects estimates for lenalidomide patients treated in a second-line
setting. Using the full dataset increased the sample size and preserved the

benefits associated with trial randomisation in informing this analysis.

Analysis conducted by Dimopoulos et al, showed that for patients with 1 prior
therapy, hazard ratios (HRs) for Len/Dex were similar across all subgroups
regardless of type of prior therapy. Although, it is noted that data at second
line did not include prior bortezomib due to low patient numbers.** Data from
Mateos et al shows similar response rates for patients receiving prior
bortezomib to those receiving prior chemotherapy.*® Therefore efficacy from

all second-line patients was used to model efficacy for patients receiving prior
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bortezomib within the model.

Six parametric distributions (exponential, Weibull, log-logistic, log-normal,
Gompertz and gamma) were explored for each clinical outcome (OS, PFS,
TTF). The fit of the each parametric model to the observed data were
explored using:

e Log cumulative hazard plots

e Observed smoothed hazard plots versus parametric equivalents

¢ Observed Kaplan—Meier survival plots versus parametric

equivalents
e Akaike information criterion (AIC) and Bayesian information

criterion (BIC) statistics

The multivariable parametric models were developed to include a series of
baseline risk factors considered to be predictors of the outcome. Baseline risk
factors considered to be potentially prognostic of clinical outcomes were

derived from the MM-010 clinical study report and were:

e Age (years)

e Sex

e Disease stage (I, Il or Il)

e Number of prior anti-myeloma regimens

¢ Time since diagnosis of multiple myeloma
e ECOG performance score (0,1,2+)

e Beta-2 microglobulin count (mg/L)

e Number of prior stem cell transplants

e Presence or absence of bone lesions

Variables were initially reviewed for missing data. A separate category
(unknown) was created for categorical variables with missing estimates.
Binary and categorical variables were reviewed to confirm whether the
existing categorisations were satisfactory and to ensure there were sufficient
numbers of patients in each group to permit analysis. Continuous variables
were reviewed to confirm whether they showed evidence of a linear

relationship with the clinical outcome of interest. An initial set of variables
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were identified for each endpoint using backwards stepwise elimination (using
p<0.05), cross validated using forwards stepwise selection (using p<0.1).
Selected variables were analysed for evidence of collinearity using a review of
variance inflation factor (VIF) statistics. If collinearity was evident (VIF>10),
only the variable that showed the strongest relationship with the outcome and
greatest face validity was retained. Cox-Snell residuals were examined to

assess the final model goodness of fit.

The effect of each independent categorical variable was assessed using
proportional hazard (PH) and accelerated failure time (AFT) assumptions.
Alternative approaches were considered if a standard parametric approach
provided a poor fit to observed data, or given evidence of PH or AFT violation

for the variables included in the multivariable regression model.

These approaches were based on methods recommended in the NICE
Decision Support Unit Technical documentation*?! and included exponential
piecewise modelling and a time dependent Weibull model. The exponential
piecewise approach splits survival time into series of time intervals and
provides separate estimates of the hazard rate (and potentially hazard ratio)
for each time interval. A time dependent Weibull approach includes a time-

varying dependent variable.

Beta-2 microglobulin count, time since diagnosis of multiple myeloma, number
of prior therapies, baseline presence or absence of bone lesions, and ECOG
performance score were all found to be significant predictors of PFS, TTF and
OS in MM-010 (consistent with analysis conducted for TA171). For all models,
the duration of multiple myeloma and number of prior therapies are not used
because multiple myeloma duration was centred on the mean duration (4.5
years in MM-010). Therefore the baseline hazard predicts survival for this
duration. Additionally, the population of interest is treated in the second-line
setting. As such these two terms were not required to model the population of

relevance.
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Survival analysis results

Progression-free survival

The Kaplan—Meier PFS curve for Len/Dex is shown in Figure 24. The hazard
for lenalidomide appeared to decrease over the initial study period (until
approximately 24 months), after this time point the hazard increased, although
later estimates were based on fewer observations (see log-log plot; Figure
25).

A review of the AIC and BIC statistics indicated that the log-logistic distribution
followed by the lognormal distribution provided the best statistical fit to the
observed data (Table 40).
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Figure 24: Kaplan—Meier plot and fitted log-logistic model for PFS

Kaplan-Meier vs Log-logistic Parametric
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Figure 25: Log-log plot for PFS

Log-log Plots Lenalidomide plus Dexamethasone
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Negative values appear on the x-axis because the time variable was in month units, and a duration of
less than 1 month will produce a negative number on the log-scale.
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Table 40: AIC and BIC statistics for PFS models (MM-010)

Model AIC BIC

Exponential 985.31 993.03
Weibull 980.90 996.34
Gompertz 944.59 960.03
Log-normal 930.56 946.00
Log-logistic 924.49 939.93
Gamma 931.07 954.24

A visual review of Kaplan—Meier plots against the predicted survival curves
suggested that lognormal, log-logistic and Gompertz distributions provide the
best fit of the data (see appendix H). However, the Gompertz distribution
appeared to predict a particularly low hazard in the later phase of the trial (not
consistent with observed data), resulting in particularly extensive post-trial
survival time. Use of Weibull or exponential curves would not be appropriate

due to a lack of monotonic hazards.

In view of all available evidence, the log-logistic distribution was considered
the optimal distribution for the base case analysis (Figure 24). The lognormal
Is included as a sensitivity analyses. Beta-2 microglobulin count was the only
significant, non-redundant predictor of progression-free survival. The resulting
regression models are presented in Table 41.

Table 41: PFS regression model estimates

Coefficient estimate
Parameter —
Log-logistic model Lognormal model
Intercept term -0.779 -0.813
Beta-2 microglobulin >2mg/L 3.116 3.151
Ln(gamma) -0.218 0.308

Time to treatment failure

The Kaplan—Meier curve for Len/Dex TTF is shown in Figure 26, based upon
MM-010 data. The hazard for lenalidomide again appeared to decrease over
the initial study period (see log-log plot; Figure 27). TTF demonstrated similar
trends to PFS data since patients discontinued lenalidomide therapy upon

progression according to study protocol.
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The AIC and BIC statistics indicated that the log-logistic distribution followed
by the Gompertz, gamma and Weibull distributions provided the best
statistical fit of the observed data (Table 42). Kaplan—Meier plots versus the
predicted survival curves for each distribution also indicated that these four
distributions provided the best fit of the data. However, similar to PFS, the
Gompertz distribution appeared to predict a particularly low hazard in the later
phase of the trial (which was not consistent with observed data) and resulted
in particularly optimistic post-trial survival time (i.e. time before treatment
failure). Use of Weibull or exponential curves would again not be appropriate
due to a lack of monotonic hazards. Curve fits for all of the OS models tested

are provided in appendix H.

Figure 26: Kaplan—Meier plot and fitted log-logistic model for TTF
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Figure 27: Log-log plot for TTF
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Table 42: AIC and BIC statistics for TTFmodels (MM-010)

Model AIC BIC

Exponential 1212.52 1220.24
Weibull 1196.99 1212.43
Gompertz 1174.56 1190.01
Log-normal 1237.53 1252.97
Log-logistic 1158.20 1173.64
Gamma 1174.20 1197.37

After consideration of all evidence, a log-logistic parametric model (Figure 26)
was considered to be the most appropriate survival modelling approach for
TTF, with a lognormal model considered for sensitivity analyses. The use of a
lognormal model ensures the same distribution can be applied for both PFS
and TTF, which is seen to be necessary given the similarity of the two
measures, however, it should be noted that the lognormal distribution does
not provide as good a fit to TTF as PFS and therefore results using this
distribution should be reviewed with caution. Beta-2 microglobulin count was
the only significant, non-redundant predictor of TTF (as was seen with PFS).

The resulting regression models are presented in Table 43.
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Table 43: TTF regression model estimates

Coefficient Estimate

Parameter —

Log-logistic model Lognormal model
Intercept term 2.678 2.663
Beta-2 microglobulin >2mg/L -0.731 -0.858
Ln(gamma) / Ln(sigma) -0.153 0.669

Overall survival

The Kaplan—Meier curve for OS among Len/Dex MM-003 subjects is shown in

Figure 28. There is evidence of increasing hazard for lenalidomide patients

during the study period, a trend which appears greatest at the end of the

study, although estimates at the end of the study period would have been

based on fewer observations due to censoring (Figure 29).

Figure 28: Kaplan—Meier plot for OS
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Figure 29: Log-log plot for OS

Log-log Plots Lenalidomide plus Dexamethasone

-Ln[-Ln(survival)

Ln(Time)

The AIC statistic indicated that the Weibull distribution provided the best
statistical fit of the observed data, while the BIC statistic indicated that the
exponential distribution provided the best fit. Fit statistics were similar
between all distributions, however, and the Gompertz and gamma functions

also appeared to offer a comparable fit.

Table 44: AIC and BIC statistics for OS models (MM-010)

Model AIC BIC

Exponential 979.62 987.34
Weibull 978.12 993.57
Gompertz 980.50 995.95
Log-normal 989.30 1004.75
Log-logistic 984.05 999.49
Gamma 981.19 1004.35
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The following non-redundant variables were found to be strong predictors of
mortality in MM-010:

e Beta-2 microglobulin count (<2.5 or 22.5mg/L)
e ECOG performance score (0, 1, 2+)

e The presence or absence of bone lesions

There was, however, evidence of PH (and AFT) violation for the beta-2
microglobulin count variable. An alternative parametric survival modelling
approach was therefore considered in order to improve the model fit and
account for the observed PH violation. This employed a piecewise exponential
model, with survival time split into 6 month intervals. This exponential
piecewise model appeared to best capture observed trends and provide a
plausible extrapolation of survival. As such, in view of all available evidence,
this was considered the optimal distribution for the base case analysis (Figure
28). The Weibull model was included for sensitivity analyses, however, this
model required adjustment as in the long-term survival was predicted above
that of the general population therefore results presented using the Weibull
model should be viewed with caution. The regression coefficients for these
models are presented in Table 45. Curve fits for all of the OS models tested

are provided in appendix H.
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Table 45: OS regression model estimates

Coefficient estimate
rerametet expolar:gflzgllsrr(l:)odel Bl mecE
Intercept term -4.673 -4.451
Beta-2 microglobulin >2mg/L 0.613 0.611
ECOG score: 1 0.101 0.101
ECOG score: 2 0.621 0.625
ECOG score: unknown -0.046 -0.020
Bone lesions present 0.440 0.432
Time: months 6=t <12 -0.327 N/A
Time: months 12<t <18 -1.316 N/A
Time: months 18<t <24 -1.003 N/A
Time: months 24<t <30 -0.730 N/A
Time: months 30< t -0.449 N/A
Ln(gamma, intercept) N/A -0.240

Comparative efficacy
There is a lack of good quality published evidence for second-line patients

who have been previously treated with bortezomib. To obtain plausible
estimates of clinical outcomes for comparator therapies included in the
analysis, a systematic literature search was undertaken for comparator clinical
data, see section 6.1. Sources obtained and used for analysis of comparative

efficacy are presented in Table 46.

Median OS and PFS outcomes were derived from the sources (as means
were not reported) and were used to calculate HRs for each comparator
relative to Len/Dex in MM-010. A crude approximation of a hazard ratio for
lenalidomide and each comparator (bortezomib, bendamustine,
cyclophosphamide and melphalan) was obtained by comparing median
survival estimates (PFS and OS) between studies of interest. This analysis
assumes that progression/mortality occurs at a constant rate in both studies
and that studies are exchangeable (i.e. have been conducted with
comparable populations and trial conditions). In order to improve
exchangeability, the multivariable parametric models designed to predict PFS
and OS (detailed in the sections above) were used to adjust median survival
estimates for lenalidomide. Baseline characteristics that were predictive of
progression or mortality and had been reported in the study of interest were
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entered into the lenalidomide risk equations and adjusted median survival

estimates were derived.

Two hazard ratios for each treatment versus lenalidomide were estimated.
The first hazard ratio estimate compared median survival estimates from each
comparator to the observed median survival for lenalidomide patients in MM-
010 (n=176), that is without adjustment for differing baseline characteristics.
The second hazard ratio estimate compared median survival estimates for
each comparator to adjusted median survival estimates from MM-010 — this
analysis was used within the model where the papers presented enough
detail to allow adjustment.

It was assumed that the HR for TTF would be the same as for PFS as the
curve fits for lenalidomide because these two variables are similar and no

information on TTF was presented in any of the evidence identified.

Bortezomib retreatment HRs obtained from Taverna et al were applied in the
base case analysis.*® This source provided HRs for both PFS and OS and
consisted solely of patients being retreated with bortezomib. Additionally, it
was possible to adjust the hazard ratio for OS to taking into account

differences between study populations in duration of multiple myeloma.

Just 19% of subjects in the White et al study were classified as being
retreated with bortezomib*?, which is the only alternative source for
comparative OS. The recent study by Petrucci et al for bortezomib
retreatment only reported TTP for responders to retreatment and, as such,
would provide a much more conservative, best-case estimate of comparative
PFS for bortezomib.>® Additionally the patient group in this study consisted of

previous responders only.

Other comparators are included as scenario analyses. For the comparative
efficacy of bendamustine, HRs obtained from the Damaj et al paper were
retrieved and applied *°, no other alternative estimates were identified from
the literature. In the absence of information for other chemotherapy agents,
the HRs available for bendamustine were applied in the model.
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The HRs included in the model are presented in Table 47. For all comparators
the HR for PFS is applied to TTF, as the curves fitted to these variables are
similar in nature within the lenalidomide dataset. Full details of the methods
used to estimate these HRs are provided in appendix |.
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Table 46: Details of studies analysed for comparative efficacy

Petrucci Hrusovsky Taverna Dispenzieri Min White : 46 Lenalidomid
2013 2010 2012*% 2010% 2007 2013% DEGIE] 2002 e MM-010%
Treatment Bortezomib retreatment Bendamustine Lenalidomide
n 50* 60 42 7 57 53 110 176
Australia,
Europe - 55 Germany & Switzerla South us & Europe, and
Country centres Switzerland nd us Korea Canada France Israel - 55
centres
Median Age 67 65.7 63 63 54.5 65 63 62
Male 57% 55% 52% 50% 41% 57% 61% 59%
IFi)r:Ieo)r Bortezomib (note: at any treatment 100% 100% 100% 100% 100% 19% 100% 5%
Median time since diagnosis (years) 4.5 4.3 2.8 n/r n/r 3.3 n/r 4.2
Number of prior anti-myeloma therapies
1 12% n/r n/r n/r n/r 49% n/r 32%
2+ 88% n/r n/r n/r n/r 51% n/r 68%
Median number of prior anti-myeloma 3.7 (range 1- _ 2(rangel- ) )
therapies n/r 14) 2 (1-11) n/r 3) n/r 4 (range 1-9) 2 (range 1-3)
Presence bone lesions n/r n/r n/r n/r 63% 55% n/r 77%
ECOG Performance Status
0 n/r n/r n/r n/r n/r 49% n/r 44%
1 n/r n/r n/r n/r n/r 51% n/r 41%
2+ n/r n/r n/r 0% n/r - n/r 13%
Unknown n/r n/r n/r n/r n/r - n/r 2%
Median number of prior anti-myeloma 3.7 (range 1- 2 (range i i
therapies n/r 14) 2 (1-11) 1 1-3) n/r 4 (range 1-9) 2 (range 1-3)
% receiving concommitant Dex 72% 63% 64% n/r 0% n/r n/r 100%
0 - -
/6 receiving concommitant n/r 23% 14% n/r n/r n/r n/r 0%

immunomodulating therapy

*only responders were reported “TTP used as a proxy for PFS.
Dex, dexamethasone; ECOG, Eastern Cooperative Oncology Group; n/r = not reported in study; PFS, progression-free survival; TTP, time to progression.
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Table 47: Comparative efficacy estimates included in the model

Treatment Variable Evidence source Hf;?éd
Bortezomib retreatment oS Taverna 2012* 1.70
White 2013* 1.42
PES Taverna 2012 1.15
White 2013 1.76
Hrusovsky 2010°° 1.09
Dispenzieri 2010% 1.28
Petrucci 2013 1.26
Min 2007** 0.84
Bendamustine (and Os Damaj 2012 3.00
chemotherapy agents) PFS Damaj 2012 1.09

Adverse events
The same grade 3 and 4 treatment-emergent adverse events that were

included in the NICE technology appraisal for lenalidomide for multiple
myeloma following at least one prior therapy have been included in the
present analysis.® The adverse events included are, therefore, as follows:

e Anaemia e Neutropenia

e Constipation e Peripheral neuropathy
e Diarrhoea e Pneumonia

e Deep vein thrombosis e Thrombocytopenia

e Hypercalcaemia

These events have been included by calculating event rates. In order to
provide the maximum available safety data the total number of events in MM-
010 were divided by the total number of patient years on treatment, obtained
from the patient-level study data. This gave the annual adverse event rates
which were converted to 28-day cycle rates, as shown in Table 48. These

rates are applied on a per-cycle basis for patients on treatment.

For bortezomib, the number of event occurrences reported as part of NICE
technology appraisal 2283, from the VISTA clinical study, were used due to a
lack of detailed evidence for this setting from the bortezomib studies identified
in the systematic review. The number of each event listed in Table 48
experienced by patients in receipt of bortezomib in combination with

melphalan and prednisone or prednisolone (MP) were obtained. These and
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the reported median treatment duration (46 weeks) were used to calculate per
cycle event rates in the same way as described above. The number of
occurrences of hypercalcaemia in bortezomib + MP patients was not reported,
and therefore it was assumed to be 0%. The available literature on
bortezomib retreatment was reviewed to validate the adverse event rates

included in the model (see appendix J).

The adverse events reported in Picot et al*® for VISTA subjects who received
MP for median of 39 weeks were applied in the model for all other comparator

therapies. This was applied in the absence of evidence elsewhere.

Table 48: Adverse event rates applied in the economic analysis

Annual rate (cycle rate)

Adverse event Grade Len/Dex Bortezomib Other
comparators
Anaemia 3 8.3% (0.6%) 17.7% (1.3%) 26.2% (2.0%)
4 0.5% (<0.1%) 3.0% (0.2%) 10.3% (0.8%)
Constipation 3 1.4% (0.1%) 0.7% (0.1%) 0.0% (0.0%)
4 0.0% (0.0%) 0.0% (0.0%) 0.0% (0.0%)
Diarrhoea 3 2.3% (0.2%) 7.7% (0.6%) 0.8% (0.1%)
4 0.0% (0.0%) 0.7% (0.1%) 0.0% (0.0%)
Deep vein 3 3.2% (0.5%) 1.0% (0.1%) 0.8% (0.1%)
thrombaosis 4 0.5% (<0.1%) 0.0% (0.0%) 0.0% (0.0%)
Hypercalcaemia 3 0.5% (<0.1%) 0.0% (0.0%) 0.0% (0.0%)
4 0.0% (0.0%) 0.0% (0.0%) 0.0% (0.0%)
Neutropenia 3 59.3% (4.4%) 34.0% (2.6%) 31.4% (2.4%)
4 5.1% (0.4%) 11.3% (0.9%) 19.5% (1.5%)
Peripheral 3 1.4% (0.1%) 14.3% (1.1%) 0.0% (0.0%)
neuropathy 4 0.0% (0.0%) 0.3% (<0.1%) 0.0% (0.0%)
Pneumonia 3 4.6% (0.4%) 5.3% (0.4%) 5.2% (0.4%)
4 0.5% (<0.1%) 2.0% (0.2%) 1.6% (0.1%)
Thrombocytopenia 3 11.0% (0.8%) 22.7% (1.7%) 21.8% (1.7%)
4 1.4% (0.1%) 19.4% (1.5%) 18.7% (1.4%)

In the base case analysis, patients on the comparator arm go on to receive

Len/Dex following treatment discontinuation and this is in line with current UK

clinical practice.® These patients become subject to the adverse event rates

associated with Len/Dex above. No adverse events are modelled after

treatment discontinuation for other subsequent therapies, this is a simplifying

assumption applied due to the paucity of evidence and lack of impact of

adverse events on the modeled ICER.
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7.3.3 Is there evidence that (transition) probabilities should vary over
time for the condition or disease? If so, has this been included in
the evaluation? If there is evidence that this is the case, but it has
not been included, provide an explanation of why it has been

excluded.

The time-dependency of transition probabilities is included through the use of
parametric survival models. These characterise OS, PFS and TTF over a

continuous time scale.

7.3.4 Were intermediate outcome measures linked to final outcomes (for
example, was a change in a surrogate outcome linked to a final
clinical outcome)? If so, how was this relationship estimated, what
sources of evidence were used, and what other evidence is there

to support it?

Intermediate outcomes were not used to provide a direct link to final

outcomes.

7.35 If clinical experts assessed the applicability of values available or
estimated any values, please provide details*:

Celgene consulted with a 2 key opinion leaders and a patient group
organisation when it responded to the comparator list in the draft scope.
Following the issuance of the final scope for this appraisal, Celgene
conducted a brief survey among practicing haematologists to ascertain the
comparators specific to the decision problem (appendix G). Due to the limited
time frame, no set criteria were established before approaching the experts.
An executive medical liaison (an employee of Celgene whose professional
role is to engage on scientific matters/clinical trials) with established
relationships was tasked to reach out to the experts via email communication.
A total of 7 were contacted, of whom 5 responded to the survey. No

declaration of potential conflict of interest was sought due to time constraints

4 Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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and the fact only 1 question was being asked, in relation to their own current

experience / practice.

Clinicians were informed that the question was being asked in relation to this
submission and were specifically asked to respond to the question: “If newly
diagnosed multiple myeloma (NDMM) patients receive bortezomib as front
line treatment, and have the following treatments as options at second-line, in
UK clinical practice what would the percentage use of these treatments be (all
adding up to 100%)?”

The responses were directly sent to the executive medical liaison who then
forwarded them to be included in this submission (Table 38). Where the
responses did not add up to 100%, an adjustment was made to reflect the

appropriate distribution (appendix G).

Responses indicated relatively scarce use of bendamustine and other
chemotherapy agents, for which there is a lack of evidence (as shown in
section 6). Given the low usage of these treatments reported by clinical
expects, they are not considered in the base case cost effectiveness analysis.

Summary of selected values

7.3.6 Please provide a list of all variables included in the cost-
effectiveness analysis, detailing the values used, range
(distribution) and source. Provide cross-references to other parts of

the submission. Please present in a table, as suggested below.

A summary table is provided in appendix N.

7.3.7 Are costs and clinical outcomes extrapolated beyond the trial
follow-up period(s)? If so, what are the assumptions that underpin
this extrapolation and how are they justified? In particular, what
assumption was used about the longer term difference in
effectiveness between the intervention and its comparator? For the
extrapolation of clinical outcomes, please present graphs of any
curve fittings to Kaplan—Meier plots.
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Outcomes are extrapolated beyond the trial duration through the use of
parametric survival models, as described in sections 7.3.1-2 and appendix H.
No explicit long-term efficacy assumptions have been made, as any long-
lasting treatment effect will occur due to the characterisation of PFS and OS

through their parametric models.

In the base case analysis, patients on the comparator model arm receive
Len/Dex following the discontinuation of the comparator therapy. These
patients are subject to the OS and TTF hazards associated with Len/Dex at
second line, as discussed in section 7.3.2. This assumes that the second-line
efficacy of Len/Dex is replicated at the third line of treatment, which is a
conservative assumption for lenalidomide as this means comparator patients
will experience extended survival due to receiving subsequent Len/Dex, even

though it is shown to be more effective at earlier lines.®

A model scenario analysis is presented whereby Len/Dex is not automatically
given following discontinuation of the comparator therapy. In this scenario the
cost of treatments beyond the trial duration are based upon real-world third-
line and fourth-line treatment of myeloma patients from 2007-2009.* These
last for 17.2 weeks, and this mean duration takes into account mortality.
Patients receive a ‘basket’ of therapies reflecting the mix of therapies likely to

be used at third line following initial treatment with bortezomib.

In both the base case model and model scenario described above, the same
real-world data are used to determine the cost of further treatment at fourth
line. The mean fourth-line treatment duration, which accounts for mortality, is
16.8 weeks.

7.3.8 Provide a list of all assumptions in the de novo economic model

and a justification for each assumption.
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Table 49: Model assumptions

Type Assumption Made Justification
Prior The prior use of thalidomide, bortezomib or any other | This was assumed to
treatments treatment has no impact on clinical outcomes of utilise the maximum data
second-line treatment of multiple myeloma. from MM-010, and is
supported by
Dimopoulos et al and
Mateos et al****
Comparator The OS, PFS and TTF hazards associated with Necessary assumption to
efficacy Len/Dex and comparator therapies are proportional to | apply hazard ratios to
each other over time, i.e. there is a constant relative estimates comparator
hazard, allowing for hazard ratios to be used in efficacy, in the absence
estimating relative efficacy. of evidence.
Adverse In the absence of other data, the adverse event profile | Applied in the absence of

events at 2™
line

of bortezomib is obtained from TA228 (bortezomib,
melphalan and prednisolone). The adverse-event
profile of other comparator treatments are assumed to
be equal to each other, obtained from the MP arm of
TA228.

other evidence. TA228
provides the fullest
source of adverse event
information.

Adverse
events beyond
2" line

No adverse events are modelled during subsequent
lines of treatment, following the discontinuation of
Len/Dex or the chosen comparator. However, that
Len/Dex adverse events are applied when patients
move onto this as a third-line treatment.

This is a conservative
assumption, made in the
absence of evidence for
this patient group.

Subsequent Patients receive subsequent third- and fourth-line Based upon real-world
treatment treatment (other than Len/Dex at third line) for fixed data and likely to reflect
durations (17.2 weeks and 16.8 weeks). These mean | clinical practice, where
durations were obtained from real-world UK data*’ conventional therapies
and account for patients who die. Following fourth-line | become exhausted over
therapy it is assumed that no further active treatment | time.
is given.
Subsequent Fourth-line treatment is applied as a ‘basket’ of A simplifying assumption
treatment therapies, weighted by the proportion of use of each. that reflects the wide

This is also the case for third-line treatment in the
model scenario where Len/Dex is not used at third
line.

variety of treatments
given in the later stages
of multiple myeloma.

Administration
appointments

For oral therapies, an appointment is required for the
first administration only. This does not apply for
combination treatments where one of the therapies is
delivered intravenously or subcutaneously however;
the cost of an IV administration appointment is
assumed to include oral administration. Administration
costs are not applied for the first administration of
subsequent therapies.

Likely to reflect clinical
practice

Transport for
treatment
administration

Half of all patients require transport to hospital for
administration appointments. If more than one
appointment is required in a week, it is assumed that
patients remain in hospital and only one transportation
cost is required.

Assumption based upon
treatment for anaemia*?®

OS, overall survival;

PFS, progression-free survival; TTF, time to treatment failure.
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7.4 Measurement and valuation of health effects

Patient experience
7.4.1 Please outline the aspects of the condition that most affect patients’

quality of life.

Multiple myeloma is chronic, debilitating haematological cancer. It has been
found to harm overall patient quality of life, and in particular role and social
functioning.*®* The condition is characterised by clinical features such as
anaemia and peripheral neuropathy®, while the high intensity of treatments
may expose patients to levels of toxicity which further heighten the risk of

adverse events.

7.4.2 Please describe how a patient’s HRQL is likely to change over the

course of the condition.

Multiple myeloma is characterised by a sequence of relapses, where
treatments eventually cease to have a therapeutic effect and the patient

experiences disease progression. ®

HRQL data derived from clinical trials
7.4.3 If HRQL data were collected in the clinical trials identified in
section 6 (Clinical evidence), please comment on whether the

HRQL data are consistent with the reference case.
HRQL data were not collected in the MM-010 clinical trials.

Mapping
7.4.4 If mapping was used to transform any of the utilities or quality-of-
life data in clinical trials, please provide the following information.

The lenalidomide clinical trials did not include any HRQL instruments.

HRQL studies
7.4.5 Please provide a systematic search of HRQL data. Consider
published and unpublished studies, including any original research

commissioned for this technology. Provide the rationale for terms
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used in the search strategy and any inclusion and exclusion criteria
used. The search strategy used should be provided in

section 10.12, appendix 12.

Health related quality of life studies were identified based upon the search

results from the economic search detailed in section 7.1.1.

7.4.6 Provide details of the studies in which HRQL is measured.

Identification of Relevant Studies
As illustrated in Figure 30, the majority of the papers initially identified failed to

meet the inclusion criteria. The reason for the exclusion in primary filtering of
most of the articles was that they were the wrong type of study. One
additional paper was added as a result of reference searching. This gave
eight studies that met all the inclusion criteria after both primary and

secondary filtering. These studies are reviewed below.
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Figure 30: Identification of HRQL studies relevant to the decision

problem

Papers identified through searches
as potentially relevant and
screened for inclusion (n=3460)

} -

Papers excluded during primary filtering:

Wrong study type (n=3382)
Wrong population (n=8)
Irrelevant QoL outcome (n=1)
Duplicate (n=16)

A 4

Papers accessed in full for in
depth evaluation (n=53)

> -

Papers excluded during secondary filtering:

Wrong study type (n=14)
Irrelevant QoL outcome (n=8)
Wrong population (n=3)

No relevant outcomes (n=18)
More recent data available (n=2)
Not accessed (n=2)

¢ (n=1)

Papers added through reference tracking

4

Papers meeting inclusion criteria
(n=7)

HRQL, health-related quality of life.

Overview of the relevant studies

Seven studies are included which report relevant utility values. Three of these

studies directly measure utilities. Khanna et al measure SF-36 before

kyphoplasty and at the last follow-up visit after kyphoplasty in patients with

multiple myeloma.'?® The study by van Agthoven et al is a cost-utility analysis

also reporting utilities for patients having intensive chemotherapy alone and

for patients treated with myeloablative treatment.*?® This study measures

guality of life in previously untreated patients. This is not the required

population for this review. However, because all the included studies that

report secondary utility data use van Agthoven et al as their source, this study

has been included.
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The remaining five studies are cost-effectiveness analyses, reporting mainly

utilities presented by van Agthoven et al.

Results

Table 50 provides the key characteristics of the studies included. appendix K

presents the results of the included studies as well as information on methods

used.

Table 50: Characteristics of the utilities and HRQL studies included

Reference Location Population Study type Utilities included
Brown, UK rrMM with one Secondary: Cost- Complete response,
2013 prior therapy effectiveness paper | partial response,
primarily using stable disease,
estimates from van progressive disease
Agthoven and utility decrements
for adverse events
Felix, 2012*° | Portugal rrMM with one | Secondary: Cost- Stable disease and
or more prior effectiveness study | progressive disease
treatments using estimates from
van Agthoven
Fragoulakis, | Greece rrMM Secondary: Cost- Non-responders and
2013'%° effectiveness paper | all other response
using estimates from | levels.
van Agthoven
Hornberger, | Sweden rrMM Secondary: Cost- Prior to relapse and
2010™° effectiveness paper | after relapse
using estimates from
van Agthoven
Khanna, us Patients with Primary: HRQL SF-36 measured
2006'%° vertebral outcomes study before and after
compression kyphoplasty (can be
fractures with mapped to EQ-5D
osteoporosis or using domain scores)
multiple
myeloma
Moller, Norway rrMM Secondary: Cost- Response to
2011™ effectiveness paper | treatment and
using estimates from | progressive disease /
van Agthoven no response
van Netherlands | Previously Primary: Cost- EQ-5D using UK tariff:
Agthoven, untreated effectiveness study | intensive
200412° multiple also reporting chemotherapy alone
myeloma* outcomes from and myeloablative

HRQL outcomes
study

treatment based upon
time after
randomisation

* included as referenced by rrMM studies.
HRQL; health-related quality of life; rrMM: relapsed or refractory multiple myeloma.
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7.4.7 Please highlight any key differences between the values derived
from the literature search and those reported in or mapped from the

clinical trials.

Not applicable.

Adverse events
7.4.8 Please describe how adverse events have an impact on HRQL.

Individuals with multiple myeloma find themselves at a heightened risk of
various disease related adverse events including hypercalcaemia and
anaemia. Toxicities associated with active treatment might also increase the
likelihood of experiencing certain events, such as neutropenia, peripheral

neuropathy and thrombocytopenia.

Quality-of-life data used in cost-effectiveness analysis

7.4.9 Please summarise the values you have chosen for your cost-
effectiveness analysis in the following table, referencing values
obtained in sections 7.4.3 to 7.4.8. Justify the choice of utility

values, giving consideration to the reference case.

As only one paper presenting health related quality of life for multiple
myeloma alone was identified utilities from this source have been used within
the model for patients pre and post progression.*?® Utilities have been applied
in the same manner as within the model submitted for TA171. The van
Agthoven paper presents EQ-5D utilities using a UK tariff and is therefore in

line with the reference case.

Adverse event utility decrements are included in the cost-effectiveness
analysis, based upon a recent cost-effectiveness analysis identified as part of
the search for HRQL information.*?” These are applied on a per-cycle basis as
one utility decrement for patients on treatment, or for patients on Len/Dex as a

third-line treatment.
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The resulting utility decrement per model cycle spent on treatment,

accounting for the HRQL impact of adverse events, are:

e lLen/Dex: 0.013
e Bortezomib: 0.033

e Bendamustine or chemotherapy agents: 0.025

Table 51: Summary of quality-of-life values for cost-effectiveness analysis

Reference in

Variable Value Cl (distribution) o Justification

submission
Utility value: pre- 0.810 | 0.63 0 0.94 (beta*) van Agthoven et al, 2004'2°
progression
Utility value: pre- 0.770 | 0.60 to 0.90 (beta*) van Agthoven et al, 2004
progression after 2 years
Utility value: post- 0.640 | 0.51t00.76 (beta*) van Agthoven et al, 2004

progression

Utility decrement associated with:

Only decrement obtained
Anaemia 0.310 0'1528;%8;)437 Section 7.4.8 through systematic search.
Brown et al, 2013"*

Only decrement obtained
Hypercalcaemia 0.000 Not included in SA | Section 7.4.8 through systematic search.
Brown et al, 2013

Only decrement obtained
Pneumonia 0.190 0.121to 2'270 Section 7.4.8 through systematic search.
(beta**)
Brown et al, 2013

Only decrement obtained
Thrombocytopenia 0.310 0.196 to ,8;437 Section 7.4.8 through systematic search.
(beta**)
Brown et al, 2013

Only decrement obtained
Neutropenia 0.145 0.093 10 3'206 Section 7.4.8 through systematic search.
(beta**)
Brown et al, 2013

Only decrement obtained
Diarrhoea 0.000 Not included in SA Section 7.4.8 through systematic search.
Brown et al, 2013

Only decrement obtained
Constipation 0.000 Not included in SA Section 7.4.8 through systematic search.
Brown et al, 2013

Only decrement obtained
Peripheral neuropathy 0.065 O'O‘(lset&g')og:s Section 7.4.8 through systematic search.
Coffey et al, 2002'%

Only decrement obtained
Deep vein thrombosis 0.150 0.096 to 3'213 Section 7.4.8 through systematic search.
(beta**)
Brown et al, 2013

Cl, confidence interval.
* Standard error 10% of the mean; ** Standard error 20% of the mean.
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Additionally, within the model utility values are reweighted based upon patient

age and standard UK EQ-5D scores'*®, as described in section 7.4.14.

7.4.10 If clinical experts assessed the applicability of values available or

estimated any values, please provide details®:

We did not specifically undertake any clinical expert validation exercise for
utility values. The utility values used in this submission are taken from van
Agthoven (2004), and have been widely used and referenced in other
submissions including NICE TA 171 and TA 228 (see section 7.4.6).>

7.4.11 Please define what a patient experiences in the health states in

terms of HRQL. Is it constant or does it cover potential variances?

In the pre-progression health states, most patients are in receipt of second-
line treatment — their initial therapy in this analysis. Some patients discontinue
treatment (determined by the TTF model) prior to progression, but the majority

of patients discontinue upon progression.

Utility in the pre-progression health state varies over time. In line with van
Agthoven et al (2004) and NICE technology appraisals TA171 and TA228,
patients who remain progression-free after two years have a slightly reduced
utility weight (from 0.81 to 0.77). > '* 1% patients are also subject to utility
decrements associated with treatment-emergent adverse events while on

treatment.

Patients with progressive disease experience a utility weight of 0.64. This
reflects an increased debilitation associated with the advancement of multiple
myeloma. Additionally, the increased monitoring frequency described in
section 7.5.6 for progressed patients will present more of a burden to patients,
and patients may feel concerned and anxious following the failure of second-

line therapy.

> Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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7.4.12 Were any health effects identified in the literature or clinical trials

excluded from the analysis? If so, why were they excluded?

Not applicable.

7.4.13 If appropriate, what was the baseline quality of life assumed in the
analysis if different from health states? Were quality-of-life events

taken from this baseline?

Quality of life was modelled based upon the model health states.

7.4.14 Please clarify whether HRQL is assumed to be constant over time.
If not, provide details of how HRQL changes with time.

Three utility values are used to model utility change over time. The pre-
progression utility value is 0.81, but if a patient is pre-progression after 2
years this becomes 0.77. The utility value for progressive disease patients is
0.64.1%°

The above utility values are adjusted by an age-dependent factor to reflect
decreased utility with age, based upon published UK EQ-5D values.**?
Patients are aged 62 years at the start of the model, which is associated with
a multiplicative age-weighting factor of 1. This factor is applied to all utility
values until the age of 65, at which point the age-dependent weighting factor
becomes 0.975. This factor remains until the age of 74, with all utilities
reduced by 2.5%. At 75 years and above the age-dependent weighting factor
is 0.913.

7.4.15 Have the values in sections 7.4.3 to 7.4.8 been amended? If so,
please describe how and why they have been altered and the
methodology.

Not applicable.
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7.5 Resource identification, measurement and valuation

NHS costs

7.5.1 Please describe how the clinical management of the condition is
currently costed in the NHS in terms of reference costs and the
payment by results (PbR) tariff. Provide the relevant Healthcare
Resource Groups (HRG) and PbR codes and justify their selection.

Please consider in reference to section 2.

The expected HRG coding of best supportive care for multiple myeloma is
SA17F - ‘Malignant disorders of lymphatic or haematological systems, without
CC'. The relevant PbR tariff for 2012/13 and NHS Reference Cost for 2011/12
is found on the Department of Health website.”" *** In practice coding may

vary between providers.

752 Please describe whether NHS reference costs or PbR tariffs are

appropriate for costing the intervention being appraised.

Lenalidomide has been costed based upon the prices reported in the British

National Formulary 65.%° Costs relating to the monitoring of patients and

management of adverse events have been estimated using NHS reference

costs (2011-12),'3* PSSRU and available literature where tariff costs were not

available.? 2+ 13°

Resource identification, measurement and valuation studies

7.5.3 Please provide a systematic search of relevant resource data for
the UK. Include a search strategy and inclusion criteria, and
consider published and unpublished studies. The search strategy
used should be provided as in section 10.13, appendix 13. If the
systematic search yields limited UK-specific data, the search

strategy may be extended to capture data from non-UK sources.

Resource use and costing studies were identified based upon the search
results from the economic search detailed in section 7.1.1.

Table 52 presents the key characteristics of the studies included. appendix L

provides the results of the 3 studies as well as information on methods used.
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Figure 31: Identification of cost and resource use studies
relevant to the decision problem

Papers identified through searches
as potentially relevant and
screened for inclusion (n=3460)

A 4

) ;

Papers excluded during primary filtering:
- Wrong study type (h=3350)
Wrong population (n=11)
- Wrong country (n=55)

- Duplicate (n=16)

Papers accessed in full for in
depth evaluation (n=28)

]

—’ -

Papers excluded during secondary filtering:
- Wrong study type (n=9)

Wrong country (n=10)

- Wrong population (n=1)

- No relevant outcomes (n=4)

- More recent data available (n=1)

(n=3)

Papers meeting inclusion criteria

Table 52: Characteristics of the costs and resource use studies

identified

Reference Location | Population Study type Resource use and
costs included

Brown, UK rrMM with one prior | Cost- Costs of treatment

2013 therapy effectiveness | and adverse events

analysis
Bruce, 1999"° | England multiple myeloma Cost analysis | Resource use and
and Wales | (including rrMM) costs of standard

care, adverse events
costs

Popat, 2011’ | UK rrMM Cost analysis | Drug costs

rrfMM, relapsed or refractory multiple myeloma.
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7.5.4 If clinical experts assessed the applicability of values available or

estimated any values, please provide details®:

No clinical expert validation exercise was undertaken to elicit input on resource
utilisation in the model. The values were directly included from available published
literature and previous NICE HTA submissions in multiple myeloma. However, at an
advisory board meeting (Celgene Ltd ; 20th June 2013, Golin Harris Offices,
London), attended by 11 clinical experts, and where an attempt to estimate actual
values for resource utilisation was attempted, experts highlighted that the line of
therapy does not predict resource utilisation. This validates the model assumption of
resource use being dependent on whether a patient has experienced disease
progression or not (section 7.5.6). These resource use inputs replicate those used in
NICE technology appraisals 171 and 228.% 4

Further, the clinical experts established that resource use associated with terminal
hospital care is likely to be required in 20% of patients. This assumption is included

in the cost-effectiveness model and is discussed in further detail in section 7.5.8.

Intervention and comparators’ costs

7.5.5 Please summarise the cost of each treatment in the following table.
Cross-reference to other sections of the submission; for example, drugs
costs should be cross-referenced to sections 1.10 and 1.11. Provide a
rationale for the choice of values used in the cost-effectiveness model

discussed in section 7.2.2.

® Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.
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Table 53: Unit costs associated with the technology in the economic model

Lenalidomide/dexa . Ref. in
Iltems Bortezomib .
methasone submission
Technology cost £3,772.88 £762.38 7.5.6
Weighted average Vial list price (BNF65)
pack cost
(Note: a 15% price
Dexamethasone discount for 2™ line
cost: £0.02 per mg bortezomib is applied as
a scenario analysis**®0
Concomitant Vial cost of £52.70, N/A 7.5.6
G-CSF & given to 27% of
administration patients daily for 1
week
Administration cost | £161.85 £199.83 7.5.6
Cost for first Cost applied for every
administration only administration
Monitoring and £3.21 -£123.71 £3.21 - £123.71 7.5.6
routine test costs | ynit costs depending | Unit costs depending on
on the reason for the reason for visit
visit
Initial increased
monitoring phase of
weekly visits applied
as per SPC
Transport Unit cost of £12.78, required for 50% of patients | 7.5.6
to administration appointments
Terminal care Unit cost of £6177, required for 20% of patients | 7.5.8
prior to death
AEs: Primary care | £36.00 7.5.7
Unit cost: 11.7 minute contact including direct
staff costs, excluding qualification costs, applied
to proportion of AEs treated in this setting
AEs: Inpatient £128.00 — £159.56 7.5.7
setting Unit cost dependent on AE, applied to
proportion of AEs treated in this setting
AEs: Day case £132.00 — £480.69 7.5.7
setting Unit cost dependent on AE, applied to
proportion of AEs treated in this setting
AEs: Outpatient £463.00 — £1,274.51 7.5.7
setting Unit cost dependent on AE, applied to
proportion of AEs treated in this setting
AE, adverse event, BNF, British National Formulary; G-CSF, granulocyte colony-stimulating factor; SPC,
summary of product characteristics.
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Health-state costs

7.5.6 Please summarise, if appropriate, the costs included in each health state.
Cross-reference to other sections of the submission for the resource
costs. Provide a rationale for the choice of values used in the cost-
effectiveness model. The health states should refer to the states in

section 7.2.4.

The model health states have been costed in a similar manner to NICE technology

appraisals 171 and 228.%

Drug Costs
Drug acquisition prices are obtained from the Department of Health Electronic

Market Information Tool (eMit), or the British National Formulary (BNF 65). Unit costs
are presented in Table 53.1% %

The weight or body surface area of patients was required to calculate the correct
dose for some treatments. A published formula is used to estimate body surface
area using weight and height from MM-010.%°

Lenalidomide
The acquisition cost of lenalidomide applied in the model is calculated as a weighted

average of daily doses across all patient days in the MM-010 study.

The clinical study protocol allowed for lenalidomide treatment interruptions and
subsequent dose reductions. These are incorporated in the model by analysis of the
lenalidomide dose that the trial subjects received on each day of the study, ranging
from 25mg to Omg (where Omg represents a dose interruption). These were
aggregated to provide a mean distribution of patients across the available doses at
any given time, shown in Table 54. These dose reductions are as per the
lenalidomide SPC.

This analysis provides a typical average lenalidomide dose given at any one time,
taking into account the potential for dose interruptions and reductions.
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Table 54: Proportion of patient days spent on each lenalidomide dose in MM-
010

Daily dose of Dosing reductions Proportion of patient
lenalidomide experienced days spent in receipt of
this dose

25mg 0 (starting dose) 43.2%

25mg + G-CSF 1 26.8%

15mg 2 10.5%

10mg 3 5.0%

5mg 4 3.1%

Omg (interruption) N/A 11.4%

The study protocol states that all lenalidomide patients initiate treatment on the 25mg
daily dosing regimen. The first disruption to this regimen sees patients receive G-
CSF alongside 25mg lenalidomide, following a dose interruption. The use of
concomitant G-CSF is not included in the lenalidomide SPC at an explicit dosing
level, but was included in the MM-010 study. Concomitant use of G-CSF is applied in
the model by assuming all patients went on to receive 25mg lenalidomide with G-

CSF after their first dose interruption.

The mean time between first and second dose interruptions in MM-010 was 38.3% of
the total time to second dose interruption. As such it is assumed this proportion of
25mg lenalidomide patients received concomitant G-CSF, and therefore an
estimated 26.8% of all lenalidomide patients receive G-CSF in the model. The 300ug
vial of G-CSF is included because this is the dose per day, applied for 1 week in
patients who require concomitant G-CSF. This dosing regimen was obtained from a
Celgene UK Physician Survey conducted 2011-2012 (section 7.3.5).

The resulting weighted average lenalidomide cycle cost is £3,773.

Dexamethasone (for use in combination therapies)
The acquisition cost of dexamethasone applied in the model is based upon its cost
per milligram. This was applied to simplify cost calculations, given that the low price

of dexamethasone was unlikely to be an important driver of model results.
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The proportion of dexamethasone packs purchased were extracted from the cost

source as follows?’:

e 500 x 2mg: 2%
e 100 x 2mg: 21%
e 50x2mg: 77%

Based upon the unit costs per pack in Table 55, a weighted average cost per

milligram of £0.02 is applied in the model.

Bortezomib

It is understood that there is a patient access scheme in place for bortezomib at first

relapse. This scheme is a complex scheme and the level of discount actually

provided is unknown. A scenario analysis is included assuming a discount of 15%

which is the expected level of discount detailed in the Summary of VELCADE®

Response Scheme document.

138

Table 55: Drug acquisition costs assumed in the base-case model

Therapy Standard unit Source Unit price
Lenalidomide 21 tab pack: 25mg BNF 65" £4368.00
21 tab pack: 15mg £3969.00
21 tab pack: 10mg £3780.00
21 tab pack: 5mg £3570.00
Dose interruption £0.00
G-CSF 300pg vial BNF 65 £52.70
Dexamethasone 500 tab pack: 2mg eMit?° £11.97
100 tab pack: 2mg £3.23
50 tab pack: 2mg £1.80
Bortezomib 3.5mg vial BNF 65 £762.38
Bendamustine 100mg vial BNF 65 £275.81
25mg vial £69.45
Melphalan 50mg vial BNF 65 £129.81
25 tab pack: 2mg £42.88
Prednisone 100 tab pack: 50mg BNF 65 £89.00
Prednisolone 28 tab pack: 5mg eMit £0.30
28 tab pack: 1mg £0.16
Cyclophosphamide 1g vial BNF 65 £17.60
500mg vial £9.20
100 tab pack: 50mg £20.20
Cisplatin 100mg vial eMit £14.10
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Therapy Standard unit Source Unit price
50mg vial £7.16
Doxorubicin 200mg vial eMit £32.38
50mg vial £4.87
10mg vial £1.73
Vincristine 2mg vial eMit £8.49
1mg vial £3.42
Etoposide 500mg vial eMit £73.29
100mg vial £22.38

Treatment administration costs
The unit cost of an intravenous treatment administration appointment is £199.83.%

This is applied at every administration appointment for IV comparator treatments and
subsequent treatments. The unit cost of administering an oral therapy is £161.85.%
This is applied for the first administration of oral therapies only, after which is it

assumed that the patient self-administers the oral treatment.

It is assumed that some patients will require transport to their administration
appointments. The unit cost of transport was obtained from NHS reference costs and
uplifted to current prices using the Hospital and Community Health Services (HCHS)
inflation index, to give £12.78.% #* It is assumed that half (50%) of patients will
require this transportation for their treatment administration, based upon the Scottish
Medicines Consortium submission of Monofer for the treatment of iron deficiency
anaemia.’®® Where a treatment requires more than one administration in a single
week, the transport cost is applied only once, under the assumption that a patient will

remain in hospital for up to a week at a time to receive the required dose.

Monitoring costs
Monitoring frequency is assumed to depend primarily on whether a patient has

experienced a disease progression or not. Treatment with lenalidomide is also
associated with an increased monitoring requirement in the early treatment phase in

line with monitoring requirements within the SPC.

Monitoring by health state

The monitoring appointments and tests included in the model are presented in Table
56. These were selected following their inclusion in NICE technology appraisals 171
and 228.%> '* The annual rate of each event per year was taken from TA171 and

converted to a per-cycle rate. The annual rates applied to pre-progression patients
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are equivalent to the rate for patients in remission on maintenance therapy. The
rates applied to post-progression patients are equivalent to the rate for patients

experiencing relapse.

The unit cost of a haematologist appointment was obtained from NHS reference
costs.”* The costs for other monitoring tests were taken from the Evidence Review
Group model as part of NICE technology appraisal 228, uplifted to current prices
using the HCHS inflation index.*® 2*

Lenalidomide monitoring

Patients who receive lenalidomide require increased monitoring during their initial
stages of treatment. In line with the lenalidomide SPC, patients receive a monitoring
visit with full blood tests and investigations (presented in Table 56) weekly for the
first eight weeks of treatment. The resulting early-treatment monitoring cost for
lenalidomide is £206.06 per week (£824.26 per cycle).

If patients discontinue lenalidomide in this time they are assumed to receive
monitoring in a frequency equal to patients with progressive disease, since TTF and

PFS are highly similar variables.

Table 56: Monitoring frequency and costs

Follow-up / Monitoring item ATUEL [EiE: . ATUEL (B : Unit cost
Pre-progression Post-progression
Haematologist appointment 12.0 12.0 £123.71
Full blood count 10.7 20.1 £3.21
Biochemistry tests 9.7 17.3 £5.48
Protein electrophoresis 6.7 9.6 £14.73
Immunoglobin tests 6.4 9.7 £44.20
Urinary light chain excretion 2.7 4.9 £14.73

Subsequent Treatment

Third-line therapies

Real-world data from the HMRN in York, UK were used to inform which therapies are
given following discontinuation of Len/Dex in the model.*'’ These data were used to
implement a ‘best supportive care’ (BSC) mix of therapies representing third-line

treatment. Any use of thalidomide in the HMRN data was discounted as it would be
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unsuitable for this indication. The resulting make-up of third-line treatment is
presented in Table 57. In the base case analysis, patients receive this treatment mix
at third line following Len/Dex. However, patients on the comparator model arm
receive Len/Dex at third line, in line with the existing treatment pathway. Len/Dex
given at third line is associated with the same TTF, OS, adverse events and G-CSF

use associated with Len/Dex given at second line as the main model intervention.

A scenario analysis is explored whereby patients on the comparator arm receive a
third-line treatment mix based upon the real-world data, which is not exclusively
lenalidomide but does include some lenalidomide use, shown in Table 57. If the
primary comparator is bortezomib, it is assumed that bortezomib is not used again

as a third-line therapy.

Based upon the third-line, real-world treatment basket, a weighted average BSC
drug acquisition cost is applied. Similarly, weighted average transport and
administration costs are included. All other costs are included per cycle as shown in

Table 58, for 17.2 weeks as noted in section 7.3.7.
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Table 57: Third-line therapy mix included in the economic model

BSC treatment mix
Third-line th Len/D Base case Other 2™
ird-line thera| en/Dex . er
i comparator bFollowmgb line
arm arm ortezomi comparator
Bortezomib 0.0% 0.0% 0.0% 22.2%
Dexamethasone 56.3% 0.0% 31.3% 5.6%
Melphalan 18.8% 0.0% 10.4% 11.1%
Cyclophosphamide 62.5% 0.0% 34.7% 22.2%
Cisplatin 12.5% 0.0% 6.9% 0.0%
Doxorubicin 12.5% 0.0% 6.9% 0.0%
Etoposide 31.3% 0.0% 17.4% 0.0%
Prednisolone 6.3% 0.0% 3.5% 11.1%
Prednisone 6.3% 0.0% 3.5% 0.0%
Lenalidomide 0.0% 100.0% 44.4% 44.4%
BSC, best supportive care.
Columns sum to more than 100% as patients use more than one treatment.

Table 58: Costs associated with third-line therapy included in the economic
model

Cost per cycle
Cost item Len/Dex Base case . Other 2™
comparator Following line
arm arm bortezomib comparator
Drug cost £70.20 £3,772.88 £1,716.99 £2,592.00
IV administration £68.63 £0.00 £49.45 £203.00
Transport £3.06 £0.00 £2.20 £3.25

Patient access scheme

A patient access scheme currently applies to lenalidomide for the treatment of

patients with multiple myeloma who have received two or more prior therapies. The

scheme sees the drug provided free of charge to the NHS, for patients who remain

on treatment for more than 26 cycles (each of 28 days; normally a period of 2 years).
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The acquisition cost of lenalidomide is therefore zero beyond this treatment duration

for patients receiving treatment at third line.

Fourth-line therapies

After completion of third-line therapy — based upon the TTF model obtained from
MM-010 for Len/Dex, or after a period of 17.2 weeks for BSC, patients immediately
move on to fourth-line treatment. The therapy mix at fourth line was obtained from
the same UK registry data as the third-line BSC mix.**’ In these data, fourth-line
treatment lasts for a mean duration of 16.8 weeks. Reported use of thalidomide is
omitted and redistributed proportionately across the other therapies as this patient

population are likely to be contraindicated to thalidomide treatment.

The resulting fourth-line therapy mix is presented in Table 59. At this stage of
therapy the use of lenalidomide is not attributed a different TTF, OS or adverse event
profile. The therapy mix is with earlier costs to give a weighted average fourth-line
BSC cost per cycle for drug acquisition, administration and transport, as shown in
Table 60.

Table 59: Fourth-line therapy mix included in the economic model

Treatment mix
Fourth-line therapy Including thalidomide  Thalidomide use redistributed
Lenalidomide* 42.9% 60.0%
Melphalan 14.3% 20.0%
Cyclophosphamide 14.3% 20.0%
Thalidomide 28.6% -

*Base case model assumes dexamethasone also given in combination.

Table 60: Costs associated with fourth-line therapy included in the economic
model

Cost Item Cost per cycle
Drug cost £2,277.28
IV administration £0.00
Transport £0.00
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Fourth-line costs are not dependent upon whether the patient received Len/Dex or a
comparator therapy at second line, or whether the patient received Len/Dex or not at
third line.
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Table 61: List of health states and associated costs in the economic model

Health states

Items

Cost per cycle

Reference in
submission

Pre-progression
(typically on
treatment)

Technology

Lenalidomide: £3,773

Dexamethasone (cycles 1-

4): £7.76

Dexamethasone (cycles
5+): £2.59

Bortezomib: £4,067.30

7.5.5

Concomitant G-CSF
and administration

With lenalidomide:
£473.62

7.5.5

Monitoring and tests

£153.34

7.5.5

Administration

Lenalidomide: £161.85 in
first cycle only

Bortezomib: £1,065.76

7.5.5

Transport

Lenalidomide: £6.39 in
first cycle only

Bortezomib: £17.04

7.5.5

Adverse events

Lenalidomide: £17.11

Bortezomib: £29.26

7.5.7

Post-progression

3 line treatment

Following lenalidomide:
Therapy: £70.20

IV administration: £69.63
Transport: £3.06

Following bortezomib:
Therapy: £1,716.99

IV administration: £49.45
Transport: £2.20

7.5.5

4" line treatment

Therapy: £2,277.28
IV administration: £0.00
Transport : £0.00

7.5.5

Monitoring and tests

£175.86

Adverse events

In receipt of 3" line
lenalidomide: £17.11

Otherwise: £0.00

7.5.7

Terminal care

£1,235 on death

7.5.8

G-CSF, granulocyte-colony stimulating factor
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Adverse-event costs

7.5.7 Please summarise the costs for each adverse event listed in section 6.9
(Adverse events). These should include the costs of therapies identified in
sections 2.7 and 2.8. Cross-reference to other sections of the submission
for the resource costs. Provide a rationale for the choice of values used in

the cost-effectiveness model discussed in section 7.2.2.

Adverse event unit costs applied in the model are provided in appendix M. The unit
cost of treating adverse events depends on the setting in which it is treated. Four
possible settings are included in the model: inpatient, hospital day case, outpatient,
and general practice. The unit cost of treatment in primary care is that of a GP visit.*
Other costs are obtained from NHS reference costs.*

The unit cost of treating an event in each setting is multiplied by the proportion of
events treated in each setting, obtained from NICE technology appraisal 171.**° The
resulting weighted average cost is multiplied by the overall proportion of events

actively treated.* These inputs are provided in appendix M.

The weighted average cost is then multiplied by the adverse event rates presented in
section 7.3.1 to give a cost per cycle per adverse event. These are summed to give

the following total adverse event costs per cycle:

e Len/Dex: £17.11 per cycle on treatment
e Bortezomib: £29.26 per cycle on treatment

e Bendamustine and chemotherapy agents: £29.74 per cycle on treatment

Miscellaneous costs
7.5.8 Please describe any additional costs that have not been covered
anywhere else (for example, PSS costs). If none, please state.

The cost of terminal care is included in the model when patients die. The unit cost of
hospice care for a period of 8 weeks is £6,177, which was obtained by inflating
values from a King’s Fund report to current prices using the HCHS inflation index.?*
135 As noted in section 7.5.4 a multiple myeloma advisory board (Celgene Ltd; 20th
June 2013, Golin Harris Offices, London) established that 20% of multiple myeloma

patients are likely to require end of life care. To account for this the unit cost of
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hospice care is reduced to £1,235, which is applied as a lump sum when a patient

dies in the model.

7.6

7.6.1

Sensitivity analysis

Has the uncertainty around structural assumptions been investigated?
Provide details of how this was investigated, including a description of the

alternative scenarios in the analysis.

The uncertainty around the following structural assumptions has been included

within the model:

e Time horizon: Results are presented for shorter time horizons of 5, 10, 15

and 20 years.

Treatment pathway: Results are presented in the base case for the
treatment pathway with lenalidomide included as a third-line treatment in line
with current NICE recommendations. Additional results are presented with
the historical mix of best supportive care at third line based upon data from
2007-09 from the HMRN York registry. In the model base case results are
presented compared to bortezomib, which has a market share of
approximately 76% of treatment following initial bortezomib when treatment
with lenalidomide is excluded (section 7.2.3). As scenarios analyses, results
are presented comparing to all other comparators listed within the final
scope and also to a blended comparator for all second-line treatments based
upon current market shares. Finally, scenario analysis is presented where
dexamethasone is not assumed be given in combination with the relevant
third- and fourth-line treatments.

Modelling lenalidomide efficacy: Results are presented with treatment
failure modeled using progression-free survival rather than time to treatment
failure (i.e. treatment is assumed to continue until progression rather than
until progression or discontinuation due to adverse events as within the
clinical trial). Results are also presented using alternative curve fits for OS,
PFS and TTF.

Modelling comparative efficacy: Results are presented using alternative

literature to estimate comparative efficacy using all of the relevant sources
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identified in the systematic literature search (i.e. all alternative papers

identified for bortezomib retreatment).

e Cost of bortezomib: Results are presented assuming a PAS discount of

15% at second line.**® A scenario is tested where this applies to all

bortezomib patients, although it is likely that fewer patients will benefit from

the scheme in practice.*** As such, a further scenario is presented whereby

55% of bortezomib patients receive the 15% price discount.

7.6.2

Which variables were subject to deterministic sensitivity analysis? How

were they varied and what was the rationale for this? If any parameters or

variables listed in section 7.3.6 (Summary of selected values) were

omitted from sensitivity analysis, please provide the rationale.

The following variables were included in sensitivity analysis:

Table 62: List of variables included in sensitivity analysis

Parameter

Distribution

Rationale

Cohort age, % male, %
with beta-2 microglobulin
<=2.5mg/L, % with bone
lesions at baseline and
ECOG status

Age - Normal distribution: 95% ClI,
based on trial data

All other variables — Beta distribution:
95% ClI, based on trial data

Based upon available
trial data

Discount rates

0-5%

As per guidance

Parameters defining
lenalidomide OS

Normal distribution: 95% CI, based
on trial data

Could not derive
Cholesky
decomposition
(covariance matrix not
positive definite)
therefore could not use
multivariate normal as
would be standard

Parameters defining
lenalidomide PFS and
TTF

Multivariate normal distribution: 95%
Cl, based on trial data

Based upon available
trial data

Comparative efficacy
hazards ratios for OS and
PFS

Normal distributions for hazard rates
for both lenalidomide and comparator
based upon 95% Cls then used to
estimate hazard ratio, where
information not available from the
source 95% CI was assumed to be
+20%

Based upon available
trial data and published
literature evidence
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Parameter

Distribution

Rationale

Dosing of lenalidomide,
dexamethasone & G-CSF

Dosing of lenalidomide - Beta tree:
95% CI, based on trial data
Proportion receiving G-CSF: Beta
distribution: 95% CI, based on trial
data

Dexamethasone dose in combination
with lenalidomide: Normal
distribution: 95% CI, based on trial
data

Based upon available
trial data

Medical resource use

Triangular distribution — upper and
lower bounds taken from the source
or assumed to be +20% of the mean
where not available

Based upon the upper
and lower bounds of the
data submitted for
TA171

Cost of dexamethasone
and chemotherapies
available via eMIT

Normal distribution: 95% CI, SE
taken from eMIT

Based upon available
data

Administration,
consultation, adverse
events, transport and test
costs

Gamma distribution: SD 20% of the
mean

Consistent with
methodology in TA228

Hospice care

Gamma distribution: SD based upon
published data

Consistent with
methodology in TA228
and based upon
available data

Proportion of patients Beta distribution: SE 20% of the Assumption
requiring hospice care mean

and transport

Duration of 3" and 4" line | Normal distribution: SE 20% of the Assumption

therapies

mean

Proportion of patients
receiving each 3" line
treatment

Beta distribution based upon
published data

Based upon available
data

Proportion of patients
receiving each 4" line
treatment

Beta tree based upon published data

Based upon available
data

Utility values

Beta distribution: SE taken from
TA171

Based upon available
data

Rates of adverse events

Beta distribution: 95% CI taken from
trial data

Based upon available
data

Utility decrements for
adverse events

Beta distribution: SE 20% of the
mean

Assumption

Cl, confidence interval, ECOG, Eastern Cooperative Oncology Group; OS, overall survival; PFS, progression-free
survival, G-CSF, granulocyte-colony stimulating factor.

Deterministic sensitivity analysis was undertaken through the production of a tornado

diagram (testing the sensitivity of the model to all parameters and ordering them by

impact on the incremental net benefit).

Drug costs were not included within the sensitivity analysis, as the majority of these

are taken from the BNF and, therefore, were considered not being subject to
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uncertainty. The number of monitoring visits required during the initial monitoring
period with lenalidomide was not included in sensitivity analysis as this is defined

within the SPC and is therefore not subject to uncertainty.

7.6.3 Was PSA undertaken? If not, why not? If it was, the distributions and their
sources should be clearly stated if different from those in section 7.3.6,
including the derivation and value of ‘priors’. If any parameters or
variables were omitted from sensitivity analysis, please provide the

rationale for the omission(s).

Probabilistic sensitivity analysis was undertaken with all parameters included as
described in section 7.6.2. Full details of distributions are presented in appendix N.

7.7 Results

Clinical outcomes from the model

7.7.1 For the outcomes highlighted in the decision problem (see section 5),
please provide the corresponding outcomes from the model and compare
them with clinically important outcomes such as those reported in clinical
trials. Discuss reasons for any differences between modelled and
observed results (for example, adjustment for cross-over). Please use the
following table format for each comparator with relevant outcomes

included.

Table 63: Summary of model results compared with clinical data

Outcome Clinical trial result Model result
Median OS lenalidomide Not evaluable 4.18 years
(95% CI lower bound:
2.9 years)*
Median PFS lenalidomide 1.11 years* 1.10 years
Proportion of patients experiencing Rates obtained from Rate applied as obtained
adverse events trial from trial

Cl, confidence interval; OS, overall survival; PFS, progression-free survival.
* presented in subgroup analysis in section 6.5

7.7.2 Please provide (if appropriate) the proportion of the cohort in the health
state over time (Markov trace) for each state, supplying one for each

comparator.
Markov traces are provided in appendix O.
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7.7.3

time. For example, Markov traces can be used to demonstrate QALYs

accrued in each health state over time.

Markov traces are provided in appendix P.

7.7.4

outcome listed for each comparator. For outcomes that are a combination

Please provide details of how the model assumes QALYs accrued over

Please indicate the life years and QALY's accrued for each clinical

of other states, please present disaggregated results. For example:

Table 64: Model outputs by clinical outcomes — lenalidomide

LY QALY Cost (£)
Outcome . . .

(undiscounted) | (discounted) (discounted)
Progression-free survival 2.48 1.73 £110,582
Post-progression survival 3.25 1.68 £10,840
Total 5.74 3.42 £121,422

LY, life years; QALY, quality-adjusted life year.

Table 65: Model outputs by clinical outcomes — bortezomib

LY QALY Cost (£)
Outcome . . .

(undiscounted) | (discounted) (discounted)
Progression-free survival 1.18 0.89 £62,513
Post-progression survival 3.85 1.99 £51,226
Total 5.03 2.89 £113,740

LY, life years; QALY, quality-adjusted life year.

7.7.5

by health state, and of resource use predicted by the model by category of

cost. Suggested formats are presented below.

Please provide details of the disaggregated incremental QALYs and costs
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Table 66: Summary of QALY gain by health state

Health state i?lﬁel_rzention Sﬁrrl;Yarator Increment sl /5 ATl
. : P : increment | increment
(lenalidomide) | (bortezomib)

Pre- 1.73 0.89 0.84 0.84 73.0%

progression

Post- 1.68 1.99 -0.31 0.31 27.0%

progression

Total 3.42 2.89 0.53 1.15 100%

QALY, quality-adjusted life year.

Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the
Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory

Committee.

Table 67: Summary of costs by health state

Cost Cost Absolute %
Health state | intervention comparator Increment . absolute
. : . increment )
(lenalidomide) | (bortezomib) increment
Pre- £110,582 £62,513 £48,069 £48,069 54.3%
progression
Post- £10,840 £51,226 -£40,368 £40,368 45.7%
progression
Total £121,422 £113,740 £7,682 £88,455 100%

Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the
Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

Table 68: Summary of predicted resource use by category of cost

.COSt : st Absolute % absolute

Item intervention comparator Increment | . .
. . . Increment Increment

(lenalidomide) | (bortezomib)
Technology cost | £104,211 £47,085 £57,126 £57,126 50.0%
Administration & | £168 £12,535 -£12,367 £12,367 10.8%
transport cost
Monitoring & £11,949 £9,604 £2,345 £2,345 2.1%
test costs
3 line therapy | £204 £40,681 -£40,477 £340,477 35.8%
cost (inc. admin
and transport)
4™ line therapy | £3,428 £2,147 £1,280 £1,280 1.1%
cost (inc. admin
and transport)
Adverse event £420 £619 -£200 £200 0.2%
costs
Terminal care £1,042 £1,067 -£25 £25 0.0%
costs
Total £121,422 £113,740 £7,682 £114,289 100%

Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the
Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.
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Base-case analysis

7.7.6

Table 69: Base-case results

Please present your results in the following table. List interventions and

comparator(s) from least to most expensive and present ICERS in

comparison with baseline (usually standard care) and then incremental

analysis ranking technologies in terms of dominance and extended

dominance.

Technologies Total costs Total Total Incremental | Incremental | Incremental :E(I:Erlzrﬁge)ntal
(E) LYG QALYs | costs (£) LYG QALYs (QALYSs)

Bortezomib 113,740 5.03 2.89 - - - -

Lenalidomide 121,422 5.74 3.42 7,682 0.71 0.53 14,535

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Sensitivity analyses
7.7.7 Please present results of deterministic sensitivity analysis. Consider the

use of tornado diagrams.

Figure 32 shows the 10 parameters to which the ICER is most sensitive when varied
individually. Model results are highly sensitive to bortezomib comparative efficacy
hazard ratios for OS and PFS relative to Len/Dex. In particular, varying the OS
hazard ratio sees the ICER fluctuate from -£107,892 to £26,121. Seven of the
parameters shown form part of the estimated regression equations for OS and TTF.
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Figure 32: Tornado diagram —top 10 parameters in terms of ICER sensitivity
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7.7.8 Please present the results of a PSA, and include scatter plots and cost-

effectiveness acceptability curves.

Probabilistic sensitivity analysis was conducted using 1,000 model runs. Results are

presented in Table 70. The mean ICER using probabilistic analysis (£13,930 per
QALY) was similar to the deterministic ICER (£14,535 per QALY). 73.1% of

observations were cost-effective at a £30,000 per QALY threshold. In all cases

lenalidomide provided a QALY gain compared to bortezomib.

Table 70: Results from 1,000 PSA simulations

Model outcome PSA result
Mean incremental costs (SD) £7,123 (13,648)
Mean incremental QALYs (SD) 0.51 (0.10)
Mean ICER £13,930
Observations cost-effective at £20,000 threshold 58.6%
Observations cost-effective at £30,000 threshold 73.1%

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; SD, standard
deviation; QALY, quality-adjusted life year.
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Figure 33: Cost-effectiveness scatter plot
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Figure 34: Cost-effectiveness acceptability curve
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7.7.9 Please present the results of scenario analysis. Include details of

structural sensitivity analysis.

Table 71to Table 75 present the results of scenario analyses. These analyses apply

different assumptions to analyse the structural sensitivity of the model.

The base case ICER is £14,535. The ICER is upwardly sensitive to the choice of
comparator, whether Len/Dex is used at third line, and the choice of TTF model
applied in particular. ICERs versus bendamustine or chemotherapy agents range
from £55,621 to £80,180, though these are little used in current clinical practice and
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are likely to be even less used in future clinical practice following the recent EMA
positive opinion for retreatment with bortezomib in relapsed myeloma as discussed

in section 7.2.3.

The ICER impact of different comparative efficacy assumptions varies in either
direction, depending on the assumption made. For example, changing the PFS
source to Min et al*?? leads to lenalidomide dominating bortezomib. If the White et al
paper* is used for PFS the ICER increases to £43,331; however, in this paper only
19% of patients had received prior bortezomib. Choosing to use historical best
supportive care rather than Len/Dex at third line increases the ICER to £38,330;
however, this scenario goes against current NICE recommendations (TA171).

If the log-normal model is selected to TTF the ICER increases to £56,145; however,
this is not the optimal parametric model for TTF and provides a relatively poor fit to
the data.

Finally, when the bortezomib Patient Access Scheme is included at the expected
level of discount stated by the manufacturer (15%) lenalidomide remains cost-
effective (ICER £27,898). It is understood that in real life practice the number of
patients that receive the discount is 55% of patients, therefore the actual level of
discount provided is likely to be lower.**! Applying a 15% discount to 55% of

patients, via an effective price discount of 8.25%, gives an ICER of £21,885.

Table 71: Scenario analysis 1 —time horizon

Parameter SEEE Cas_e Scenario analysis ICER
Assumption
Time horizon 25 years 5 years Lenalidomide
dominates
10 years Lenalidomide
dominates
15 years £4,336
20 years £10,736

ICER, incremental cost-effectiveness ratio.
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Table 72: Scenario analysis 2 — type of comparison

Parameter Base case Scenario analysis (market ICER
assumption share)
Choice of Bortezomib Bortezomib £14,444
comparator retreatment retreatment/dexamethasone
(34%%)
Bendamustine/prednisolone | £80,108
(6%")
Bendamustine/dexamethas | £55,621
one (6%")
Melphalan/prednisone (5%°) | £60,246
High-dose £67,660
cyclophosphamide/dexamet
hasone (5%°)
Low-dose £64,345
cyclophosphamide/dexamet
hasone (5%°)
Doxorubicin (5%°) £66,895
Vincristine (5%°) £64,332
Comparator Bortezomib Blended comparator by £32,462
retreatment market share
The use of Len/Dex | As per NICE As per historical best £38,330
at third line recommendatio | supportive care (i.e. sub-
ns (i.e. earlier 100% lenalidomide use at
use of third line)
lenalidomide)
Include Yes No £14,533

dexamethasone with
3 and 4" line
treatments where
applicable

ICER, incremental cost-effectiveness ratio.

a, bortezomib market share includes monotherapy and combination with dexamethasone; b,

bendamustine market share includes combination with prednisolone and dexamethasone; c,

chemotherapy agents’ market shares include all chemotherapies listed

Table 73: Scenario analysis 3 — modelling lenalidomide efficacy

Parameter Base-case Scenario analysis ICER
Assumption

Parameter used to TTF PFS £29,077

model treatment

discontinuation

Curve fit for OS Piecewise Weibull (time horizon set | Lenalidomide
exponential to 38 years) dominates

Curve fit for PFS Log-logistic Log-normal multivariable | £14,667
multivariable

Curve fit for TTF Log-logistic Log-normal multivariable | £56,145
multivariable

Curve fit for PFS Log-logistic Log-normal multivariable | £56,274

and TTF multivariable
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Table 74: Scenario analysis 4 — treatment efficacy assumptions

Parameter E’\:ﬁﬁ;ﬁg‘:’;n Scenario analysis ICER
Comparative OS from Taverna | OS from White (2013)* | £3,905
efficacy of (2012)*
bortezomib PFS from Taverna | PFS from Petrucci £21,053
(2012) (2013)*®
PFS from Hrusovsky £10,743
(2010)*°
PFS from Dispenzieri £22,288
(2010)%°
PFS from Min (2007)** | Lenalidomide
dominates
PFS from White (2013) £43,331

ICER, incremental cost-effectiveness ratio; OS, overall survival; PFS, progression-free survival; TTF, time to
treatment failure.

Table 75: Scenario analysis 5 — bortezomib patient access scheme

Base-case

Parameter : Scenario analysis ICER
Assumption
Bortezomib patient Not included 15% discount at 2™ line £27,898
access scheme applied for all bortezomib 2™
line patients

15% price discount applied £21,885
for 55% of bortezomib 2"
line patients

ICER, incremental cost-effectiveness ratio.

7.7.10 What were the main findings of each of the sensitivity analyses?

The mean ICER using probabilistic analysis was similar to the deterministic ICER.
73.1% of probabilistic results observations were cost-effective at a £30,000 per
QALY threshold.

The most influential parameters in the model are the hazard ratios for bortezomib
PFS and OS relative to Len/Dex and the OS and TTF model parameters. The model
is structurally sensitive to the choice of comparator, Len/Dex use at third line and the
choice of TTF distribution.

7.7.11 What are the key drivers of the cost-effectiveness results?

The benefits of lenalidomide stem from increased OS and PFS compared to current
therapies used following initial treatment with bortezomib (primarily retreatment with

bortezomib).

Page 192 of 268






The most influential drivers of model results are the comparative efficacy of
bortezomib relative to Len/Dex; the parametric OS model applied; and the
parametric time to treatment failure model applied, which determines second-line

treatment duration.

For the majority of potential inputs lenalidomide remains cost-effective when
compared to bortezomib retreatment. The ICER is £32,462 when compared to a
blended comparator of all treatments currently used according to their market

shares.

7.8 Validation

7.8.1 Please describe the methods used to validate and quality assure the
model. Provide references to the results produced and cross-reference to

evidence identified in the clinical, quality of life and resources sections.

Consistency with previous appraisals of multiple myeloma and published
literature

The methodology used within this appraisal and results in terms of OS at second line

are generally consistent with the SHTAC model described within TA228.

e OS post treatment in TA228: 3.28 years to 5.74 years
e OS at second line in this submission: 5.74 years lenalidomide and 4.92

years bortezomib retreatment

The estimated life years are, however, high compared to available registry data from
2007 — 2009 for non-transplant patients which predicted an OS of 1.3 years and PFS
of 0.7 years.” This is to be expected as the registry estimates are impacted by lack of

accounting for censoring.

The approach to costing and total costs predicted are comparable to the analysis
presented by Bruce et al.**® Cost for disease management from first relapse to death
of £11,738 (inflated to 2012 values £19,329) versus modeled £24,793 for combined
cost of administration, transport, monitoring & tests and terminal care (for bortezomib

retreatment).

"It should be noted that the largest observed analysis time is censored in these analyses, therefore
the mean is underestimated
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Expert validation
The model approach and inputs have been validated by up to 11 key opinion leaders

as reported in sections 7.3.5 and 7.5.4 (some inputs were validated by 11 others
were validated by 5) within multiple myeloma. These experts were selected as key
opinion leaders practicing in the UK. The experts were asked to validate:

e The treatment pathway following initial treatment with bortezomib and the
treatments currently used at second and third line

e Resource use and terminal care costs

Comparability with UK population
The demographics of the UK population in the trial are generally comparable to all

patients treated at second line. Compared to the York registry data (for all lines of
treatment in 2007-2009) patients within the trial were generally younger at diagnosis

(registry mean age at diagnosis is 71.4).

Table 76: Comparison of UK population to MM-010

E—— MM-010 2" line patients UK 2”_d line patients
lenalidomide (n=56) lenalidomide (n=7)
% Male 37 (66.0%) 5 (71.4%)
Mean age at diagnosis (years) 60.9 61.1
Duration of melanoma (years) 2.7 2.2
Baseline multiple myeloma stage
I 3 (5.4%) 1 (14.2%)
1] 15 (26.8%) 4 (57.1%)
1] 38 (67.9%) 2 (28.6%)
ECOG performance status
0 27 (48.2%) 4 (57.1%)
1 16 (28.6%) 3 (42.9%)
2 10 (17.9%) 0 (0%)
Unknown 3 (5.4%) 0 (0%)
% with bone lesions present 44 (78.6%) 2 (28.6%)
Baseline beta-2 microglobulin 3.6 3.9
Previously treated with HDT/SCT 38 (67.9%) 3 (42.8%)

ECOG, Eastern Cooperative Oncology Group; HDT, high-dose therapy; SCT, stem cell transplant
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Quality Control
Finally, the model was also quality-assured by internal processes at the company

who built the economic model. In these processes, an economist not involved in the
model’s construction reviewed the model for coding errors, inconsistencies and the

plausibility of inputs.

7.9 Subgroup analysis

7.9.1 Please specify whether analysis of subgroups was undertaken and how
these subgroups were identified. Were they identified on the basis of an a
priori expectation of differential clinical or cost effectiveness because of
known, biologically plausible, mechanisms, social characteristics or other

clearly justified factors? Cross-reference the response to section 6.3.7.

No analysis of subgroups was undertaken in this submission.

7.9.2 Please clearly define the characteristics of patients in the subgroup.

No analysis of subgroups was undertaken in this submission.

7.9.3 Please describe how the statistical analysis was undertaken.

No analysis of subgroups was undertaken in this submission.

7.9.4 What were the results of the subgroup analysis/analyses, if conducted?
Please present results in a similar table as in section 7.7.6 (Base-case

analysis).
No analysis of subgroups was undertaken in this submission.

7.9.5 Were any obvious subgroups not considered? If so, which ones, and why
were they not considered? Please refer to the subgroups identified in the
decision problem in section 5.

There were no obvious subgroups and no subgroups were requested for analysis as

part of the decision problem.
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7.10 Interpretation of economic evidence

7.10.1 Are the results from this economic evaluation consistent with the
published economic literature? If not, why do the results from this
evaluation differ, and why should the results in the submission be given

more credence than those in the published literature?

To our knowledge this is the first economic evaluation comparing Len/Dex with
bortezomib following one prior treatment regimen. Brown et al report a cost-
effectiveness analysis of second-line Len/Dex relative to dexamethasone
monotherapy.*?’ The outcomes for the Len/Dex arm are consistent with those in the
present evaluation in terms of life years and QALYs. Additionally, the acquisition cost
of lenalidomide is the main cost driver in both evaluations, and monitoring costs

make up a similar proportion of total costs.

The results of this submission should be given more credence than those noted
above, as dexamethasone monotherapy does not reflect standard practice in
England and Wales and was not included in the final scope for this decision problem.
Additionally, an increased level of detail was applied to the inclusion of resource
utilisation and costs to provide a more complete picture of the cost outcomes

associated with the decision problem.

7.10.2 Is the economic evaluation relevant to all groups of patients who could
potentially use the technology as identified in the decision problem in

section 57

The evaluation considers all patients identified in the decision problem.

7.10.3 What are the main strengths and weaknesses of the evaluation? How

might these affect the interpretation of the results?

The primary strength of this evaluation is the use of the MM-010 clinical study to
form the lenalidomide evidence base. The evaluation has been structured such that
it shares similarities with previous submissions in multiple myeloma, such as TA228
and TA171.
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The main weakness of the evaluation is the paucity of evidence with which
comparator efficacy and safety outcomes could be included in the model. A literature
search was performed to obtain estimates of the comparative efficacy of bortezomib,
bendamustine and chemotherapy agents relative to lenalidomide, as these were not
included within MM-010.

7.10.4 What further analyses could be undertaken to enhance the

robustness/completeness of the results?

An improved understanding of the efficacy of bortezomib, bendamustine and
chemotherapy agents in this patient group would enhance the robustness of the
model.
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Section C — Implementation

8 Assessment of factors relevant to the NHS and

other parties

8.1 How many patients are eligible for treatment in England and Wales?
Present results for the full marketing authorisation/CE marking and for any

subgroups considered. Also present results for the subsequent 5 years.

The incidence of myeloma in England is 7.1 males per 100,000 and 4.4 females per
100,000 population, and in Wales these figures are 7.4 and 4.1, respectively.*?
These values are presented in Table 77 alongside population statistics and resulting
incidence cases of myeloma by gender in England and Wales. The total incidence is
2,368 patients.

Table 77: Incidence of multiple myeloma in England and Wales

Item Estimate — Estimate - Source

England Wales
g/loal()a population (aged 18,996,481 1,096,889 NHS Information Centre for
Female population (aged | 20,223,021 1,188,486 Health and Social Care
20+) (2010)
Myeloma incidence (per | 7.1 7.1
100,000) — Males é%%%e)[feseamh UK
Myeloma incidence (per | 4.4 4.1
100,000) — Females
Total myeloma incidence | 1,430 939 Calculation

The NICE costing template for bortezomib in combination with melphalan and
prednisolone (VMT) was used to inform the estimated incidence of patients for this

submission. The following information was extracted:

e 86.5% of patients survive to receive second-line treatment, derived from the
proportion of patients surviving at the mean time to progression (1.04 years)
for VMT

e 86.4% of patients are unsuitable for stem-cell transplantation or high-dose
chemotherapy

e 15.0% of patients are unable to tolerate thalidomide
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Taking these factors into account, a total of 266 incident patients per year are eligible

to receive lenalidomide in the present indication.

Growth in the incident population is assumed to occur at a rate of 3.2% per year for
men and 1.5% per year for women. This increase is based upon the increase in the
mean number of patients per year from 2005-09 and 2006-10, reported by the Office

for National Statistics for England.*?

8.2 What assumption(s) were made about current treatment options and

uptake of technologies?

Given the base case analysis of the present economic evaluation, the resource
implications are presented based upon the assumption that current treatment is with
bortezomib. Additionally, resource implications are presented applying a blended
comparator for current treatment, based upon current market share data (section
7.2.2).

8.3 What assumption(s) were made about market share (when relevant)?

The market uptake of lenalidomide is estimated to take the following course, from its
current share of 55% through the Cancer Drugs Fund (see section 7.2.2):

e Year 1: 55%
e Year 2: 60%
e Year 3: 63%
e Year4:67%
e Year5:72%

8.4 In addition to technology costs, please consider other significant costs
associated with treatment that may be of interest to commissioners (for

example, procedure codes and programme budget planning).

It is not anticipated that lenalidomide will incur other significant costs.

8.5 What unit costs were assumed? How were these calculated? If unit costs
used in health economic modelling were not based on national reference
costs or the PbR tariff, which HRGs reflected activity?
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The unit cost of lenalidomide is a weighted average based upon use of the different
dosing regimens included in the MM-010 study, described in section 7.2.7. Current
list prices for 21-capsule packs were used to calculate this average unit cost as
follows: 25mg £4,368; 15mg £3,969; 10mg £3,780; 5mg £3,570. This gives a cost
per 28-day cycle of £3,773.

8.6 Were there any estimates of resource savings? If so, what were they?

Resource savings are likely to be made in a reduced requirement for IV

administration appointments, blood tests, and monitoring over time.

8.7 What is the estimated annual budget impact for the NHS in England and

Wales?

The annual budget impact is -£1,726,017 in year 1, which translates to a budget
impact of -£4,159 per 100,000 population, when current treatment is assumed to be
bortezomib for all patients. The annual budget impact in this scenario is -£3,000,652
by year 5, or -£7,230 per 100,000 population.

When a blended comparator based upon market share data is applied, the annual
budget impact is -£605,916 in year 1 and -£2,781,688 in year 5.

Table 78: Estimated annual budget impact — current treatment with bortezomib

Incident Patients | Annual Budget | Annual Budget Cumulative
Year Treated with Impact (drug Impact (total Budget Impact

Len/Dex costs only) costs) (total costs)

1 146 £1,285,663 -£1,726,017 -£1,726,017

2 163 £2,611,278 -£3,087,760 -£4,813,777

3 175 £3,744,435 -£3,482,422 -£8,296,199

4 191 £4,810,139 -£3,394,059 -£11,690,258

> 210 £5,862,139 -£3,000,652 -£14,690,910
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Table 79: Estimated annual budget impact — current treatment with blended
comparator based on market share data

Incident Patients

Annual Budget

Annual Budget

Cumulative

Year Treated with Impact (drug Impact (total Budget Impact
Len/Dex costs only) costs) (total costs)

1 146 £2,170,162 -£605,916 -£605,916

2 163 £3,845,712 -£1,431,366 -£2,037,282

3 175 £7,368,080 -£2,083,066 -£4,120,348

4 191 £10,295,992 -£2,537,352 -£6,657,700

5 210 £15,060,089 -£2,781,688 -£9,439,388

8.8 Are there any other opportunities for resource savings or redirection of

resources that it has not been possible to quantify?

There may be wider societal benefits due to lenalidomide being an oral therapy,

particularly for patients with mobility problems, which have not been included in the

above resource impact estimation.
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10 Appendices

10.1 Appendix 1

10.1.1 SPCI/IFU, scientific discussion or drafts.
The SPC is provided in the reference pack®

10.2 Appendix 2: Search strategy for section 6.1 (Identification
of studies)

The following information should be provided.

10.2.1 The specific databases searched and the service provider used (for

example, Dialog, DataStar, OVID, Silver Platter),

Medline & Medline In-Process & Other Non-Indexed Citations (OVID)
Embase (OVID)

Cochrane Library (Wiley Interscience)

0 Cochrane Database of Systematic Reviews: CDSR

0 Cochrane Central Register of Controlled Trials: CCRCT
0 Health Technology Assessment Database: HTA

o Database of Abstracts of Reviews of Effects: DARE

e CINAHL
10.2.2 The date on which the search was conducted.
All databases were searched on the 14™ August 2013.

10.2.3 The date span of the search.

All databases were searched from origin to August 2013. Exact date spans are

presented in Table 80.
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Table 80: The date span of clinical searches for each database

Database Date span

Medline 1946 — August 2013
Embase 1974 — August 2013
CCRCT 1898 — August 2013
HTA 1989 — August 2013
DARE 1994 — August 2013
CDSR 1996 — August 2013
CINAHL 1982 — August 2013

10.2.4 The complete search strategies used, including all the search terms:
textwords (free text), subject index headings (for example, MeSH) and the

relationship between the search terms (for example, Boolean).

Medline

1. exp Multiple Myeloma/

2. Plasmacytoma/

3. exp Paraproteinemias/

4. (myeloma$ or plasm?cytom$ or mgus or monoclonal gammopath$ or plasma tumo?r$ or kahler?s
disease$).mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept, rare disease supplementary concept, unique
identifier]

5. or/1-4

6. Recurrence/

7. relapse$.mp.

8. refractory.mp.

9. or/6-8

10.5and 9

11. rrmm.mp.

12.10or 11

13. pomalidomide.mp.

14. (pomalyst or cc-4047 or 3-amino-thalidomide or "pom/dex").af.

15.13o0r 14

16. 12 and 15

17. (bortezomib or velcade).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

18. (bendamustine or levcat).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

19. (carfilzomib or kyprolis).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

20. Cyclophosphamide/
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21. (cyclophosphamide or cytoxan or endoxan or neosar or procytox or revimmune).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept, rare disease supplementary concept, unique identifier]
22.50-18-0.rn.

23. nsc-26271.af.

24. or/20-23

25. Dexamethasone/

26. (dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or millicorten).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, keyword heading
word, protocol supplementary concept, rare disease supplementary concept, unique identifier]
27.50-02-2.rn.

28. or/25-27

29. (lenalidomide or revlimid).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

30. (liposomal doxorubicin or caelyx or myocet).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

31. Methylprednisolone/

32. (methylprednisolone or medrol or met?pred or urbason).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, keyword heading word, protocol supplementary concept,
rare disease supplementary concept, unique identifier]

33. 83-43-2.rn.

34. or/31-33

35. Thalidomide/

36. (thalidomid$ or sedoval).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

37.50-35-1.rn.

38. 0r/35-37

39. (vorinostat or zolinza).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

40. Melphalan/

41. (me?phalan or sarkolysin$).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

42.148-82-3.mn.

43. 0r/40-42

44. Prednisone/

45. (prednisone or deltazone or prednisolone).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]

46. or/44-45

47. Etoposide/

48. (etoposide or etopophos or vepesid).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]

49. or/47-48

50. 0r/17-19,24,28-30,34,38,43,46,49

51. 12 and 50

Page 217 of 268





52
53
54
55
56
57
58

59

60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

. Randomized Controlled Trials as Topic/
. Randomized Controlled Trial/

. Random Allocation/

. Double-Blind Method/

. Single-Blind Method/

. Clinical Trial/

. (clinical trial or clinical trial phase i or clinical trial phase ii or clinical trial phase iii or clinical trial
phase iv or controlled clinical trial or multicenter study or randomized controlled trial).pt.

. exp Clinical Trials as Topic/
or/52-59
(clinical adj trial$).tw.

Placebos/
placebo$.tw.
randomly allocated.tw.
(allocated adj2 random$).tw.
or/61-66

60 or 67

case report.tw.

Letter/

Historical Article/
or/69-71

68 not 72

51 and 73
Meta-Analysis/

meta analy$.tw.
metaanaly$.tw.

meta analysis.pt.

exp Review Literature/
or/75-80

cochrane.ab.
embase.ab.

(psychlit or psyclit).ab.
(psychinfo or psycinfo).ab.
(cinahl or cinhal).ab.
science citation index.ab.
bids.ab.

cancerlit.ab.

or/82-89

reference list$.ab.
bibliograph$.ab.
hand-search$.ab.
relevant journals.ab.
manual search$.ab.
or/91-95

selection criteria.ab.
data extraction.ab.

97 or 98

100. review.pt.

10

1.99 and 100

((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.

(systematic adj (review$1 or overview$1)).tw.
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102. comment.pt.

103. letter.pt.

104. editorial.pt.

105. animal/

106. human/

107. 105 not (105 and 106)

108. or/102-104,107

109. 81 or 90 or 96 or 101

110. 109 not 108

111. 51 and 110

112. Epidemiologic Studies/

113. exp Case-Control Studies/

114. exp Cohort Studies/

115. case control.tw.

116. (cohort adj (study or studies)).tw.
117. cohort analy$.tw.

118. (follow up adj (study or studies)).tw.
119. (observational adj (study or studies)).tw.
120. (longitudinal or retrospective or cross sectional).tw.
121. Cross-Sectional Studies/

122. or/112-121

123. 51 and 122

124. 74 or 111 or 123

125. limit 124 to humans

Cochrane Library (CDSR, CENTRAL, DARE, HTA)
ID Search

#1 MeSH descriptor: [Multiple Myeloma] explode all trees

#2 MeSH descriptor: [Plasmacytoma] explode all trees
#3 MeSH descriptor: [Paraproteinemias] explode all trees
#4 (myeloma* or plasm?cytom* or mgus or monoclonal gammopath* or plasma tumo?r* or

kahler?s disease*):ti,ab,kw (Word variations have been searched)

#5 #1 or #2 or #3 or #4

#6 MeSH descriptor: [Recurrence] explode all trees

#7 relapse* or refractory:ti,ab,kw (Word variations have been searched)
#8 #6 or #7

#9 #5 and #8

#10 rrmm:ti,ab,kw (Word variations have been searched)

#11 #9 or #10
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#12 pomalidomide or pomalyst or cc-4047 or 3-amino-thalidomide or "pom/dex™:ti,ab,kw (Word
variations have been searched)

#13 #11 and #12

#14 bortezomib or velcade:ti,ab,kw (Word variations have been searched)
#15 bendamustine or levcat:ti,ab,kw (Word variations have been searched)
#16 carfilzomib or kyprolis:ti,ab,kw (Word variations have been searched)
#17 MeSH descriptor: [Cyclophosphamide] explode all trees

#18 cyclophosphamide or cytoxan or endoxan or neosar or procytox or revimmune:ti,ab,kw (Word
variations have been searched)

#19 50-18-0 or nsc-26271:ti,ab,kw (Word variations have been searched)
#20 #17 or #18 or #19
#21 MeSH descriptor: [Dexamethasone] explode all trees

#22 dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or millicorten or
50-02-2:ti,ab,kw (Word variations have been searched)

#23 #21 or #22

#24 lenalidomide or revlimid:ti,ab,kw (Word variations have been searched)

#25 liposomal doxorubicin or caelyx or myocet:ti,ab,kw (Word variations have been searched)
#26 MeSH descriptor: [Methylprednisolone] explode all trees

#27 methylprednisolone or medrol or metipred or metypred or met-pred or urbason or 83-43-
2:ti,ab,kw (Word variations have been searched)

#28 #26 or #27

#29 MeSH descriptor: [Thalidomide] explode all trees

#30 thalidomid* or sedoval or 50-35-1:ti,ab,kw (Word variations have been searched)
#31 #29 or #30

#32 (vorinostat or zolinza):ti,ab,kw (Word variations have been searched)

#33 MeSH descriptor: [Melphalan] explode all trees

#34 mephalan or melphalan sarkolysin* or 148-82-3:ti,ab,kw (Word variations have been
searched)

#35 #33 or #34
#36 MeSH descriptor: [Prednisone] explode all trees
#37 prednisone or deltazone or prednisolone:ti,ab,kw (Word variations have been searched)

#38 #36 or #37
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#39 MeSH descriptor: [Etoposide] explode all trees

#40 etoposide or etopophos or vepesid:ti,ab,kw (Word variations have been searched)

#41  #39 or #40

#42 #14 or #15 or #16 or #20 or #23 or #24 or #25 or #28 or #31 or #32 or #35 or #38 or #41

#43 #11 and #42

Embase

1. multiple myeloma/

2. plasmacytoma/

3. exp paraproteinemia/

4. (myeloma* or plasm?cytom* or mgus or monoclonal gammopath* or plasma tumo?r* or kahler?s
disease*).tw.

5. or/1-4

6. recurrent disease/

7. (relapse* or refractory).tw.

8.6o0r7

9.5and 8

10. rrmm.tw.

11.90r 10

12. pomalidomide/

13. (pomalidomide or pomalyst or cc-4047 or 3-amino-thalidomide or "pom/dex").af.
14.12 or 13

15.11 and 14

16. bortezomib/

17. (bortezomib or velcade).tw.

18. bendamustine/

19. (bendamustine or levcat).mp. [mp=title, abstract, subject headings, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade name, keyword]
20. carfilzomib/

21. (carfilzomib or kyprolis).tw.

22. cyclophosphamide/

23. (cyclophosphamide or cytoxan or endoxan or neosar or procytox or revimmune).tw.
24. (50-18-0 or nsc-26271).af.

25. dexamethasone/

26. (dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or millicorten).tw.
27. 50-02-2.af tw.

28. lenalidomide/

29. (lenalidomide or revlimid).tw.

30. (liposomal doxorubicin or caelyx or myocet).tw.

31. methylprednisolone/

32. (methylprednisolone or medrol or met?pred or urbason).tw.

33. 83-43-2.af.

34. thalidomide/

35. (thalidomid* or sedoval).tw.

36. 50-35-1.af.

37. vorinostat/
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38
39
40
41
42
43
44

. (vorinostat or zolinza).tw.

. melphalan/

. (me?phalan or sarkolysin*).tw.

. 148-82-3.af,tw.

. prednisone/

. (prednisone or deltazone or prednisolone).tw.
. etoposide/

45. (etoposide or etopophos or vepesid).mp. [mp=title, abstract, subject headings, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device trade name, keyword]

46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

or/16-45

11 and 46

clinical trial/

randomised controlled trial/
randomization/

single blind procedure/
double blind procedure/
crossover procedure/
placebo/

randomi?ed controlled trial$.tw.
rct.tw.

random allocation.tw.
randomly allocated.tw.
allocated randomly.tw.
(allocated adj2 random).tw.
single blind$.tw.

double blind$.tw.

((treble or triple) adj blind$).tw.
PLACEBOS$.tw.
prospective study/
or/48-65

case study/

case report.tw.

abstract report/ or letter/
or/67-69

66 not 70

47 and 71

Meta Analysis/

((meta adj analy$) or metaanalys$).tw.
(systematic adj (review$1 or overview$1)).tw.
or/73-75

cancerlit.ab.

cochrane.ab.

embase.ab.

(psychlit or psyclit).ab.
(psychinfo or psycinfo).ab.
(cinal or cinahl).ab.
science citation index.ab.
bids.ab.

or/77-84

reference lists.ab.
bibliograph$.ab.
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88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.

CIN

hand-search$.ab.

manual search$.ab.

relevant journals.ab.

or/86-90

data extraction.ab.

selection criteria.ab.

92 or 93

review.pt.

94 and 95

letter.pt.

editorial.pt.

animal/

human/

99 not (99 and 100)

or/97-98,101

76 or 85 or 91 or 96

103 not 102

47 and 104

clinical study/

case control study/

Family study/

Longitudinal study/

Prospective study/

Randomized controlled trials/

110 not 111

Cohort analysis/

(Cohort adj (study or studies)).mp.
(Case control adj (study or studies)).tw.
(follow up adj (study or studies)).tw.
(observational adj (study or studies)).tw.

0r/106-109,112-119
47 and 120

72 or 105 0or 121
limit 122 to human

AHL

Query

S35 (S30 OR S32 OR S34)

(epidemiologic$ adj (study or studies)).tw.
(cross sectional adj (study or studies)).tw.
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S34

S33

S32

S31

S30

S29

S28

S27

S26

S25

S24

S23

S22

S21

S20

S28 AND S33

Tl ( epidemiolog* OR stud* case control OR cohort OR
follow up OR observational OR longitudinal OR
retrospective OR cross sectional OR cross-sectional ) OR
AB ( epidemiolog* OR stud* case control OR cohort OR
follow up OR observational OR longitudinal OR
retrospective OR cross sectional OR cross-sectional )

(S28 AND S31)

Tl ( meta-analy* OR metaanalys* OR meta analy* OR
review* ) OR AB ( meta-analy* OR metaanalys* OR meta
analy* OR review* )

(S28 AND S29)

TI (random* OR trial* OR blind* OR mask* OR placebo* )
OR AB (random* OR trial* OR blind* OR mask* OR
placebo* )

(S11 AND S27)

(S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20
OR S21 OR S22 OR S23 OR S24 OR S25 OR S26)

Tl ( etoposide or etopophos or vepesid ) OR AB ( etoposide
or etopophos or vepesid )

TI ( prednisone or deltazone or prednisolone ) OR AB (
prednisone or deltazone or prednisolone )

TI ( mephalan or melphalan or sarkolysin* or 148-82-3) OR
AB ( mephalan or melphalan or sarkolysin* or 148-82-3)

TI ( vorinostat or zolinza ) OR AB ( vorinostat or zolinza )

TI ( thalidomid* or sedoval or 50-35-1 ) OR AB ( thalidomid*
or sedoval or 50-35-1)

TI ( methylprednisolone or medrol or metypred or met-pred
or metipred or urbason or 83-43-2 ) OR AB (
methylprednisolone or medrol or metypred or met-pred or
metipred or urbason or 83-43-2)

TI ( liposomal doxorubicin or caelyx or myocet ) OR AB (
liposomal doxorubicin or caelyx or myocet )
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S19

S18

S17

S16

S15

S14

S13

S12

S11

S10

S9

S8

S7

S6

S5

S4

TI (lenalidomide or revlimid ) OR AB ( lenalidomide or
revlimid )

Tl ( dexamethasone or decadron or dexpak or dexasone or
decaject or hexadrol or millicorten or 50-02-2 ) OR AB (
dexamethasone or decadron or dexpak or dexasone or
decaject or hexadrol or millicorten or 50-02-2 )

TI ( cyclophosphamide or cytoxan or endoxan or neosar or
procytox or revimmune or 50-18-0 or nsc-26271 ) OR AB (
cyclophosphamide or cytoxan or endoxan or neosar or
procytox or revimmune or 50-18-0 or nsc-26271)

TI ( carfilzomib or kyprolis ) OR AB ( carfilzomib or kyprolis
)

TI ( bendamustine or levcat ) OR AB ( bendamustine or
levcat)

TI ( bortezomib or velcade ) OR AB ( bortezomib or velcade

)

S11 AND S12

TI ( pomalidomide or pomalyst or cc-4047 or 3-amino-
thalidomide or "pom/dex" ) OR ( pomalidomide or pomalyst
or cc-4047 or 3-amino-thalidomide or "pom/dex" )

S9 OR S10

TI rrmm OR AB rrmm

S5 AND S8

S6 OR S7

Tl ( relapse* or refractory ) OR AB ( relapse* or refractory )

(MH "Recurrence")

(S1 OR S2 OR S3 OR S4)

TI ( myeloma* or plasmacytom* or mgus or monoclonal
gammopath* or plasma tumor* or plasma tumour* kahler*
disease* ) OR AB ( myeloma* or plasmacytom* or mgus or
monoclonal gammopath* or plasma tumor* or plasma
tumour* kahler* disease* )
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S3 (MH "Paraproteinemias+")
S2 (MH "Plasmacytoma”)

S1 (MH "Multiple Myeloma")

Comparator search strategies
Please note, the following search strategies contain both clinical and cost-

effectiveness terms. The clinical-effectiveness elements have been highlighted for

clarity.

MEDLINE & EconLit

1. exp Multiple Myeloma/

2. Plasmacytoma/

3. exp Paraproteinemias/

4. (myeloma$ or plasm?cytom$ ormgus or monoclonal gammopath$ or plasma tumo?r$ or kahler?s
disease$).mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept, rare disease supplementary concept, unique
identifier]

5. or/1-4 — Search 5 = population

6. pomalidomide.mp.

7. (pomalyst or cc-4047 or 3-amino-thalidomide or "pom/dex").af.

8.6o0r7

9. (bortezomib or velcade).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

10. (bendamustine or levcat).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

11. (carfilzomib or kyprolis).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

12. Cyclophosphamide/

13. (cyclophosphamide or cytoxan or endoxan or neosar or procytox or revimmune).mp. [mp=title,
abstract, original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept, rare disease supplementary concept, unique identifier]

14. 50-18-0.rn.

15. nsc-26271.af.

16. or/12-15

17. Dexamethasone/

18. (dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or millicorten).mp.
[mp=title, abstract, original title, name of substance word, subject heading word, keyword heading
word, protocol supplementary concept, rare disease supplementary concept, unique identifier]

19. 50-02-2.rn.

20. or/17-19

21. (lenalidomide or revlimid).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unigue identifier]

22. (liposomal doxorubicin or caelyx or myocet).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary concept, rare
disease supplementary concept, unique identifier]

23. Methylprednisolone/
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24. (methylprednisolone or medrol or met?pred or urbason).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, keyword heading word, protocol supplementary concept,
rare disease supplementary concept, unique identifier]

25. 83-43-2.rn.

26. or/23-25

27. Thalidomide/

28. (thalidomid$ or sedoval).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

29. 50-35-1.rn.

30. or/27-29

31. (vorinostat or zolinza).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

32. Melphalan/

33. (me?phalan or sarkolysin$).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease supplementary
concept, unique identifier]

34. 148-82-3.rn.

35. 0r/32-34

36. Prednisone/

37. (prednisone or deltazone or prednisolone).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]

38. 0r/36-37

39. or/8-11,16,20-22,26,30,35,38

40. Vincristine/

41. (oncovin or leurocristine or VCR).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]

42.40 or 41

43. 39 or 42

44.5 and 43

45. (201308* or 201307* or 201306* or 201305* or 201304* or 201303*).dc.

46. 44 and 45

47. Meta-Analysis/

48. meta analy$.tw.

49. metaanaly$.tw.

50. meta analysis.pt.

51. (systematic adj (review$1 or overview$1)).tw.

52. exp Review Literature/

53. or/47-52

54. cochrane.ab.

55. embase.ab.

56. (psychlit or psyclit).ab.

57. (psychinfo or psycinfo).ab.

58. (cinahl or cinhal).ab.

59. science citation index.ab.

60. bids.ab.

61. cancerlit.ab.

62. or/54-61

63. reference list$.ab.

64. bibliograph$.ab.

65. hand-search$.ab.

66. relevant journals.ab.

67. manual search$.ab.

68. or/63-67

69. selection criteria.ab.

70. data extraction.ab.

71.690r 70
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72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100
101

102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.

review.pt.

71land 72

comment.pt.

letter.pt.

editorial.pt.

animal/

human/

77 not (77 and 78)
or/74-76,79

53 or62 or 68 or 73

81 not 80

46 and 82

randomized controlled trial.pt.
controlled clinical trial.pt.
randomized controlled trials/
random allocation/
double blind method/
single blind method/
clinical trial.pt.

exp Clinical Trial/

(clin$ adj25 trial$).ti,ab.

((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.

placebos/

placebos.ti,ab.

random.ti,ab.

research design/

or/84-97

46 and 98

. Economics/

. "costs and cost analysis"/
Cost allocation/

Cost-benefit analysis/

Cost control/

cost savings/

Cost of illness/

Cost sharing/

"deductibles and coinsurance"/
Health care costs/

Direct service costs/

Drug costs/

Employer health costs/
Hospital costs/

Health expenditures/
Capital expenditures/

Value of life/

exp economics, hospital/
exp economics, medical/
Economics, nursing/
Economics, pharmaceutical/
exp "fees and charges"/

exp budgets/

(low adj cost).mp.

(high adj cost).mp.
(health?care adj cost$).mp.
(fiscal or funding or financial or finance).tw.
(cost adj estimate$).mp.
(cost adj variable).mp.

(unit adj cost$).mp.
(economic$ or pharmacoeconomic$ or price$ or pricing).tw.
0r/100-130

Page 228 of 268





132. 46 and 131

133. or/9-11,16,20-22,26,30,35,38
134. 5 and 133

135. 82 and 134 —Systematic Reviews
136. 98 and 134 —RCTs

137. 131 and 134

EMBASE

1. exp Multiple Myeloma/

2. Plasmacytoma/

3. exp Paraproteinemias/

4. (myeloma$ or plasm?cytom$ ormgus or monoclonal gammopath$ or plasma tumo?r$ or kahler?s

disease$i.mi.

6. (bortezomib or velcade).mp.

7. (bendamustine or levcat).mp.

8. (carfilzomib or kyprolis).mp.

9. Cyclophosphamide/

10. (cyclophosphamide or cytoxan or endoxan or heosar or procytox or revimmune).mp.
11. 50-18-0.rn.

12. nsc-26271.af.

13. or/9-12

14. Dexamethasone/

15. (dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or millicorten).mp.
16. 50-02-2.rn.

17. or/14-16

18. (Ienalidomide or revlimid).mp.

19. (liposomal doxorubicin or caelyx or myocet).mp.
20. Methylprednisolone/

21. (methylprednisolone or medrol or met?pred or urbason).mp.
22.83-43-2.rn.

23. 0r/20-22

24. Thalidomide/

25. (thalidomid$ or sedoval).mp.

26. 50-35-1.rn.

27. or/24-26

28. (vorinostat or zolinza).mp.

29. Melphalan/

30. (me?phalan or sarkolysin$).mp.

31. 148-82-3.rn.

32. 0r/29-31

33. Prednisone/

34. (prednisone or deltazone or prednisolone).mp.
35. 0r/33-34

36. or/6-8,13,17-19,23,27,32,35

37. Vincristine/

38. (oncovin or leurocristine or VCR).mp.

39. 37 or 38

42. Meta Analysis/
43. ((meta adj analy$) or metaanalys$).tw.
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44

. (systematic adj (review$1 or overview$1)).tw.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,

or/42-44

cancerlit.ab.

cochrane.ab.

embase.ab.

(psychlit or psyclit).ab.
(psychinfo or psycinfo).ab.
(cinal or cinahl).ab.
science citation index.ab.
bids.ab.

or/46-53

reference lists.ab.
bibliograph$.ab.
hand-search$.ab.

manual search$.ab.
relevant journals.ab.
or/55-59

data extraction.ab.
selection criteria.ab.

61 or 62

review.pt.

63 and 64

letter.pt.

editorial.pt.

animal/

human/

68 not (68 and 69)
or/66-67,70

45 or 54 or 60 or 65

72 not 71

41 and 73 —Systematic Reviews
clinical trial/

randomised controlled trial/
randomization/

single blind procedure/
double blind procedure/
crossover procedure/
placebo/

randomi?ed controlled trial$.tw.
rct.tw.

random allocation.tw.
randomly allocated.tw.
allocated randomly.tw.
(allocated adj2 random).tw.
single blind$.tw.

double blind$.tw.

((treble or triple) adj blind$).tw.
PLACEBOS.tw.
prospective study/
or/75-92

case study/
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95. case report.tw.

96. abstract report/ or letter/
97. 0r/94-96

98. 93 not 97

99. 41 and 98 —-RCTSs

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.

exp SOCIOECONOMICS/

exp "Cost Benefit Analysis"/

exp "Cost Effectiveness Analysis"/
exp "Cost of lliness"/

exp "Cost Control"/

exp Economic Aspect/

exp Financial Management/

exp "Health Care Cost"/

exp Health Care Financing/

exp Health Economics/

exp "Hospital Cost"/

(financial or fiscal or finance or funding).tw.
exp "Cost Minimization Analysis"/
(cost adj estimate$).mp.

(cost adj variable$).mp.

(unit adj cost$).mp.

or/100-115

41 and 116

CINAHL

#
S74

S73

S72

S71

S70

S69

S68

S67

S66

S65

S64

S63

Query
S26 AND S73

S71 NOT S72

AU Anonymous

S69 NOT S70

(MH "Animal Studies")

S65 NOT S68

S66 OR S67

PT Letter

PT Editorial

S63 OR S64

cost or costs or economic* or pharmacoeconomic* or

price* or pricing*
S59 OR S62

Limiters/Expanders

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
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S62

S61

S60

S59

S58

S57

S56

S55

S54

S53

S52

S51

S50

S49

S48

S47

S46

S45

S44

S43

S42

S41

S40

S60 OR S61

(MH "Health Resource Utilization")

(MH "Health Resource Allocation")

S53 NOT S58

S54 OR S55 OR S56 OR S57

(MH "Business+")

(MH "Financing, Organized+")

(MH "Financial Support+")

(MH "Financial Management+")

(MH "Economics+")

S26 AND S51

S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46
OR S47 OR S48 OR S49 OR S50

TX allocat* random*

(MH "Quantitative Studies")

(MH "Placebos")

TX placebo*

TX random* allocat*

(MH "Random Assignment")

TX randomi* control* trial*

TX ((singl* n1 blind*) or (singl* n1 mask*) ) or TX (
(doubl* n1 blind*) or (doubl* n1 mask*) ) or TX ( (tripl* n1
blind*) or (tripl* n1 mask*) ) or TX ( (trebl* n1 blind*) or
(trebl* n1 mask*) )

TX clinic* n1 trial*

PT Clinical trial

(MH "Clinical Trials+")

Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -

RCTs
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S39

S38

S37

S36

S35

S34

S33

S32

S31

S30

S29

S28

S27

S26

S25

S24

S23

S22

S21

S20

S19

S18

S5 AND S38

S32 NOT S37

S33 OR S34 OR S35 OR S36

(MH "Animals")

PT editorial

PT letter

PT Commentary

S27 OR S28 OR S29 OR S30 OR S31

(systematic N1 (review or overview))

(MH "Literature Review")

Metaanaly*

Meta analys*

(MH "Meta Analysis")

S5 AND S25

S19 OR S24

S20 OR S21 OR S22 OR S23

VCR

oncovin

vincristine

(MH "Vincristine™)

(S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR
S13 OR S14 OR S15 OR S16 OR S17 OR S18)

TI ( etoposide or etopophos or vepesid ) OR AB (
etoposide or etopophos or vepesid )

Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Systematic
Reviews

S26 =
population +
comparator
terms

S25 =
comparator
terms
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S17 TI ( prednisone or deltazone or prednisolone ) OR AB (
prednisone or deltazone or prednisolone )

S16 TI ( mephalan or melphalan or sarkolysin* ) OR AB (
mephalan or melphalan or sarkolysin* )

S15 TI ( vorinostat or zolinza ) OR AB ( vorinostat or zolinza

)

S14 TI ( thalidomid* or sedoval or 50-35-1 ) OR AB (
thalidomid* or sedoval or 50-35-1)

S13 TI ( methylprednisolone or medrol or metypred or met-
pred or metipred or urbason or 83-43-2 ) OR AB (
methylprednisolone or medrol or metypred or met-pred
or metipred or urbason or 83-43-2)

S12 TI ( liposomal doxorubicin or caelyx or myocet ) OR AB (
liposomal doxorubicin or caelyx or myocet )

S11 TI ( lenalidomide or revlimid ) OR AB ( lenalidomide or

revlimid )

S10 TI ( dexamethasone or decadron or dexpak or dexasone
or decaject or hexadrol or millicorten or 50-02-2 ) OR AB
( dexamethasone or decadron or dexpak or dexasone or
decaject or hexadrol or millicorten or 50-02-2 )

S9 TI ( cyclophosphamide or cytoxan or endoxan or neosar
or procytox or revimmune or 50-18-0 or nsc-26271 ) OR
AB ( cyclophosphamide or cytoxan or endoxan or
neosar or procytox or revimmune or 50-18-0 or nsc-

26271)

S8 TI ( carfilzomib or kyprolis ) OR AB ( carfilzomib or

kyprolis )

S7 TI ( bendamustine or levcat ) OR AB ( bendamustine or

levcat )

S6 TI ( bortezomib or velcade ) OR AB ( bortezomib or

velcade)

S5 (S10R S20R S30R S4)

S4 Tl ( myeloma* or plasmacytom* ormgus or monoclonal
gammopath* or plasma tumor* or plasma tumour*
kahler* disease* ) OR AB ( myeloma* or plasmacytom*
ormgus or monoclonal gammopath* or plasma tumor* or
plasma tumour* kahler* disease* )

S3 (MH "Paraproteinemias+")

S2 (MH "Plasmacytoma")

S1 (MH "Multiple Myeloma")

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

S5 =
population
terms
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10.2.5 Details of any additional searches, such as searches of company

databases (include a description of each database).

Additional searches of the following conference proceedings of 2011-2012 were also

conducted:

e Conference proceedings of ASH
e Conference proceedings of ASCO

e Conference proceedings of EHA

10.2.6 The inclusion and exclusion criteria.

Details of inclusion and exclusion criteria applied to the combined results of

electronic database searches and additional searches are presented inTable 81

Table 81: Eligibility criteria used for study selection

Inclusion criteria

Exclusion criteria

Population

e Adult patients with
relapsed or refractory
multiple myeloma
(rrMM) with = 1 prior
treatment with
bortezomib

¢ Newly diagnosed multiple myeloma or
treatment naive patients

e Studies that investigated both newly
diagnosed and rrMM, but did not
segregated the results

e Studies on children and other blood
cancer

e Studies in which patients had no prior
bortezomib

Intervention

e Lenalidomide/dexamet
hasone

e Lenalidomide monotherapy
e Lenalidomide/any other interventions

Comparator e Bortezomib (Bor) e Any other type of mono-chemotherapy
monotherapy and/ or combination chemotherapy
e Bortezomib/high-dose | ¢ Stem cell transplantation
dexamethasone
(Bor/Dex)
¢ Regimens based on
mephalan, vincristine,
cyclophosphamide
and doxorubicin
e Bendamustine
Outcomes e Progression-free e Studies that did not report data on at

survival (PFS)
e Overall survival (OS)

least one of the outcomes of interested
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Inclusion criteria

Exclusion criteria

Overall response rate
(ORR)

Best response,
including complete
response (CR), partial
response (PR), and
very good partial
response (VGPR)
Minimal response
(MR) if part of an ORR
summation.

Time to next treatment
(TNT)

Time to progression
(TTP)

Adverse events (only
grade 3 and 4, or
serious AES)

Health related quality
of life (HRQOL)

Study type

Randomised and non-
randomised controlled
trial of =2 5 patients
SR/MA of RCTs and
non-RCTs

Letter, secondary analysis with no
new/relevant data, expert opinions,
commentaries, non-systematic reviews

Language of

English language

Non -English language

publication
Date ¢ None for full text publication

e 2011-2013: Conference proceedings and SR/MA
10.2.7 The data abstraction strategy.

Two reviewers independently extracted pre-defined data items from included trials.

In case of disagreement between the two reviewers, a third would have extracted

data and final results attained by consensus but this was not necessary.

The pre-defined data extraction table, comprised data items related to the basic

characteristics of each selected study and study results and was developed based

on conventions in to systematic reviews; taking into account information of relevance

to the treatment of advanced melanoma, pre-defined outcomes of interest and

specific requirements for subsequent quantitative synthesis.
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10.3

Appendix 3: Quality assessment of RCT(s) (section 6.4)

Table 82: Quality assessment results for MM-009/MM-010

Question

Response

Was randomisation carried out
appropriately?

Yes. In trials MM-009 and MM-010, A stratified
randomisation list was independently
generated before the study was initiated, which
randomised the subjects in a 1:1 ratio to either
the Len/Dex group or the placebo/Dex group.
Randomisation was done centrally using an
IVRS. Randomisation was centralized and
stratified by three factors: baseline serum beta-
2 microglobulin, prior treatment with high-dose
chemotherapy or SCT or no prior treatment,
and number of prior anti-myeloma regimens.

Was the concealment of treatment
allocation adequate?

Yes. MM-009 and MM-010 were double-blind
studies. The lenalidomide and placebo
capsules were identical in appearance, and the
subjects, investigators, other study site
personnel, and Celgene personnel who were
responsible for the study were blinded to each
subject’s treatment assignment until the study
was unblinded. An IVRS was used and all
medication allotments were assigned by the
IVRS. The clinical sites enrolled the patients
and did so by accessing the central IVRS.

Was a justification of the sample size
provided?

The sample size was based on 85% power to
detect a hazard ratio of 1.5 for TTP between
the two arms (an increase of 6 to 9 months)
and 80% power to detect a hazard ratio of 1.5
for OS (an increase of 12-18 months).

Was follow-up adequate?

All patients were followed in the active phase
of the study until disease progression or
treatment was discontinued for any other
reason. Subjects are contacted every 6 months
during the follow-up phase.

Were the individuals undertaking the
outcomes assessment aware of
allocation?

No, all review of outcomes by the adjudication
committee were conducted in blinded fashion.

Was the design parallel-group or
crossover? Indicate for each crossover trial
whether a carryover effect is likely.

It was a parallel-group design. Patients in the
placebo/Dex group were only allowed to roll
over to receive lenalidomide after disease
progression, or cross over to receive Len/Dex
after the IDMC had declared the studies could
be unblinded. Carry-over effect is not
applicable in these two trials.
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Question

Response

Was the RCT conducted in the UK (or
were one or more centres of the
multinational RCT located in the UK)? If
not, where was the RCT conducted, and is
clinical practice likely to differ from UK
practice?

MM-009 took place in the USA and Canada,
while MM-010 took place in Europe, Israel and
Australia. Specifically, MM-010 included sites
in The study was conducted in Australia (6
sites), Austria (1 site), Belgium (2 sites),
France (5 sites), Germany (6 sites), Greece (1
site), Ireland (1 site), Israel (3 sites), Italy (6
sites), Poland (3 sites), Spain (6 sites),
Switzerland (2 sites), Ukraine (5 sites), and the
United Kingdom (3 sites; 2 in London and 1 in
Bristol). A total of 15 patients across three UK
sites were enrolled into MM-010. These
countries are all representative of the clinical
practice of lenalidomide use in Western
countries and are relevant to that used in the
England and Wales.

See Table 76 for comparison of second-line
patient characterisitcs in the MM-010 trial and
UK practice.

How do the included in the RCT
participants compare with patients who are
likely to receive the intervention in the UK?
Consider factors known to affect outcomes
in the main indication, such as
demographics, epidemiology, disease
severity, and setting.

There is no reason to suspect that the trial
patient characteristics and outcomes would
differ significantly from those seen in UK
practice. However, since MM-009 and MM-010
were initiated, thalidomide and bortezomib
have been licensed in Europe for first and
second-line treatment, respectively. Therefore
the proportion of patients in the UK receiving
either of these drugs as prior therapies may be
greater in clinical practice than was seen in the
trials. In MM-009, 41.8% and 10.7% of patients
in the Len/Dex arm had, respectively, received
prior treatment with thalidomide and
bortezomib. In MM-010, the respective
proportions of patients previously treated with
these agents were 30.1% and 4.5% in the
Len/Dex arm.*®*! The patients enrolled in the
trials are slightly younger and have a better
performance status at baseline than those that
might be seen in UK clinical practice. However,
the trial data show Len/Dex significantly
improves outcomes over Dex regardless of
age and performance status.'% '*3

For pharmaceuticals, what dosage
regimens were used in the RCT?

Dosage regimens were the same as those
detailed in the SPC.

Were the study groups comparable?

Yes. The demographic and baseline
characteristics of the study groups are
comparable.

Were the statistical analyses used
appropriate?

Yes. The statistical analyses used are
considered appropriate. The protocol for both
studies, including the statistical methods
section, went through a Special Protocol
Assessment by FDA and was agreed upon by
the agency.
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Question

Response

Was an intention-to-treat analysis
undertaken?

Yes.

Were there any confounding factors that
may attenuate the interpretation of the
results of the RCT(s)?

In the MM-009 and MM-010 trials, patients in
the placebo/Dex arm were allowed to cross-
over to the Len/Dex arm when there was a
documented progression or at unblinding by
the IDMC. This cross-over confounded the
measurement of OS in favour of the
placebo/Dex group in general, and is likely to
explain the decreasing difference in OS
between the study groups over time.

TTP in the placebo/Dex arms is relatively
unaffected by the treatment crossover,
because most patients had developed PD
when the studies were unblinded — 75.0% in
MM-009 and 81.1% in MM-010.

FDA, Food and Drug Administration; IDMC, independent data monitoring committee ; IVRS,
interactive voice response system; OS, overall survival; PD, progressive disease; SCT, stem
cell transplant; SPC, summary of product characteristics TTP, time to progression.
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10.4 Appendix 4: Search strategy for section 6.7 (Indirect
and mixed treatment comparisons)

The following information should be provided.

104.1 The specific databases searched and the service provider used (for
example, Dialog, DataStar, OVID, Silver Platter), including at least:

Medline

Embase

Medline (R) In-Process

The Cochrane Library.

Not applicable as no indirect or mixed treatment comparison possible based

upon the search strategy presented in appendix 2.

10.5 Appendix 5: Quality assessment of comparator
RCT(s) in section 6.7 (Indirect and mixed treatment
comparisons)

10.5.1 A suggested format for the quality assessment of RCT(s) is shown

below.

Not applicable

10.6 Appendix 6: Search strategy for section 6.8 (Non-RCT
evidence)

The following information should be provided.

10.6.1 The specific databases searched and the service provider used (for

example, Dialog, DataStar, OVID, Silver Platter), including at least:

e Medline
e Embase

¢ Medline (R) In-Process
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e The Cochrane Library.

The same search strategy was used to search for non-RCT evidence as

presented in appendix 2.
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10.7

Table 83: Quality assessment results for the 14 non-RCTs on Len/Dex

Appendix 7: Quality assessment of non-RCT(s) in section 6.8 (Non-RCT evidence)

Trial no. (reference) MM- Kneppers | GEM- MM- Guglielmelli Delforge Schwamborn Klein
021" | 2010% PETHEMA® | 018> | 2011% 2011% 2011% 2011%

Was randomisation carried out appropriately? N/A N/A N/A N/A N/A N/A N/A N/A

Was the concealment of treatment allocation N/A N/A N/A N/A N/A N/A N/A N/A

adequate?

Were the groups similar at the outset of the N/A N/A N/A N/A No N/A N/A N/A

study in terms of prognostic factors?

Were the care providers, participants and N/A N/A N/A N/A N/A N/A N/A N/A

outcome assessors blind to treatment

allocation?

Were there any unexpected imbalances in N/A N/A N/A N/A No N/A N/A N/A

drop-outs between groups?

Is there any evidence to suggest that the No No No No No No No No

authors measured more outcomes than they

reported?

Did the analysis include an intention-to-treat No No No No No No No No

analysis? If so, was this appropriate and were
appropriate methods used to account for
missing data?
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Table 84: Quality assessment result for the 14 non RCTs on Len/Dex cont.

Trial no. (reference) Dimopoulos Moscetti Oehrlein Touzeau lida Dimopoulos
2012% 2012% 2012%° 2012% 2010 | 2010b*

Was randomisation carried out appropriately? N/A N/A N/A N/A NA No

Was the concealment of treatment allocation adequate? N/A N/A N/A N/A NA No

Were the groups similar at the outset of the study in terms of Unclear N/A N/A N/A NA Yes

prognostic factors?

Were the care providers, participants and outcome assessors N/A N/A N/A N/A N/A No

blind to treatment allocation?

Were there any unexpected imbalances in drop-outs between Unclear N/A N/A N/A N/A Not disclosed in

groups? publication

Is there any evidence to suggest that the authors measured No No No No No Yes

more outcomes than they reported?

Did the analysis include an intention-to-treat analysis? If so, No No No No No No

was this appropriate and were appropriate methods used to
account for missing data?

NA, not applicable.
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Table 85: Quality assessment results for non-RCT on bendamustine

Trial no. (reference) Damaj
2012%°
Was randomisation carried out appropriately? NA
Was the concealment of treatment allocation adequate? NA
Were the groups similar at the outset of the study in terms of prognostic factors? NA
Were the care providers, participants and outcome assessors blind to treatment allocation? NA
Were there any unexpected imbalances in drop-outs between groups? NA
Is there any evidence to suggest that the authors measured more outcomes than they reported? No
Did the analysis include an intention-to-treat analysis? If so, was this appropriate and were appropriate methods used to account for missing No
data?

NA, not applicable
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Table 86: Quality assessment results for non-RCTs on bortezomib treatment

Trial no. (reference )

RETRIEVE™

Hrusovsky 2010

Conner 2008

Sood 2009%*

ECOG E2A02%

Taverna 2012

Was randomisation carried
out appropriately?

NA

NA

NA

NA

NA

NA

Was the concealment of
treatment allocation
adequate?

NA

NA

NA

NA

NA

NA

Were the groups similar at
the outset of the study in
terms of prognostic factors?

NA

NA

NA

NA

NA

NA

Were the care providers,
participants and outcome
assessors blind to treatment
allocation?

NA

NA

NA

NA

NA

NA

Were there any unexpected
imbalances in drop-outs
between groups?

NA

NA

NA

NA

NA

NA

Is there any evidence to
suggest that the authors
measured more outcomes
than they reported?

No

No

No

No

No

No

Did the analysis include an
intention-to-treat analysis? If
so, was this appropriate and
were appropriate methods
used to account for missing
data?

No

No

No

No

Yes

No

NA, not applicable
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10.8 Appendix 8: Search strategy for section 6.9 (Adverse

events)

The following information should be provided.

10.8.1 The specific databases searched and the service provider used (for

example, Dialog, DataStar, OVID, Silver Platter), including at least:

Medline
Embase

Medline (R) In-Process

The Cochrane Library.
The same search strategy was used to search for adverse events

evidence as presented in appendix 2.

10.9 Appendix 9: Quality assessment of adverse event data in

section 6.9 (Adverse events)

10.9.1 Please tabulate the quality assessment of each of the non-RCTs
identified.

As provided in appendix 3 and 7.

10.10 Appendix 10: Search strategy for cost-effectiveness

studies (section 7.1)

The following information should be provided.

10.10.1 The specific databases searched and the service provider used (for

example, Dialog, DataStar, OVID, Silver Platter), including at least:

Medline

Embase

Medline (R) In-Process
EconLIT

NHS EED.
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The following databases were searched:
e CINAHL via EBSCO

e EMBASE via OvidSP

e MEDLINE (including MEDLINE (R) in-Process) via Ovid SP
e NHS EED via the Cochrane Library

e EconLIT via OvidSP

10.10.2 The date on which the search was conducted.
14" August 2013
10.10.3 The date span of the search.

e CINAHL via EBSCO 1982-August 2013

e NHS Economic Evaluations Database via The Cochrane Library 1968-August
2013

e MEDLINE & MEDLINE-In- Process via Ovid SP 1946-August 2013

e EconLit via OvidSP 1961-August 2013

e EMBASE via OvidSP 1974-August 2013

10.10.4 The complete search strategies used, including all the search terms:
textwords (free text), subject index headings (for example, MeSH) and the

relationship between the search terms (for example, Boolean).

Please note, the following search strategies contain both clinical and cost-

effectiveness terms. The cost-effectiveness elements have been highlighted

for clarity.

CINAHL
# Query Limiters/Expanders
S74 S26 AND S73 Search modes -

Boolean/Phrase S74 = Population +
Comparators +
economics filter
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S73

S72

S71

S70

S69

S68

S67

S66

S65

S64

S63

S62

S61

S60

S59

S58

S57

S56

S55

S54

S71 NOT S72

AU Anonymous

S69 NOT S70

(MH "Animal Studies")
S65 NOT S68

S66 OR S67

PT Letter

PT Editorial

S63 OR S64

cost or costs or
economic* or
pharmacoeconomic* or
price* or pricing*

S59 OR S62
S60 OR S61

(MH "Health Resource
Utilization™)

(MH "Health Resource
Allocation™)

S53 NOT S58

S54 OR S55 OR S56 OR

S57
(MH "Business+")

(MH "Financing,
Organized+")

(MH "Financial
Support+")

(MH "Financial

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -

S73
filter

= economics
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S53

S52

S51

S50

S49

S48

S47

S46

S45

S44

S43

S42

S41

S40

S39

S38

S37

Management+")

(MH "Economics+")

S26 AND S51

S40 OR S41 OR S42 OR
S43 OR S44 OR S45 OR
S46 OR S47 OR S48 OR

S49 OR S50

TX allocat* random*

(MH "Quantitative

Studies")
(MH "Placebos")

TX placebo*

TX random* allocat*

(MH "Random
Assignment"”)

TX randomi* control* trial*

TX ( (singl* n1 blind*) or
(singl* n1 mask*) ) or TX (
(doubl* n1 blind*) or
(doubl* n1 mask*) ) or TX
( (tripl* n1 blind*) or (tripl*
nl mask*) ) or TX ( (trebl*
nl blind*) or (trebl* n1

mask*) )

TX clinic* nl trial*

PT Clinical trial

(MH "Clinical Trials+")

S5 AND S38

S32 NOT S37

Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

S33 OR S34 OR S35 OR Search modes -
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S36

S35

S34

S33

S32

S31

S30

S29

S28

S27

S26

S25

S24

S23

S22

S21

S20

S19

S18

S36
(MH "Animals")

PT editorial
PT letter

PT Commentary

S27 OR S28 OR S29 OR

S30 OR S31

(systematic N1 (review or

overview))

(MH "Literature Review")

Metaanaly*

Meta analys*

(MH "Meta Analysis")

S5 AND S25

S19 OR S24

S20 OR S21 OR S22 OR

S23
VCR

oncovin

vincristine

(MH "Vincristine")

(56 OR S7 OR S8 OR S9
OR S10OR S11 OR S12
OR S13 OR S14 OR S15
OR S16 OR S17 OR

S18)
TI ( etoposide or

Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -

S26 = population +
comparator terms

S25 = comparator
terms
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S17

S16

S15

S14

S13

S12

S11

S10

etopophos or vepesid ) Boolean/Phrase
OR AB ( etoposide or
etopophos or vepesid )

TI ( prednisone or Search modes -
deltazone or prednisolone Boolean/Phrase
) OR AB ( prednisone or

deltazone or prednisolone

)

Tl ( mephalan or Search modes -
melphalan or sarkolysin* ) Boolean/Phrase
OR AB ( mephalan or

melphalan or sarkolysin* )

o TI( Search modes -
. Boolean/Phrase
vorinostat or
zolinza) OR
AB (
vorinostat or

zolinza)

TI ( thalidomid* or Search modes -
sedoval or 50-35-1 ) OR  Boolean/Phrase
AB ( thalidomid* or

sedoval or 50-35-1)

T1 ( methylprednisolone  Search modes -
or medrol or metypred or Boolean/Phrase
met-pred or metipred or

urbason or 83-43-2 ) OR

AB ( methylprednisolone

or medrol or metypred or

met-pred or metipred or

urbason or 83-43-2)

TI ( liposomal doxorubicin Search modes -
or caelyx or myocet ) OR Boolean/Phrase
AB ( liposomal

doxorubicin or caelyx or

myocet )

Search modes -
Boolean/Phrase

TI ( lenalidomide or
revlimid ) OR AB (
lenalidomide or revlimid )

Tl ( dexamethasone or Search modes -
decadron or dexpak or Boolean/Phrase
dexasone or decaject or
hexadrol or millicorten or
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S9

S8

S7

S6

S5

S4

S3

S2

S1

50-02-2) OR AB (
dexamethasone or
decadron or dexpak or
dexasone or decaject or
hexadrol or millicorten or
50-02-2)

TI ( cyclophosphamide or
cytoxan or endoxan or
neosar or procytox or
revimmune or 50-18-0 or
nsc-26271) OR AB (
cyclophosphamide or
cytoxan or endoxan or
neosar or procytox or
revimmune or 50-18-0 or
nsc-26271)

TI ( carfilzomib or kyprolis
) OR AB ( carfilzomib or
kyprolis )

Tl ( bendamustine or
levcat ) OR AB (
bendamustine or levcat )

TI ( bortezomib or
velcade ) OR AB (
bortezomib or velcade )

(S1 OR S2 OR S3 OR
S4)

Tl ( myeloma* or
plasmacytom* ormgus or
monoclonal gammopath*
or plasma tumor* or
plasma tumour* kahler*
disease* ) OR AB (
myeloma* or
plasmacytom* ormgus or
monoclonal gammopath*
or plasma tumor* or
plasma tumour* kahler*
disease*)

(MH
"Paraproteinemias+")

(MH "Plasmacytoma")

(MH "Multiple Myeloma")

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

Search modes -
Boolean/Phrase

S5 = population
terms
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NHS EED via The Cochrane Library

ID Search

#1 MeSH descriptor: [Multiple Myeloma] explode all trees
#2 MeSH descriptor: [Plasmacytoma] explode all trees

#3 MeSH descriptor: [Paraproteinemias] explode all trees
#4 (myeloma* or plasm?cytom* ormgus or monoclonal gammopath* or plasma
tumo?r* or kahler?s disease*)

#5  #1 or #2 or #3 or #4 = population

#6 MeSH descriptor: [Vincristine] explode all trees

#7 oncovin or leurocristine or VCR

#8 bortezomib or velcade

#9 bendamustine or levcat

#10 carfilzomib or kyprolis

#11 MeSH descriptor: [Cyclophosphamide] explode all trees
#12 cyclophosphamide or cytoxan or endoxan or neosar or procytox or revimmune
#13 50-18-0

#14 nsc-26271

#15 MeSH descriptor: [Dexamethasone] explode all trees
#16 dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol
or millicorten

#17 50-02-2

#18 lenalidomide or revlimid

#19 liposomal doxorubicin or caelyx or myocet

#20 MeSH descriptor: [Methylprednisolone] explode all trees
#21 methylprednisolone or medrol or met?pred or urbason
#22 83-43-2

#23 MeSH descriptor: [Thalidomide] explode all trees

#24  thalidomid* or sedoval

#25 50-35-1

#26  vorinostat or zolinza

#27 MeSH descriptor: [Melphalan] explode all trees

#28 me?phalan or sarkolysin*

#29 148-82-3

#30 MeSH descriptor: [Prednisone] explode all trees

#31 prednisone or deltazone or prednisolone

#32 {or #6-#31} = comparators

#33 #5 and #31 = population and comparators

EMBASE

1. exp Multiple Myeloma/

2. Plasmacytoma/

3. exp Paraproteinemias/

4. (myeloma$ or plasm?cytom$ ormgus or monoclonal gammopath$ or plasma
tumo?r$ or kahler?s disease$).mp.

5. or/1-4 Search 5 = population

6. (bortezomib or velcade).mp.

7. (bendamustine or levcat).mp.

8. (carfilzomib or kyprolis).mp.
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9. Cyclophosphamide/

10. (cyclophosphamide or cytoxan or endoxan or neosar or procytox or
revimmune).mp.

11. 50-18-0.rn.

12. nsc-26271.af.

13. or/9-12

14. Dexamethasone/

15. (dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or
millicorten).mp.

16. 50-02-2.rn.

17. or/14-16

18. (lenalidomide or revlimid).mp.

19. (liposomal doxorubicin or caelyx or myocet).mp.
20. Methylprednisolone/

21. (methylprednisolone or medrol or met?pred or urbason).mp.
22.83-43-2.m.

23. or/20-22

24. Thalidomide/

25. (thalidomid$ or sedoval).mp.

26. 50-35-1.rn.

27. or/24-26

28. (vorinostat or zolinza).mp.

29. Melphalan/

30. (me?phalan or sarkolysin$).mp.

31. 148-82-3.rn.

32. or/29-31

33. Prednisone/

34. (prednisone or deltazone or prednisolone).mp.
35. 0r/33-34

36. or/6-8,13,17-19,23,27,32,35

37. Vincristine/

38. (oncovin or leurocristine or VCR).mp.

39. 37 or 38

40. 36 or 39 Search 40 = comparators

41. 5 and 40 Search 41 = population + comparators
42. Meta Analysis/

43. ((meta adj analy$) or metaanalys$).tw.

44. (systematic adj (review$1 or overview$1)).tw.
45. or/42-44

46. cancerlit.ab.

47. cochrane.ab.

48. embase.ab.

49. (psychlit or psyclit).ab.

50. (psychinfo or psycinfo).ab.

51. (cinal or cinahl).ab.

52. science citation index.ab.

53. bids.ab.

54. or/46-53

55. reference lists.ab.

56. bibliograph$.ab.
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57. hand-search$.ab.

58. manual search$.ab.

59. relevant journals.ab.

60. or/55-59

61. data extraction.ab.

62. selection criteria.ab.

63. 61 or 62

64. review.pt.

65. 63 and 64

66. letter.pt.

67. editorial.pt.

68. animal/

69. human/

70. 68 not (68 and 69)

71. 0or/66-67,70

72. 45 or 54 or 60 or 65
73.72not 71

74.41 and 73

75. clinical trial/

76. randomised controlled trial/
77. randomization/

78. single blind procedure/

79. double blind procedure/

80. crossover procedure/

81. placebo/

82. randomi?ed controlled trial$.tw.
83. rct.tw.

84. random allocation.tw.

85. randomly allocated.tw.

86. allocated randomly.tw.

87. (allocated adj2 random).tw.
88. single blind$.tw.

89. double blind$.tw.

90. ((treble or triple) adj blind$).tw.
91. PLACEBOS$.tw.

92. prospective study/

93. or/75-92

94. case study/

95. case report.tw.

96. abstract report/ or letter/

97. 0r/94-96

98. 93 not 97

99. 41 and 98

100. exp SOCIOECONOMICS/
101. exp "Cost Benefit Analysis"/
102. exp "Cost Effectiveness Analysis"/
103. exp "Cost of lllness"/

104. exp "Cost Control"/

105. exp Economic Aspect/

106. exp Financial Management/
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107. exp "Health Care Cost"/

108. exp Health Care Financing/

109. exp Health Economics/

110. exp "Hospital Cost"/

111. (financial or fiscal or finance or funding).tw.

112. exp "Cost Minimization Analysis"/

113. (cost adj estimate$).mp.

114. (cost adj variable$).mp.

115. (unit adj cost$).mp.

116. or/100-115 — Search 116 = cost-effectiveness filter
117. 41 and 116 Search 117 = population + comparators + cost-effectiveness filter

MEDLINE & EconlLit

1. exp Multiple Myeloma/

2. Plasmacytoma/

3. exp Paraproteinemias/

4. (myeloma$ or plasm?cytom$ ormgus or monoclonal gammopath$ or plasma
tumo?r$ or kahler?s disease$).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol
supplementary concept, rare disease supplementary concept, unique identifier]

5. or/1-4 — Search 5 = population

6. pomalidomide.mp.

7. (pomalyst or cc-4047 or 3-amino-thalidomide or "pom/dex").af.

8.6o0r7

9. (bortezomib or velcade).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

10. (bendamustine or levcat).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

11. (carfilzomib or kyprolis).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

12. Cyclophosphamide/

13. (cyclophosphamide or cytoxan or endoxan or neosar or procytox or
revimmune).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]

14. 50-18-0.rn.

15. nsc-26271.af.

16. or/12-15

17. Dexamethasone/

18. (dexamethasone or decadron or dexpak or dexasone or decaject or hexadrol or
millicorten).mp. [mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]

19. 50-02-2.rn.

20. or/17-19
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21. (lenalidomide or revlimid).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

22. (liposomal doxorubicin or caelyx or myocet).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol
supplementary concept, rare disease supplementary concept, unique identifier]

23. Methylprednisolone/

24. (methylprednisolone or medrol or met?pred or urbason).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, keyword heading word,
protocol supplementary concept, rare disease supplementary concept, unique
identifier]

25. 83-43-2.mn.

26. or/23-25

27. Thalidomide/

28. (thalidomid$ or sedoval).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

29. 50-35-1.rn.

30. or/27-29

31. (vorinostat or zolinza).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary
concept, rare disease supplementary concept, unique identifier]

32. Melphalan/

33. (me?phalan or sarkolysin$).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol
supplementary concept, rare disease supplementary concept, unique identifier]

34. 148-82-3.rn.

35. 0r/32-34

36. Prednisone/

37. (prednisone or deltazone or prednisolone).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword heading word, protocol
supplementary concept, rare disease supplementary concept, unique identifier]

38. or/36-37

39. or/8-11,16,20-22,26,30,35,38

40. Vincristine/

41. (oncovin or leurocristine or VCR).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol
supplementary concept, rare disease supplementary concept, unique identifier]
42.40 0r 41

43.39 or 42

44.5 and 43

45. (201308* or 201307* or 201306* or 201305* or 201304* or 201303*).dc.

46. 44 and 45

47. Meta-Analysis/

48. meta analy$.tw.

49. metaanaly$.tw.

50. meta analysis.pt.

51. (systematic adj (review$1 or overview$1)).tw.

52. exp Review Literature/

53. or/47-52
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54. cochrane.ab.

55. embase.ab.

56. (psychlit or psyclit).ab.

57. (psychinfo or psycinfo).ab.
58. (cinahl or cinhal).ab.

59. science citation index.ab.
60. bids.ab.

61. cancerlit.ab.

62. or/54-61

63. reference list$.ab.

64. bibliograph$.ab.

65. hand-search$.ab.

66. relevant journals.ab.

67. manual search$.ab.

68. 0r/63-67

69. selection criteria.ab.

70. data extraction.ab.

71.69 or 70

72. review.pt.

73.71and 72

74. comment.pt.

75. letter.pt.

76. editorial.pt.

77. animal/

78. human/

79. 77 not (77 and 78)

80. or/74-76,79

81.53 0r62o0r68o0r73

82. 81 not 80

83. 46 and 82

84. randomized controlled trial.pt.
85. controlled clinical trial.pt.
86. randomized controlled trials/
87. random allocation/

88. double blind method/

89. single blind method/

90. clinical trial.pt.

91. exp Clinical Trial/

92. (clin$ adj25 trial$).ti,ab.
93. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.
94. placebos/

95. placebos.ti,ab.

96. random.ti,ab.

97. research design/

98. 0r/84-97

99. 46 and 98

100. Economics/

101. "costs and cost analysis"/
102. Cost allocation/

103. Cost-benefit analysis/
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104. Cost control/

105. cost savings/

106. Cost of illness/

107. Cost sharing/

108. "deductibles and coinsurance"/
109. Health care costs/

110. Direct service costs/

111. Drug costs/

112. Employer health costs/

113. Hospital costs/

114. Health expenditures/

115. Capital expenditures/

116. Value of life/

117. exp economics, hospital/

118. exp economics, medical/

119. Economics, nursing/

120. Economics, pharmaceutical/
121. exp "fees and charges"/

122. exp budgets/

123. (low adj cost).mp.

124. (high adj cost).mp.

125. (health?care adj cost$).mp.
126. (fiscal or funding or financial or finance).tw.
127. (cost adj estimate$).mp.

128. (cost adj variable).mp.

129. (unit adj cost$).mp.

130. (economic$ or pharmacoeconomic$ or price$ or

134. 131 and 133 Search 134 = Population + Comparators + Cost-effectiveness filter

10.10.5 Details of any additional searches (for example, searches of company
databases [include a description of each database]).

Additional searches were conducted for relevant abstracts from the:

e ASH conference proceedings 2011-2012
e ASCO conference proceedings 2011-2012
e EHA conference proceedings 2011-2012

These searches were conducted on the 5™ April 2013 using search terms for
refractory multiple myeloma.
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10.11  Appendix 11: Quality assessment of cost-effectiveness
studies (section 7.1)

N/A.

10.12 Appendix 12: Search strategy for section 7.4 (Measurement
and valuation of health effects)

The following information should be provided.

10.12.1 The specific databases searched and the service provider used (for

example, Dialog, DataStar, OVID, Silver Platter), including at least:

e Medline

e Embase

e Medline (R) In-Process

e NHS Economic Evaluation Database (NHS EED)

e EconlLIT.

e Ultilities studies were identified from the results identified by the

searches presented in appendix 10.

10.12.2 The date on which the search was conducted.

Presented in appendix 10.

10.12.3 The date span of the search.

Presented in appendix 10.

10.12.4 The complete search strategies used, including all the search terms:
textwords (free text), subject index headings (for example, MeSH) and the

relationship between the search terms (for example, Boolean).

Presented in appendix 10.

10.12.5 Details of any additional searches (for example, searches of company

databases [include a description of each database]).

Presented in appendix 10.
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10.12.6 The inclusion and exclusion criteria.

Inclusion Criteria

Category Inclusion Criteria Rationale
Study Type Studies reporting utilities or HRQL The aim of the review
data was to identify relevant
utilities
Population Adults with multiple myeloma who This is the relevant

had previously had one line of therapy | patient population

Interventions | There was no restriction to

intervention
Outcomes Any reported measurement in the The aim of the review
form of utilities was included. Also was to identify relevant

utility values mapped from a measure | utility values
of HRQL or a measure of HRQL that
can be mapped using only published
information

Exclusion criteria

Category Exclusion Criteria Rationale

Publication Letters; editorials; reviews of utility Primary study articles
studies (although reference lists of were required.

Type these were be hand-searched)

10.12.7 The data abstraction strategy.

In order to ensure the published literature was comprehensively reviewed, a wide
range of databases was searched. These included: Medline, Embase, Cochrane
Library, NHS EED, HTA database, DARE, CINAHL and Econlit, along with subject-
specific conference proceedings of proceedings of ASH, ASCO and EHA.

In addition to the formal electronic searches, reference lists of included cost-
effectiveness and quality-of-life studies identified were hand searched and scanned
for additional publications of relevance to the research question. Having identified
studies from a wide range of databases, the titles and abstracts were reviewed in
greater detail to assess their relevance for informing the overall decision problem.
The population criteria were not restricted to prior bortezomib, as was the case for
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the identification of relevant cost effectiveness studies. Additionally, no intervention

criteria were included, to widen the pool of results for HRQL studies.

The papers which, from a detailed review of the title and abstract, appeared to meet
the inclusion criteria were obtained for a secondary review. This secondary review
involved the entire article being assessed according to the inclusion/exclusion

criteria.

10.13 Appendix 13: Resource identification, measurement and
valuation (section 7.5)

The following information should be provided.

10.13.1 The specific databases searched and the service provider used (for

example, Dialog, DataStar, OVID, Silver Platter), including at least:

e Medline

e Embase

e Medline (R) In-Process

e NHS EED

e EconlLIT.

e Cost and resource use studies were identified from the results identified
by the searches presented in appendix 10.

10.13.2 The date on which the search was conducted.

Presented in appendix 10.

10.13.3 The date span of the search.

Presented in appendix 10.
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10.13.4 The complete search strategies used, including all the search terms:

textwords (free text), subject index headings (for example, MeSH) and the

relationship between the search terms (for example, Boolean).

Presented in appendix 10.

10.13.5

Details of any additional searches (for example, searches of company

databases [include a description of each database]).

Presented in appendix 10.

10.13.6

The inclusion and exclusion criteria.

Inclusion Criteria

Category Inclusion Criteria Rationale
Study Type Studies reporting costs and The aim of the review was to
resource use identify relevant costs and use
of resources
Population Adults with multiple myeloma | This is the relevant patient

who had previously had one
line of therapy

population

Interventions

There was no restriction to
intervention

Outcomes Studies reporting the resource | The aim of the review was to
use and costs associated with | identify relevant costs and data
the treatment and ongoing about resource use
management of multiple
myeloma

Country of UK Costs and use of resources from

a UK perspective were required

Study

Exclusion Criteria

Category Exclusion Criteria Rationale

Publication Letters; editorials; reviews of Primary study articles were
cost and resource use studies | required.

Type (although reference lists of

these were being hand-
searched)
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10.13.7 The data abstraction strategy.

¢ In order to ensure the published literature was comprehensively
reviewed, a wide range of databases was searched. These included:
Medline, Embase, Cochrane Library, NHS EED, HTA database, DARE,
CINAHL and Econlit, along with subject-specific conference
proceedings of the proceedings of ASH, ASCO and EHA.

¢ In addition to the formal electronic searches, reference lists of included
cost-effectiveness and cost and resource use studies identified were
hand searched and scanned for additional publications of relevance to
the research question. Having identified studies from a wide range of
databases, the titles and abstracts were reviewed in greater detail to
assess their relevance for informing the overall decision problem. The
population criteria was not restricted to prior bortezomib, as was the
case for the identification of relevant cost effectiveness studies.
Additionally, no intervention criteria were included, to widen the pool of
results for cost and resource use studies.

e The papers which, from a detailed review of the title and abstract,
appeared to meet the inclusion criteria were obtained for a secondary
review. This secondary review involved the entire article being

assessed according to the inclusion/exclusion criteria.
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11 Related procedures for evidence submission

11.1 Cost-effectiveness models

NICE accepts executable economic models using standard software — that is, Excel,
TreeAge Pro, R or WinBUGs. If you plan to submit a model in a non-standard
package, NICE should be informed in advance. NICE, in association with the ERG,
will investigate whether the requested software is acceptable, and establish if you
need to provide NICE and the ERG with temporary licenses for the non-standard
software for the duration of the appraisal. NICE reserves the right to reject economic
models in non-standard software. A fully executable electronic copy of the model
must be submitted to NICE with full access to the programming code. Care should
be taken to ensure that the submitted versions of the model program and the written

content of the evidence submission match.

NICE will need to distribute an executable version of the model to consultees and
commentators because it will be used by the Appraisal Committee to assist their
decision-making. On distribution of the appraisal consultation document (ACD) or
final appraisal determination (FAD), and the evaluation report produced after the first
committee meeting, NICE will advise consultees and commentators by letter that the
manufacturer or sponsor has developed a model as part of their evidence
submission for this technology appraisal. The letter asks consultees to inform NICE if
they wish to receive an electronic copy of the model. If a request is received, NICE
will release the model as long as it does not contain information that was designated
confidential by the model owner, or the confidential material can be redacted by the
model owner without producing severe limitations on the functionality of the model.
The letter to consultees indicates clearly that NICE will distribute an executable copy,
that the model is protected by intellectual property rights, and can be used only for
the purposes of commenting on the model’s reliability and informing a response to
the ACD or FAD.

Manufacturers and sponsors must ensure that all relevant material pertinent to the
decision problem has been disclosed to NICE at the time of submission. There will
be no subsequent opportunity to submit information unless it has been specifically
requested by NICE.
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When making a submission, manufacturers and sponsors should check that:

e an electronic copy of the submission has been given to NICE with all
confidential information highlighted and underlined

e an executable electronic copy of the economic model has been submitted

¢ the checklist of confidential information (provided by NICE along with
invitation to submit) has been completed and submitted.

11.2 Disclosure of information

To ensure that the appraisal process is as transparent as possible, NICE considers it
highly desirable that evidence pivotal to the Appraisal Committee’s decisions should
be publicly available. NICE recognises that because the appraisal is being
undertaken close to the time of regulatory decisions, the status of information may
change during the STA process. However, at the point of issuing the FAD or ACD to
consultees and commentators, all the evidence seen by the Committee should be

available to all consultees and commentators.

Under exceptional circumstances, unpublished evidence is accepted under
agreement of confidentiality. Such evidence includes ‘commercial in confidence’
information and data that are awaiting publication (‘facademic in confidence’). Further
instructions on the specification of confidential information, and its acceptability, can

be found in the agreement between the Association of the British Pharmaceutical

Industry (ABPI) and NICE (www.nice.org.uk).

When data are ‘commercial in confidence’ or ‘academic in confidence’, it is the
manufacturer’s or sponsor’s responsibility to highlight such data clearly, and to
provide reasons why they are confidential and the timescale within which they will
remain confidential. The checklist of confidential information should be completed: if
it is not provided, NICE will assume that there is no confidential information in the
submission. It is the responsibility of the manufacturer or sponsor to ensure that the
confidential information checklist is kept up to date.

The manufacturer or sponsor must ensure that any confidential information in their
evidence submission is clearly underlined and highlighted. NICE is assured that
information marked ‘academic in confidence’ can be presented and discussed during
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the public part of the Appraisal Committee meeting. NICE is confident that such
public presentation does not affect the subsequent publication of the information,
which is the prerequisite allowing for the marking of information as ‘academic in

confidence’.

Please therefore underline all confidential information, and separately highlight
information that is submitted under ‘commercial in confidence’ in turquoise and

information submitted under ‘academic in confidence’ in yellow.

The manufacturer or sponsor will be asked to supply a second version of the
submission with any information that is to remain confidential removed. The
confidential information should be ‘blacked out’ from this version, taking care to
retain the original formatting as far as possible so that it is clear which data have
been removed and where from. For further details on how the document should be
redacted/stripped, see the checklist of confidential information.

The last opportunity to review the confidential status of information in an STA, before
publication by NICE as part of the consultation on the ACD, is 2 weeks before the
Appraisal Committee meeting; particularly in terms of ‘academic in confidence’
information. The ‘stripped’ version will be issued to consultees and commentators

along with the ACD or FAD, and made available on NICE’s website 5 days later.

It is the responsibility of the manufacturer or sponsor to ensure that the ‘stripped’
version of the submission does not contain any confidential information. NICE will
ask manufacturers and sponsors to reconsider restrictions on the release of data if
there appears to be no obvious reason for the restrictions, or if such restrictions
would make it difficult or impossible for NICE to show the evidential basis for its
guidance. Information that has been put into the public domain, anywhere in the

world, cannot be marked as confidential.

Confidential information submitted will be made available for review by the ERG and
the Appraisal Committee. Confidential information may be distributed to all
consultees with the permission of the manufacturer or sponsor. NICE will at all times

seek to protect the confidentiality of the information submitted, but nothing will
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restrict the disclosure of information by NICE that is required by law (including in

particular, but without limitation, the Freedom of Information Act 2000).

The Freedom of Information Act 2000, which came into force on 1 January 2005,
enables any person to obtain information from public authorities such as NICE. The
Act obliges NICE to respond to requests about the recorded information it holds, and
it gives people a right of access to that information. This obligation extends to
submissions made to NICE. Information that is designated as ‘commercial in
confidence’ may be exempt under the Act. On receipt of a request for information,
NICE will make every effort to contact the designated company representative to
confirm the status of any information previously deemed ‘commercial in confidence’

before making any decision on disclosure.
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		 could lead to recommendations that have any adverse impact on people with a particular disability or disabilities

		Please provide us with any evidence that would enable the Committee to identify and consider such impacts.

		3.1.2 How has the analysis addressed these issues?





		4 Innovation

		4.1.1 Discuss whether and how you consider the technology to be innovative in its potential to make a significant and substantial impact on health-related benefits, and whether and how the technology is a ‘step-change’ in the management of the condition.

		4.1.2 Discuss whether and how you consider that the use of the technology can result in any potential significant and substantial health-related benefits that are unlikely to be included in the quality-adjusted life year (QALY) calculation.

		4.1.3 Please identify the data you have used to make these judgements, to enable the Appraisal Committee to take account of these benefits.



		5 Statement of the decision problem

		Section B – Clinical and cost effectiveness

		6 Clinical evidence

		Identification of studies

		6.1.1 Describe the strategies used to retrieve relevant clinical data, both from the published literature and from unpublished data that may be held by the manufacturer or sponsor. The methods used should be justified with reference to the decision pr...



		6.2 Study selection

		6.2.1 Describe the inclusion and exclusion selection criteria, language restrictions and the study selection process. A justification should be provided to ensure that the rationale is transparent. A suggested format is provided below.

		6.2.2 A flow diagram of the numbers of studies included and excluded at each stage should be provided using a validated statement for reporting systematic reviews and meta-analyses such as the QUOROM statement flow diagram (www.consort-statement.org/?...

		6.2.3 When data from a single RCT have been drawn from more than one source (for example, a poster and a published report) and/or when trials are linked (for example, an open-label extension to an RCT), this should be made clear.

		6.2.4 Provide details of all RCTs that compare the intervention with other therapies (including placebo) in the relevant patient group. The list must be complete and will be validated by independent searches conducted by the Evidence Review Group.

		6.2.5 Please highlight which of the RCTs identified above compares the intervention directly with the appropriate comparator(s) with reference to the decision problem. If there are none, please state this.

		6.2.6 When studies identified above have been excluded from further discussion, a justification should be provided to ensure that the rationale for doing so is transparent. For example, when studies have been identified but there is no access to the l...

		6.2.7 Please provide details of any non-RCTs (for example experimental and observational data) that are considered relevant to the decision problem and a justification for their inclusion. Full details should be provided in section 6.8 and key details...



		6.3 Summary of methodology of relevant RCTs

		6.3.1 As a minimum, the summary should include information on the RCT(s) under the subheadings listed in this section. Items 2 to 14 of the CONSORT checklist should be provided, as well as a CONSORT flow diagram of patient numbers (www.consort-stateme...

		6.3.2 Describe the RCT(s) design (for example, duration, degree and method of blinding, and randomisation) and interventions. Include details of length of follow-up and timing of assessments. The following tables provide a suggested format for when th...

		Lenalidomide – MM-009/MM-010

		Study design

		Outcomes

		Power calculation

		Interim analysis

		Interventions

		Timing

		Treatment crossover

		Adverse events

		Assessment of response

		Statistical analyses





		6.3.3 Provide details of the eligibility criteria (inclusion and exclusion) for the trial. The following table provides a suggested format for the eligibility criteria for when there is more than one RCT. Highlight any differences between the trials.

		Lenalidomide – MM-009/MM-010

		Inclusion criteria

		Exclusion criteria





		6.3.4 Describe the patient characteristics at baseline. Highlight any differences between study groups.

		Lenalidomide – MM-009/MM-010

		Pooled data from studies MM-009 and MM-010





		6.3.5 Provide details of the outcomes investigated and the measures used to assess those outcomes. Indicate which outcomes were specified in the trial protocol as primary or secondary, and whether they are relevant with reference to the decision probl...

		Lenalidomide – MM-009/MM-010

		Primary efficacy outcome

		Secondary efficacy outcomes

		Progression-free survival

		Overall survival

		Response rate

		Adverse events







		6.3.6 State the primary hypothesis or hypotheses under consideration and the statistical analysis used for testing hypotheses. Also provide details of the power of the study and a description of sample size calculation, including rationale and assumpt...

		Lenalidomide – MM-009/MM-010



		6.3.7 Provide details of any subgroup analyses that were undertaken and specify the rationale and whether they were pre-planned or post-hoc.

		Lenalidomide – MM-009/MM-010



		6.3.8 Provide details of the numbers of patients who were eligible to enter the RCT(s), randomised, and allocated to each treatment. Provide details of, and the rationale for, patients who crossed over treatment groups and/or were lost to follow-up or...



		6.4 Critical appraisal of relevant RCTs

		6.4.1 The validity of the results of an individual study will depend on the robustness of its overall design and execution, and its relevance to the decision problem. Each study that meets the criteria for inclusion should therefore be critically appr...



		6.5  Results of the relevant RCTs

		6.5.1 Provide the results for all relevant outcome measure(s) pertinent to the decision problem. Data from intention-to-treat analyses should be presented whenever possible and a definition of the included patients provided. If patients have been excl...

		Lenalidomide – MM-009/MM-010

		Interim analysis, study duration and unblinding

		TTP results – primary outcome

		Interim TTP

		TTP at unblinding

		Pooled analysis studies MM-009 and MM-010

		Pooled analysis: TTP at study unblinding



		Progression-free survival results

		PFS at study unblinding

		Pooled analysis: PFS at study unblinding



		Overall survival results

		Interim OS

		OS at unblinding

		Updated OS after study unblinding as of May 2006

		Update on OS: International Myeloma Workshop 2007

		Perspectives on treatment crossover and OS in MM-009 and MM-010

		Pooled analysis: Long-term efficacy – OS



		Response to therapy

		Responses at study unblinding



		Evidence for Len/Dex after one prior therapy

		Subgroup analyses of pooled efficacy data from studies MM-009 and MM-010



		Subgroup analysis of efficacy data from studies MM-009 and MM-010: overall survival and progression-free survival in second-line patients only

		PFS results

		OS results



		Health-related quality of life outcomes

		Time to first worsening of ECOG-PS

		Time to first skeletal-related event



		Efficacy conclusions







		6.6 Meta-analysis

		6.6.1 Follow the required steps when presenting a meta-analysis.

		6.6.2 If a meta-analysis is not considered appropriate, a rationale should be given and a qualitative overview provided. The overview should summarise the overall results of the individual studies with reference to their critical appraisal.

		6.6.3 If any of the relevant RCTs listed in response to section 6.2.4 (Complete list of relevant RCTs) are excluded from the meta-analysis, the reasons for doing so should be explained. The impact that each exclusion has on the overall meta-analysis s...



		6.7 Indirect and mixed treatment comparisons

		6.7.1 Describe the strategies used to retrieve relevant clinical data on the comparators and common references both from the published literature and from unpublished data. The methods used should be justified with reference to the decision problem. S...



		6.8 Non-RCT evidence

		6.8.1 If non-RCT evidence is considered (see section 6.2.7), please repeat the instructions specified in sections 6.1 to 6.5 for the identification, selection and methodology of the trials, and the presentation of results.

		Quality assessment of relevant non-RCTs

		Summary of methodology of relevant non-RCTs

		Summary of results of relevant non-RCTs

		Len/Dex

		Bortezomib

		Taverna et al, 2012 – study summary45

		Overview

		Results



		Bendamustine

		Damaj et al, 2012 –study summary46

		Overview

		Results



		Chemotherapies







		6.9 Adverse events

		6.9.1 If any of the main trials are designed primarily to assess safety outcomes (for example, they are powered to detect significant differences between treatments with respect to the incidence of an adverse event), please repeat the instructions spe...

		6.9.2 Please provide details of all important adverse events for each intervention group. For each group, give the number with the adverse event, the number in the group and the percentage with the event. Then present the relative risk and risk differ...

		6.9.3 Give a brief overview of the safety of the technology in relation to the decision problem.

		Safety from studies MM-009 and MM-010

		All grades of adverse events observed in at least 10% of patients

		Serious events occurring in at least 1% of patients

		Deaths

		Dose reductions and interruptions

		Peripheral neuropathy

		Thromboembolic events



		Pooled analyses and long-term safety data from studies MM-009 and MM-010

		Subset analyses of pooled safety data from studies MM-009 and MM-010: Len/Dex given at first relapse versus later therapy

		Additional safety considerations

		Elderly patients

		Use in patients with impaired renal function

		Use in patients with impaired hepatic function

		Pregnancy warnings



		Len/Dex safety conclusions

		Bortezomib – non RCT evidence





		6.10 Interpretation of clinical evidence

		6.10.1 Please provide a statement of principal findings from the clinical evidence highlighting the clinical benefit and harms from the technology.

		6.10.2 Please provide a summary of the strengths and limitations of the clinical-evidence base of the intervention.

		Validity of the design of studies MM-009 and MM-010

		Superiority of Len/Dex

		Superiority of Len/Dex after one prior therapy

		Evidence for comparator treatments



		6.10.3 Please provide a brief statement of the relevance of the evidence base to the decision problem. Include a discussion of the relevance of the outcomes assessed in clinical trials to the clinical benefits experienced by patients in practice.

		Relevance of evidence base

		Relevance of outcomes of studies MM-009 and MM-010



		6.10.4 Identify any factors that may influence the external validity of study results to patients in routine clinical practice; for example, how the technology was used in the trial, issues relating to the conduct of the trial compared with clinical p...

		External validity of study results

		Oral therapy







		Screening

		Included

		Eligibility

		Identification

		7 Cost effectiveness

		7.1 Published cost-effectiveness evaluations

		7.1.1 Describe the strategies used to retrieve relevant cost-effectiveness studies from the published literature and from unpublished data held by the manufacturer or sponsor. The methods used should be justified with reference to the decision problem...

		7.1.2 Provide a brief overview of each study, stating the aims, methods, results and relevance to decision-making in England and Wales. Each study’s results should be interpreted in light of a critical appraisal of its methodology. When studies have b...

		Identification of Relevant Studies



		7.1.3 Please provide a complete quality assessment for each cost-effectiveness study identified. Use an appropriate and validated instrument, such as those of Drummond and Jefferson (1996)0F  or Philips et al. (2004)1F . For a suggested format based o...



		7.2 De novo analysis

		7.2.1 What patient group(s) is(are) included in the economic evaluation? Do they reflect the licensed indication/CE marking or the population from the trials in sections 1.3 and 6.3.3, respectively? If not, how and why are there differences? What are ...

		7.2.2 Please provide a diagrammatical representation of the model you have chosen.

		7.2.3 Please justify the chosen structure in line with the clinical pathway of care identified in section 2.5.

		Structure

		Clinical pathway

		Data used within the model



		7.2.4 Please define what the health states in the model are meant to capture.

		7.2.5 How does the model structure capture the main aspects of the condition for patients and clinicians as identified in section 2 (Context)? What was the underlying disease progression implemented in the model? Or what treatment was assumed to refle...

		7.2.6 Please provide a table containing the following information and any additional features of the model not previously reported. A suggested format is presented below.

		7.2.7 Are the intervention and comparator(s) implemented in the model as per their marketing authorisations/CE marking and doses as stated in sections 1.3 and 1.5? If not, how and why are there differences? What are the implications of this for the re...

		7.2.8 Please note that the following question refers to clinical continuation rules and not patient access schemes. Has a treatment continuation rule been assumed? If the rule is not stated in the (draft) SPC/IFU, this should be presented as a separat...



		7.3 Clinical parameters and variables

		7.3.1 Please demonstrate how the clinical data were implemented into the model.

		Overview

		Transitions between health states



		7.3.2 Demonstrate how the transition probabilities were calculated from the clinical data. If appropriate, provide the transition matrix, details of the transformation of clinical outcomes or other details here.

		Survival analysis methods

		Survival analysis results

		Progression-free survival

		Time to treatment failure

		Overall survival



		Comparative efficacy

		Adverse events



		7.3.3 Is there evidence that (transition) probabilities should vary over time for the condition or disease? If so, has this been included in the evaluation? If there is evidence that this is the case, but it has not been included, provide an explanati...

		7.3.4 Were intermediate outcome measures linked to final outcomes (for example, was a change in a surrogate outcome linked to a final clinical outcome)? If so, how was this relationship estimated, what sources of evidence were used, and what other evi...

		7.3.5 If clinical experts assessed the applicability of values available or estimated any values, please provide details3F :

		7.3.6 Please provide a list of all variables included in the cost-effectiveness analysis, detailing the values used, range (distribution) and source. Provide cross-references to other parts of the submission. Please present in a table, as suggested be...

		7.3.7 Are costs and clinical outcomes extrapolated beyond the trial follow-up period(s)? If so, what are the assumptions that underpin this extrapolation and how are they justified? In particular, what assumption was used about the longer term differe...

		7.3.8 Provide a list of all assumptions in the de novo economic model and a justification for each assumption.



		7.4 Measurement and valuation of health effects

		7.4.1 Please outline the aspects of the condition that most affect patients’ quality of life.

		7.4.2 Please describe how a patient’s HRQL is likely to change over the course of the condition.

		7.4.3 If HRQL data were collected in the clinical trials identified in section 6 (Clinical evidence), please comment on whether the HRQL data are consistent with the reference case.

		HRQL data were not collected in the MM-010 clinical trials.

		7.4.4 If mapping was used to transform any of the utilities or quality-of-life data in clinical trials, please provide the following information.

		7.4.5 Please provide a systematic search of HRQL data. Consider published and unpublished studies, including any original research commissioned for this technology. Provide the rationale for terms used in the search strategy and any inclusion and excl...

		7.4.6 Provide details of the studies in which HRQL is measured.

		Identification of Relevant Studies

		Overview of the relevant studies

		Results



		7.4.7 Please highlight any key differences between the values derived from the literature search and those reported in or mapped from the clinical trials.

		7.4.8 Please describe how adverse events have an impact on HRQL.

		7.4.9 Please summarise the values you have chosen for your cost-effectiveness analysis in the following table, referencing values obtained in sections 7.4.3 to 7.4.8. Justify the choice of utility values, giving consideration to the reference case.

		7.4.10 If clinical experts assessed the applicability of values available or estimated any values, please provide details4F :

		7.4.11 Please define what a patient experiences in the health states in terms of HRQL. Is it constant or does it cover potential variances?

		7.4.12 Were any health effects identified in the literature or clinical trials excluded from the analysis? If so, why were they excluded?

		7.4.13 If appropriate, what was the baseline quality of life assumed in the analysis if different from health states? Were quality-of-life events taken from this baseline?

		7.4.14 Please clarify whether HRQL is assumed to be constant over time. If not, provide details of how HRQL changes with time.

		7.4.15 Have the values in sections 7.4.3 to 7.4.8 been amended? If so, please describe how and why they have been altered and the methodology.



		7.5  Resource identification, measurement and valuation

		7.5.1 Please describe how the clinical management of the condition is currently costed in the NHS in terms of reference costs and the payment by results (PbR) tariff. Provide the relevant Healthcare Resource Groups (HRG) and PbR codes and justify thei...

		7.5.2 Please describe whether NHS reference costs or PbR tariffs are appropriate for costing the intervention being appraised.

		7.5.3 Please provide a systematic search of relevant resource data for the UK. Include a search strategy and inclusion criteria, and consider published and unpublished studies. The search strategy used should be provided as in section 10.13, appendix ...

		7.5.4 If clinical experts assessed the applicability of values available or estimated any values, please provide details5F :

		7.5.5 Please summarise the cost of each treatment in the following table. Cross-reference to other sections of the submission; for example, drugs costs should be cross-referenced to sections 1.10 and 1.11. Provide a rationale for the choice of values ...

		7.5.6 Please summarise, if appropriate, the costs included in each health state. Cross-reference to other sections of the submission for the resource costs. Provide a rationale for the choice of values used in the cost-effectiveness model. The health ...

		Drug Costs

		Lenalidomide

		Dexamethasone (for use in combination therapies)

		Bortezomib



		Treatment administration costs

		Monitoring costs

		Monitoring by health state

		Lenalidomide monitoring



		Subsequent Treatment

		Third-line therapies

		Patient access scheme

		Fourth-line therapies





		7.5.7 Please summarise the costs for each adverse event listed in section 6.9 (Adverse events). These should include the costs of therapies identified in sections 2.7 and 2.8. Cross-reference to other sections of the submission for the resource costs....

		7.5.8 Please describe any additional costs that have not been covered anywhere else (for example, PSS costs). If none, please state.



		7.6 Sensitivity analysis

		7.6.1 Has the uncertainty around structural assumptions been investigated? Provide details of how this was investigated, including a description of the alternative scenarios in the analysis.

		7.6.2 Which variables were subject to deterministic sensitivity analysis? How were they varied and what was the rationale for this? If any parameters or variables listed in section 7.3.6 (Summary of selected values) were omitted from sensitivity analy...

		7.6.3 Was PSA undertaken? If not, why not? If it was, the distributions and their sources should be clearly stated if different from those in section 7.3.6, including the derivation and value of ‘priors’. If any parameters or variables were omitted fr...



		7.7 Results

		7.7.1 For the outcomes highlighted in the decision problem (see section 5), please provide the corresponding outcomes from the model and compare them with clinically important outcomes such as those reported in clinical trials. Discuss reasons for any...

		7.7.2 Please provide (if appropriate) the proportion of the cohort in the health state over time (Markov trace) for each state, supplying one for each comparator.

		7.7.3 Please provide details of how the model assumes QALYs accrued over time. For example, Markov traces can be used to demonstrate QALYs accrued in each health state over time.

		7.7.4 Please indicate the life years and QALYs accrued for each clinical outcome listed for each comparator. For outcomes that are a combination of other states, please present disaggregated results. For example:

		7.7.5 Please provide details of the disaggregated incremental QALYs and costs by health state, and of resource use predicted by the model by category of cost. Suggested formats are presented below.

		7.7.6 Please present your results in the following table. List interventions and comparator(s) from least to most expensive and present ICERs in comparison with baseline (usually standard care) and then incremental analysis ranking technologies in ter...

		7.7.7 Please present results of deterministic sensitivity analysis. Consider the use of tornado diagrams.

		7.7.8 Please present the results of a PSA, and include scatter plots and cost-effectiveness acceptability curves.

		7.7.9 Please present the results of scenario analysis. Include details of structural sensitivity analysis.

		7.7.10 What were the main findings of each of the sensitivity analyses?

		7.7.11 What are the key drivers of the cost-effectiveness results?



		7.8 Validation

		7.8.1 Please describe the methods used to validate and quality assure the model. Provide references to the results produced and cross-reference to evidence identified in the clinical, quality of life and resources sections.

		Consistency with previous appraisals of multiple myeloma and published literature

		Expert validation

		Comparability with UK population

		Quality Control





		7.9 Subgroup analysis

		7.9.1 Please specify whether analysis of subgroups was undertaken and how these subgroups were identified. Were they identified on the basis of an a priori expectation of differential clinical or cost effectiveness because of known, biologically plaus...

		7.9.2 Please clearly define the characteristics of patients in the subgroup.

		7.9.3 Please describe how the statistical analysis was undertaken.

		7.9.4 What were the results of the subgroup analysis/analyses, if conducted? Please present results in a similar table as in section 7.7.6 (Base-case analysis).

		7.9.5 Were any obvious subgroups not considered? If so, which ones, and why were they not considered? Please refer to the subgroups identified in the decision problem in section 5.



		7.10 Interpretation of economic evidence

		7.10.1 Are the results from this economic evaluation consistent with the published economic literature? If not, why do the results from this evaluation differ, and why should the results in the submission be given more credence than those in the publi...

		7.10.2 Is the economic evaluation relevant to all groups of patients who could potentially use the technology as identified in the decision problem in section 5?

		7.10.3 What are the main strengths and weaknesses of the evaluation? How might these affect the interpretation of the results?

		7.10.4 What further analyses could be undertaken to enhance the robustness/completeness of the results?





		Section C – Implementation

		8 Assessment of factors relevant to the NHS and other parties

		8.1 How many patients are eligible for treatment in England and Wales? Present results for the full marketing authorisation/CE marking and for any subgroups considered. Also present results for the subsequent 5 years.

		8.2 What assumption(s) were made about current treatment options and uptake of technologies?

		8.3 What assumption(s) were made about market share (when relevant)?

		8.4 In addition to technology costs, please consider other significant costs associated with treatment that may be of interest to commissioners (for example, procedure codes and programme budget planning).

		8.5 What unit costs were assumed? How were these calculated? If unit costs used in health economic modelling were not based on national reference costs or the PbR tariff, which HRGs reflected activity?

		8.6 Were there any estimates of resource savings? If so, what were they?

		8.7 What is the estimated annual budget impact for the NHS in England and Wales?

		8.8 Are there any other opportunities for resource savings or redirection of resources that it has not been possible to quantify?



		9  References

		10 Appendices

		10.1 Appendix 1

		10.1.1 SPC/IFU, scientific discussion or drafts.

		The SPC is provided in the reference pack1



		10.2 Appendix 2: Search strategy for section 6.1 (Identification of studies)

		10.2.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter),

		10.2.2 The date on which the search was conducted.

		10.2.3 The date span of the search.

		10.2.4 The complete search strategies used, including all the search terms: textwords (free text), subject index headings (for example, MeSH) and the relationship between the search terms (for example, Boolean).

		10.2.5 Details of any additional searches, such as searches of company databases (include a description of each database).

		10.2.6 The inclusion and exclusion criteria.

		10.2.7 The data abstraction strategy.



		10.3 Appendix 3: Quality assessment of RCT(s) (section 6.4)

		10.4 Appendix 4: Search strategy for section 6.7 (Indirect and mixed treatment comparisons)

		10.4.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter), including at least:



		10.5 Appendix 5: Quality assessment of comparator RCT(s) in section 6.7 (Indirect and mixed treatment comparisons)

		10.5.1 A suggested format for the quality assessment of RCT(s) is shown below.

		Not applicable



		10.6 Appendix 6: Search strategy for section 6.8 (Non-RCT evidence)

		10.6.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter), including at least:



		10.7 Appendix 7: Quality assessment of non-RCT(s) in section 6.8 (Non-RCT evidence)

		10.8 Appendix 8: Search strategy for section 6.9 (Adverse events)

		10.8.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter), including at least:



		10.9 Appendix 9: Quality assessment of adverse event data in section 6.9 (Adverse events)

		10.9.1 Please tabulate the quality assessment of each of the non-RCTs identified.



		10.10 Appendix 10: Search strategy for cost-effectiveness studies (section 7.1)

		10.10.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter), including at least:

		10.10.2 The date on which the search was conducted.

		14th August 2013

		10.10.3 The date span of the search.

		10.10.4 The complete search strategies used, including all the search terms: textwords (free text), subject index headings (for example, MeSH) and the relationship between the search terms (for example, Boolean).

		10.10.5 Details of any additional searches (for example, searches of company databases [include a description of each database]).



		10.11 Appendix 11: Quality assessment of cost-effectiveness studies (section 7.1)

		10.12 Appendix 12: Search strategy for section 7.4 (Measurement and valuation of health effects)

		10.12.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter), including at least:

		10.12.2 The date on which the search was conducted.

		10.12.3 The date span of the search.

		10.12.4 The complete search strategies used, including all the search terms: textwords (free text), subject index headings (for example, MeSH) and the relationship between the search terms (for example, Boolean).

		10.12.5 Details of any additional searches (for example, searches of company databases [include a description of each database]).

		10.12.6 The inclusion and exclusion criteria.

		10.12.7 The data abstraction strategy.



		10.13 Appendix 13: Resource identification, measurement and valuation (section 7.5)

		10.13.1 The specific databases searched and the service provider used (for example, Dialog, DataStar, OVID, Silver Platter), including at least:

		10.13.2 The date on which the search was conducted.

		10.13.3 The date span of the search.

		10.13.4 The complete search strategies used, including all the search terms: textwords (free text), subject index headings (for example, MeSH) and the relationship between the search terms (for example, Boolean).

		10.13.5 Details of any additional searches (for example, searches of company databases [include a description of each database]).

		10.13.6 The inclusion and exclusion criteria.

		10.13.7 The data abstraction strategy.





		11  Related procedures for evidence submission

		11.1 Cost-effectiveness models

		11.2 Disclosure of information
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Single Technology Appraisal (STA)

Single technology appraisal (STA) of lenalidomide for the treatment of multiple
myeloma in people who have received at least one prior therapy with bortezomib
(partial review of TA171) [ID667]

Dear I,

The Evidence Review Group, Peninsula Technology Assessment Group (PenTAG), and the
technical team at NICE have now had an opportunity to take a look at the submission
received on the 11™ November by Celgene. In general terms they felt that it is well presented
and clear. However, the ERG and the NICE technical team would like further clarification
relating to the clinical and cost effectiveness data.

Both the ERG and the technical team at NICE will be addressing these issues in their
reports.

We request you to provide a written response to this letter to the Institute by 5pm on 12"
December. Two versions of this written response should be submitted; one with
academic/commercial in confidence information clearly marked and one from which this
information is removed.

Please underline all confidential information, and separately highlight information that is
submitted under ‘commercial in confidence’ in turquoise, and all information submitted under
‘academic in confidence’ in yellow.

If you present data that is not already referenced in the main body of your submission and
that data is seen to be academic/commercial in confidence information, please complete the
attached checklist for in confidence information.

Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this
may result in your information being displaced or unreadable. Any supporting documents
should be emailed to us separately as attachments or sent on a CD.

If you have any further queries on the technical issues raised in this letter then please
contact Carl Prescott, Technical Lead (carl.prescott@nice.org.uk). Any procedural questions
should be addressed to Jeremy Powell, Project Manager (Jeremy.powell@nice.org.uk) in
the first instance.

Yours sincerely

Elisabeth George

www.nice.org.uk
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Section A: Decision Problem

Al.On page 13 of the submission it is stated that no additional evidence is likely to be
available in the next 12 months. Could you please confirm that this is still the case?

A2.0n page 16 section 1.13, it is explained that a safety warning regarding an increased
risk of AML progression for patients with MDS was issued on 10" June to health care
professionals. Please provide detail about what the safety letter describes regarding
the increased risk of AML progression for people with multiple myeloma.

Section B: Clarification on clinical-effectiveness data

B1. Priority question: The search strategy limits searches by themes such as 'relapse'
and 'recurrence' (page 216, lines 6-12 of the MEDLINE strategy), which could affect
the retrieval of potentially relevant studies (e.g. Bendamustine studies). Therefore:

e Please provide the rationale for this decision.
o Please re-run the effectiveness searches removing this cluster and list
any additional studies not previously identified.

B2. Priority question: All adverse event data provided is from the MM-010 and MM-009
clinical trials. Given the adverse event profile associated with lenalidomide, please
provide the rationale for not conducting separate searches for adverse events.

B3. Priority question: Please provide the number at risk for figure 11 (as presented for
figure 10)

B4. Priority question: There are values in Table 19 (page 76) which appear
counterintuitive (for example baseline plasma cell percentage and duration of MM).
Please confirm whether the values in Table 19 are correct and provide the equations
used in the Cox regression model.

Section B: Clarification on cost-effectiveness data

B5. Priority question: Given the sensitivity of the cost-effectiveness estimates to the
data sources in TA171, please explore the impact of using different data sources for
the effectiveness data on the final ICER. More specifically, please conduct sensitivity
analysis using MM-009 data only and pooled data (from MM-009 and MM-0010).

B6. Priority question: On page 136 of the submission there is reference to the
multivariate equations developed to model OS, PFS and TTF. These equations are
said to be used to adjust for differences in baseline characteristics of the populations
(page 136, page 138 and page 148). Please provide these equations in full detail.
Please provide the calculations performed to “improve exchangeability...and to
adjust median survival estimates for lenalidomide” (page 148).

B7. Priority question: Pages 139 to 146 describe six parametric distributions for each
clinical outcome (PFS, TTF and OS). The observed KM survival plots and parametric
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curves are provided. For the 3 outcomes PFS, TTF and OS, please provide the raw
data used to produce:

e 1) the KM curves

e 2) the parametric curves

e 3) the log cumulative hazard plots

Priority question: Please clarify which of the following approaches were taken in the
economic analysis:
e The dataset was stratified and so only data (clinical and cost) for the second-
line treatment population was included in the economic analysis.
¢ Data (clinical and cost) from the full MM-010 population was used (as
suggested in page 137 - 139), and then the covariate estimate for the second-
line setting was used to adjust the models results
a. If this approach was used please present sensitivity analysis using
only data from patients treated in the second-line setting

Priority question: The Gamma distribution visually seems to be as good (or better)
a fit to the KM data for PFS and TTF than the lognormal distribution, which was
included in sensitivity analyses. Please clarify why the Gamma distribution was not
considered in the sensitivity analysis.

Priority question: Please clarify why the Markov trace figures for OS provided in the
appendix appear to be substantially different from Figure 28 in the submission,
presenting the predicted survival?

Priority question: Please outline why no search terms for health related quality of
life were included in the searches?

The ICERs in this submission differ significantly from those presented in TA171. It
will be beneficial to the Appraisal Committee to understand the reasons for this.
Therefore please provide reasoning for this difference.

Please confirm that in Table 41 the intercept term coefficient value is 3.116 and the
Beta-2 microglubin coefficient -0.779 for the log-logistic model (The same applies for
the lognormal model coefficients).Please provide the p-values used to assess the
statistical significance of the predictors.

Textual clarifications and additional points

1.

Priority question: Please consider the following and provide an updated model if
necessary:

e The values on tab “Comparative efficacy” could not be traced back in the
submission. The values for median OS and median PFS for the Len/Dex arm
of the model do not match the values provided in Section 6 of the submission.
Please present these outcomes and the sources.
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e Within the same excel tab, there is potential mislabelling in the tables from
cells C32-J78. Please provide a clear, corrected table with sources included.

2. Priority question: The Excel model provided indicates that there are extra
calculations to adjust for the crossing of the fitted PFS and OS curves, which may
have led to an overestimation of PFS. Please provide the rationale for these
calculations.

3. Priority question: In the Excel model provided, there is a possible inconsistency in
the approaches to adjust for patient characteristics. The median observed PFS and
TTP (tab “Comparative Efficacy”, cells F44 and F45) are not adjusted for patients
characteristics reported in the Taverna study, whilst the median OS estimate was.
Please provide median PFS and TTP from trial MM-010, adjusted for patient
characteristics from the Taverna study.
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Single Technology Appraisal (STA)

Single technology appraisal (STA) of lenalidomide for the treatment of multiple
myeloma in people who have received at least one prior therapy with bortezomib
(partial review of TA171) [ID667]

Dear I,

The Evidence Review Group, Peninsula Technology Assessment Group (PenTAG), and the
technical team at NICE have now had an opportunity to take a look at the submission
received on the 11™ November by Celgene. In general terms they felt that it is well presented
and clear. However, the ERG and the NICE technical team would like further clarification
relating to the clinical and cost effectiveness data.

Both the ERG and the technical team at NICE will be addressing these issues in their
reports.

We request you to provide a written response to this letter to the Institute by 5pm on 12"
December. Two versions of this written response should be submitted; one with
academic/commercial in confidence information clearly marked and one from which this
information is removed.

Please underline all confidential information, and separately highlight information that is
submitted under ‘commercial in confidence’ in turquoise, and all information submitted under
‘academic in confidence’ in yellow.

If you present data that is not already referenced in the main body of your submission and
that data is seen to be academic/commercial in confidence information, please complete the
attached checklist for in confidence information.

Please do not ‘embed’ documents (i.e. PDFs, spreadsheets) within your response as this
may result in your information being displaced or unreadable. Any supporting documents
should be emailed to us separately as attachments or sent on a CD.

If you have any further queries on the technical issues raised in this letter then please
contact Carl Prescott, Technical Lead (carl.prescott@nice.org.uk). Any procedural questions
should be addressed to Jeremy Powell, Project Manager (Jeremy.powell@nice.org.uk) in
the first instance.

Yours sincerely

Elisabeth George

www.nice.org.uk
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Associate Director — Appraisals
Centre for Health Technology Evaluation

Encl. checklist for in confidence information
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Section A: Decision Problem

Al.On page 13 of the submission it is stated that no additional evidence is likely to be
available in the next 12 months. Could you please confirm that this is still the case?
Celgene confirms that no additional evidence is likely to be available in the next 12 months

for the indication and position in the treatment pathway that is being appraised.

A2.0n page 16 section 1.13, it is explained that a safety warning regarding an increased
risk of AML progression for patients with MDS was issued on 10" June to health care
professionals. Please provide detail about what the safety letter describes regarding
the increased risk of AML progression for people with multiple myeloma.

The letter was issued in relation to the MDS indication. On page 7 of the letter, reference is
made in the context of clinical trial studies of newly diagnosed multiple myeloma patients to
the incidence of secondary primary malignancies (SPM). This has no relation to the

population setting which is being appraised by NICE.

For information, lenalidomide was reviewed under Article 20 by the European Medicines
Agency (EMA) in 2011 in its current indication for relapsed and refractory multiple myeloma
and which concluded that the benefit-risk ration remains positive. In a retrospective pooled
analysis (Dimopolous, 2012) of 11 clinical trials of lenalidomide-based therapy for
relapsed/refractory multiple myeloma (N= 3846), the overall incidence rate SPMs were found
to be consistent with the background incidence of developing cancer, with only one
observation of AML.

Section B: Clarification on clinical-effectiveness data

B1. Priority question: The search strategy limits searches by themes such as 'relapse'
and 'recurrence' (page 216, lines 6-12 of the MEDLINE strategy), which could affect
the retrieval of potentially relevant studies (e.g. Bendamustine studies). Therefore:

o Please provide the rationale for this decision.
e Please re-run the effectiveness searches removing this cluster and list
any additional studies not previously identified.

Two searches were conducted for clinical effectiveness:
1. The original search which included relapse/recurrence within the strategy

2. An update search with the relapse and recurrence terms removed
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The update search was conducted with no date limits applied and therefore covers the entire
date span of the original searches. The searches were conducted in this way was to avoid
duplication in the reference management process. The attached spreadsheet provides the
results with the relapse/recurrence terms removed (which were provided within the original

submission).

B2. Priority question: All adverse event data provided is from the MM-010 and MM-009
clinical trials. Given the adverse event profile associated with lenalidomide, please
provide the rationale for not conducting separate searches for adverse events.

The studies MM-009 and MM-010 were designed to capture any AE’s associated with
lenalidomide in this patient group. Additionally the AE’s were presented for the duration of
treatment and for longer term follow up at 48 months. The AE’s presented were comparable
and are consistent with those listed in the current SPC which was updated in 2013. Expert
clinical view was that the AE profile of lenalidomide as presented in the submission is current
and adequate.

B3. Priority question: Please provide the number at risk for figure 11 (as presented for
figure 10)

The figure below presents the number at risk for Figure 11 (based on Weber 2007).
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Mo. at Risk
Lenalidomide 177 164 144 109 74 i4 7
Placebo 175 144 115 51 26 5 1
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B4. Priority question: There are values in Table 19 (page 76) which appear
counterintuitive (for example baseline plasma cell percentage and duration of MM).
Please confirm whether the values in Table 19 are correct and provide the equations
used in the Cox regression model.

The values in Table 19 were taken from the Dimopolous 2009 publication (reference 32,
Table 3). The table below provides this analysis with more decimal places for the hazard

ratios.
Variable Parameter P-

estimate SE value HR 95% ClI
Treatment: Placebo/Dex vs. Rev/Dex 0.3489 | 0.1038 | 0.0008 | 1.418 | 1.157 | 1.737
BL % Plasma cells -- Aspirate/Biopsy:
High vs. Low 0.00912 | 0.00195 | <.0001 | 1.009 | 1.005 | 1.013
Beta-2M: >2.5 mg/L vs. <=2.5 mg/L 0.45634 | 0.14915 | 0.0022 | 1.578 | 1.178 | 2.114
Duration of MM (years) -0.07632 | 0.02275 | 0.0008 | 0.927 | 0.886 | 0.969
Lytic bone lesion at baseline: Y vs. N 0.23758 | 0.12825| 0.064 | 1.268 | 0.986 | 1.631
Number of earlier anti-myeloma
therapies 0.1274 | 0.05726 | 0.0261 | 1.136 | 1.015| 1.271
Previously treated with HDT/SCT: Y vs
N 0.21224 | 0.10976 | 0.0532 | 1.236 | 0.997 | 1.533
Previously treated with Dex: Y vs. N 0.28843 | 0.12039 | 0.0166 | 1.334 | 1.054 | 1.689
ISS score at baseline (Il vs Il vs 1) 0.38059 | 0.07964 | <.0001 | 1.463| 1252 | 1.71

Shorter duration of disease and greater percentage of plasma cells in the bone marrow were

all associated with a reduced OS in a long-term follow-up of the MM-009 and MM-010 trials.

The association between baseline plasma cells in bone marrow and overall survival may
reflect changes within the tissue of the bone marrow. Bone marrow stromal cells are known

[,Y? and an increase in stromal cell

to promote multiple myeloma cell proliferation and surviva
numbers at the time of multiple myeloma diagnosis has recently been shown to correlate
closely with plasma cell burden.® Although the causal relationship among these factors is
unclear, these findings suggest a correlation between plasma cell numbers and changes in
the bone marrow microenvironment which are associated with rapid disease progression.
Plasma cell percentage at baseline may therefore represent a significant prognostic factor in
patients with multiple myeloma, although analysis of MM-009 and MM-010 data shows that

the prognostic importance is low (even though the significance is high).
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An analysis of UK MRC trial patients (Auguston et al) with MM found a considerable degree

of early mortality (10% within two months). * In another retrospective multi-centre registry

analysis (Kumar et al, 2012), whilst the overall median OS reported was 9 months, almost

half of patient alive at 12 months seemed to be still alive at month 60.% It would therefore

seem reasonable that if a substantial proportion of patients are dying early then those who

survive the early stages of disease may have a higher median OS since their disease is

controlled and they have a better propensity to treatment response.

Following the question on the above two points from ERG, we also sought clinical expert

opinion and their view was that such an association was clinically valid.

All other results are as would be expected:

OS is reduced for patients with lytic bone lesions at baseline

OS is reduced the more therapies patients have previously received

OS is reduced if patients have previously received (and therefore perhaps stopped
responding to) dexamethasone

OS is reduced if patients have previously received a stem cell transplant

OS is reduced the higher the ISS risk stage score

Wong TW, Kita H, Hanson CA et al. Induction of malignant plasma cell proliferation by
eosinophils. PLoS One 2013;8:e70554.

Pellegrino A, Ria R, Di Pietro G et al. Bone marrow endothelial cells in multiple
myeloma secrete CXC-chemokines that mediate interactions with plasma cells. Br J
Haematol 2005;129:248-56.

Noll JE, Williams SA, Tong CM et al. Myeloma plasma cells alter the bone marrow
microenvironment by stimulating the proliferation of mesenchymal stromal cells.
Haematologica 2013.

Augustson B, Begum G, Dunn JA et al. Early Mortality After Diagnosis of Multiple
Myeloma: Analysis of Patients Entered Onto the United Kingdom Medical Research
Council Trials Between 1980 and 2002—Medical Research Council Adult Leukaemia
Working Party. J Clin Oncol. 2005;23:9219-9226

Kumar SK, Lee JH, Lahuerta JJ et al. Risk of progression and survival in multiple
myeloma relapsing after therapy with IMiDs and bortezomib: A multicenter
international myeloma working group study. Leukemia. 2012;26:149-157.

Section B: Clarification on cost-effectiveness data
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data sources in TA171, please explore the impact of using different data sources for
the effectiveness data on the final ICER. More specifically, please conduct sensitivity

analysis using MM-009 data only and pooled data (from MM-009 and MM-0010).

Results based upon the MM-009 study are provided below. Please note the ICERs

presented have been updated to take into account adjusted PFS from the Taverna paper

(see answer to T3 for further details). Comparative efficacy estimates for bortezomib

retreatment, calculated using the same methodology as employed for MM-010 data, are as

follows:

0S: 1.70
PFS: 1.35

MM-009 clinical data

Technologies Total costs Total Total Incremental Incremental Incremental ilgfrin(fgntal
(E) LYG QALYs | costs (£) LYG QALYs (QALYS)

Bortezomib 123,575 5.11 2.99 - - - -

Lenalidomide 128,275 5.52 3.36 4,700 0.41 0.37 12,567

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Mean outcomes, weighted by the number of patients in the MM-010 and MM-009 studies,

are provided below. These are used to calculate a combined-study ICER. This methodology

has been employed as directly pooling clinical studies is not appropriate (breaks

randomisation) and would result in approximately the same results (given that the trials

contained roughly the same number of patients receiving lenalidomide).

Model outcomes using MM-010 and MM-009 clinical data

Total Total Total Total Weighted Weighted ICER (£)
Technologies | lenalidomide | bortezomib | lenalidomide | bortezomib | incremental | incremental | incremental
costs (£) costs (£) QALYs QALYs costs (E)* QALYs* (QALYSs)
MM-010 121,422 123,207 3.42 2.85 - - -
MM-009 128,275 123,575 3.36 2.99 0.47 1,467 3,122

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.
* Weighted by number of patients on the Len/Dex arm in each study (MM-010 = 176, MM-009 = 177).
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B6. Priority question: On page 136 of the submission there is reference to the
multivariate equations developed to model OS, PFS and TTF. These equations are
said to be used to adjust for differences in baseline characteristics of the populations
(page 136, page 138 and page 148). Please provide these equations in full detail.
Please provide the calculations performed to “improve exchangeability...and to
adjust median survival estimates for lenalidomide” (page 148).

For clarification 1 set of multivariate equations are used within the model both to predict OS,

PFS and TTF for lenalidomide and to estimate comparative efficacy. The following process

was used:

Fit Curves for Lenalidomide using Trial Data
Parametric equations were fit solely to MM-010 data (and now also MM-009 in response to
these questions) to produce the baseline curve shapes for second line patients:
e A piecewise curve fit was also applied to the OS data which was the best fitting curve
and is applied to model OS in the base case

o Alog-logistic curve fit was the best fitting curve for the PFS data (and TTF data)

Calculate Comparative efficacy

The parametric equation which was the best fit was used within the model to calculate the
median for lenalidomide adjusting for patient characteristics to match the source paper for
OS and PFS as closely as possible in order to derive a hazard ratio for the comparator vs
lenalidomide:

e This was the weibull with time dependent effect for OS (as it is not possible to
produce an equation of the required format to produce a median for comparative
efficacy using a piecewise exponential curve) and the log-logistic curve for PFS

e |t was assumed that the HR for TTF would be the same as for PFS as the curve fits
for lenalidomide because these two variables are similar and no information on TTF

was presented in any of the evidence identified
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Variable Coefficient Standard Error P value
MM duration (centred on | , yor51 46 0.0252462 0.014
the mean)

Beta 2M count >2mg/L | 0.6111748 0.179955 0.001
2+ prior treatments -0.5556985 0.4228444 0.189
ECOG performance 0.1014312 0.1642646 0.537
status: O or 1

ECOG performance 0.6250442 0.2084904 0.003
status: 2

ECOG performance -0.0201439 0.7315625 0.978
status: unknown

Presence of bone 0.4318573 0.197072 0.028
lesions

Constant term -4.450569 0.4717471 0.000

Regression equation for the prediction of PFS — MM-010 — log-logistic?

Variable Coefficient Standard Error P value
MM duration (centred on |, ;1673 0.0204727 0.014
the mean)

Beta 2M count =22mg/L -0.7790044 0.1425477 0.000
2+ prior treatments -0.1852167 0.1463218 0.206
Constant term 3.115807 0.1837414 0.000

Regression equation for the prediction of OS — MM-009 — weibull ®

Variable Coefficient Standard Error P value
MM duration (centred on | 705057 0.0300944 0.019
the mean)

Beta 2M count 22mg/L 1.129541 0.1744345 0.000
2+ prior treatments 0.0424577 0.5009001 0.932
Constant term -5.953292 0.5390546 0.000

! The parts of this equation relevant to predicting OS for lenalidomide can be found in the sheet MM10
Progression & Survival rows 92 — 98. MM duration and 2+ prior treatments are not included in the model sheet as
these are not required to be used in the model (all patients are 1 prior treatment & MM duration was centered on
the mean during the analysis)

> The parts of this equation relevant to predicting PFS for lenalidomide can be found in the sheet MM10
Progression & Survival rows 21-23. MM duration and 2+ prior treatments are not included in the model sheet as
these are not required to be used in the model (all patients are 1 prior treatment & MM duration was centered on
the mean during the analysis)

% The parts of this equation relevant to predicting OS for lenalidomide can be found in the sheet MMQ9
Progression & Survival rows 88-90. MM duration and 2+ prior treatments are not included in the model sheet as
these are not required to be used in the model (all patients are 1 prior treatment & MM duration was centered on
the mean during the analysis)
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Regression equation for the prediction of PFS — MM-009 — log-logistic*

Variable Coefficient Standard Error P value
MM duration (centred on | ooe60 0.0233338 0.003
the mean)

Beta 2M count =2mg/L -0.5875301 0.1354660 0.000
2+ prior treatments -0.3483372 0.1323018 0.008
Constant term 3.132012 0.1627754 0.000

To improve the exchangeability of the studies of interest, that is, MM-010 or MM-009 and the
study being used to predict comparator efficacy relative to Len/Dex, available prognostic
characteristics from these studies were entered into the regression equations above. This
had the effect of altering the MM-010 (or MM-009) dataset to be in line with the comparator
study of interest in terms of the available prognostic characteristics (for example MM
duration). This method was employed as it is not possible to adjust the information in the
relevant studies to match the MM-010 (or MM-009) patient population. The patient level data

from the trials could be adjusted however.

With inputs set to match the comparator study, the regression equations above predicted
new OS and PFS estimates. These can be interpreted as showing what OS or PFS would
have prevailed if the MM-010 (or MM-009) population had the same prognostic
characteristics as the comparator study of interest. The resulting values were the Len/Dex
‘adjusted OS’ or ‘adjusted PFS’ estimates, from which hazard ratios were calculated to apply

comparative efficacy in the economic analysis.

B7. Priority question: Pages 139 to 146 describe six parametric distributions for each
clinical outcome (PFS, TTF and OS). The observed KM survival plots and parametric
curves are provided. For the 3 outcomes PFS, TTF and OS, please provide the raw
data used to produce:

e 1) the KM curves
e 2) the parametric curves
e 3) the log cumulative hazard plots

* The parts of this equation relevant to predicting PFS for lenalidomide can be found in the sheet MM09
Progression & Survival rows 21-23. MM duration and 2+ prior treatments are not included in the model sheet as
these are not required to be used in the model (all patients are 1 prior treatment & MM duration was centered on
the mean during the analysis)
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Please see the response to question 3 in the ‘Textual clarifications and additional points’, as

the changes made for that clarification directly impact our response to the present question.

The raw KM data are provided in a separate Excel spreadsheet. Parameters for each of the
models for OS, PFS and TTF are provided below.

OS parametric model coefficients

Variable Coefficient Standard Error | P-value
Piecewise exponential

Beta-2m >2mg/L 0.613 0.180 0.001
ECOG score =1 0.101 0.164 0.539
ECOG score =2, 3 0.621 0.209 0.003
ECOG score unknown -0.046 0.732 0.950
Bone lesions present 0.440 0.197 0.026
Time: =26 <12 months -0.327 0.468 0.485
Time: 212 <18 months -1.316 0.611 0.031
Time: 218 <24 months -1.003 0.619 0.105
Time: =224 <30 months -0.730 0.608 0.230
Time: 230 months -0.449 0.430 0.297
Constant -4.673 0.364 0.000
Exponential model

Beta-2m >2mg/L 0.629 0.180 0.000
ECOG score =1 0.111 0.164 0.500
ECOG score = 2, 3 0.646 0.208 0.002
ECOG score unknown -0.066 0.731 0.928
Bone lesions present 0.447 0.197 0.023
Constant -5.173 0.277 0.000
Weibull model (time dependent effect)

Beta-2m >2mg/L 0.611 0.180 0.001
ECOG score =1 0.101 0.164 0.537
ECOG score =2, 3 0.625 0.208 0.003
ECOG score unknown -0.020 0.732 0.978
Bone lesions present 0.432 0.197 0.028
Constant -4.451 0.472 0.000
Ln(gamma) -0.240 0.134 0.073
Weibull model

Beta-2m >2mg/L 0.615 0.180 0.001
ECOG score = 1 0.113 0.164 0.491
ECOG score =2, 3 0.619 0.209 0.003
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ECOG score unknown -0.081 0.731 0.912
Bone lesions present 0.440 0.197 0.025
Constant -5.039 0.420 0.000
Ln(gamma) -0.031 0.090 0.733
Log-logistic model

Beta-2m >2mg/L -0.824 0.209 0.000
ECOG score = 1 -0.183 0.197 0.352
ECOG score =2, 3 -0.898 0.275 0.001
ECOG score unknown -0.014 0.765 0.985
Bone lesions present -0.549 0.230 0.017
Constant 5.124 0.337 0.000
Ln(gamma) -0.138 0.088 0.116
Log-normal model

Beta-2m >2mg/L -0.952 0.225 0.000
ECOG score =1 -0.154 0.210 0.463
ECOG score =2, 3 -0.909 0.286 0.002
ECOG score unknown 0.096 0.820 0.906
Bone lesions present -0.580 0.244 0.018
Constant 5.195 0.358 0.000
Ln(sigma) 0.452 0.078 0.000
Gompertz model

Beta-2m >2mg/L 0.626 0.626 0.001
ECOG score = 1 0.116 0.164 0.482
ECOG score = 2, 3 0.628 0.209 0.003
ECOG score unknown -0.093 0.731 0.899
Bone lesions present 0.445 0.197 0.024
Constant -5.264 0.323 0.000
Gamma 0.005 0.008 0.507
Gamma model

Beta-2m >2mg/L -0.784 0.225 0.001
ECOG score =1 -0.159 0.191 0.404
ECOG score =2, 3 -0.721 0.278 0.010
ECOG score unknown 0.090 0.786 0.909
Bone lesions present -0.521 0.227 0.022
Constant 5.420 0.363 0.000
Ln(gamma) 0.123 0.236 0.602
Ln(kappa) 0.857 0.471 0.069

PFS parametric model coefficients

| Variable \ Coefficient Standard Error P-value |
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Log-logistic model

Constant 3.116 0.184 0.000
Beta-2m >2mg/L -0.779 0.143 0.000
Ln(gamma) -0.218 0.080 0.007
Log-normal model

Constant 3.151 0.186 0.000
Beta-2m >2mg/L -0.813 0.151 0.000
Ln(sigma) 0.308 0.072 0.000
Exponential model

Constant -3.619 0.165 0.000
Beta-2m >2mg/L 0.711 0.147 0.000
Weibull model

Constant -3.184 0.267 0.000
Beta-2m >2mg/L 0.669 0.149 0.000
Ln(gamma) -0.145 0.077 0.060
Gompertz model

Constant -3.085 0.202 0.000
Beta-2m >2mg/L 0.576 0.148 0.000
Gamma -0.038 0.011 0.000
Gamma model

Constant 2.724 0.292 0.000
Beta-2m >2mg/L -0.809 0.152 0.000
Ln(sigma) 0.331 0.073 0.000
Ln(kappa) -0.670 0.339 0.048

TTF parametric model coefficients

Variable Coefficient Standard Error P-value
Log-logistic model

Constant 2.678 0.169 0.000
Beta-2m >2mg/L -0.731 0.130 0.000
Ln(gamma) -0.153 0.067 0.022
Log-normal model

Constant 2.663 0.207 0.000
Beta-2m >2mg/L -0.858 0.152 0.000
Ln(sigma) 0.669 0.057 0.000
Exponential model

Constant -3.262 0.141 0.000
Beta-2m >2mg/L 0.687 0.127 0.000
Weibull model

Constant -2.642 0.213 0.000
Beta-2m >2mg/L 0.637 0.128 0.000
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Ln(gamma) -0.217 0.064 0.001
Gompertz model

Constant -2.813 0.171 0.000
Beta-2m >2mg/L 0.579 0.128 0.000
Gamma -0.031 0.008 0.000
Gamma model

Constant 3.312 0.193 0.000
Beta-2m >2mg/L -0.809 0.139 0.000
Ln(sigma) 0.207 0.077 0.007
Ln(kappa) 1.022 0.172 0.000

Model results using all available parametric survival models are provided below.

Scenario analysis results using all available parametric models for OS, PFS and TTF

Gamma multivariable

Lenalidomide

Parameter Base-case Scenario analysis ICER ICER
Assumption y MM-010 data MM-009 data
Exponential
L £24,379
multivariable
Weibull with time
dependent effect (time ] ]
horizon 38 years) 'agnm"’;lr']g?en;'de
) ) Weibull multivariable ) )
Curve fit for OS PleceW|s§ (time horizon 38 years) Lena_llldomlde
exponential dominates
Log-normal
o £17,337
multivariable
Log-logistic
g-ogt £13,123
multivariable
Gompertz multivariable Lenalidomide
Gamma multivariable dominates
Log-normal
o £12,468
multivariable
o Exponential ) ) £14.042
Curve fit for PES Log—_Iog|§t|c multivariable Lena}l|dom|de '
multivariable . —— dominates
Weibull multivariable £13,657
Gompertz multivariable £10,465
Gamma multivariable £12,349
Log-normal
multivariable ) )
ogisti Exponential :snma}:']g?en;'de lidomid
Curve fit for TTE | L0g-logistic multivariable Lenalidomide
multivariable . —— dominates
Weibull multivariable
Gompertz multivariable | £6,576
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Parameter Base-case Scenario analysis ICER ICER
Assumption y MM-010 data MM-009 data
dominates
B8. Priority question: Please clarify which of the following approaches were taken in the

economic

analysis:

o The dataset was stratified and so only data (clinical and cost) for the second-
line treatment population was included in the economic analysis.

e Data (clinical and cost) from the full MM-010 population was used (as
suggested in page 137 - 139), and then the covariate estimate for the second-
line setting was used to adjust the models results

a. If this approach was used please present sensitivity analysis using
only data from patients treated in the second-line setting

Please see the response to question 3 in the ‘Textual clarifications and additional points’, as

the changes made for that clarification directly impact our response to the present question.

The second approach listed above was taken in the economic analysis. Results using

survival analysis inputs from only patients who were treated in the second-line setting (for
OS, PFS and TTF) are provided below for both MM-010 and MM-009 clinical data. It is

assumed that comparative efficacy estimates are equal to those calculated for the wider

MM-010 and MM-009 populations respectively.

Second-line population: MM-010 clinical data

Technologies Total costs Total Total Incremental Incremental Incremental :E(I:Erlzrﬁge)ntal
(E) LYG QALYs | costs (£) LYG QALYs (QALYS)

Bortezomib 137,138 6.85 3.63 - - - -

Lenalidomide 148,831 8.23 4.48 11,693 1.38 0.85 13,771

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Second-line population: MM-009 clinical data
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T Total costs Total Total Incremental Incremental Incremental :E(I:Erlzrﬁge)ntal
9 (E) LYG QALYs | costs (£) LYG QALYs (QALYSs)
Bortezomib 130,691 5.73 3.25 - - - -
Lenalidomide 138,378 6.26 3.73 7,587 0.53 0.48 15,699

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

BO.

Priority question: The Gamma distribution visually seems to be as good (or better)
a fit to the KM data for PFS and TTF than the lognormal distribution, which was

included in sensitivity analyses. Please clarify why the Gamma distribution was not
considered in the sensitivity analysis.

Please find model results using the gamma distribution in response to clarification B7.

B10.

Priority question: Please clarify why the Markov trace figures for OS provided in the
appendix appear to be substantially different from Figure 28 in the submission,

presenting the predicted survival?

The Markov trace presented in the submission differed to Figure 28 in the submission

because Figure 28 showed the overall survival Kaplan-Meier chart and piecewise

exponential plot for the entire ITT population. This was provided as analysis was conducted

using the full (ITT population) with the curve fit for second-line patients then analysed by

including the line of treatment (second or third or more) as a covariate within the regression

analysis (see answer to B8).

The Kaplan-Meier chart and parametric model for the ITT population adjusted to reflect

patients treated in the second-line setting (based upon the second approach described in

clarification B8) is provided below.
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Corrected Figure 28 — Kaplan-Meier chart and fitted piecewise exponential model (MM-
010)

0.1

0 52 104 156 208 260

—0Q0S-ITT  =-=--- OS - Second-line  ----- Piecewise exponential - Adjusted ITT

It is not possible to adjust a Kaplan-Meier chart to show the OS of the ITT population
adjusted for if it were a second-line population. The exponential model above was estimated
this way, using the full MM-010 dataset. The Kaplan-Meier plot and piecewise exponential
model for the second-line only population are provided below. These two charts are also
provided for the MM-009 dataset.

www.nice.org.uk





Level 1A

N I c National Institute for City Tower
Health and Care Excellence Manchester

M1 4BT

United Kingdom

+44 (0)845 003 7780

Kaplan-Meier chart and fitted piecewise exponential model — second-line patients only
(MM-010)

0.9  ag
0.8 ! >

0.7 oo™~

~———

0.6 A

0.5

0s

0.4
0.3
0.2
0.1

0.0
0 52 104 156 208 260
Week

----- QOS - Second-line -----Piecewise exponential - Second-line

The predicted survival curve does not appear to fit precisely to the observed data for the
lenalidomide group in the 2™ line subgroup population as survival has been estimated
using mean covariate values from the full 2" line population (lenalidomide and
dexamethasone patients). Due to some small imbalances in patient characteristics between
treatment groups and differences in population characteristics between 2™ line patients
between the treatment groups this has resulted is a slight shifting of the predicted curve for
lenalidomide away from the observed estimate. For example in MM10, the mean value for
the duration of multiple myeloma (MM) for 2nd line lenalidomide patients 2.73 years, whilst
the mean value for the entire MM10 population is 3.08 years. It is also noted that the 2nd line
population relies on a small sample size and thus the Kaplan-Meier curve is more sensitive
to censoring and appears less 'smooth' than Kaplan-Meier survival curves based on the

larger ITT population resulting in somewhat poorer fitting curve.
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Kaplan-Meier chart and fitted piecewise exponential model — second-line patients only
(MM-009)

P .

0.2
0.1

0.0
0 52 104 156 208 260
Week

----- 0S - Second-line -=----Piecewise exponential - Second-line

B11l. Priority question: Please outline why no search terms for health related quality of
life were included in the searches?

The explicit terms were mistakenly excluded. The searches have been repeated with the

correct terms included (see below for the filter used for utilities). 195 papers were found (see

Excel spreadsheet provided). 1 additional paper which was not found in the original

searches was identified after filtering: Crott 2013. This paper reports a utility of 0.69 (SD =

0.26) using the EQ-5D for multiple myeloma based upon 172 patients (717 observations).

The utilities in the paper identified in the original review are 0.81 pre-progression, 0.77 pre-
progression after 2 years and 0.64 post-progression. The utility in the Crott paper falls within
this range and given the large number of observations per patient would be expected to

include more post-progression than pre-progression observations. Unfortunately the Crott
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paper does not report utility by pre and post-progression therefore it would not be possible to

use this reference within the economic modelling.

MEDLINE filter

Quality-Adjusted Life Years/

guality adjusted life.tw.

(galy$ or gald$ or gale$ or gtime$).tw.

disability adjusted life.tw.

daly$.tw.

Health Status Indicators/

(sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform
thirtysix or shortform thirty six or short form thirtysix or short form thirty six).tw.

(sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form
Six).tw.

(sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or
short form twelve).tw.

(sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen
or short form sixteen).tw.

(sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or
short form twenty).tw.

(euroqol or euro gol or eq5d or eq 5d or eqg-5d).tw.

(hgl or hgol or h qgol or hrgol or hr gol).tw.

(hye or hyes).tw.

"Value of Life"/

health$ year$ equivalent$.tw.

health utilit$.tw.

(hui or huil or hui2 or hui3).tw.

disutili$.tw.

rosser.tw.

guality of wellbeing.tw.

guality of well-being.tw.

gwb.tw.

willingness to pay.tw.

standard gamble$.tw.

time trade off.tw.

time tradeoff.tw.

tto.tw.

(fact-an or fact-g or fact an or fact g).tw.

Cochrane Library Filter

MeSH descriptor: [Quality-Adjusted Life Years] this term only
guality adjusted life:ti,ab,kw (Word variations have been searched)
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disability adjusted life:ti,ab,kw (Word variations have been searched)

daly*:ti,ab,kw (Word variations have been searched)

MeSH descriptor: [Health Status Indicators] explode all trees

(sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform
thirtysix or shortform thirty six or short form thirtysix or short form thirty six):ti,ab,kw (Word
variations have been searched)

(sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or
short form twelve):ti,ab,kw (Word variations have been searched)

sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen
or short form sixteen:ti,ab,kw (Word variations have been searched)

(sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or
short form twenty):ti,ab,kw (Word variations have been searched)

sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form
six:ti,ab,kw (Word variations have been searched)

euroqol or euro gol or eq5d or eq 5d:ti,ab,kw (Word variations have been searched)

hqgl or hgol oe h qol oe hrqgol or hr qol:ti,ab,kw (Word variations have been searched)

hye or hyes:ti,ab,kw (Word variations have been searched)

MeSH descriptor: [Value of Life] explode all trees

galy* or gald* or gale* or gtime*:ti,ab,kw (Word variations have been searched)

health* year* equivalent*:ti,ab,kw (Word variations have been searched)

health utilit*:ti,ab,kw (Word variations have been searched)

hui or huil or hui2 or hui3:ti,ab,kw (Word variations have been searched)

disutili*:ti,ab,kw (Word variations have been searched)

rosser:ti,ab,kw (Word variations have been searched)

quality of wellbeing:ti,ab,kw (Word variations have been searched)

quality of well-being:ti,ab,kw (Word variations have been searched)

gwb:ti,ab,kw (Word variations have been searched)

willingness to pay:ti,ab,kw (Word variations have been searched)

standard gamble*:ti,ab,kw (Word variations have been searched)

time trade off:ti,ab,kw (Word variations have been searched)

time tradeoff:ti,ab,kw (Word variations have been searched)

tto:ti,ab,kw (Word variations have been searched)

fact-an or fact-g or fact an or fact g:ti,ab,kw (Word variations have been searched)

EMBASE filter

guality adjusted life year/

quality adjusted life.tw.

(galy$ or gald$ or qale$ or gtime$).tw.
disability adjusted life.tw.

daly$.tw.

health status indicator/
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(sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform
thirtysix or shortform thirty six or short form thirtysix or short form thirty six).tw.

(sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form
Six).tw.

(sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform twelve or
short form twelve).tw.

(sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform sixteen
or short form sixteen).tw.

(sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform twenty or
short form twenty).tw.

(euroqol or euro gol or eq5d or eq 5d or eqg-5d).tw.

(hgl or hgol or h gol or hrgol or hr gol).tw.

(hye or hyes).tw.

(value adj2 life).tw.

health$ year$ equivalent$.tw.

health utilit$.tw.

(hui or huil or hui2 or hui3).tw.

disutili$.tw.

rosser.tw.

guality of wellbeing.tw.

guality of well-being.tw.

gwb.tw.

willingness to pay.tw.

standard gamble$.tw.

time trade off.tw.

time tradeoff.tw.

tto.tw.

(fact-an or fact-g or fact an or fact g).tw.

CINAHL Filter

TI ( fact-an or fact-g or fact an or fact g ) OR AB ( fact-an or fact-g or fact an or fact g )
Tl tto OR AB tto

Tl time tradeoff OR AB time tradeoff

Tl time trade off OR AB time trade off

Tl standard gamble* OR AB standard gamble*

TI willingness to pay OR AB willingness to pay

TI qwb OR AB qwb

Tl quality of well-being OR AB quality of well-being

TI quality of wellbeing OR AB quality of wellbeing

Tl rosser OR AB rosser

TI disutilit* OR AB disutilit*

TI (‘hui or huil or hui2 or hui3 ) OR AB ( hui or huil or hui2 or hui3)
Tl health utilitr OR AB health utilit*
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Tl health* year* equivalent* OR AB health* year* equivalent*

(MH "Health Status Indicators")

TI ( hye or hyes ) OR AB ( hye or hyes)

TI ( (hgl or hgol oe h gol oe hrgol or hr gol) ) OR AB ( (hgl or hgol oe h qol oe hrqol or hr gol)
)

TI ( (hye or hyes) ) OR AB ( (hye or hyes) )

TI ( (hgl or hgol oe h qgol oe hrgol or hr gol) ) OR AB ( (hgl or hgol oe h qol oe hrqol or hr gol)
)

TI ( (euroqol or euro qol or eq5d or eq 5d) ) OR AB ( (euroqol or euro qol or eq5d or eq

5d)

TI ( (sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or short form
six) ) OR AB ( (sf6 or sf 6 or short form 6 or shortform 6 or sf six or sfsix or shortform six or
short form six) )

TI ( (sf20 or sf 20 or short form 20 or shortform 20 or sf twenty or sftwenty or shortform
twenty or short form twenty) ) OR AB ( (sf20 or sf 20 or short form 20 or shortform 20 or sf
twenty or sftwenty or shortform twenty or short form twenty) )

TI ( (sf16 or sf 16 or short form 16 or shortform 16 or sf sixteen or sfsixteen or shortform
sixteen or short form sixteen) ) OR AB ( (sf16 or sf 16 or short form 16 or shortform 16 or sf
sixteen or sfsixteen or shortform sixteen or short form sixteen) )

Tl ((sf12 or sf 12 or short form 12 or shortform 12 or sf twelve or sftwelve or shortform
twelve or short form twelve) ) OR AB ( (sf12 or sf 12 or short form 12 or shortform 12 or sf
twelve or sftwelve or shortform twelve or short form twelve) )

TI ( (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform
thirtysix or shortform thirty six or short form thirtysix or short form thirty six) ) OR AB ( (sf36
or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform thirtysix or
shortform thirty six or short form thirtysix or short form thirty six) )

(MH "Health Status Indicators")

TI daly* OR AB daly*

Tl disability adjusted life OR AB disability adjusted life

Tl ( galy* or gald* or gale* or gtime* ) OR AB ( gqaly* or gald* or gale* or gtime* )

TI quality adjusted life OR AB quality adjusted life

(MH "Quiality-Adjusted Life Years")

B12. The ICERs in this submission differ significantly from those presented in TA171. It
will be beneficial to the Appraisal Committee to understand the reasons for this.
Therefore please provide reasoning for this difference.

While some aspects of the economic model have been employed for their similarity with the

analysis in TA171, the ICERs submitted here differ to those presented in TA171 because it

is based upon a new economic model, with updated clinical inputs (later data cut), updated
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costs inputs, and with a different (active) comparator therapy at a different position in the

treatment pathway.

When only results for the lenalidomide arm are studied (Table 56 from the manufacturer

submission for TA171) the comparison is as follows:

Comparison of Lenalidomide Results between TA171 and Current Model Using Similar

Data
TAl171 Analysis presented in B8
using only second line
patients (as per TA171)
Discounted QALYs 4.49 4.48
Undiscounted Lys 8.33 8.23
Discounted Costs £115,775 £148,831

B13. Please confirm that in Table 41 the intercept term coefficient value is 3.116 and the
Beta-2 microglubin coefficient -0.779 for the log-logistic model (The same applies for
the lognormal model coefficients). Please provide the p-values used to assess the
statistical significance of the predictors.

This is correct. A table containing the coefficients of all PFS predictors, and associated

standard errors and p-values, is provided in B7.

Textual clarifications and additional points

1. Priority question: Please consider the following and provide an updated model if
necessary:

¢ The values on tab “Comparative efficacy” could not be traced back in the
submission. The values for median OS and median PFS for the Len/Dex arm
of the model do not match the values provided in Section 6 of the submission.
Please present these outcomes and the sources.

¢ Within the same excel tab, there is potential mislabelling in the tables from
cells C32-J78. Please provide a clear, corrected table with sources included.

Values for median OS, TTP and PFS for the Len/Dex arm were obtained from the MM-010
clinical study report. The can be found in Table 24 (p 73), Table 25 (p 75) and Table 26 (p

76) respectively. The outcomes presented in Section 6 of the submission were based on a
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2005 earlier analysis of the trial data (up to unblinding), whereas model inputs use the
extended, open-label follow-up data (until 2008). Outcomes from the extended follow up
period are provided in Appendix D of the submission, though these were stratified by number

of prior anti-myeloma therapies received.

Note that as the economic analysis has now also been performed for the MM-009 clinical
study, the MM-009 CSR should be consulted to obtain the values shown in the “Comparative
efficacy” model worksheet. Median OS, TTP and PFS can be found in Table 23 (p 71), Table
24 (p 73) and Table 25 (p 74) respectively.

2. Priority question: The Excel model provided indicates that there are extra
calculations to adjust for the crossing of the fitted PFS and OS curves, which may
have led to an overestimation of PFS. Please provide the rationale for these
calculations.

Crossing of fitted parametric curves for PFS and OS is possible when the curves lie close

together. To avoid the implausible scenario of PFS exceeding OS a Markov approach was

undertaken rather than an area under the curve (AUC) approach in modelling PFS. The

Markov approach was a three state model in which patients were modelled to be in a health

state of pre-progression, post-progression or dead. Transition probabilities were calculated

from MM10 data for the movement of subjects between these health states.

Importantly the Kaplan-Meier plots for PFS and OS do not cross at any point; crossing is the
result of the fitted curve lying close together when extrapolated to future time points.
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OS and PFS curves for ITT population
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3. Priority question: In the Excel model provided, there is a possible inconsistency in
the approaches to adjust for patient characteristics. The median observed PFS and
TTP (tab “Comparative Efficacy”, cells F44 and F45) are not adjusted for patients
characteristics reported in the Taverna study, whilst the median OS estimate was.
Please provide median PFS and TTP from trial MM-010, adjusted for patient
characteristics from the Taverna study.

Unfortunately, failure to adjust comparative PFS estimates for the MM duration information
available in Taverna et al (2012) was an oversight. This analysis has now been performed.
The resulting estimated hazard ratio of bortezomib retreatment relative to Len/Dex is 0.90.
This has been incorporated into the base case analysis, and as such, a complete set of

model results is provided below.

The resulting base case ICER takes a negative value, because lenalidomide provides a gain
in QALYs and lower total costs relative to bortezomib retreatment. The clinical explanation
for this result, with a PFS hazard ratio <1 and OS hazard ratio>1, is that while it appears
using the Taverna paper that patients are more likely to experience an initial response to
bortezomib having already responded previously, the response duration and therefore
resulting OS is shorter (as these patients have been previously treated with and lost
response to bortezomib). Bortezomib patients remain on treatment for longer and incur the
associated acquisition and administration costs, and fewer patients go on to receive
subsequent therapy, and therefore subsequent lenalidomide which provides a survival
benefit.

Model outputs by clinical outcomes —lenalidomide

LY QALY Cost (£)
Outcome . : :
(undiscounted) (discounted) (discounted)
Progression-free survival 2.48 1.73 £110,582
Post-progression survival 3.25 1.68 £10,840
Total 5.74 3.42 £121,422
LY, life years; QALY, quality-adjusted life year.
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Model outputs by clinical outcomes — bortezomib
LY ALY Cost (£
Outcome . Q. : (€)
(undiscounted) (discounted) (discounted)
Progression-free survival 1.42 1.06 £76,611
Post-progression survival 3.48 1.79 £46,596
Total 4.89 2.85 £123,207
LY, life years; QALY, quality-adjusted life year.
Summary of QALY gain by health state
.QALY . QALY Absolute % absolute
Health state | intervention comparator Increment : .
: , . increment Increment
(lenalidomide) (bortezomib)
Pre-
. 1.73 1.06 0.67 0.67 86.5%
progression
Post- 1.68 1.79 -0.10 0.10 13.5%
progression
Total 3.42 2.85 0.57 0.78 100%
QALY, quality-adjusted life year.
Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.

Summary of costs by health state

Cost Cost %
;';?gh intervention comparator Increment ﬁ?ﬁg:ﬁ;ﬁt absolute

(lenalidomide) | (bortezomib) increment
Pre- . £110,582 £76,611 £33,971 £33,971 48.7%
progression
Post-

: £10,840 £46,596 -£35,756 £35,756 51.3%

progression
Total £121,422 £123,207 -£1,785 £69,727 100%
Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.

Summary of predicted resource use by category of cost

.COSt . Cost Absolute % absolute

Item Intervention comparator Increment . .
. . . increment increment

(lenalidomide) | (bortezomib)
Igscthno'ogy £104.211 £57,832 £46,379 £46.379 45.1%
Administration | ¢ og £15,396 £15228 | £15,228 14.8%
& transport cost
Monitoring & £11,949 £9,291 £2,658 £2.658 2.6%
test costs
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3 line therapy
cost (inc. admin | £204 £37,046 -£36,842 £36,842 35.8%

and transport)

4™ line therapy
cost (inc. admin | £3,428 £1,898 £1,530 £1,530 1.5%
and transport)

Adverse event

£420 £671 -£252 £252 0.2%
costs
Terminal care | ¢ 5,5 £1,072 -£30 £30 0.0%
Ccosts
Total £121.422 £123.207 £1,785 £103,327 100%

Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing
submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.

Base-case results

. Total Tota | Total ICER (£)
Technologie Incrementa | Incrementa | Incrementa | .
s costs I QALY | costs (£) ILYG | QALYs incremental
(£) LYG |s (QALYS)
Bortezomib %23’20 4.89 | 2.85 - - - -
Lenalidomide | 22142 | 574 |342 |-1,785 0.85 0.71 Lenalidomid
2 e dominates
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Tornado diagram —top 10 parameters in terms of ICER sensitivity

ICER
-£600,000 -£500,000 -£400,000 -£300,000 -£200,000 -£100,000 £0 £100,000

Bortezomib hazard ratio [OS]

OS parameter: cons

Bortezomib hazard ratio [PFS]

OS parameter: Bone lesions present
TTF parameter: Ln(gamma)

OS parameter: Beta >2.5mg/L

OS parameter: sp_time6

TTF parameter: Cons

Annual discount rate: costs

TTF parameter: Beta >2.5mg/L

2 Lower Bound ® Upper bound
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Results from 1,000 PSA simulations

Model outcome PSA result

Mean incremental costs (SD) -£2,150 (18,291)

Mean incremental QALYs (SD) 0.54 (0.10)

Mean ICER Lenalidomide dominates
Observations cost-effective at £20,000 threshold 74.5%

Observations cost-effective at £30,000 threshold 85.0%

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; SD, standard
deviation; QALY, quality-adjusted life year.

Cost-effectiveness scatter plot
£100,000

£80,000
£60,000 4
£40,000

£20,000 4

Incremental Costs

Incremental QALYs

© Individual data points A Deterministic Model Result
- ==-Wilingness to Pay £50,000 per QALY —— Willingness to Pay £30,000 per QALY
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Willingness to Pay
Scenario analysis 1 —time horizon
Base Case . .
Parameter . Scenario analysis ICER
Assumption
Lenalidomide
S years dominates
Lenalidomide
Time horizon 25 years 10 years dominates
15 vears Lenalidomide
y dominates
Lenalidomide
20 years .
dominates
ICER, incremental cost-effectiveness ratio.
Scenario analysis 2 —type of comparison
Parameter Base ca;e Scenario analysis (market ICER
assumption share)
Bortezomib ) )
retreatment/dexamethasone Iagnmaillr']g?ems'de
(34%%)
Bendamustine/prednisolone £55 691
(6%") ’
. Bortezomib ;
Bendamustine/dexamethasone
Choice of comparator retreatment b £55,611
(6%")
Melphalan/prednisone (5%°) £60,246
High-dose
cyclophosphamide/dexametha | £67,660
sone (5%°)
Low-dose £64,345
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Parameter Base cas.e Scenario analysis (market ICER
assumption share)
cyclophosphamide/dexametha
sone (5%°)
Doxorubicin (5%°) £66,895
Vincristine (5%°) £64,332
Comparator rBe('z:teeazt?nrglr?c Blended comparator by market £20.769
share
As per NICE As per historical best
The use of Len/Dex at | recommendations supportive care (i.e. sub-100% | £27,703

third line

(i.e. earlier use of
lenalidomide)

lenalidomide use at third line)

Include
dexamethasone with
3 and 4" line
treatments where

applicable

Yes

No

Lenalidomide
dominates

ICER, incremental cost-effectiveness ratio.

a, bortezomib market share includes monotherapy and combination with dexamethasone; b,

bendamustine market share includes combination with prednisolone and dexamethasone; c,

chemotherapy agents’ market shares include all chemotherapies listed

Scenario analysis 3 — modelling lenalidomide efficacy

Base-case . .

Parameter . Scenario analysis ICER
Assumption

Parameter used to

model treatment TTF PFS £12,122

discontinuation

ICER, incremental cost-effectiveness ratio.

Note: the impact of different parametric curve fits is presented in response to B7.

Scenario analysis 4 — treatment efficacy assumptions

Parameter

Base-case
Assumption

Scenario analysis

ICER

Comparative efficacy
of bortezomib

OS from Taverna

OS from White (2013)*

Lenalidomide

(2012)45 dominates
PFS from Petrucci (2013)® | £21,053
PFS from Hrusovsky

PFS from Taverna (2010)*° £10.743

(2012) PFS from Dispenzieri
(2010)® £22,288
PFS from White (2013) £43,331

ICER, incremental cost-effectiveness ratio; OS, overall survival, PFS, progression-free survival; TTF,

time to treatment failure.
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Parameter Base-cas.e Scenario analysis ICER
Assumption
15% discount at 2™ line applied
_ . for all bortezomib 2™ line £12,170

15% price discount applied for
55% of bortezomib 2™ line £5,275
patients

ICER, incremental cost-effectiveness ratio.
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Additional clarification to NICE arising from ERG initial assessment of the
Celgene submission

Introduction:

After an initial assessment of the manufacturer submission, the ERG have communicated to
NICE some concerns related with the validity of the economic results presented. As a result,
NICE have requested the ERG provide detail of the initial findings which raised such concerns.

The ERG is particularly concerned that in the manufacturer excel model, the Overall Survival
(OS) curves cross with the Progression-Free Survival (PFS) and the Time-to-treatment Failure
(TTF) curves.

Other technical problems were found within the Markov models. The calculations used to
estimate the number of people in each health state per cycle of the Markov models are not
consistent between the intervention and the comparator arms and include significant mistakes.

Furthermore, the manufacturer did not provide clear details on a substantial part of the data
used in the economic model on their submission. This point was raised to the manufacturer in
the questions sent for clarification.

Consequently, based on the initial assessment completed by the ERG to date, below we
provide (some) detail on the methods used by the manufacturer and the outcomes of their
analysis, and explore the potential concerns associated with these.

Estimation of the OS and PFS curves in the model:

The OS curve used to model mortality in the Len/Dex arm of the model was obtained through a
piecewise exponential model which allows the hazard ratio (HR) to vary over time. Additionally,
the OS curve seems to have been adjusted using the mean of covariates method, in which
average values of covariates (like for example the beta-2 microglobulin count and presence of
bone lesions for the baseline MM-10 population) are entered into a proportional hazards
regression equation.

The OS curve for bortezomib was then estimated by applying a HR to the Len/Dex OS curve
over time. The HR estimation seems to have been adjusted to take into consideration the
population characteristics of the Taverna study (which is the study used to assess the
effectiveness of Bortezomib).

The PFS curve used to model disease progression in the Len/Dex arm of the model was
obtained by fitting a log-logistic distribution to the MM-010 data. This curve also seems to have
been adjusted with the mean of covariates method. However, the PFS curve was only adjusted
to one covariate (beta-2 microglobulin count at baseline for the MM-010 population).

The PFS curve for bortezomib was then estimated by applying a HR to the Len/Dex PFS curve
over time. The HR estimation does not seem to have been adjusted to take into consideration





the population characteristics of the Taverna study (which is the study used to assess the
effectiveness of Bortezomib).

TTF curves for Len/Dex and comparator were obtained in a similar way to that of the PFS
curves.

The resulting curves are shown in Figure 1 for the Len/Den arm of the model, while Figure 2
presents the OS and PFS curves for the bortezomib arm of the model. Finally, Figure 3 and
Figure 4 present the OS and the TTF curves for Len/Dex arm of the model and the comparator
arm of the model, respectively.

The OS and the PFS curves cross each other both in the Len/Dex arm of the model as well as
in the bortezomib arm. Rationally, such crossing is not possible as the OS curve determines the
proportion of people alive at each cycle of the model. It is therefore impossible to have a greater
number of people alive and free from disease progression than the total number of people alive
at the same point in time.

Similarly, the OS and the TTF curves also cross each other, both in the Len/Dex arm and in the
bortezomib arm of the model. Again, such crossing should not be possible as the TTF curve
determines the number of people alive and still on treatment at different points in time.
Therefore it is impossible to have a smaller total number of people alive (determined by the OS
curve) than the number of people alive and still on treatment at the same point in time.

Figure 1
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Figure 2

Bortezomib arm
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Figure 3

Len/Dex arm

100%

90%

—TTF

80%

70%

60%

50%

40%

30%

20%

10%

0%

88c¢C
00¢e
¢Tte
reoc
96T
88T
09L1
291
rast
96rT
80r1
0¢eT
cect
1447’
95901
896
088
6L
oL
919
8¢S
bt
[
9T
9LT
88





Figure 4
Bortezomib arm
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Possible explanations/suggested approaches:

It is not clear to the ERG what is the root of the problem described above. Overall, it seems that
the OS curves are overestimated as per visual inspection of the Markov trace for OS provided in
the submission (appendix O) with the KM curve in Figure 28 in the main submission.

The use of the mean of covariates method to adjust the OS curve might potentially be
overestimating survival. In fact this method has been criticized for the validity of the resulting
estimated curves (Ghali et al, 2001). One of the underlying reason is that using baseline mean
characteristics to adjust survival curves might skew the curve if the mean values are also
skewed. Alternative approaches could be used by the manufacturer to adjust for baseline
characteristics (Ghali et al, 2001; Bradburn et al 2003).

Furthermore, there is the possibility that PFS is also overestimated. The manufacturer did not
adjust the HR to the Taverna study (note that this was the approach taken for OS) and also did
not report the adjusted median PFS. It would be recommend that a consistent approach is taken
and that the PFS HR is adjusted, similarly to the OS HR.

Finally there is also the possibility that one of the causes for the OS curve to cross both the PFS
and TTF curves is related to censoring. As noted in the initial questions sent to the
manufacturer, little detail was provided on censored data and so it would be useful if the
manufacturer could provide the number of patients at risk throughout time.





Excel model:

It is not clear to the ERG the rationale behind several calculations in the Markov model (both in
the intervention and the comparator arm). These are outlined below by excel tab, together with
the ERG suggested approach to mitigate the problem (whenever possible).

Pf.Len tab:

1. The manufacturer often used the “minimum” excel formula to choose either from OS data
or PFS/TTF data.
Suggestion: This is possibly related with the fact that the 3 curves are crossing each other.
However this does not seem to be a sound approach. The curves should not cross and
therefore the minimum function should not be used under these circumstances.

2. The manufacturer multiplied the PFS by the OS estimates per cycle.
Suggestion: This is does not seem to be correct. The ERG suggest that the manufacturer
take the population in each curve without multiplying these by each other. For example, to
calculate the “Pre-progression” population in each cycle, this should be done simply by
taking the PFS transition probabilities (estimated in tab “MM10 Progression & Survival”).
These estimates should not be multiplied by any other parameters.

3. The calculations to estimate the proportion of people under 3" line and 4" line treatment do
not seem to be correct. Furthermore, when we add the populations on 2" 3" and 4" line
treatments together with the number of dead patients, the final estimate does not add to
100% of the cycle population. This is not correct.

Suggestion: To calculate the number of patients under 3" and 4" line treatment, the
manufacturer should be using the data provided on the column “Patients Alive & Off
Therapy” (AH16:AH334) instead of using other data and calculations (as currently done).

Should the manufacturer wish to split the patients off therapy who have progressed and the
patients off therapy who have not progressed in order to (possibly) isolate a group of
patients moving to further treatments, it is also possible to do so. By subtracting the
“Patients on Therapy” from the “Pre-progression” patients, the manufacturer can obtain the
number of patients off treatment who haven't progressed.

4. The calculations to estimate the duration of 3 and 4" line treatments and the respective
cost (for 4 cycles), calculated on columns CU and columns DE16, do not seem to be right.
These seem to be resulting in an overestimation of costs. Since deaths between treatment
cycles should be considered, the calculations can get slightly complex. The ERG does not
have a specific suggestion for dealing with this at the moment.

Pf.Comparator tab:

1. Overall, there is a lack of consistency between the calculations on the intervention and the
comparator tab.
Suggestion: The population in the “Pre-progression 2" line” health state should be
estimated from the bortezomib PFS curve directly (as for the intervention arm) and the





“Patients on Therapy” and the “Patients Alive & Off Therapy” should also be calculated in
similar fashion to the intervention arm of the model (only using different data).

Overall the ERG would suggest that more consistency across health state calculations in
the intervention and comparator arm would add clarity to the model and would solve some
of the mistakes found on the calculation in the comparator tab.

It should be noted that the ERG did not have enough time to explore the calculations
related with 3" and 4" line treatment options and respective costs in the comparator tab.

2. The ERG noted that the costs of dexamethasone are not being considered in the
comparator arm, even though more than 60% of patients in the Taverna study were
receiving this drug.

Suggestion: The ERG would suggest that the manufacturer include this cost for the
proportion of patients receiving the drug in the Taverna study.

Conclusion:

As indicated by the ERG in the request for clarification to the manufacturer, a considerable
number of parameters used in the economic model are not mentioned in the submission report
and therefore it is impossible for the ERG to know the sources of such parameters and what are
the underlying calculations (if any) to obtain these.

Therefore, the ERG would suggest that the manufacturer provide all data used in the economic
model properly sourced and in detail. Additionally, the ERG would suggest that the whole of the
raw data used to produce the KM curves and parametric curves are presented, as these are a
key piece to the economic model.

The fact that the OS and PFS/TTF curves are crossing, is per se a sign of significant
methodology weakness. It should also be mentioned that other issues were already identified by
the ERG.

Furthermore, the ERG did not have the time to adequately look into all areas of the submission
in detail, and so new issues may arise.

Overall, at the moment the ERG feels a lack of confidence in the validity of the economic
analysis and the results presented.

11 December 2013
Matrix & Peninsular Technology Assessment Group (PenTAG)
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Response to Evidence Review Group assessment

Note: This document is a response to ERG correspondence received 11 December 2013
titled “Additional clarification_lenalidomide in MM_FINAL”

Estimation of the OS and PFS curves in the model

The ERG highlighted several concerns regarding the application of OS, PFS and TTF in the
economic model submitted by Celgene. These are addressed in turn below.

Possible overestimation of OS

The ERG feel that the piecewise exponential model used to characterise OS may be
providing an overestimate of survival. The Markov trace for OS provided in the submission
document (appendix O) shows level of survival in excess of the Kaplan-Meier (KM) plot in

Figure 28 of the submission.

This concern has been addressed in a recent response to the interim request for
clarifications received from the ERG. Figure 28 in the submission document shows OS for
the entire Intent-to-Treat (ITT) population. This was provided as analysis was conducted
using the full (ITT) population, with the curve fit for second-line patients then analysed by
including the line of treatment (second or third or more) as a covariate within the regression

analysis.
The relevant KM curves were provided in response to the interim request for clarifications.

Use of mean covariates method to adjust OS

The ERG have raised concerns regarding the use of the mean covariates method to adjust
overall survival. This method has been used as the information pooled across the trial arms
(for baseline demographics) is the best available information on the likely demographics of a
UK second line population. As presented in Section 7.8 of the submission the demographics
of patients within the trial are similar to available UK population information, additionally the
model predictions for lenalidomide and bortezomib retreatment OS lie within the range of
estimates predicted within the SHTAC model in TA228 indicating that there is no systematic

over-prediction of OS.

Figure 1 shows the distribution of patients by duration of multiple myeloma, whilst some
skewing away from the mean appears to be present it is unlikely that such skewing will have
a large effect within the model presented as the adjustment made for this parameter is small

in all models presented (coefficient approx. -0.07 for each year of multiple myeloma away





from the mean compared to coefficient approx. -0.6 for being second line compared to third

line treatment).

Figure 1 Distribution of Multiple Myeloma Population (MM010)
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Possible overestimation of PES

The ERG noted that the estimate of the comparative PFS of bortezomib relative to

lenalidomide was not adjusted for baseline characteristics available in the Taverna study.

This concern has been addressed in Celgene’s response to the interim request for
clarifications received from the ERG. Unfortunately, failure to adjust comparative PFS
estimates for the MM duration information available in Taverna et al (2012) was an
oversight. This analysis has now been performed. The resulting adjusted median PFS for
Len/Dex is 12.48 months. The hazard ratio of bortezomib retreatment relative to Len/Dex is
0.90.

This has now been incorporated into the base case analysis. A full set of results were
provided in response to the interim request for clarifications received from the ERG.
However given the additional issues raised in final request, updated results are provided at

the end of this response.

Crossing of OS, PFS and TTF curves

The ERG noted that the OS curve used in the model crosses the PFS and TTF curves, such
that at later time points PFS and TTF estimates exceed OS. As highlighted by the ERG, it is
clearly implausible for this to be the case: thus the use of a markov structure in the original

model submitted to prevent the curves crossing in the patient flow sheet.





Concern with the crossing of parametric curves was addressed in the response to the ERG’s
interim request for clarifications. Crossing of parametric curves is possible when different
parametric models are selected for different clinical outcomes. In the base case model a
piecewise exponential curve is fitted to OS, while PFS and TTF are characterised by log-
logistic curves. Due to their functional form log-logistic models typically exhibit a ‘long tail’,
with extended survival in the long term, and this is not commonly observed in exponential
models (Latimer, 2013).

Importantly the KM plots for PFS and OS do not cross at any point; crossing is the result of
different fitted parametric models with different long-term characteristics. KM curves were

provided in Celgene’s response to the interim request for clarifications.

The base case parametric models were chosen based upon their strength of fits as
measured by the goodness of fit statistics presented (AIC & BIC). A full set of model results
are presented at the end of this report with parametric curves selected to ensure that they do
not cross (i.e. same type of parametric curve selected for all outcomes). The scenarios

provided are:

e OS: Gompertz, PFS & TTF: Gompertz
o OS: log-logistic, PFS & TTF: log-logistic
e OS:gamma, PFS & TTF: gamma

e OS: Weibull, PFS & TTF: Weibull

e OS: lognormal, PFS & TTF: lognormal

e OS: piecewise exponential, PFS & TTF: exponential

On the basis of the goodness of fit statistics for all 3 outcomes (Table 1) 3 curve pairings
stand out as suitable: gamma, Gompertz and log-logistic. All 3 of these curves provide a
good visual fit. On the basis of the lowest combined scores across all 3 outcomes for AIC
and BIC, the log-logistic curve has been selected for the revised base case analysis. Results

based upon this comparison are presented at the end of this report.

Table 1 Goodness of Fit Statistics for OS, PFS and TTF

(ON) PES TTF

Model AlIC BIC AlIC BIC AlIC BIC

Exponential 979.62 987.34 985.31 | 993.03 1212.52 1220.24
Weibull 978.12 993.57 980.90 | 996.34 1196.99 1212.43
Gompertz 980.50 995.95 944.59 | 960.03 1174.56 1190.01
Log-normal 989.30 1004.75 930.56 | 946.00 1237.53 1252.97
Log-logistic 984.05 999.49 924.49 | 939.93 1158.20 1173.64
Gamma 981.19 1004.35 931.07 | 954.24 1174.20 1197.37






The ERG requested information regarding the censoring of patients, suggesting that this
might be causing the fitted parametric curves to cross over when extrapolated. The KM
charts with censor points displayed are provided in the Appendix. Most of the OS censoring
is found towards the end of the KM chart (Figure 4), while censoring of PFS is spread more

evenly over time (Figure 6).

It is unlikely that the curve crossing seen in the model for certain curve selections is caused
by the pattern of censoring within the trial with the most likely cause being instead the

different functional forms of the curves selected.

Issues in the Excel model

The ERG raised potential issues with the patient flow calculations in the economic model

submitted by Celgene. These are addressed below.

Use of the “minimum” formula and estimation of OS & PFES

Due to the issues with the curves crossing when certain functions are selected minimum
formulas were used to ensure PFS was never greater than OS. These functions appear in
columns M and O of the patient flow sheet for lenalidomide. Adjustment was not required for
the comparator treatment flow sheet as a Markov process was used (rather than standard
area under the curve) to allow for more accurate capture of movement through treatment

lines to take into account the impact of use of lenalidomide at third line.

When curves which do not cross are selected the minimum function is not required (note,
however, in some cases it is still activated at the very end of the time horizon due to the OS

transition value rising above the PFS transition at the very end of the survival curves).

For the new base case presented below the minimum function has been removed where
possible. The model now relies on the user selecting curve functions for OS, PFS and TTF

which may cross.

Modelling third and fourth-line treatment

The ERG raised concerns regarding the modelling of third and fourth line treatment. The
calculations to estimate the proportion of patients receiving subsequent therapies were
investigated and some minor amendments were performed. This was also the case for
calculations used to apply duration of third and fourth line treatment; these were investigated

and some changes were applied.





The reason that summing second, third and fourth line patients with dead patients does not
give a value of 100% is because of potentially unhelpful labelling within the model. The
columns titled “Patients Off Therapy” in these calculations should have been labelled “New
Patients Off Therapy”, as these represent patients entering the treatment line of interest in
that cycle. As this does not represent the total number of patients on that line of therapy,
summing these columns will not add up to 100%. The columns containing the relevant health
states sum to 100%, namely columns AD to AG and AJ to AL (half-cycle corrected).
Alternatively, columns AM, AR and AS will sum to 100%. These contain patients who have
died, patients who are on second-line therapy, and patients who have discontinued second-

line therapy, respectively.
In the comparator patient flow sheet, columns DF and DS sum to the total number of
patients alive and off therapy (column AS), splitting them by whether they are receiving third-

line lenalidomide or have discontinued third-line lenalidomide.

Inconsistency in patient flow sheets

The ERG requested clarification on why the comparator patient flow show differs in structure
to the intervention patient flow sheet. This is primarily because the comparator sheet
requires an additional level of complexity, since patients are able to receive lenalidomide as
a third-line therapy. These patients assume the OS profile of a lenalidomide patient, and so
two estimations of OS must be applied (requiring knowledge of the time at which patients

change therapies).

The patient flow sheets in the revised model have been made consistent. Both now follow
the structure of the comparator patient flow sheet. Since patients on the intervention arm do
not receive lenalidomide as a third-line treatment, some of the columns in the structure of

PF.Comparator become redundant and have been left blank for the intervention.

Comparator cost of dexamethasone

The ERG highlighted that the cost of dexamethasone is not being incorporated in the base
case analysis, and suggested the application of dexamethasone use by the proportion of
bortezomib patients presented by Taverna et al (2012). This has been implemented into the
base case analysis; 64.3% of bortezomib patients receive concomitant dexamethasone.

Results presented at the end of this response include this assumption.





Model sensitivity to third and fourth-line treatment

The ERG requested an additional sensitivity analysis in the final request for clarifications.
This is in relation to subsequent therapies (third and fourth line treatment). The ERG have
requested a scenario whereby these are stripped from the model. Model results using this
scenario are provided in the updated scenario analysis results at the end of this response.
Beyond second-line therapy no costs are attributed to treatment beyond second-line, and no

survival benefit or adverse events associated with lenalidomide at third-line are applied.

Parameters used in the model

The ERG requested a table containing details of all parameters used in the model.
Parameters used to estimate comparative efficacy, including their sources, are presented
below. These estimates are used in the Comparative Efficacy worksheet to calculate hazard
ratios for OS and PFS of the comparator compared to Len/Dex, having adjusted the Len/Dex
estimate to match the study of interest in prognostic characteristics where possible. A

complete table of remaining parameters is provided in the Appendix.

Table 2 Parameters used for Comparative Efficacy

Estimate
Parameter Source
(months)
Len/Dex median OS: unadjusted
37.19 MM-010 (extended follow-up)
observed
Len/Dex median OS: adjusted to 3458 Estimated following adjusting MM-010 for
Taverna (2012) ' baseline characteristics.
Len/Dex median OS: adjusted to White 34.06 Estimated following adjusting MM-010 for
(2013) ' baseline characteristics.
Median OS following bortezomib
retreatment: 1.7 years.
Taverna C, et al. (2012). Effective response
Bortezomib median OS (base case) 20.40 with bortezomib retreatment in relapsed
multiple myeloma: a multicentre
retrospective survey in Switzerland. Swiss
Med Weekly, 142.
Median OS reported to be 24.0 months.
White D, et al. (2013). Results from AMBER,
) ) . a randomized phase 2 study of bevacizumab
Bortezomib median OS (scenario) 24.00 . o
and bortezomib versus bortezomib in
relapsed or refractory multiple myeloma.
Cancer, 119: 339-47.






Bendamustine median OS (also used

Median OS reported: 12.4 months.
Damaj G, et al. (2012). Efficacy of

bendamustine in relapsed/refractory

for other chemotherapy agents) 1240 myeloma patients: results from the French
compassionate use program. Leukemia &
Lymphoma, 53(4): 632-4.

Len/Dex median TTP: unadjusted

12.05 MM-010 (extended follow-up)
observed

Len/Dex median PFS: unadjusted

10.12 MM-010 (extended follow-up)

observed

Len/Dex TTP: adjusted to Taverna 8.0 Estimated following adjusting MM-010 for

(2012) baseline characteristics.

Len/Dex TTP: adjusted to Petrucci 8.03 Estimated following adjusting MM-010 for

(2013) baseline characteristics.

Len/Dex PFS: adjusted to White 9.00 Estimated following adjusting MM-010 for

(2013) baseline characteristics.

Median OS following bortezomib

Bortezomib median TTP (base case) 10.50 retreatment: 10.5 months.

Taverna C, et al. (2012).

Median TTP reported for patients who
achieved at least a partial response: 8.38
months.

Bortezomib median TTP (scenario) 8.38 Petrucci MT, et al. (2013). A prospective,
international phase 2 study of bortezomib
retreatment in patients with relapsed multiple
myeloma. Br J Haematol, 160(5): 649-59.
Median TTP reported: 9.3 months.
Hrusovsky I, et al. (2010). Bortezomib

) ) . retreatment in relapsed multiple myeloma —

Bortezomib median TTP* (scenario) 9.30* . ]
results from a retrospective multicentre
survey in Germany and Switzerland.
Oncology, 79: 247-54.

Median PFS reported to be 7.9 months.
Dispenzieri A, et al. (2010). Primary therapy
) ) _ with single agent bortezomin as induction,

Bortezomib median PFS (scenario) 7.90 ) ) o .
maintenance and re-induction in patients
with high risk myeloma: results of the ECOG
E2A02 trial. Leukemia, 24(8): 1406-11.

) ) . Median PFS reported: 5.1 months.

Bortezomib median PFS (scenario) 5.10

White D, et al. (2013).






Bendamustine median PFS (also used Median PFS reported: 9.3 months.

Damaj G, et al. (2012).

9.30
for other chemotherapy agents)

*The estimate for PFS obtained from Hrusovsky et al. (2010) should have been presented as
TTP, which is used as a proxy for PFS, as is also the case with the Taverna (2012) and

Petrucci (2013) estimates.

Revised model results

Updated model results are provided below based upon actions taken in light of comments
from the ERG. Results were also provided in Celgene’s response to interim clarifications,
however the results provided in the present response supersede those in the previous
response. As part of the interim request for clarifications, the ERG requested model results
using clinical inputs from the MM-009 study and for a subgroup of second-line patients.

These are provided under the scenario analysis heading of this section.

Revised base case results

Table 3 Model outputs by clinical outcomes — lenalidomide

LY QALY Cost (£)
Outcome

(undiscounted) (discounted) (discounted)
Progression-free survival 1.66 1.22 £74,337
Post-progression survival 5.91 2.76 £18,438
Total 7.56 3.98 £92,774

LY, life years; QALY, quality-adjusted life year.

Table 4 Model outputs by clinical outcomes — bortezomib

Outcome

LY

(undiscounted)

QALY

(discounted)

Cost (£)

(discounted)

Progression-free survival 151 1.12 £80,490
Post-progression survival 4.98 2.33 £50,621
Total 6.50 3.45 £131,111

LY, life years; QALY, quality-adjusted life year.






Table 5 Summary of QALY gain by health state

QALY QALY
) . Absolute % absolute
Health state | intervention comparator Increment ) )
; . i increment increment
(lenalidomide) (bortezomib)
Pre-
) 1.22 1.12 0.10 0.10 18.1%
progression
Post-
) 2.76 2.33 0.43 0.43 81.9%
progression
Total 3.98 3.45 0.53 0.53 100%
QALY, quality-adjusted life year.
Table 6 Summary of costs by health state
Cost Cost %
Health i . Absolute
intervention comparator Increment i absolute
state : ) : Increment :
(lenalidomide) | (bortezomib) increment
Pre-
. £74,337 £80,490 -£6,154 £6,154 16.1%
progression
Post-
_ £18,438 £50,621 -£32,183 £32,183 83.9%
progression
Total £92,774 £131,111 -£38,337 £38,337 100%

Table 7 Summary of predicted resource use by category of cost

Cost Cost
_ _ Absolute % absolute
ltem intervention comparator Increment | i
) ) i increment increment
(lenalidomide) | (bortezomib)
Technology
£69,473 £60,756 £8,717 £8,717 12.2%
cost
Administration
£168 £16,165 -£15,996 £15,996 22.4%
& transport cost
Monitoring &
£14,649 £11,524 £3,124 £3,124 4.4%
test costs
3 line therapy
cost (inc. admin | £428 £38,895 -£38,467 £38,467 53.8%
and transport)






4™ line therapy
cost (inc. admin | £6,822 £2,070 £4,752 £4,752 6.6%
and transport)
Adverse event

£280 £705 -£425 £425 0.6%
costs
Terminal care

£955 £997 -£42 £42 0.1%
costs
Total £92,774 £131,111 -£38,337 £38,337 100%
Table 8 Base-case results

i Total Incremen | Increme | Incremen | ICER (£)
Technologie Total Total ;
costs tal costs ntal tal incremental
S LYG QALYs
(E) (E) LYG QALYs (QALYs)
Bortezomib 131,111 | 6.50 3.45 - - - -
] ) Lenalidomide
Lenalidomide | 92,774 7.56 3.98 -38,337 1.07 0.53 _
dominates

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years.

Sensitivity analysis

One-way sensitivity analysis was performed and the results are presented below as a

tornado diagram (Figure 2). The figure shows the sensitivity of Net Monetary Benefit (NMB)

rather than the ICER, because negative ICERs have a distortionary effect of this type of
chart (Stinet, 1998).

NMB has been calculated as the difference between the monetary value of the incremental
QALYs minus the incremental costs, with a QALY valued at £30,000. The base case NMB is

£54,205.






Figure 2 Tornado diagram —top 10 parameters in terms of NMB sensitivity (threshold
value £30,000 per QALY)

Net Monetary Benefit
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@ Lower Bound ® Upper bound

The tornado diagram shows that Len/Dex is associated with a positive NMB in all scenarios.
Results are most sensitive to comparative efficacy estimates used in the model. For OS and
PFS, the “Upper bound” estimate is obtained by simultaneously setting the Len/Dex adjusted
median survival estimate to its upper bound, and the bortezomib survival estimate from
Taverna (2012) to its lower bound. The survival difference is increased, making this an upper
bound to Len/Dex’s comparative efficacy. The effect is an increase in incremental QALYs
from Len/Dex, and negative incremental costs fall — that is, the cost saving is reduced.

Len/Dex remains dominant but NMB is lower, closer to zero than the base case NMB.

The “Lower bound” estimate is obtained by simultaneously setting the Len/Dex adjusted
median survival estimate to its lower bound, and the bortezomib survival estimate from
Taverna (2012) to its upper bound. The survival difference is reduced, making this a lower
bound to the comparative efficacy of Len/Dex. The resulting ICER is very large but would be
placed in the south-west quadrant of a standard cost-effectiveness plane; this would distort a
tornado diagram showing ICERS, but is presented as a NMB increase in the diagram shown

above.

The sensitivity of model results to the PFS hazard ratio was calculated similarly. The “Upper
bound” estimate of Len/Dex’s comparative PFS reduces both the cost-saving of Len/Dex
and the positive incremental QALY:; it means bortezomib patients progress faster,

discontinuing bortezomib to receive the OS benefit from lenalidomide and third-line. This





reduces the NMB of Len/Dex. The “Lower bound” estimate gives a very similar hazard ratio

to that used in the base case model, giving an almost identical NMB to the base case.

Table 9 Results from 1,000 PSA simulations

Model outcome

PSA result

Mean incremental costs (SD)

-£37,584 (7,160)

Mean incremental QALYs (SD)

0.53 (0.06)

Mean ICER Lenalidomide dominates
Observations cost-effective at £20,000 threshold 100.0%
Observations cost-effective at £30,000 threshold 100.0%

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; SD, standard

deviation; QALY, quality-adjusted life year.

Figure 3 Cost-effectiveness scatter plot
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Scenario analysis

Table 10 Model results using clinical inputs for the second-line population

Model Arm | Total Total | Total Incremental | Increment | Incremental | ICER
Costs LYG QALYs Costs al LYG QALYs
Bortezomib | £141,359 | 8.25 411 - - - -
Len/Dex £107,708 | 9.96 4.92 -£33,651 1.71 0.81 Lenalidomide
dominates






e Table 11 Base case model results using MM-009 inputs

Model Arm | Total Total | Total Incremental | Increment | Incremental | ICER
Costs LYG QALYs Costs alLYG QALYs
Bortezomib | £125,576 | 6.09 3.34 - - - -
Len/Dex £96,013 6.60 3.67 -£29,563 0.50 0.33 Lenalidomide

dominates

e Table 12 Results using MM-009 clinical inputs for the second-line population

Model Arm | Total Total | Total Incremental | Increment | Incremental | ICER
Costs LYG QALYs Costs alLYG QALYs
Bortezomib | £131,387 | 6.56 3.53 - - - -
Len/Dex £102,333 | 7.21 3.94 -£29,054 0.65 0.41 Lenalidomide

dominates

e Results with non-crossing parametric curve fits (revised base case = log-logistic

multivariable for OS, PFS and TTF)

Table 13 Gompertz curves applied

Model Arm | Total Total | Total Incremental | Increment | Incremental | ICER
Costs LYG QALYs Costs alLYG QALYs
Bortezomib | £125,404 | 4.29 2.65 - - - -
Len/Dex £84,419 4.86 2.99 -£40,984 0.57 0.34 Lenalidomide
dominates
Table 14 Gamma curves applied
Model Arm | Total Total | Total Incremental | Increment | Incremental | ICER
Costs LYG QALYs Costs al LYG QALYs
Bortezomib | £126,406 | 5.72 3.21 - - - -
Len/Dex £85,327 6.56 3.66 -£41,080 0.84 0.45 Lenalidomide

dominates

e Table 15 Model results with third and fourth-line therapies removed from the

model
Model Arm | Total Total Total Incremental | Increment | Incremental | ICER
Costs LYG QALYs Costs alLYG QALYs
Bortezomib | £86,411 4.24 2.50 - - - -






Len/Dex £85,524 7.56 3.98 -£887 3.32 1.48 Lenalidomide
dominates
e Table 16 Other scenario analyses
Parameter Basg Coze Scenario Setting ICER
Setting
Base case N/A N/A Lenalidomide
Dominates
Varying the time horizon
Time horizon 25 years 5 years Lenalidomide
Dominates
10 years Lenalidomide
Dominates
15 years Lenalidomide
Dominates
20 years Lenalidomide
Dominates
Type of comparison
Use of 3rd line lenalidomide As per NICE As per historical £26,665
recommendations BSC
i.e. earlier use of
lenalidomide
Choice of comparator Bortezomib Bortezomib Lenalidomide
retreatment retreatment + Dominates
dexamethasone
Bendamustine + £23,435
dex
Bendamustine + £23,424
presnisolone
Melphalan + £28,516
prednisone
HD £36,718
Cyclophosphamide
+ LD-dex
LD £33,088
Cyclophosphamide
+ MD-dex
Doxorubicin £35,836
Vincristine £33,013
Include dexamethasone with 3rd and 4th | Yes No Lenalidomide
line treatments Dominates

Varying modelling of lenalidomide efficacy

Parameter used to model treatment
failure

Time to treatment
failure

Progression-free
survival

Lenalidomide
dominates

Varying treatment efficacy assumptions

Comparative efficacy of bortezomib

Overall survival

White 2013

Lenalidomide

from Taverna 2012 Dominates
Progression free Petrucci 2013 Lenalidomide
survival from Dominates
Taverna 2012 Hrusovsky 2010 Lenalidomide
Dominates

Dispenzieri 2010

Lenalidomide
Dominates






White 2013

Lenalidomide
Dominates

Varying cost assumptions

Bortezomib PAS

Not included

15% discount
received by all
patients

Lenalidomide
Dominates

15% discount
received by 55% of
patients

Lenalidomide
Dominates
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Appendix
Table 17 Parameters used in the model

A table of parameters included in the model and their sources is provided below. This does

not include comparator efficacy estimates, which are given earlier in this response.

Parameter | Estimate | Source

Model controls

Model cycle length (weeks) 4 Model setting

Model time horizon (years) 25 Model setting

Proportion of bortezomib patients receiving dexamethasone 0.643 Taverna (2012) at ERG's
recommendation

Cohort age (years) 62.55 MM-010

Proportion of cohort male 59.0% MM-010

Proportion of cohort in 32-microglobulin <=2.5mg/L 28.2% MM-010

Proportion of cohort with ECOG 1 43.0% MM-010

Proportion of cohort with ECOG 2 or 3 14.5% MM-010

Proportion of cohort with ECOG Unknown 1.7% MM-010

Proportion of cohort with bone lesions present 78.6% MM-010

Annual discount rate: costs 3.5% l;l(l)(ig Methods Guide

Annual discount rate: health outcomes 3.5% %Cl:g Methods Guide

Annual discount rate: life years 0.0% Model setting

PFS, OS and TTF parameters

MM-010 patient level

OS parameter: Beta >2.5mg/L -0.824 .

data analysis

OS parameter: ECOG score | -0.183 MM-010 papent level
data analysis

OS parameter: ECOG score |l -0.898 MM-010 papent level
data analysis

OS parameter: ECOG score unknown -0.014 MM-010 papent level
data analysis

OS parameter: Bone lesions present -0.549 MM-010 patient level
data analysis

OS parameter: Constant term 5.124 MM-010 papent level
data analysis

OS parameter: Ln(Gamma_Constant) -0.138 MM-010 papent level
data analysis

. MM-010 patient level
OS parameter: Ln(Kappa) 0.000 data analysis

PFS parameter: Beta >2.5mg/L 0779 | MM-010 patient level
data analysis

PFS parameter: Constant term 3.116 MM-010 papent level
data analysis

PFS parameter: Ln(Gamma) -0.218 MM-010 papent level
data analysis

. MM-010 patient level
PFS parameter: Ln(Kappa) 0.000 data analysis

TTF parameter: Beta >2.5mg/L 0731 | MM-010 patient level
data analysis

TTF parameter: Constant term 2.678 MM-010 papent level
data analysis

TTF parameter: Ln(Gamma) -0.153 MM-010 papent level
data analysis

TTF parameter: Ln(Kappa) 0.000 MM-010 patient level

data analysis

Comparative efficacy (OS and PFS esimates used are presented earlier in
this response)






MM-010 & Taverna

Bortezomib hazard ratio [PFS] 0.895 (2012)
Bortezomib hazard ratio [OS] 1.695 ('\g'(\)/llg)l 0 & Taverna
Bendamustine hazard ratio [PFS] 1.088 MM-010 & Damaj (2012)
Bendamustine hazard ratio [OS] 2.999 MM-010 & Damaj (2012)
Dosing
Proportion of patients receiving lenalidomide 25mg 70.0% MM-010
Proportion of patients receiving lenalidomide 15mg 10.5% MM-010
Proportion of patients receiving lenalidomide 10mg 5.0% MM-010
Proportion of patients receiving lenalidomide 5mg 3.1% MM-010
Proportion of patients on treatment interruption 11.4% MM-010
Proportion of lenalidomide patients receiving GCSF 26.8% MM-010
Dexamethasone dose per day in combination with lenalidomide (mg) 38.6 MM-010
Medical resource use
Monitoring visits per week during initial period of lenalidomide treatment 1.0 Lenalidomide SPC
Duration of increased lenalidomide monitoring (weeks) 8.0 Lenalidomide SPC
Haematology consultant visits per year: pre-progression 12.0 NICE TA171
Full blood counts per year: pre-progression 10.7 NICE TA171
Biochemistry per year: pre-progression 9.7 NICE TA171
Protein electrophoresis per year: pre-progression 6.7 NICE TA171
Immunoglobin per year: pre-progression 6.4 NICE TA171
Urinary light chain excretions per year: pre-progression 2.7 NICE TA171
Haematology consultant visits per year: progressive disease 12.0 NICE TA171
Full blood counts per year: progressive disease 20.1 NICE TA171
Biochemistry per year: progressive disease 17.3 NICE TA171
Protein electrophoresis per year: progressive disease 9.6 NICE TA171
Immunoglobin per year: progressive disease 9.7 NICE TA171
Urinary light chain excretions per year: progressive disease 4.9 NICE TA171
Costs
Dexamethasone 500x2mg unit cost £12.00 (e:'\c/)lge‘]lé)r::eN%(ig (NPC
Dexamethasone 100x2mg unit cost £3.14 g'\él(ljte\]lé)le[\]%(ig (NPC
Dexamethasone 50x2mg unit cost £1.72 E'\élgngleN%(ig (NPC
Dexamethasone proportion: 500 tablet packs 2.4% (e:'\élge‘]g;eN%(ig (NPC
Dexamethasone proportion: 100 tablet packs 21.8% EhélgeJBleN%(ig (NPC
Dexamethasone proportion: 50 tablet packs 75.8% (e:'\c/)lge‘]lé)r::eN%(ig (NPC
Cyclophosphamide 50x100mg unit cost £20.20 BNF65
Cyclophosphamide 1x1000mg unit cost £17.60 BNF65
Cyclophosphamide 1x500mg unit cost £9.20 BNF65
BNF65, incorporating
Lenalidomide weighted average cycle cost £3,773 dose reductions and
interruptions.
Thalidomide 28x50mg unit cost £298.48 | BNF65
Melphalan 25x2mg unit cost £42.88 BNF65
Melphalan 1x50mg unit cost £129.81 | BNF65
Prednisone 100x5mg unit cost £89.00 BNF65
Bortezomib 1x3.5mg unit cost £762.38 | BNF65
Bendamustine 1x25mg unit cost £69.45 BNF65
Bendamustine 1x100mg unit cost £275.81 | BNF65
Etoposide 1x100mg unit cost £22.38 eMit June 2013 (NPC

Code DFN019)






eMit June 2013 (NPC

Etoposide 1x500mg unit cost £73.29 Code DFN019)
Doxorubicin 1x10mg unit cost £1.73 BNF65
Doxorubicin 1x50mg unit cost £4.87 BNF65
Doxorubicin 1x200mg unit cost £32.38 BNF65
. . . eMit June 2013 (NPC
Cisplatin 1x50mg unit cost £7.16 Code DFN019)
. . . eMit June 2013 (NPC
Cisplatin 1x100mg unit cost £14.10 Code DFN019)
o . eMit June 2013 (NPC
Vincristine 1x1mg unit cost £3.42 Code DFN019)
o . eMit June 2013 (NPC
Vincristine 1x2mg unit cost £8.49 Code DFN019)

. . eMit June 2013 (NPC
Prednisolone acetate 5x25mg unit cost £0.30 Code DFN019)
IV/SC administration cost £199.83 | NHS Reference Costs
Oral administration cost £161.85 | NHS Reference Costs
Haematology consultant appointment cost £123.71 'SI'EQ?SC): 2009 (NICE

SHTAC 2009 (NICE
Full blood count cost £3.21 TA228)
. . SHTAC 2009 (NICE
Biochemistry cost £5.48 TA228)

. . SHTAC 2009 (NICE

Protein electrophoresis cost £14.73 TA228)
. SHTAC 2009 (NICE

Immunoglobin cost £44.20 TA228)

. . . . SHTAC 2009 (NICE
Urinary light chain excretion cost £14.73 TA228)
Terminal care per 8 weeks cost £6,177.20 | King's Fund (2008)

. . . . Multiple myeloma
0,
Proportion of MM patients who require terminal care 20.0% advisory board 2013
Transportation cost per administration appointment £12.78 NHS Reference Costs
Proportion of patients requiring transport for administration 50.0% Monofer.SMC
submission

Subsequent treatment lines
Duration of 3rd line therapy (weeks) 17.2 HMRN Data (York)
Proportion of patients who receive lenalidomide 3rd line after comparator 100.0% g/lhc;dee;; setting (Controls
Duration of 4th line therapy (weeks) 16.8 HMRN Data (York)
lF;rr?;%r(t)l%r;d(g patients who receive dexamethasone at 3rd line after 56.3% HMRN Data (York)
Erri);%rgr?qr;d(g patients who receive prednisolone at 3rd line after 6.3% HMRN Data (York)
Proportion of patients who receive Prednisone at 3rd line after lenalidomide 6.3% HMRN Data (York)
Proportion of patients who receive Cisplatin at 3rd line after lenalidomide 12.5% HMRN Data (York)
lF;rr?;%r(t)l%r;d(g patients who receive Cyclophosphamide at 3rd line after 62.5% HMRN Data (York)
lF;rr?;%r(t)l%r;d(g patients who receive Doxorubicin at 3rd line after 12.5% HMRN Data (York)
Proportion of patients who receive Etoposide at 3rd line after lenalidomide 31.3% HMRN Data (York)
Proportion of patients who receive Melphalan at 3rd line after lenalidomide 18.8% HMRN Data (York)
Proportion of patients who receive Vincristine at 3rd line after lenalidomide 0.0% HMRN Data (York)
Proportion of patients who receive Bortezomib at 3rd line after lenalidomide 0.0% HMRN Data (York)
lF;rr?;%r(t)l%r;d(g patients who receive Lenalidomide at 3rd line after 0.0% HMRN Data (York)
Eéc;?;;:tgrof patients who receive dexamethasone at 3rd line after 31.3% HMRN Data (York)
Eéc;?;;:tgrof patients who receive prednisolone at 3rd line after 350 HMRN Data (York)
Proportion of patients who receive Prednisone at 3rd line after comparator 3.5% HMRN Data (York)
Proportion of patients who receive Cisplatin at 3rd line after comparator 6.9% HMRN Data (York)






Proportion of patients who receive Cyclophosphamide at 3rd line after

34.7% HMRN Data (York)
comparator
Proportion of patients who receive Doxorubicin at 3rd line after comparator 6.9% HMRN Data (York)
Proportion of patients who receive Etoposide at 3rd line after comparator 17.4% HMRN Data (York)
Proportion of patients who receive Melphalan at 3rd line after comparator 10.4% HMRN Data (York)
Proportion of patients who receive Vincristine at 3rd line after comparator 0.0% HMRN Data (York)
Proportion of patients who receive Bortezomib at 3rd line after comparator 0.0% HMRN Data (York)
Proportion of patients who receive lenalidomide at 3rd line after comparator 44.4% HMRN Data (York)
Proportion of patients who receive cyclophosphamide at 4th line 14.3% HMRN Data (York)
Proportion of patients who receive thalidomide at 4th line 28.6% HMRN Data (York)
Proportion of patients who receive melphalan at 4th line 14.3% HMRN Data (York)
Proportion of patients who receive lenalidomide at 4th line 42.9% HMRN Data (York)
Utility values
. . van Agthoven et al.
Utility: pre-progression 0.81 (2004)
i . van Agthoven et al.
Utility: pre-progression after 2 years 0.77 (2004)
i s . van Agthoven et al.
Utility: post-progression 0.64 (2004)
Adverse events
Len/dex: Cycle rate of Grade 3 Anaemia 0.006 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 3 Hypercalcemia 0.000 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 3 Pneumonia 0.004 MM-010 papent level
data analysis
Len/dex: Cycle rate of Grade 3 Thrombocytopenia 0.008 MM-010 payent level
data analysis
Len/dex: Cycle rate of Grade 3 Neutropenia 0.044 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 3 Diarrhoea 0.002 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 3 Constipation 0.001 MM-010 papent level
data analysis
Len/dex: Cycle rate of Grade 3 Peripheral neuropathy 0.001 MM-010 payent level
data analysis
Len/dex: Cycle rate of Grade 3 DVT 0.002 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 4 Anaemia 0.000 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 4 Hypercalcemia 0.000 MM-010 papent level
data analysis
Len/dex: Cycle rate of Grade 4 Pneumonia 0.000 MM-010 papent level
data analysis
Len/dex: Cycle rate of Grade 4 Thrombocytopenia 0.001 MM-010 payent level
data analysis
Len/dex: Cycle rate of Grade 4 Neutropenia 0.004 MM-010 patient level
data analysis
Len/dex: Cycle rate of Grade 4 Diarrhoea 0.000 MM-010 papent level
data analysis
Len/dex: Cycle rate of Grade 4 Constipation 0.000 MM-010 papent level
data analysis
Len/dex: Cycle rate of Grade 4 Peripheral neuropathy 0.000 MM-010 payent level
data analysis
Len/dex: Cycle rate of Grade 4 DVT 0.000 SAM'OlO patient level
ata analysis
Bort: Cycle rate of Grade 3 Anaemia 0.013 ;Ig'(l)’fostudy, via Picot et
Bort: Cycle rate of Grade 3 Hypercalcemia 0.000 MM-010
Bort: Cycle rate of Grade 3 Pneumonia 0.004 glllg'cl)'fostudy, via Picot et
Bort: Cycle rate of Grade 3 Thrombocytopenia 0.017 VISTA study, via Picot et

al 2010






Bort: Cycle rate of Grade 3 Neutropenia

Bort: Cycle rate of Grade 3 Diarrhoea

Bort: Cycle rate of Grade 3 Constipation

Bort: Cycle rate of Grade 3 Peripheral neuropathy
Bort: Cycle rate of Grade 3 DVT

Bort: Cycle rate of Grade 4 Anaemia
Bort: Cycle rate of Grade 4 Hypercalcemia

Bort: Cycle rate of Grade 4 Pneumonia

Bort: Cycle rate of Grade 4 Thrombocytopenia
Bort: Cycle rate of Grade 4 Neutropenia

Bort: Cycle rate of Grade 4 Diarrhoea

Bort: Cycle rate of Grade 4 Constipation

Bort: Cycle rate of Grade 4 Peripheral neuropathy
Bort: Cycle rate of Grade 4 DVT

Other comparator: Cycle rate of Grade 3 Anaemia
Other comparator: Cycle rate of Grade 3 Hypercalcemia

Other comparator: Cycle rate of Grade 3 Pneumonia

Other comparator: Cycle rate of Grade 3 Thrombocytopenia
Other comparator: Cycle rate of Grade 3 Neutropenia

Other comparator: Cycle rate of Grade 3 Diarrhoea

Other comparator: Cycle rate of Grade 3 Constipation

Other comparator: Cycle rate of Grade 3 Peripheral neuropathy
Other comparator: Cycle rate of Grade 3 DVT

Other comparator: Cycle rate of Grade 4 Anaemia
Other comparator: Cycle rate of Grade 4 Hypercalcemia

Other comparator: Cycle rate of Grade 4 Pneumonia

Other comparator: Cycle rate of Grade 4 Thrombocytopenia
Other comparator: Cycle rate of Grade 4 Neutropenia

Other comparator: Cycle rate of Grade 4 Diarrhoea

Other comparator: Cycle rate of Grade 4 Constipation

Other comparator: Cycle rate of Grade 4 Peripheral neuropathy

Other comparator: Cycle rate of Grade 4 DVT

Events actively treated: Grade 3 Anaemia

Events actively treated: Grade 3 Hypercalcemia
Events actively treated: Grade 3 Pneumonia
Events actively treated: Grade 3 Thrombocytopenia

0.026

0.006

0.001

0.011

0.001

0.002
0.000
0.002

0.015

0.009

0.001

0.000

0.000

0.000

0.020
0.000
0.004

0.017

0.024

0.001

0.000

0.000

0.001

0.008
0.000
0.001

0.014

0.015

0.000

0.000

0.000

0.000

0.919
1.000
1.000
0.289

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

Assumption

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

Assumption

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

Assumption

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2010

VISTA study, via Picot et
al 2024

VISTA study, via Picot et
al 2025

VISTA study, via Picot et
al 2026

VISTA study, via Picot et
al 2027

VISTA study, via Picot et
al 2028

NICE TA171

NICE TAl171
NICE TAl171
NICE TA171






Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:
Events actively treated:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Cost of treated event:

Grade 3 Neutropenia

Grade 3 Diarrhoea

Grade 3 Constipation

Grade 3 Peripheral neuropathy
Grade 3 DVT

Grade 4 Anaemia

Grade 4 Hypercalcemia

Grade 4 Pneumonia

Grade 4 Thrombocytopenia
Grade 4 Neutropenia

Grade 4 Diarrhoea

Grade 4 Constipation

Grade 4 Peripheral neuropathy
Grade 4 DVT

Grade 3 Anaemia

Grade 3 Hypercalcemia

Grade 3 Pneumonia

Grade 3 Thrombocytopenia
Grade 3 Neutropenia

Grade 3 Diarrhoea

Grade 3 Constipation

Grade 3 Peripheral neuropathy
Grade 3 DVT

Grade 4 Anaemia

Grade 4 Hypercalcemia

Grade 4 Pneumonia

Grade 4 Thrombocytopenia
Grade 4 Neutropenia

Grade 4 Diarrhoea

Grade 4 Constipation

Grade 4 Peripheral neuropathy

Grade 4 DVT

Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:

Grade 3 Anaemia

Grade 3 Hypercalcemia

Grade 3 Pneumonia

Grade 3 Thrombocytopenia
Grade 3 Neutropenia

Grade 3 Diarrhoea

Grade 3 Constipation

Grade 3 Peripheral neuropathy
Grade 3 DVT

Grade 4 Anaemia

0.441
0.957
1.000
0.793
1.000
1.000
1.000
1.000
0.964
0.707
1.000
1.000
0.839
1.000

£326.95
£446.68
£1,263.16
£379.08
£315.28
£369.16
£313.68
£155.12
£185.14
£365.57
£527.89
£1,274.51
£416.14
£306.04
£496.00
£496.00
£201.95

£403.41

0.310
0.000
0.190
0.310
0.145
0.000
0.000
0.065
0.150
0.310

NICE TA171
NICE TA171
NICE TA171
NICE TA171
NICE TA171
NICE TAl171
NICE TA171
NICE TA171
NICE TA171
NICE TA171
NICE TA171
NICE TA171
NICE TA171

NICE TA171

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

NHS reference costs /
Curtis (2012)

Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Coffey (2002)

Brown et al (2013)

Brown et al (2013)






Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:
Utility decrement associated with:

Grade 4 Hypercalcemia

Grade 4 Pneumonia

Grade 4 Thrombocytopenia
Grade 4 Neutropenia

Grade 4 Diarrhoea

Grade 4 Constipation

Grade 4 Peripheral neuropathy
Grade 4 DVT

0.000
0.190
0.310
0.145
0.000
0.000
0.065
0.150

Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Brown et al (2013)
Coffey (2002)

Brown et al (2013)

Figure 4 OS (ITT population) with 95% confidence interval
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Figure 5 OS separated by number of prior treatments
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Figure 6 PFS (ITT population) with 95% confidence intervals
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Figure 7 PFS separated by number of prior treatments
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Figure 8 TTF (ITT population) with 95% confidence intervals
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Figure 9 TTF separated by number of prior treatments
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Lenalidomide for the treatment of multiple myeloma in people who have received at least one
prior therapy with bortezomib (partial review of TA171)

Patient/Carer Organisation Statement from Myeloma UK

Sources for evidence for inclusion in this statement

The patient perspective included in this submission is gathered from the day-to-day contact that
Myeloma UK has with patients across the UK. We have also conducted our own comprehensive review
of relevant published literature and have interpreted this very much from the perspective of patients.

We also work closely with a broad range of healthcare professionals involved in the treatment and care
of myeloma patients, nationally and internationally, informally and more formally, via a number of
advisory boards and committees. We have sought input and opinions from these professionals in
relation to this appraisal.

In addition, we have been able to draw on over six years of clinical experience of using lenalidomide
and have solicited feedback from clinicians and patients in a variety of ways. We have reflected this in
our submission.

About myeloma

Myeloma is an incurable, complex and debilitating cancer of the plasma cells. Complications of
myeloma include severe bone destruction, bone fractures, fatigue, frequent infection and kidney failure.
The complexity and range of co-morbidities of myeloma set it aside from almost every other cancer.

Across the UK there are around 4,700 people diagnosed with myeloma each year, with around 19,000
myeloma patients at any one time. Myeloma occurs mostly in older people, with around 70% of patients
over the age of 65.

Whilst survival rates for myeloma have historically been poor, the introduction of ‘novel’ drugs such as
thalidomide, bortezomib and lenalidomide have transformed the treatment of myeloma and improved
both the survival and quality of life.

Recent statistics show that the ten-year survival rates for myeloma have increased from just 5% in 1970
to over 17% in 2011." The Office for National Statistics (ONS) in 2010 also showed that five year
survival rates in myeloma are increasing at one of the fastest paces among all cancer types in the UK
with over one-third of myeloma patients surviving for at least five years.?

Due to the complex, relapsing and remitting nature of myeloma, patients require a range of treatment
options and doctors need a degree of flexibility to pick the best and most appropriate treatment. This
applies to all stages of myeloma.

Appraisal technology treatment setting

Current practice

In the newly diagnosed or ‘upfront’ setting, myeloma patients who are not eligible for high-dose therapy
and stem cell transplantation typically receive thalidomide in combination with a corticosteroid (usually
dexamethasone or prednisolone) and chemotherapy (usually melphalan or cyclophosphamide). This is
in line with NICE guidance TA228.

If patients are intolerant or contraindicated to thalidomide they can then receive bortezomib on the
NHS, again in combination with a corticosteroid and chemotherapy. In the revised scope, this is only

! Cancer Research UK (2011) http://www.cancerresearchuk.org/cancer-info/news/archive/pressrelease/2010-07-12-deadly-cancer-
survival-doubles

Office for National Statistics - Five-year age-standardised relative survival (%) for adults (15-99 years) diagnosed during 2003-2007
and followed up to 2008: England, 21 common cancers, by sex, 16 April 2010
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referred to as ‘contraindicated’ which needs to be updated to include ‘intolerant’ as these are two
different concepts. Approximately 20% of myeloma patients who go down the ‘non-intensive pathway’
(i.e. that are not eligible for high-dose therapy and stem cell transplantation) receive bortezomib in this
setting. It is therefore only a small cohort of myeloma patients that would apply under this guidance.

In the first relapse setting (the appraisal setting), as per NICE TA129, myeloma patients currently
receive bortezomib in combination with dexamethasone. This is regardless of the initial treatment they
have received in the newly diagnosed setting.

However, if you are one of the 20% of patients who receive bortezomib (i.e. those who are
contraindicated or intolerant to thalidomide) and have had a poor response to bortezomib (defined as
less than 25% reduction in paraprotein, stable disease or progression) it is not clinically appropriate for
a patient to receive repeat bortezomib in the first relapse setting.

For this group of patients, lenalidomide is currently approved on the Cancer Drugs Fund in England but
prior to this (as is the situation currently in Wales) there is no routinely available clinical alternative.
Myeloma UK therefore welcomes the commitment of the NICE Appraisal Committee to look at
lenalidomide in this setting.

Consensus of expert opinion

The latest version of the British Committee for Standards in Haematology (BCSH) Guidelines on the
Diagnosis and Management of Multiple Myeloma make the following recommendations:

e The most appropriate management should be determined on an individual basis depending
on the timing of relapse, age, prior therapy, BM function and co-morbidities, and patient
preference (Grade A1)

e Extensive trial data support the use of thalidomide, bortezomib and lenalidomide-based
regimens as treatment modalities at first and subsequent relapse (Grade A1)

The guidelines also go on to recommend that ‘patients at second and subsequent relapse, or patients
at first relapse intolerant of thalidomide or bortezomib should be considered for lenalidomide® .

These recommendations taken into account with the positive approval of lenalidomide in the first
relapse setting by the Cancer Drugs Fund in England highlight that the consensus of expert opinion is
overwhelmingly in favour of having lenalidomide available in the setting covered by the appraisal and
expanding the range of treatment options routinely available to clinicians and their patients.

Literature review

Lenalidomide in combination with dexamethasone is licensed for use in myeloma patients who have
received at least one prior therapy. Clinical trial data has therefore highlighted that lenalidomide is safe
and effective in myeloma patients in the setting covered by the appraisal.

Both the MM009 AND MMO010 studies assessed lenalidomide plus dexamethasone vs. dexamethasone
in placebo in 704 relapsed/refractory myeloma patients (in all relapse stages) and found that it
improved patient outcomes in terms of progression-free survival and overall survival.

The MMO0Q9 study found that in 351 patients the time to progression was significantly longer in the
patients who received lenalidomide plus dexamethasone plus dexamethasone (11.3months
vs.4.7months). A complete or partial response occurred in 106 patients (60.2%) in the lenalidomide
group and in 42 patients (24%) with a complete response in 15.9% and 3.4% of patients, respectively.
Overall survival was significantly improved in the lenalidomide group®.

The MMO010 study assigned 177 patients to the lenalidomide and dexamethasone group and 176 to the
placebo and dexamethasone group. It found that complete, near complete or partial responses

* BCSH 2013 Guidelines for the Diagnosis and Management of Multiple Myeloma
http://www.bcshguidelines.com/documents/MYELOMA GUIDELINE updated 29 aug RG jzw (3).pdf

* BCSH 2013 Guidelines for the Diagnosis and Management of Multiple Myeloma
http://www.bcshguidelines.com/documents/MYELOMA GUIDELINE updated 29 aug RG jzw_ (3).pdf

® Dimopoulos et al (2007) Lenalidomide plus dexamethasone for relapsed or refractory myeloma, NEJM 357:2123-2132






occurred in 108 patients in the lenalidomide group (61%) and in 35 patients (19.9% in the placebo
group. The median time to progression was 11.1months in the lenalidomide group and 4.7months in the
placebo group®.

These findings were also confirmed in the long-term follow up of the overall survival of patients who had
taken part in the MM009 and MMO010 studies’. The BCSH Guidelines on the Diagnosis and
Management of Multiple Myeloma also point out ‘Further analysis of these phase Ill trial results
suggests that higher response rates and improved TTP is achieved in patients treated at first relapse,
compared to those treated at subsequent relapse (65% versus 58% and 71 weeks versus 41 weeks
respectively), although the outcomes for patients treated later in their disease course were still
significantly higher in the lenalidomide/dexamethasone arms (Stadtmauer et al, 2009)°.

Potential advantages and disadvantages

Taking the published evidence, together with knowledge derived from consulting with our clinical
experts and a wide range of patients, the following provides a strong case for the approval of
lenalidomide in the first relapse setting. Below you will find our opinion on the potential advantages and
disadvantages of lenalidomide for patients at first relapse

(a) Potential advantages
Importance of receiving the most efficacious treatment

It is important that myeloma patients are able to access treatments that their clinician thinks are the
best option for them in terms of prolonging progression-free and overall survival and in terms of
improving quality of life.

Patients who receive bortezomib in the initial setting may not be eligible or most suitable to receive
bortezomib again immediately after this.

In such cases, as lenalidomide is not routinely available patient would either have to receive a
treatment that is less efficacious than other novel treatments in myeloma or having to receive
bortezomib again in line with NICE guidance which would either led to a below par response or serve
as an avenue to access the second relapse guidance on the NHS.

Approving lenalidomide in this setting would allow clinicians and patients the option to access the
treatment, rather than having the treatment options dictated by what is available on the NHS. As
mentioned previously, this is something that has improved since the establishment of the Cancer Drugs
Fund.

Lenalidomide is an oral treatment

As lenalidomide in combination with dexamethasone is an oral treatment, myeloma patients at first
relapse would be able to take the treatment at home rather than having to travel to hospital on a regular
basis to receive intravenous or subcutaneous bortezomib. This would allow the patients to get on with
normal day to day activities and improve their quality of life and would also lead to savings on the NHS
in terms of outpatient visits and staff time.

We know from a recent Myeloma UK survey that some patients would prefer to have a treatment that
they could receive at home (preferably in tablet form) due to ease, convenience, the fact it reduces
hospital visits and allows patients to avoid invasive procedures such as infusions®.

However, in the same survey, some patients reported that they preferred treatments which allow them
regular visits to the hospital as it gives them confidence in the quality of care and means that there is
medical support available when they are receiving their treatment. Some patients also reported
problems with committing to oral dosing schedules.

¢ Weber et al (2007) Lenalidomide plus dexamethasone for relapsed multiple myeloma in North America, NEJM Nov 22;357:2133-42
" Dimopoulous et al (2009) Long-term follow-up on overall survival from the MM009 and MMO010 phase Il trials of lenalidomide plus
dexamethasone in patients with relapsed and refractory multiple myeloma’ Leukaemia, 23,2147-2152

® BCSH 2013 Guidelines for the Diagnosis and Management of Multiple Myeloma
http://www.bcshguidelines.com/documents/MYELOMA GUIDELINE updated 29 aug RG jzw (3).pdf

® Myeloma UK Survey 2012






(b) Potential disadvantages
Lenalidomide is an immunomodulatory drug (IMiD)

In line with the scope of the appraisal, patients who would need to access lenalidomide in the first
relapse setting would have already received bortezomib in the newly diagnosed setting. This means
that the patients would have already demonstrated that they are intolerant or contraindicated to
thalidomide which, like lenalidomide, is an IMID. Patients who have demonstrated a major intolerance
to thalidomide or have not responded to lenalidomide might have a similar response/reaction to
lenalidomide.

However, once lenalidomide is available in this setting clinicians would be able to use their clinical
discretion as to whether their patient would be suitable for lenalidomide and in addition to this, as the
side-effect profile of lenalidomide is better than thalidomide (in particular in terms of peripheral
neuropathy) patients may benefit from lenalidomide where they didn’t from thalidomide.

Summary

Myeloma UK believes there is a very strong case to support the approval of lenalidomide for the
treatment of multiple myeloma in people who have received at least one prior therapy with bortezomib.

The data is compelling and the potential advantages to patients significantly outweigh any
disadvantages.

The approval of lenalidomide in this setting would represent a step forward in the treatment pathway for
myeloma in the UK and would secure access to lenalidomide in this setting in the long-term (rather than
through the Cancer Drugs Fund).






Appendix D — clinical specialist statement template

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

Lenalidomide for the treatment of multiple myeloma in people who have
received at least one prior therapy with bortezomib (partial review of TA171)

Thank you for agreeing to give us a statement on your organisation’s view of the
technology and the way it should be used in the NHS.

Healthcare professionals can provide a unique perspective on the technology within
the context of current clinical practice which is not typically available from the
published literature.

To help you in making your statement, we have provided a template. The questions
are there as prompts to guide you. It is not essential that you answer all of them.

Please do not exceed the 8-page limit.

About you

Your name:
Dr Faith Davies

Name of your organisation
NCR/RCP/RCR/ACP/JCCo

Are you (tick all that apply):

- aspecialist in the treatment of people with the condition for which NICE is
considering this technology?

- yes

- aspecialist in the clinical evidence base that is to support the technology (e.g.
involved in clinical trials for the technology)?

- an employee of a healthcare professional organisation that represents
clinicians treating the condition for which NICE is considering the technology?
If so, what is your position in the organisation where appropriate (e.g. policy
officer, trustee, member etc.)?

chair of the NCRI Myeloma Sub group

- other? (please specify)
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

What is the expected place of the technology in current practice?

How is the condition currently treated in the NHS? Is there significant geographical
variation in current practice? Are there differences of opinion between professionals
as to what current practice should be? What are the current alternatives (if any) to
the technology, and what are their respective advantages and disadvantages?

Are there any subgroups of patients with the condition who have a different prognosis
from the typical patient? Are there differences in the capacity of different subgroups
to benefit from or to be put at risk by the technology?

In what setting should/could the technology be used — for example, primary or
secondary care, specialist clinics? Would there be any requirements for additional
professional input (for example, community care, specialist nursing, other healthcare
professionals)?

If the technology is already available, is there variation in how it is being used in the
NHS? Is it always used within its licensed indications? If not, under what
circumstances does this occur?

Please tell us about any relevant clinical guidelines and comment on the
appropriateness of the methodology used in developing the guideline and the specific
evidence that underpinned the various recommendations.

Myeloma is a relapsing remitting disease which requires a
personalised/individual approach to therapy to ensure prolonged periods of
remission and good quality of life.

Over the last 10 years two active classes of drugs have been introduced into
the clinic (IMiDs eg thalidomide, lenadlidomide and pomalidomide) and
proteasome inhibitors (bortezomib). These drugs have led to increased
response rates and importantly improved progression and overall survival.
Consensus concerning the most effective order to deliver the drugs varies
around Europe and the US. These variations are based on clinical evidence,
availability of drugs within health care systems and importantly patient disease
factors (eg the presence of renal disease, high risk cytogenetics,
thromboembolic disease, oral vs iv preparations, side effect profile etc).

According to the current NICE guidance, the majority of myeloma patients in
the UK receive a thalidomide based combination +/- high dose therapy with
blood stem cell support as first line therapy, a bortezomib combination for
second line therapy and a lenalidomide combination as third line therapy.

For a number of reasons some patients will receive bortezomib as front line
therapy eg patients who enter a clinical trial or for clinical reasons (eg
intolerance or contraindication to thalidomide, renal failure or high risk
disease). When these patients relapse there is no current NICE guidance for
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

treatment, as bortezomib is currently listed as NICE second line therapy. Itis
however available in England via the Cancer Drug fund (CDF). A longer term
solution to access lenalidomide second line for these patients (rather than via
the CDF) would be appropriate moving forward.

Clinicians agree that lendaliomide would be the chosen second line therapy for
this group of patients. Although in some instances repeating therapy with
bortezomib may be appropriate (eg for patients with along remission to their
first line bortezomib therapy), in the majority of cases this would not be
appropriate.

Bortezomib has recently gained an upfront licence for both the treatment of
transplant eligible and the transplant ineligible patients and NICE guidance for
this area is under review. If this is accepted then this group of patients without
access to lenalidomide second line may increase outside of the current scope
of this appraisal (ie those intolerant or with a contraindication to thalidomide).

The advantages and disadvantages of the technology

NICE is particularly interested in your views on how the technology, when it becomes
available, will compare with current alternatives used in the UK. Will the technology
be easier or more difficult to use, and are there any practical implications (for
example, concomitant treatments, other additional clinical requirements, patient
acceptability/ease of use or the need for additional tests) surrounding its future use?

If appropriate, please give your view on the nature of any rules, informal or formal, for
starting and stopping the use of the technology; this might include any requirements
for additional testing to identify appropriate subgroups for treatment or to assess
response and the potential for discontinuation.

If you are familiar with the evidence base for the technology, please comment on
whether the use of the technology under clinical trial conditions reflects that observed
in clinical practice. Do the circumstances in which the trials were conducted reflect
current UK practice, and if not, how could the results be extrapolated to a UK setting?
What, in your view, are the most important outcomes, and were they measured in the
trials? If surrogate measures of outcome were used, do they adequately predict long-
term outcomes?

What is the relative significance of any side effects or adverse reactions? In what
ways do these affect the management of the condition and the patient’s quality of
life? Are there any adverse effects that were not apparent in clinical trials but have
come to light subsequently during routine clinical practice?

The clinical trial data (009 and 010 - NEJM x 2) demonstrated the efficacy of
lenalidomide and dexamethasone in the first to third relapse population,
however the original NICE appraisal suggested its use at second relapse (third
line).
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

In addition to the supporting clinical trial data, UK clinicians agree that
lendaliomide would be the chosen second line therapy for this group of
patients (ie patients who were intolerant or contraindicated to thalidomide and
received bortezomib first line). This is standard practice both in Europe and in
the USA.

In some instances repeating therapy with bortezomib may also be appropriate
(eg for patients with along remission to their first line bortezomib therapy who
had minimal side effects from therapy). In this latter instance patients would
go on to access lenalidomide third line under the current NICE guidance.

| can see no obvious disadvantage to this technology in this setting.

Equality and Diversity

NICE is committed to promoting equality of opportunity, eliminating unlawful
discrimination and fostering good relations between people with particular protected
characteristics and others. Please let us know if you think that this appraisal:

- Could exclude from full consideration any people protected by the equality
legislation who fall within the patient population for which [the treatment(s)] is/are/will
be licensed,;

- Could lead to recommendations that have a different impact on people
protected by the equality legislation than on the wider population, e.g. by making it
more difficult in practice for a specific group to access the technology;

- Could lead to recommendations that have any adverse impact on people with
a particular disability or disabilities

Please tell us what evidence should be obtained to enable the Committee to identify
and consider such impacts

The lack of guidance for patients who have received bortezomib upfront is
currently a problem as it places patients who are intolerant or contraindicated
to thalidomide, have entered a clinical trial or have renal failure/high risk
disease at a significant disadvantage/risk as they have limited access to
therapy at second line. In these instances patients may be given aless
efficacious therapy and therefore potentially limit their clinical outcome.
Therefore this STA should improve any perceived issues with equality.

Any additional sources of evidence

Can you provide information about any relevant evidence that might not be found by
a technology-focused systematic review of the available trial evidence? This could be
information on recent and informal unpublished evidence, or information from
registries and other nationally coordinated clinical audits. Any such information must
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal (STA)

include sufficient detail to allow a judgement to be made as to the quality of the
evidence and to allow potential sources of bias to be determined.

Implementation issues

The NHS is required by the Department of Health and the Welsh Assembly
Government to provide funding and resources for medicines and treatments that
have been recommended by NICE technology appraisal guidance. This provision has
to be made within 3 months from the date of publication of the guidance.

If the technology is unlikely to be available in sufficient quantity, or the staff and
facilities to fulfil the general nature of the guidance cannot be put in place within
3 months, NICE may advise the Department of Health and the Welsh Assembly
Government to vary this direction.

Please note that NICE cannot suggest such a variation on the basis of budgetary
constraints alone.

How would possible NICE guidance on this technology affect the delivery of care for

patients with this condition? Would NHS staff need extra education and training?
Would any additional resources be required (for example, facilities or equipment)?

No issues
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal (STA)

Lenalidomide for the treatment of multiple myeloma in people who have
received at least one prior therapy with bortezomib (partial review of TA171)

Please sign and return to:

Stuart Wood, Technology Appraisal Administrator
Email: TACommB@nice.org.uk
Fax: +44 (0)20 7061 9830
Post: NICE, 10 Spring Gardens, London, SW1A 2BU

| confirm that:

¢ | agree with the content of the statement submitted by Myeloma UK and
consequently | will not be submitting a personal statement.
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Text cited directly from the submission by Celgene (hereafter referred to as ‘the submission’) is
presented in italic and cross referenced.

The ERG found several important logical errors in the economic model first sent to us by
Celgene. On the initial request for clarification, we suggested that Celgene addressed some of
these issues. However briefly after this, the ERG found other methodological errors in the model
(Table 17). In result of this, Celgene submitted an updated analysis, with the goal to address the
problems identified in the original submission. This report mainly discusses the final model
version.

Given the nature of the STA process, the ERG was bound to time constraints. Most of the initial
review process was dedicated to finding the methodological and logical errors in the submission
and providing the manufacturer with some time and suggestions to address these. Therefore,
and as discussed with NICE, in order to stay within the agreed timeframe we have focused in
depth on certain aspects of the submission and only provide some insight on others.

The primary focus of this critique is on the second-line treatment for multiple myeloma (MM).
Second-line treatment in the economic analysis compares lenalidomide taken concomitantly
with dexamethasone with bortezomib. Considerations are also made for subsequent treatment
options.

The submission from Celgene considered the use of lenalidomide (Revlimid®) in combination
with dexamethasone for adults with MM for whom thalidomide is contradicted and whose
disease has progresses after at least one prior treatment with bortezomib.

The evidence is based on two identically designed RCTs (MM-009 and MM-010) in people with
MM who had received at least one prior therapy. Both trials evaluate the efficacy of
lenalidomide taken concomitantly with dexamethasone with dexamethasone alone. Individual
trial outcomes and results from a pooled analysis showed an increase in time to disease
progression (TTP), progression-free survival (PFS) and overall survival (OS) for patients
receiving lenalidomide/dexamethasone compared to patients receiving dexamethasone alone.

Evidence for the comparators is based on retrospective studies. While the Taverna (2012) study

was used to assess the effectiveness of bortezomib, Damaj (2012) was used to drive the
efficacy of all other comparators.
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Celgene developed a cost-utility model as a partitioned survival structure. The model describes
four health states: Pre-progression on treatment (PFS-T), pre-progression off treatment (PFS-
OT), progressive disease (PD) and death.

Celgene’s updated model produced a dominant ICER, favouring lenalidomide/dexamethasone.

e It is likely that the cost-effectiveness systematic review of the literature undertaken by
Celgene contains all relevant studies.
e The MM-010 RCT on which the cost-effectiveness analysis is based is of high quality.

The ERG’s main concerns are regarding the model structure and with the data extrapolation
process employed by Celgene.

The ERG lack confidence in the final ICER presented. Celgene’s revised economic model
reports base case dominant ICERs, which significantly depart from the ICERs presented in
TA171. Furthermore the undertaken sensitivity analysis consistently report dominant ICERs,
which is somewhat questionable.

It is the ERG conclusion that the approach taken to modelling the cost-effectiveness of
lenalidomide/dexamethasone compared with bortezomib for MM patients presented in this
submission needs to be fundamentally reconsidered.

The ERG is overall concerned with the model structure used by Celgene. The approach
undertaken raises the following concerns:

e There is not a clear separation between second-line treatment outcomes and the
beginning of a third-line treatment option and respective outcomes in the bortezomib
arm of the model.

e After second-line of treatment, the manufacturer only consider the utility associated with
the disease progression state.

e The ERG question the value of including third and fourth-treatment lines, especially in
the intervention arm of the model, as only cost data is available and the basket of drugs
considered might not accurately reflect current clinical practice.
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More importantly, the ERG is generally concerned with the data extrapolation process
employed by Celgene. The approach taken raises the following issues:

e The use of the progression-free survival hazard ratio of 0.9, which is likely
underestimating the effectiveness of lenalidomide/dexamethasone compared with
bortezomib.

e Use of a log-logistic distribution to fit overall survival data, which appears to be a very
poor fit to MM-010 trial data.

o Likely overestimation of lenalidomide overall survival.

e The use of the mean of covariates method to adjust the progression-free survival and
overall survival curves to reflect MM-010 population characteristics, which might
potentially be skewing these survival estimates.
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In Sections 2.1 to 2.3 of their submission, Celgene describe the underlying health problem.
They provide a summary of the characteristics and progression of MM. Incidence of MM in
England and Wales is presented and is based on reliable sources, however the ERG noticed
that incidence figures used in the submission have been updated by Cancer Research UK in
October.

Table 1. Updated incidence of MM in England and Wales

Pt England Wales
Description estimate ST Source
Myeloma incidence (per 100,000) — 71 71
Males ' Cancer Research UK
Myeloma incidence (per 100,000) 44 41 (2013)
— Females : '

Information on life expectancy of patients with MM by cancer stage category was also provided.

In Sections 2.5 to 2.7 of their submission, Celgene outline how the management of MM is
generally determined on an individual basis, depending on several factors like age, prior
therapies and bone marrow function, amongst others.

Celgene make reference to TA129 where NICE recommend bortezomib as a second-line
treatment option for patients who have undergone, or are unsuitable for bone marrow
transplantation. TA228 is also mentioned as it subsequently recommended bortezomib (in
combination with an alkylating agent and a corticosteroid) as an option for the first-line
treatment of MM in the cases where high dose chemotherapy with stem cell transplantation is
considered inappropriate and the patient is contraindicated for thalidomide.

Additionally, TA171 recommends the use on lenalidomide for patients who had at least two prior
therapies.

Celgene suggest that the anticipated place for lenalidomide in the treatment pathway is likely to
be in those patients who have received one prior treatment. The rationale provided is that
patients with MM will only be treated with bortezomib as first line therapy if they are
contraindicated for thalidomide and so, in the case where retreatment with bortezomib is not
appropriate, lenalidomide will be administered as a second line treatment.

Though Celgene justify their selection of comparator treatments it is unclear if this reflects
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clinical practice, particularly given its rapidly evolving nature in relation to new combination
regimens. This is further discussed below in Section 3.3.

The population considered by the submission is adults with MM for whom thalidomide is
contradicted and whose disease has progresses after at least one prior treatment with
bortezomib.

Celgene claim that the population defined in the submission is in line with the one defined in the
NICE Scope™.

Even though the population considered by the submission is defined as patients who have
received at least one prior treatment with bortezomib, in the trial used to inform the economic
analysis only 4% of patients have been previously treated with bortezomib. However, clinical
advice sought by the ERG revealed that this is unlikely to affect the effectiveness of
lenalidomide. This means that, had the majority of patients in the trial received bortezomib as a
first-line therapy, the effectiveness of lenalidomide as a second line drug is expected to be
similar.

As per expert opinion, the drug used in previous MM therapies is not as crucial to determine the
effectiveness of posterior treatments as the duration of response to the previous treatment.

Whilst it is not specified in the submission why patients are contraindicated for thalidomide, our
clinical expert also pointed to the fact that a patient contraindicated for thalidomide early in MM
treatment (for example, due to poor renal function) might still be treated with thalidomide later
on and after relapse.

The intervention under assessment is lenalidomide (Revlimid®) in combination with
dexamethasone®. Lenalidomide® is an immunomodulating agent, belonging to a class of
immunomodulatory derivatives. Len is a structural derivative of thalidomide.

Len was launched in the UK in June 2007. In June 2009 NICE recommended the use of
Len/Dex for patients who have received two or more prior therapies however, since then, Len
was approved for funding through the Cancer Drugs Fund (CDF) as a second line treatment.

! Referred to as “the scope” in the remainder of this report.
2 Referred to as “Len/Dex” in the remainder of this report.
3 Referred to as “Len” in the remainder of this report.
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The EMEA recommended starting dose of Len is 25 mg orally once daily on days 1-21 of
repeated 28-day cycles, while the recommended dose of dexamethasone” is 40 mg orally once
daily on days 1-4, 9-12, and 17-20 of each 28-day cycle for the first 4 cycles of therapy and then
40 mg once daily on days 1-4 every 28 days. This is in line with the treatment regimen followed
in MM-010.

Treatment was continued until disease progression occurred (defined in Section 4.2.6) or
unacceptable toxicity emerged.

The comparator used was bortezomib®. It is not clear in the submission if the manufacturer
considered the base case comparator to be Bort or Bort with concomitant dexamethasone®.
However, the fact that the cost-effectiveness of Bort/Dex has been included in the scenario
analysis suggests that the base case comparator was originally considered to be Bort taken
alone.

It should be noted that in the retrospective study used to inform the economic analysis, Taverna
(2012), 64.3% of patients received concomitant Dex. Furthermore, expert opinion suggests that
the use of Bort with concomitant Dex represents current practice in the UK. This is explored in
detail in Section 5.1.2.

The Taverna (2012) study did not include a detailed description of the drug regimen
administered. It is known that the median number of prior therapies is 2 (range 1-11) and that
31% of the study population had undergone SCT.

Other comparators were specified in the initial scope. However, these were not included in the
base case analysis but were instead included in the scenario analysis. This was the case for
bendamustine and chemotherapy agents (including regimens based on melphalan, vincristine,
cyclophosphamide and doxorubicin).

It is not clear to the ERG why bendamustine was not included in the base case analysis. Since
this was one of the comparators included in the scope and data were available to model the
cost-effectiveness of Len/Dex compared with bendamustine, it seems to be appropriate to
include this comparator in the base case analysis.

Similarly, the cost-effectiveness of alternative chemotherapy agents was evaluated in the
scenario analysis. It is stated that all evidence identified for the treatment of MM with
chemotherapy agents included combination regimens with either Bort or Len, thus it was
considered to be unsuitable for modelling purposes. As a result, the hazard ratios used to model
the cost-effectiveness of bendamustine were applied in the chemotherapy agents’ scenario
analysis. Clinical opinion revealed that this is a reasonable assumption.

* Referred to as “Dex” in the remainder of this report.
> Referred to as “Bort” in the remainder of this report.
6 Referred to as “Bort/Dex” in the remainder of this report.
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Finally, as mentioned in Section 3.1, clinical advice sought by the ERG pointed to the fact that
thalidomide could potentially be considered for second or third-line treatment even if deemed
contraindicated as a first-line treatment option (due to reasons like poor renal failure).
Therefore, thalidomide could potentially be a relevant comparator for second or third-line
treatment options.

The outcomes considered in the submission include:

Progression-free survival (PFS)
Overall survival (OS)

Response rates

Adverse effects of treatment

e Health related quality of life (HRQoL)

This departs from the outcome measures considered in the scope, which included time to next
treatment as an outcome. It is stated that time to next treatment was not included in the analysis
since it was not reported in trial MM-010.

The time horizon for the economic analysis was 25 years. The proportion of patients alive at this
point was about 10%.
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In this chapter we assess the clinical evidence provided by Celgene in their submission.

We start with a description and critique of Celgene’s literature search strategy, followed by a
description of the main studies selected for clinical effectiveness and their quality assessment.
We then look at the manufacturer's selection of outcomes and the statistical approach they
used. This is followed by a summary of their submitted evidence for clinical effectiveness and
our commentary on their validity.

Celgene ran two literature searches to locate clinical effectiveness studies. In the initial
submission, their search attempted to limit the population to second-line treatment (using terms
such as relapse and recurrence to indicate failure at first-line). This was deemed inadequate by
the ERG.

The ERG raised their concerns at the clarification stage and Celgene ran a second search
which effectively removed this limitation.

The ERG accept these second searches as the primary searches in this submission though
Celgene have not indicated if their second searches located any additional studies for
consideration, which the ERG consider to be crucial information.

The second effectiveness search syntax took the following form:
(Terms for Population) AND (Intervention terms + terms for comparators) AND (Methods terms

(RCTs/ SRs/ Case-Control Studies)) AND (Limit to Human only populations)

The searches were run from database inception in the following bibliographic databases:

. MEDLINE & MEDLINE In-Process (OVID);

. EMBASE (OVID);

. The Cochrane Library (CDSR, CENTRAL, HTA & DARE); and,
. CINAHL (EBSCO HOST).

The following conference proceedings were searched:

. American Society of Hematology (ASH);
. American Society of Clinical Oncology (ASCO); and,
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. European Hematology Association (EHA).

Celgene’s searches for non-RCT evidence are limited by study design or by specific keywords
(such as follow-up.) The ERG do not consider these to be adequately sensitive searches for this
type of evidence.

Finally, in clarification, Celgene confirmed that, in their opinion, no additional evidence is likely
to become available for this indication and position in the treatment pathway relating to this
appraisal in the next 12 months.

Celgene did not run separate adverse event (AE) literature searches in their submission. Given
the noted AE profile related with this intervention, the ERG were surprised by this decision and
raised this in clarification.

Celgene replied that MM-009 and MM-010 studies had been designed to capture AE data and
as such, the AE profile presented in the submission is adequate since it is comparable to that
listed in the current SPC updated in 2013 and confirmed by clinical expert opinion sought by
Celgene.

Given the noted AE profile, the ERG would still have preferred that separate searches were
conducted to look beyond the two studies which have driven this submission.

In their review of clinical effectiveness of Len, Celgene applied the inclusion/exclusion criteria
listed in Table 2 below:

Table 2. Eligibility criteria used of study selection

Inclusion criteria Exclusion criteria

o Newly diagnosed multiple myeloma or
treatment naive patients

e  Studies that investigated both newly
diagnosed and rrMM, but did not segregated

e  Adult patients with relapsed
or refractory multiple

Population myeloma (rrMM) with = 1
. . the results
prior treatment with . .
) e  Studies on children and other blood cancer
bortezomib L . . .
e  Studies in which patients had no prior
bortezomib
. e Lenalidomide/ e Lenalidomide monotherapy
Intervention ) . . .
dexamethasone e Lenalidomide/any other interventions
Comparator e Bortezomib (Bor) e Any other type of mono-chemotherapy and/
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Inclusion criteria Exclusion criteria

monotherapy or combination chemotherapy
e Bortezomib/high-dose e  Stem cell transplantation
dexamethasone (Bor/Dex)
e Regimens based on
mephalan, vincristine,
cyclophosphamide and
doxorubicin
e Bendamustine

e  Progression-free survival
(PFS)

e  Overall survival (OS)

e  Overall response rate
(ORR)

e Best response, including
complete response (CR),
partial response (PR), and
very good partial response

Outcomes (VGPR) Minimal response

(MR) if part of an ORR

summation.

e  Studies that did not report data on at least
one of the outcomes of interested

e Time to next treatment
(TNT)

e Time to progression (TTP)

e Adverse events (only grade
3 and 4, or serious AES)

e Health related quality of life
(HRQOL)

e Randomised and non-
randomised controlled trial e Letter, secondary analysis with no

Study type of = 5 patients new/relevant data, expert opinions,
¢ SR/MA of RCTs and non- commentaries, non-systematic reviews
RCTs
Language of . )
h e English language e Non -English language
publication
e None for full text publication
Date

e 2011-2013: Conference proceedings and SR/MA

Source: Submission Table 81 Appendix 2
The inclusion criteria reflect the final scope issued by NICE and the licensed indication; that is to

include studies of patients with MM for whom thalidomide is contraindicated and whose disease
has progressed after at least 1 prior treatment with Bort.

Matrix | 06 March 2014





Overall these criteria seem appropriate to identify all relevant evidence on the clinical
effectiveness of Len. Despite this, the ERG requested clarification on some aspects of the
search.

The submission includes a flow diagram that shows the number of studies identified through the
database searches and the number of studies included and excluded at each stage of the
review and the reasons for exclusion.

In addition, as none of the identified studies showed evidence of direct comparison between
Len and the comparators, the search strategy was widened to the individual comparators.
Eligibility criteria were the same as for Len/Dex with the exception of single case studies.

The submission therefore relies on indirect comparison between Len and Bort.

The search strategy identified 44 studies in 53 publications. Four of these studies, presented in
Table 3, were randomised clinical trials (RCTs). Six subgroup and two update analyses for two
of these RCTs were identified. Three of the RCTs examined the efficacy of Len/Dex while the
fourth RCT examined the efficacy of Bort treatment (AMBER).

Table 3. List of relevant primary publications

Author, year | Intervention Comparator Population Publication
(reference) type
rrMM patients with =21
Richardson | Len 30mg/ once Len 15mg/ prior anti-myeloma Full paper
2006% daily/Dex twice daily/Dex therapy (at least one Pap
prior chemotherapy)
Len/Dex rrMM patients with =21
MM-010* Placebo/Dex prior anti-myeloma Full paper
therapy
Len/Dex rrMM patients with =21
MM-009* Placebo/Dex prior anti-myeloma Full paper
therapy
rrMM patients with =7
AMBER*" Bor/Placebo Bor/Bev prior anti-myeloma Full paper
therapy
Bev, bevacizumab; Bor, bortezomib; Dex, dexamethasone; Len, lenalidomide; rrMM, relapsed or
refractory multiple myeloma.

Source: Submission Table 7

Both MM-009 and MM-010 trials were sponsored by Celgene.
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The Richardson (2006) study was excluded as it is a phase |l study and was superseded by the
two phase Il studies MM-009 and MM-010.

The AMBER study was also excluded by Celgene on the basis of the proportion of patients
receiving Bort as second-line treatment being low, and because it compared Bort monotherapy
to bevacizumab.

Two additional studies were included by Celgene:

e A post-hoc analysis by Dimopoulos (2009) of MM-009 and MM-010 trial data to assess
the impact of prior treatment history.

e A paper from Mateos (2010) which consisted of an updated follow-up and impact
assessment of subsequent therapy in the Phase Il VISTA trial, which compared Bort
plus melphalan and prednisone with melphalan and prednisone.

As previously mentioned, due to lack of evidence to conduct a direct comparison between Len
and the comparators, the submission included separate studies to inform the clinical
effectiveness for the comparator treatments.

Celgene could not identify relevant RCT evidence for Bort and bendamustine. Six non-RCTs
studies were identified for Bort however only the Taverna (2012) study was deemed relevant by
Celgene. The only evidence identified for bendamustine was also a non-RCT study by Damaj
(2012).

The ERG is not completely convinced by the reasons given for selecting Taverna (2012) as the
main evidence source and excluding Hrusovsky (2010). The latter also reports OS in a
European population (Germany and Switzerland) and of 100% patients had previously received
Bort.

Therefore we now provide a brief description of the Hrusovsky (2010) study for comparison
purposes:

Overview

Hrusovsky (2010) is a retrospective survey which was conducted in Switzerland and Germany,
involving relapsed MM patients who had responded to initial Bort treatment.

Results

Initial Bort treatment and response: Patients in the per-protocol population (n = 60) received a
median of 4.7 cycles of Bort (range 1-12 cycles) as the initial treatment, with the majority (85%)
having received 1-6 cycles.
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Bort retreatment: Patients received a median of 4.1 cycles of Bort retreatment (range 1-14),
with 85.0% patients receiving 1-6 cycles.

Bort retreatment had an overall response rate (complete response (CR) + near complete
response (nCR) + partial response (PR)) of 63.3% and a clinical benefit rate (CR + nCR + PR +

stable disease) of 80%. Median TTP following Bort retreatment was 9.3 months.

Median OS from first diagnosis, initial Bort and after Bort retreatment was 1.1, 3.3 and 1.7
years, respectively. At the time of data cut-off following Bort retreatment, 30 patients had died.

Overall, the type of outcomes reported are fairly similar to Taverna (2012), however the
rationale for excluding Hrusovsky (2010) is not transparent.

The ERG considers that all studies relevant to the direct comparison of Len/Dex with Bort were
included in the submission.

In this section the two main studies presented in Celgene submission are assessed for their
validity. MM-009 and MM-010 were initially assessed by Celgene (Table 82 in the submission).
We present our independent comments alongside their assessment.

Table 4 provides the quality assessment of study MM-009 and MM-010.
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Table 4. Clinical appraisal of relevant RCTs

Assessment
question

Celgene response

ERG comments

Was randomisation
carried out
appropriately?

Yes. In trials MM-009 and MM-010, A
stratified randomisation list was
independently generated before the
study was initiated, which randomised
the subjects in a 1:1 ratio to either the
Len/Dex group or the placebo/Dex
group. Randomisation was done
centrally using an integrated voice-
response system (IVRS). Randomisation
was centralized and stratified by three
factors: baseline serum beta-2
microglobulin, prior treatment with high-
dose chemotherapy or SCT or no prior
treatment, and number of prior anti-
myeloma regimens.

This is appropriate.

Was the
concealment of
treatment allocation
adequate?

Yes. MM-009 and MM-010 were double-
blind studies. The lenalidomide and
placebo capsules were identical in
appearance, and the subjects,
investigators, other study site personnel,
and Celgene personnel who were
responsible for the study were blinded to
each subject’s treatment assignment
until the study was unblinded. An IVRS
was used and all medication allotments
were assigned by the IVRS. The clinical
sites enrolled the patients and did so by
accessing the central IVRS

This method is adequate.

Was a justification
of the sample size
provided?

The sample size was based on 85%
power to detect a hazard ratio of 1.5 for
TTP between the two arms (an increase
of 6 to 9 months) and 80% power to
detect a hazard ratio of 1.5 for OS (an
increase of 12-18 months).

These assumptions on which the

sample size is established are
justified by the reported outcomes
presented in the submission (TTP HR
of 2.8 and 2.9 and PFS HR of 3.0
and 2.6 for MM-009 and MM-010
respectively), however these HRs
could not be found in either MM-009
or MM-010 clinical study reports

(CSRs).

Matrix | 06 March 2014

22





Assessment
question

Celgene response

ERG comments

Was follow-up
adequate?

All patients were followed in the active
phase of the study until disease
progression or treatment was
discontinued for any other reason.
Subjects were contacted every 6 months
during the follow-up phase.

Follow-up was adequate. 353 and
351 patients were followed up to the
extended follow-up cut-off period of
23 Jul 2008 and 02 Mar 2008 for
MM-009 and MM-010 respectively,
as described in the CSRs.
Additionally, follow-up data collected
for OS have been updated and reflect
a follow-up period until 11 December
2008.

Were the individuals
undertaking the
outcomes
assessment aware
of allocation?

No, all review of outcomes by the
adjudication committee were conducted
in blinded fashion.

The ERG could not find any
reference to the "adjudication
committee” throughout the
submission or the CSRs.

The primary efficacy endpoint, TTP,
is calculated as the time from
randomization to the first occurrence
of disease progression, which was
assessed by a battery of tests based
on various objective (haematological)
and subjective (bone and soft tissue
lesion) criteria. However, it is not
clear who assessed this outcome and
it would be important to ensure that
allocation was concealed from the
assessor. The knowledge of
treatment allocation would introduce
potential for bias, most likely in favour
of Len/Dex.

OS is unlikely to be affected in this
way.
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Assessment
question

Celgene response

ERG comments

Was the design
parallel-group or
crossover? Indicate
for each crossover
trial whether a
carryover effect is

It was a parallel-group design. Patients
in the placebo/Dex group were only
allowed to roll over to receive
lenalidomide after disease progression,
or cross over to receive Len/Dex after
the Independent Data Monitoring
Committee (IDMC) had declared the
studies could be unblinded. Carry-over

The number of patients who crossed
over in each trial, MM-009 and MM-
010, was not clearly reported in the
submission. Results from the pooled
analysis show that 167/351 (47.6%)
patients who received placebo/Dex
chose to receive Len after unblinding
of the study (submission p 77).
However, CONSORT flow charts on
the number of patients who crossed
over in each trial, show 101/176 and

likely. . . . 63/175 patients for MM-009 and MM-
effect is not applicable in these two ] o .
ials. 010 respectively. This is inconsistent
with the results from the pooled
analysis, as the CONSORT flow data
adds up to a total of 164/351
patients. (submission p 62 and p 63)

MM-009 took place in the USA and

Canada, while MM-010 took place in

Europe, Israel and Australia.

Specifically, MM-010 included sites in

The study was conducted in Australia (6

sites), Austria (1 site), Belgium (2 sites),

Was the RCT

conducted in the UK
(or were one or
more centres of the
multinational RCT
located in the UK)?
If not, where was
the RCT conducted,
and is clinical
practice likely to
differ from UK
practice?

France (5 sites), Germany (6 sites),
Greece (1 site), Ireland (1 site), Israel (3
sites), Italy (6 sites), Poland (3 sites),
Spain (6 sites), Switzerland (2 sites),
Ukraine (5 sites), and the United
Kingdom (3 sites; 2 in London and 1 in
Bristol). A total of 15 patients across
three UK sites were enrolled into MM-
010. These countries are all
representative of the clinical practice of
lenalidomide use in Western countries
and are relevant to that used in the
England and Wales.

See Error! Reference source not
found. for comparison of second-line
patient characteristics in the MM-010
trial and UK practice.

Both trials were multinationals. The
manufacturer justify using data from
trial MM-010 alone to model the cost-
effectiveness of Len as this included
a European patient population.
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Assessment
question

Celgene response

ERG comments

How do the included
in the RCT
participants
compare with
patients who are
likely to receive the
intervention in the
UK? Consider
factors known to
affect outcomes in
the main indication,
such as
demographics,
epidemiology,
disease severity,
and setting.

March 2014

There is no reason to suspect that the
trial patient characteristics and
outcomes would differ significantly from
those seen in UK practice. However,
since MM-009 and MM-010 were
initiated, thalidomide and bortezomib
have been licensed in Europe for first
and second-line treatment, respectively.
Therefore the proportion of patients in
the UK receiving either of these drugs as
prior therapies may be greater in clinical
practice than was seen in the trials. In
MM-009, 41.8% and 10.7% of patients in
the Len/Dex arm had, respectively,
received prior treatment with thalidomide
and bortezomib. In MM-010, the
respective proportions of patients
previously treated with these agents
were 30.1% and 4.5% in the Len/Dex
arm.40, 41 The patients enrolled in the
trials are slightly younger and have a
better performance status at baseline
than those that might be seen in UK
clinical practice. However, the trial data
show Len/Dex significantly improves
outcomes over Dex regardless of age
and performance status.

Both trials were initiated in 2004.
Since then the management of MM
has undergone profound changes
particularly with the introduction of
novel agents such as Bort, therefore
trials MM-009 and MM-010 do not
accurately reflect the current clinical
practice in the UK.

The mean age of patients in both
trials (63 years) reflect a slightly
younger population than the typically
Presenting UK population, which is
approximately 70 years-old as
reported in the guidelines for the
diagnosis and management of
multiple myeloma Bird (2013).

Expert opinion sought by the ERG
confirmed that MM has a higher
incidence amongst Afro-Caribbean
ethnic groups. MM-009 study
contains more patients from this
ethnic group than MM-010
(submission Table 9).

Furthermore, there is a significant
proportion of patients (submission
Table 10) enrolled in both trials who
received more than 3 prior stem cell
transplant (SCT). This does not seem
to reflect current clinical practice in
the UK, where a smaller number of
prior SCT would be expected as per
our expert clinical advice.

Finally, the proportion of patients who
received 2 or 3 prior anti-myeloma
therapies in both MM-009 and MM-
010 is higher than the percentage of
patients who received just 1 prior
therapy. Clinical advice sought by the
ERG revealed that in current clinical
practice, most patients would have
received one prior therapy.
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Assessment
) Celgene response ERG comments
question

The dosage was as per EMEA
recommendation:

e Len: 25 mg orally once daily on
For days 1-21 of repeated 28-day
pharmaceuticals, . cycles

Dosage regimens were the same as .
what dosage o e Dex: 40 mg orally once daily on
] those detailed in the SPC.
regimens were used days 1-4, 9-12, and 17-20 of

in the RCT? each 28-day cycle for the first 4
cycles of therapy and then 40 mg
once daily on days 1-4 every 28

days

. ) Patient characteristics presented on
Yes. The demographic and baseline

Were the study o Table 9 and Table 10 of the
characteristics of the study groups are L
groups comparable? submission show comparable study
comparable. groups

ups.

Yes. The statistical analyses used are

o considered appropriate. The protocol for o
Were the statistical ] ] . o The approach to the statistical
both studies, including the statistical ]
analyses used . . analysis of MM-009 and MM-010 was
. methods section, went through a Special .
appropriate? generally sound (see section.4.2.7)
Protocol Assessment by FDA and was

agreed upon by the agency.

Yes, intention-to-treat analysis was
undertaken, however the ERG noted
some discrepancies in the data
presented for MM-009 trial.

The number of patients in the ITT
group for MM-009 is reported to be
353 in the CONSORT flow chart
(submission p 62), however, patient
Was an intention-to- characteristics are only reported for
treat analysis Yes. 340 patients (submission p 51-53).
undertaken? We understand that this might be
related with the 12 case report forms
claimed to have been missing from
the analysis, however, it was the
manufacturer’s decision to later
include these 12 patients once data
were recovered. Therefore, the
submission should have included a
presentation of their characteristics.
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Assessment
question

Celgene response

ERG comments

Were there any
confounding factors
that may attenuate
the interpretation of
the results of the
RCT(s)?

In the MM-009 and MM-010 trials,
patients in the placebo/Dex arm were
allowed to cross-over to the Len/Dex
arm when there was a documented
progression or at unblinding by the
IDMC. This cross-over confounded the
measurement of OS in favour of the
placebo/Dex group in general, and is
likely to explain the decreasing
difference in OS between the study
groups over time.

TTP in the placebo/Dex arms is
relatively unaffected by the treatment
crossover, because most patients had
developed PD when the studies were
unblinded — 75.0% in MM-009 and
81.1% in MM-010.

Detail on the number of cross-over
patients for the pooled analysis is
given on page 77 of the submission,
however the equivalent information is
not provided for trials MM-009 and
MM-010 separately. Despite of this,
any impact is likely to be in favour of
the control arm.

Response source: Submission Table 9 and Table 10.

To the best of the ERG’s knowledge, even though several tools exist for the assessment of non-

RCT evidence, there is no standard validated tool.

The manufacturer reported the quality assessment of non-RCTs in Appendix 7 of the

submission using the same tool as for RCTs evidence. This is not very informative.

The ERG note that the Centre for Reviews and Dissemination (CRD) quality assessment tool
(Chambers 2009) for case series could have been used for the quality assessment of non-RCTs

evidence.

The outcome selection in Celgene’s submission is a direct reflection of those included in the two

main RCTs.
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Primary and secondary efficacy analyses were conducted on data from all patients on MM-009
and MM-010 trials separately, as well as on data from the pooled analyses and on long-term
safety data.

The primary outcome in both studies was time to disease progression (TTP). This was
measured from the date of the first assessment in the series of tests required to determine
progression and calculated as the time from randomisation to either:

e The first occurrence of disease progression according to the myeloma response
assessment data developed by EBMT in Blade (1998) and Durie (2006) (Table 5) or,

o discontinuation from treatment due to disease progression (whether or not confirmed by
response criteria) or,

e death due to disease progression during the treatment period.

Observations were censored at the date of last response assessment for subjects who had
either:

e Not progressed at the time of analysis or,

o withdrew from the treatment phase before documented progression or,

¢ died of causes not related to multiple myeloma or,

e received another anti-myeloma therapy without documented progression or intolerable
AEs.

Additional sensitivity analyses were undertaken to assess:

e Time to progression (FDA definition: counting subjects who withdrew from the study for
any reason or who received antimyeloma therapy during the treatment period as having
events on the last assessment day prior to withdrawal from the study or to receiving
antimyeloma medication); and

e time to treatment failure.

Secondary outcomes analysed are:

e Progression-free survival (PFS), conducted as part of a supportive analysis for the
primary endpoint. This was calculated as the time from randomisation to documented
progression or death due to any cause during the treatment period, whichever occurred
first.

e Overall survival (OS) defined as the time from randomisation until death from any
cause.

e Response rate assessed using the myeloma response determination criteria developed
by EBMT (Table 5).
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e Functioning and quality of life, consisting of:

(o}
(0}

Time to first skeletal-related event.

Time to first decrease in ECOG performance status, calculated as the time from
randomisation to the date of the first worsening compared with the last ECOG
evaluation obtained prior to randomisation.

e Adverse events.

Table 5. Myeloma response determination criteria

Outcome

Criteria for Classification [a]

Complete
response
(CR)

A CR required:
o Disappearance of M-paraprotein in serum and/or urine by electrophoresis
maintained for 26 weeks.
e Documentation of the following findings within +2 weeks of the confirmatory
electrophoresis studies:
— Absence of M-paraprotein confirmed by immunofixation studies of serum
and urine.
—  Less than 5% plasma cells in the bone marrow aspirate or biopsy.
— Disappearance of soft tissue plasmacytomas.
— Noincrease in size of number of lytic bone lesions (the development of
bone fractures did not exclude a response).

If some, but not all, of the criteria for a CR were fulfilled, the response was classified as
a PR or RR, provided that all other requirements were satisfied.

Remission
response
(RR)

An RR required:

o A 75% to 99% reduction from baseline in serum M-paraprotein and, if present, a
90% to 99% reduction from baseline in 24-hour urinary light chain excretion or a
reduction in the 24-hour urinary light chain excretion to <200mg by electrophoresis,
which was maintained for =6 weeks.

e Documentation of the following findings within +2 weeks of the confirmatory
electrophoretic studies:

— If present, at least a 50% reduction from baseline in the sum of the
products of perpendicular diameters of measurable soft tissue
plasmacytomas by radiography or clinical examination [b]. If present, there
must be no clear progression of evaluable soft tissue plasmacytomas or
non-evaluable disease [c, d].

— Noincrease in the size or number of lytic bone lesions (the development of
bone fractures did not exclude a response).

— No evidence of disease progression by bone marrow aspirate/biopsy
findings (see PD, below).

Partial
response
(PR)

A PR required:

e A 50% to 74% reduction from baseline in serum M-paraprotein and, if present, a
50% to 89% reduction from baseline in 24-hour urinary light chain excretion by
electrophoresis, which was maintained for 26 weeks.

e Documentation of the following findings within +2 weeks of the confirmatory
electrophoretic studies:

— Atleast a 50% reduction from baseline in the sum of the products of
perpendicular diameters of measurable soft tissue plasmacytomas by
radiography or clinical examination [b]. If present, there must be no clear
progression of evaluable soft tissue plasmacytomas or non-evaluable
disease [c, d].
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of response

Outcome Criteria for Classification [a]
— Noincrease in the size or number of lytic bone lesions (the development of
bone fractures did not exclude a response).
— No evidence of progressive disease (PD) by bone marrow aspirate/biopsy
findings (see PD, below).
?itsaé)gie (SD) Criteria for PR or PD were not met.
Plateau For subjects who achieved at least a confirmed PR, plateau phase of response was
phase defined by stable M-paraprotein values (within 25% above or below nadir value) and, if

present, stable measurements for measurable soft tissue plasmacytomas (sum of the
products of perpendicular diameters within 25% above or below the nadir value)
maintained for at least 3 months without evidence of PD or further response.

Progressive
disease (PD)

PD for subjects in CR required at least one of the following:

e Reappearance of serum or urinary M-paraprotein on immunofixation or
electrophoresis on 2 consecutive occasions at least 1 week apart.

e Increase in the percentage of plasma cells in bone marrow aspirate or biopsy to
25%.

o Development of at least one new lytic bone lesion or soft tissue plasmacytoma.

e Clear increase in size of residual bone lesions (the development of a bone fracture,
including a vertebral compression fracture, did not, in of itself, constitute PD).

o Development of hypercalcaemia (serum calcium level, corrected for albumin
concentration, >11.5mg/dL [2.8 mmol/L]) not attributable to any other cause.

Progressive
disease (PD)

PD for subjects not in CR required at least one of the following:

e Compared with the nadir value, a >25% increase in the level of serum M-
paraprotein, which represented an absolute increase of 25600mg/dL (5g/L), on 2
consecutive occasions at least 1 week apart.

e Compared with the nadir value, a >25% increase in the level of the 24-hour light
chain excretion, which represented an absolute increase of 2200mg/dL/24 hours, ;
2 consecutive occasions at least 1 week apart.

e Compared with the lowest marrow plasma cell percentage achieved during study
treatment, a >25% increase in plasma cells in bone marrow aspirate or biopsy,
which represented an absolute increase of 270%.

o Development of at least one new lytic bone lesion or soft tissue plasmacytoma.

e Clear increase in size of existing bone lesions (the development of a bone fracture,
including a vertebral compression fracture, did not, in itself, constitute PD).

e Compared with the nadir value achieved, a >25% increase in the sum of the
products of existing measurable soft tissue plasmacytomas.

e Clear PD of evaluable soft tissue plasmacytomas or non-evaluable disease.

o Development of hypercalcaemia (serum calcium level, corrected for albumin
concentration, >11.5mg/dL [2.8 mmol/L]) not attributable to any other cause.

dimension.

[a] Response criteria for both serum and urine myeloma paraprotein (M-paraprotein) must be met in
subjects in whom both are present.

[b] Measurable soft tissue plasmacytomas have defined borders and have perpendicular diameters that
measure =7 cm x 21 cm.

[c] Evaluable soft tissue plasmacytomas have poorly defined borders or are measurable in only one

[d] Non-evaluable disease comprises malignant pleural or pericardial effusions, ascites, and previously
irradiated lesions.

Source: Submission Table 88 Appendix E
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The selection of outcomes appears reasonable to provide a sensible range of dimensions to
assess the clinical effectiveness of Len.

Unfortunately there was no questionnaire to directly capture patients’ HRQoL in any of the two
trials.

Statistical analysis was performed on the main study outcomes i.e. time-to-event and time-to-
first worsening of ECOG-PS for the ITT population of studies MM-009 and MM-010. Statistical
analysis was also performed for second-line patient’s subgroup but only for PFS and OS.

It is stated in Celgene’s submission (p 59) that formal statistical hypothesis tests of the
superiority of Len/Dex relative to placebo/Dex were conducted at the 2-sided, 0.05 level of
significance. However, the manufacturer also states (p 44), that they powered their trial to
detect a difference measured by a one-sided log-rank test at the 0.025 level. Additionally, all
log-rank tests were specified to be one-tailed.

It should be noted that in most instances highly significant p-values are generated by these
tests and that the overall approach to the statistical analysis of MM-009 and MM-010 was
generally sound.

Following responses to the ERG’s questions for clarification in relation to the effectiveness and
health related quality of life searches, we are content that the searches presented in this
submission are broadly suitable for the task.

The ERG opinion is that the manufacturer's search strategy on clinical effectiveness was
generally appropriate. However to note is that:
e The fact that no separate searches were undertaken for AEs is perceived as a
weakness.
e The ERG is not clear as to why some papers providing evidence for comparator
treatments were excluded from the economic analysis.

The methodology used to assess the quality of the included RCT was adequate.

The ERG consider that the evidence submitted generally reflects the decision problem outlined
in the final scope of the submission.
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The ERG found that in the original submission there was lack of clarity as to which set of the
presented outcomes were used to inform the economic analysis.

After the request for clarification by the ERG, Celgene stated that the outcomes presented in
Section 6 of the submission for MM-010 were based on an early analysis of the trial data up to
unblinding (3 August 2005), whereas model inputs use the extended, open-label follow-up data
(2 March 2008). Furthermore Celgene claim that outcomes from the extended follow-up period,
stratified by number of prior anti-myeloma therapies received are provided on page 79-81 of the
submission and in Appendix D. However, these are provided only for the subset analysis
conducted by Stadtmauer (2009).

Additionally, as per Celgene’s response to clarification (question B8), the economic analysis
was conducted using the full MM-010 dataset. Therefore, the results presented in Appendix D
are not very informative, as they only report a subset analysis.

ITT population at unblinding

Time to progression (TTP) is the primary outcome for both RCTS MM-009 and MM-010. In
Table 6 we report the results at study unblinding (28 June 2005 [MM-009] / 3 August 2005 [MM-
010]). The manufacturer also present results for TTP at protocol-defined interim analysis (Table
14 p 67 in the submission).
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Table 6. Time to Progression for ITT population

Statistic Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
TTP N 177 176 176 175
Progressed n (%) 92 (52.0) 132 (75.0) 82 (46.6) 142 (81.1)
Censored n (%) 85 (48.0) 44 (25.0) 94 (53.4) 33 (18.9)
Median
48.1 20.1 48.7 20.1
0,
Overall TTP (weeks) ng CI | 369, 1.4] | [16.7,231] | [40.9,721] |[18.1,20.7]
Hazard Ratio [95% CI] [b] 2.822[2.146, 3.701] 2.850 [2.159, 3.762]
Log-rank Test p-Value [c] <0.001 <0.001

Cl, confidence interval.

Percentages are based on the number of treated subjects. The median in this table is based on Kaplan—
Meier estimate, and the mean is the univariate mean without adjusting for censoring.

[a] 95% confidence intervals about the median overall time to progression.

[b] Based on a proportional hazards model comparing the hazard functions associated with the treatment
groups (Len/Dex:Dex)

[c] The p value is based on the a one-tailed unstratified log rank test of survival curve differences
between the treatment groups.

Median follow up: 17.1 months for MM-009 (n=76), 16.7 months for MM-010 (n=74), 16.9 months for
combined (n=150).

Source: Submission Table 15

Kaplan-Meier (KM) curves for TTP at the time of unblinding are presented for each trial in the
submission (Figure 6 and Figure 7 for MM-009 and MM-010, respectively). Figure 1 presents
the KM curve for TTP in the MM-010 population.

Figure 1. KM curve for TTP at study unblinding for MM-010.
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Pooled analysis

Dimopoulos (2009) conducted a pooled analysis of efficacy data from both trials with long-term
findings, which is presented in Celgene submission. They report efficacy data up to study
unblinding, with follow-up OS data of 48 months (up to July 2008). Figure 2 shows the KM
estimate of TTP for the ITT population using data up to unblinding (June 2005 for MM-009 and

August 2005 for MM-010).

Figure 2. Kaplan—Meier estimate of TTP in the ITT population
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Source: Submission Figure 8

The pooled efficacy results from Dimopoulos (2009) are summarised in Table 7.

Table 7. Response rates, TTP, PFS and OS

30

Len/Dex Dex p value
(n=353) (n=351)
Up to unblinding (median 17.5 months)
Response rate, %
ORR 60.6 21.9 <0.001
CR 15.0 2.0 <0.001
VGPR 17.3 2.8
PR 28.3 17.1
Median TTP, months 13.4 4.6 <0.001
Median DoR, months 15.8 7.0 <0.001
Median PFS, months 11.1 4.6 <0.001
Extended FU (median 48 months)
Median OS, months 38.0 31.6 0.045

VGPR, very good partial response.

CR, complete response; DoR, duration of response; FU, follow-up; ORR, overall response rate; OS,
overall survival; PFS, progression-free survival; PR, partial response; TTP, time-to-progression;
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Source Celgene Submission Table 16

As shown in Table 6, it is noticeable that the results from the two different studies agree
extremely well, therefore one would expect a similar estimate when using pooled data. However
the results for the median TTP for the treatment arm from the pooled efficacy are 13.4 months
(58 weeks) vs. 4.6 months (19.9 weeks). This result differ somewhat from the results observed
on Table 6 for Len/Dex: 48.1 vs. 20.1 weeks and 48.3 vs. 20.1 weeks for MM-009 and MM-010
respectively.

Stratified according to relapse phase

The manufacturer present separate TTP results for first relapse and second/subsequent relapse
for the updated analysis from Stadtmauer (2009). This analysis encompassed 353 Len/Dex
patients, of whom 133 had received one prior therapy and 220 had received two or more prior
therapies.

Figure 3 represents the KM curves of TTP patients for trial participants who were at first relapse
at baseline (133 patients) compared to those who had received two or more prior therapies (220
patients).

Figure 3. Kaplan—Meier estimate of TTP of patients treated with Len/Dex by number of
prior therapies

100 _'d'"“{.:f\ —— 1 prior therapy (len/dex),
"u'H'L,. median 17.1 months
751 Ll'n " —— =2 prior therapies (len/dex),
2 \“x Yy, median 10.6 months
}2 50 Uy ‘_H_‘_' 1 Jul_l _
s M
a L) L“
& Ll ol
25 -
0 T T 1
0 10 20 30

Time to progression (months)

Time to progression (months)

Despite the observed discrepancy regarding the median TTP for the treatment arm from the
pooled analysis, a significant TTP benefit was observed for patients taking Len/Dex compared
to those taking Dex only.
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ITT population at unblinding

Celgene report PFS data up to unblinding of the two phase Il studies. This data is reproduced
in Table 8.

Table 8. Summary of PFS (ITT population) — MM-009 and MM-010

Statistic Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
PFS [a] N 170 171 176 175
Progressed | n (%) 46 (27.1) 99 (57.9) 51 (29.0) 104 (59.4)
Censored n (%) 124 (72.9) 72 (42.1) 125 (71.0) 71 (40.6)
Overall PFS (wk) Median [b] 41.1 20.1 NE 20.1
[95% CI] [c] [29.4, NE] [16.7, 24.1] [34.1, NE] [19.7, 21.7]
Mean [d] 21.2 15.7 19.8 16.4
SD 13.39 11.17 10.93 10.03
Min, Max 0.0, 60.1 0.0, 57.0 0.0, 44.7 0.3,48.1
Hazard ratio [95% CI] [d] 2.970[2.089, 4.222] 2.567 [1.834, 3.592]
Log-rank Test p-value [e] <0.001 <0.001

PFS, progression-free survival; NE = not estimable.

[a] Calculated as the time from randomisation to documented progression or death due to any cause,
whichever occurred first. If withdrawal due to adverse events or change of therapy occurred before
documented progression or death, then these observations were censored at the last progression
assessment date.

[b] The median is based on the Kaplan—Meier estimate, and the mean is the univariate mean without
adjusting for censoring (i.e., the mean values represent mean PFS documented to date as of the data
cut-off date, without consideration of the fact that a substantial number of subjects who had not yet
progressed were continuing in the study).

[c] Ninety-five percent confidence intervals about the median overall PFS.

[d] Based on a proportional hazards model comparing the hazard functions associated with the treatment
groups (Len/Dex: placebo/Dex).

[e] The p-value is based on a one-tailed unstratified log rank test of survival curve differences between
the treatment groups.

Source: Celgene Submission Table 17

It is not clear to the ERG why the number of subjects considered here is different from that
considered in the TTP analysis, i.e. 170 for Len/Dex and 171 for Dex for PFS and 177 for
Len/Dex and 176 for Dex for TTP. Celgene explained that 12 subjects from one investigation
site were not reviewed at the interim analysis, however they were included in the results later on
at study unblinding and therefore results for these patients should have been included.

Pooled analysis

Celgene also present the KM curves of the pooled analysis from Dimopoulos (2009), which is
reproduced in Figure 4.
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Figure 4. Kaplan—Meier estimate of PFS in the ITT population
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Stratified according to relapse phase

The KM curve depicting observed PFS for patients with one prior therapy after first relapse
compared with those who received two or more therapies is reproduced in Figure 5.

Figure 5. Kaplan—Meier estimate of PFS of patients treated with Len/Dex by number of

prior therapies

754

Patients (%)
(9]
2

N}
(%2}
1

—— 1 prior therapy (len/dex),
median 14.1 months

—— =2 prior therapy (len/dex),
median 9.5 months

Source: Submission Figure 14

Matrix | 06 March 2014

I I 1
10 20 30
Progression-free survival (months)

37





Subgroup analysis in second line patients

Celgene present a patient level analysis of data from studies MM-009 and MM-010 to evaluate
OS and PFS in second-line patients only.

Table 9. PFS of second-line patients in studies MM-009 and MM-010

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
PFS n 68 67 56 57
Died n (%) 37 (54.4) 48 (71.6) 31 (55.4) 48 (84.2)
Censored | n (%) 31 (45.6) 19 (28.4) 25 (44.6) 9 (15.8)
'(V'meg;]";‘r?s) 16.6 4.6 133 45
[95% CI] [11.0, 36.8] [4.0, 5.7] [5.1, 26.9] [2.8, 5.6]
Hazard ratio [95% CI] 0.30[0.19, 0.47] 0.39 [0.24, 0.62]
Log-rank test p-value <0.0001 <0.0001

Source: Celgene Submission Table 22

Kaplan-Meier (KM) curves for PFS among second-line patients only are presented for each trial
in the submission (Figure 16 and Figure 17 for MM-009 and MM-010, respectively).

ITT population
In their submission, Celgene present KM data for OS data measured in May 2006. Kaplan-
Meier curves depicting observed OS for the ITT population in each of the two RCTs are

reproduced in Figure 4 and Figure 5.

OS data were provided for patients treated with one prior therapy only, and results are
presented in the next subsection.
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Figure 6. KM curves for OS for all patients in MM-009 - May 2006, ITT population
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Figure 7. KM curves for OS for all patients in MM-010-May 2006, ITT population
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It can be noted that Figure 7 does not provide the number of patients at risk throughout time.
We requested clarification from the manufacturer regarding the number of patients at risks in
MM-010, however the manufacturer failed to provide these data.

Comparing Figure 6 with Figure 7 we can observe that curves differ substantially particularly

towards the later stages of follow-up for the intervention arm in MM-010. The fair degree of
inconsistency in these results is probably to be expected, given the very high proportion of
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censorship in the underlying dataset (fewer than 30% of participants in each trial had died at the
time the data was analysed — information obtained from TA171).

One prior therapy

In the submission, data were provided for patients treated with one prior therapy only. This is
presented in Table 10.

Table 10. Overall survival

Characteristic MM-009 MM-010

Len/Dex Dex Len/Dex Dex
Died, n (%) 49 (27.7) 63 (35.8) 47 (26.7) 60 (34.3)
Median OS (months) 29.6 20.2 NE 20.6
Hazard ratio 0.44 0.66
95% ClI 0.30-0.65 0.45-0.96
P <0.001 0.03
Cl, confidence interval: NE, not estimable; ITT. Intention to treat; OS, overall survival. Data analysed
as of May 2006 for both studies — a time from study initiation of 3 years and 3 months for MM-009 and
2 years and 8 months for MM-010. Median follow-up at this time-point is 17.1 months for MM-009 and
16.5 months for MM-010.

Source: Celgene Submission Table 18

Pooled data

Follow-up analysis was presented in the submission on page 76 as a pooled analysis for a
median follow-up of 48 months: 199 (56.4%) Len/Dex patients had died, compared with 219
(62.4%) placebo/Dex patients.

Figure 8. Kaplan—Meier curves of OS for all patients

100 1 — Len/Dex, median 38.0 months
80 - ==+ Placebo/Dex, median 31.6 months
£ 60 -
2
c
2
£ 40 A
m ——
20
P=0.045
u ] I I 1
0 20 40 60 80

Overall survival (months)

Source: Submission Figure 12

Matrix | 06 March 2014





It should be mentioned that follow-up data are more mature but also more susceptible to
confounders due to post-unblinding crossover in the placebo arm.

Celgene provide two different figures reporting patient crossover, however we have not been
able to identify which is the most up to date. Indeed, on page 75 of the submission Celgene
explain that 170 out of 351 patients in the placebo/Dex arms subsequently went on to receive
additional Len. However, the manufacturer state on page 77 that of the 351 placebo/Dex
patients, 167 (47.6%) received Len-based therapy after unblinding of the study or following
disease progression

Stratified according to relapse phase

KM curves depicting observed OS stratified according to first relapse v. second/subsequent
relapses are reproduced in Figure 9.

Figure 9. KM curve of OS of patients treated with Len/Dex by number of prior therapies
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Source: Celgene Submission Figure 15

Subgroup analysis in second line patients

Celgene also present OS results from the patient level analysis in second-line patients. Results
from both RCTs are reproduced in Table 11.
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Table 11. OS of second-line patients in studies MM-009 and MM-010

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
(O n 68 67 56 57
Died n (%) 34 (50.0) 41 (61.2) 21 (37.5) 31 (54.4)
Censored n (%) 34 (50.0) 26 (38.8) 35 (62.5) 26 (45.6)
?/ln?c()ﬂ?k?s) 50.1 376 NE 37.2
[95% Cl] [8.3, 32.5] [6.5, 21.5] [34.3, NE] [2.1, 23.5]
Hazard ratio [95% CI] 0.70 [0.44, 1.10] 0.71[0.41, 1.23]
Log-rank test p-value 0.1179 0.2175
Cl, confidence interval; OS, overall survival; NE, not estimable.

Source: Celgene Submission Table 23

KM curves for OS among second-line patients are presented in the submission (Figure 18 and
Figure 19 for MM-009 and MM-010, respectively).

It is worth noting that this subgroup analysis did not generate significant results. Crossover may
have contaminated results, however it is difficult to confirm and quantify the degree of
confounding without employing a method to adjust for crossover such as the inverse probability
of censoring weighting or the rank preserved structural failure time.

ITT population at unblinding

The response rates of patients treated with Len/Dex vs. placebo/Dex using the determination
criteria developed by EBMT (see Section 4.1.6) are reproduced in Table 12.

Table 12. Response rates at unblinding

Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
n=177 n=176 n=176 n=175
Response
CR [c] 25 (14.1%) 1 (0.6%) 28 (15.9%) 6 (3.4%)
RR 52 (29.4%) 16 (9.1%) 46 (26.1%) 16 (9.1%)
PR 31 (17.5%) 18 (10.2%) 32 (18.2%) 20 (11.4%)
SD 54 (30.5%) 102 (58.0%) 53 (30.1%) 97 (55.4%)
PD 5 (2.8%) 25 (14.2%) 3 (1.7%) 25 (14.3%)
NE @ 10 (5.6%) 14 (8.0%) 14 (8.0%) 11 (6.3%)
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Study MM-009 Study MM-010
Len/Dex Dex Len/Dex Dex
n=177 n=176 n=176 n=175
p-value [e] <0.001 <0.001
Dichotomised response
CR, RR or PR 35 106 42
10%(31) (19.9 (60.2% (24.0
o %) ) %)
SD, PD or NE 69 141 70 133
(39. (80.1 (39.8% (76.0
0%) %) ) %)
p-value [f] <0.001 <0.001
Odds ratio [g] 6.31 4.80
[95% CI] [3.91, 10.17] [3.03, 7.59]

Cl, confidence interval; CR, complete response; NE, not evaluable; PD, progressive disease, ; PR,
partial response; RR, remission response, SD, stable disease.

[a] Response in this table is based on the review of all myeloma assessment data using Blade criteria.
[b] Response is the highest assessment of response during the treatment phase of the study.

[c] Comparison of the CR rate shows that the CR rate is significantly higher in the Len/Dex group than
in the placebo/Dex group (p<0.003 continuity corrected Pearson chi square).

[d] Including subjects who did not have any response assessment data at the data cut-off point, or
whose only assessment was ‘response not evaluable’.

[e] Probability from Wilcoxon rank sum test.

[f] Probability from continuity-corrected Pearson chi square test.

[g] Calculated based upon the reported response rates

The median follow-up was 17.6 months for MM-009 and 16.4 months for MM-010.

Source: Celgene Submission Table 20

At study unblinding, the overall response rate (defined as complete, near-complete or partial
response) are significantly higher in the Len/Dex group than in the placebo/Dex group for both
RCTs,

Pooled data - stratified according to relapse phase

Celgene present response results stratified according to first relapse vs. second/subsequent
Relapse. The data is reproduced in Table 13.
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Table 13. Outcomes in patients by number of prior therapies

Len/Dex
1 prior therapy 22 prior therapies p-value

(n=133) (n=220)
Response rates, n
(%)
Overall response 89 (66.9) 125 (56.8) 0.060
CR 27 (20.3) 26 (11.8) 0.028
VGPR 26 (19.5) 35 (15.9)
CR + VGPR 53 (39.8) 61 (27.7) 0.025
Partial response 36 (27.1) 64 (29.1)
Stable disease 30 (22.6) 77 (35.0)
Progressive disease 6 (4.5) 2 (0.9
Response not 8 (6.0) 16 (7.3)
evaluable
Median duration of 12.5(0.3-24.1) 9.2 (0.03-24.8) <0.001
treatment, months
(range)
Median duration of NR (11.4-NR) 13.0 (8.4-NR) 0.21
response, months
(range)
Patients who 34.5 44.4 0.16
relapsed, %
Patients who had a 33.1 38.0 0.36
dose reduction [a], %
Patients who 14.3 14.5 0.54

discontinued due
to toxicity, %

[a] With or without interruption in lenalidomide treatment.

CR, complete response; NR, not reached; VGPR, very good partial response.

Source: Celgene Submission Table 21

Time to first worsening of ECOG-PS

Celgene provide time to first worsening of ECOG performance status results from the two trials

for the overall population. The data is reproduced in Table 14.
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Table 14. Time to first worsening of ECOG performance status

Study MM-009

Study MM-010

Len/Dex Dex Len/Dex Dex
Statistic N=177 N=176 N=176 N=175
Time to first worsening | N
Worsened n (%) 171 174 173 172
Censored n (%) 88 (51.5) 101 (58.0) | 111 (64.2) 97 (56.4)
83 (48.5) 73 (42.0) 62 (35.8) 75 (43.6)
Overall time to first Median 36.3 12.1 10.1 12.3
worsening (wk) [95% CI] [16.1, NE] | [8.3,16.4] | [8.1, 16.1] [10.1, 24.1]
Mean 30.6 15.2 20.6 17.9
SD 31.11 17.25 23.36 18.13
Min, Max 0.0, 104.3 0.0, 80.9 0.0, 93.0 0.0, 88.4

Hazard ratio [95% CI]

1.448 [1.083, 1.937]

0.858 [0.653, 1.128]

Log-rank Test p-value

0.012

0.271

estimable.

Cl, confidence interval, ECOG-PS, Eastern Cooperative Oncology Group performance status; NE, not

Source: Celgene Submission Table 24

Time to first skeletal-related event

Results for time to first skeletal-related event are not available as there were too few events for
both studies and no analysis could be done (submission p 86).

The manufacturer report patient exposure from a pooled study of MM-009 and MM-010 as of 31
December 2005 with a median duration of treatment of 44.0 weeks in the Len/Dex arm. Data is

reproduced in Table 15.

Table 15. Pooled duration of treatment in studies MM-009 and MM-010

Len/Dex Dex
N=353 N=350
Treatment phase duration
N % %
<1 week 1 0.3 0.6
1 to <4 weeks 14 4.0 14 4.0
4 to <8 weeks 14 4.0 38 10.9
8 to 12 weeks 27 7.6 42 12.0
12 to <16 weeks 15 4.2 28 8.0
16 to <20 weeks 18 5.1 31 8.9
20 to <24 weeks 16 4.5 23 6.6
24 to <28 weeks 19 5.4 38 10.9
28 to <32 weeks 19 5.4 27 1.7
32 to <36 weeks 10 2.8 12 3.4
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Len/Dex Dex
N=353 N=350
36 to <40 weeks 11 3.1 15 4.3
40 to <44 weeks 12 3.4 13 3.7
44 to <48 weeks 8 2.3 8 2.3
48 to <52 weeks 6 1.7 4 11
>52 weeks 163 46.2 55 15.7
Duration of exposure (weeks)
n 353 350
Mean 53.9 29.7
SD 38.76 26.41
Median 44.0 23.1
Min, Max 0.1,161.7 0.3,124.0
Min, minimum value; Max, maximum value; SD, standard deviation.

Source: Celgene Submission Table 28

According to the EPAR (EMEA scientific discussion page 25), which was reported in Celgene
submission page 105, anaemia, neutropenia, thrombocytopenia, constipation, pneumonia,
decreased weight, hypokalaemia, hypocalcaemia, tremor, rash, and deep vein thrombosis
(DVT) were reported significantly more frequently in the Len/Dex group than in the placebo/Dex

group.

This statement does not tally perfectly the numerical data of incidence. For instance the
incidence of Anaemia NOS appears to be relatively similar across the two groups: 119/353 =
33.7% vs. 83/350 = 23.7% for grade 1-4 and 38/353 = 10.8% vs. 21/350 = 6.0% for grade 3-4.
In addition, a number of grade 3-4 AEs that are not mentioned are significantly more common in
the Len/Dex arm compared to Dex:

e Nausea 7/353 = 2.0% vs. 2/350 = 0.6%
e Abdominal pain NOS 5/353 = 1.4% vs. 1/350 = 0.3%
e Insomnia 7/353 = 1.1% vs. 1/350 = 0.3%

Serious Adverse Events

Serious AEs were reported in Celgene submission (Table 30) according to the EPAR (EMEA
scientific discussion p 27). The incidence of serious AEs was fairly high in the trial, with
individuals receiving Len/Dex being more likely than those on Dex alone to experience at least
one serious (57.2% vs. 46.6%).

Celgene report that neutropenia and thrombocytopenia were the primary reasons for dose
reductions in the Len/Dex groups, and the frequency of discontinuation was low — for MM-009,
neutropenia (2.4%; 4/170) and thrombocytopenia (0.6%; 1/170) and for MM-010, neutropenia or
thrombocytopenia (0.6% and 0.6%, respectively).
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Pooled analyses

The manufacturer report results from the pooled analysis of safety data from MM-009 and MM-
010. Results are reproduced in Table 16.

Table 16. Grade >3 adverse events occurring in more than 5% of patients

Adverse event, n (%) Len/Dex (n=353) Dex (n=351)
Neutropenia 125 (35.4)** 12 (3.4)
Thrombocytopenia 46 (13.0)** 22 (6.3)
Anaemia 38 (10.8)* 21 (6.0)
Pneumonia 32(9.1) 19 (5.4)
All thromboembolic events 56 (15.9)** 19 (5.4)
Hyperglycaemia 27 (7.6) 27 (7.7)
Fatigue 23 (6.5) 17 (4.9)
Muscle weakness 20 (5.7) 11 (3.1)
Hypokalaemia 20 (5.7) 5(1.4)
Asthenia 17 (4.8) 18 (5.1)

* p<0.001; ** p<0.05.

Source: Celgene Submission Table 32

The results confirmed that thromboembolic events were significantly higher in patients treated
with Len/Dex in the absence of a prophylactic use of an anticoagulant.

One of the weaknesses of the clinical effectiveness evidence is that there is no direct trial-based
comparison between Len and the primary comparators defined in the scope, therefore the
submission relies on indirect comparison. Additionally the only evidence found for comparator
treatments are non RCTs.

Surprisingly, despite time to treatment failure (TTF) being an endpoint of MM-010 and MM-009
trials and more importantly, being one of the inputs used in the cost- effectiveness analysis, the
effectiveness summary in the manufacturer submission does not present this outcome.

According to MM-009 and MM-010 CSRs, TTF is defined as the time from randomization to
treatment failure. In addition to counting progressions and deaths as events and calculating the
time to event as for PFS, subjects who withdrew from the study for any reason or who received
antimyeloma therapy during the treatment period were counted as having events on the day of
last adequate assessment prior to withdrawal from the study or prior to receiving antimyeloma
medication.

TTF was reported in both CSRs for the ITT population up to study unblinding and given its
relevance to the economic analysis, should have been included in the clinical evidence
synthesis reported by Celgene.
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It is likely that the systematic review on the literature for clinical effectiveness undertaken by
Celgene contains all the relevant studies. The evidence submitted generally reflect the decision
problem outlined in the final scope of the submission.

Len/Dex effectiveness relied on evidence drawn from the two identically designed, good quality
RCTs (MM-009 and MM-010). The efficacy evaluation of the two individual trials and results
from a pooled analysis showed increased TTP, PFS and OS with Len/Dex compared to Dex
alone.

The manufacturer could not identified RCT that examine the retreatment with Bort or other

comparator treatments used as second line and evidence submitted comes from the Taverna
(2012) study for Bort and Damaj (2012) for bendamustine and other comparators.
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In this chapter, we assess the cost-effectiveness analysis submitted by Celgene. The ERG
found several important logical errors in the economic model first sent to us by Celgene. On the
request for clarification we suggested that Celgene addressed some of these issues. However,
briefly after this the ERG found other methodological errors in the model (Table 17). As a result
of this, Celgene submitted an updated analysis’, with the goal to address the problems
identified in the original submission. This section discusses the final model version.

We start with a summary of the systemic review of cost-effectiveness studies presented by
Celgene and the methods used in the economic evaluation (Section 5.1). Then we present a
critique of the methods they used (Section 5.2). This is followed by a description of Celgene’s
results (Section 5.3) and our comment on their validity (Section 5.4).

Table 17. Most important errors in versions of the economic model sent to ERG by
Celgene.

Model version

Original model

Updated model

Date received by ERG

13" November 2013

19" December 2013

ICER (Len/Dex vs. Bort/Dex)

£14,535

Dominant

Errors found in the model

Overall survival (OS) curves
crossed progression-free
survival (PFS) and time to
treatment failure (TTF) curves
in both the intervention and the
comparator arms of the model.

OS curves still cross PFS and
TTF curves in the comparator
arm of the model.

The hazard ratio (HR) for PFS
was not adjusted for patient’s

characteristics in the Taverna
(2012) study.

The HR was adjusted for patients
characteristics and the updated
estimate was 0.9, favouring Bort.

There were inconstancies in
the model structure between
the intervention and the
comparator arms of the model.
Also some structural problems
were found in the evaluation of
third and fourth line treatment
options.

These problems were still found
in the updated model.

Source: Table produced by the ERG

! Hereafter referred to as “updated model”
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The ERG are happy to accept Celgene’s cost-effectiveness searches. The search terms and
databases used were appropriate to the task.

The cost effectiveness search syntax took the following form:

(Terms for Population) AND (Intervention terms + terms for comparators) AND (Terms for cost
effectiveness) AND (Limit to Human only populations)

The following bibliographic databases were used:

o MEDLINE & MEDLINE In-Process (OVID);
o EMBASE (OVID);

o NHS EEDS (The Cochrane Library);

o Econlit (OVID); and,

o CINAHL (EBSCO HOST).

The following conference proceedings were searched:

. American Society of Hematology (ASH) 2011-2012;
. American Society of Clinical Oncology (ASCO) 2011-2012; and,
3 European Hematology Association (EHA) 2011-2012.

A range of studies were identified and their relevance assessed according to the
inclusion/exclusion criteria described in Table 37 in Celgene’s submission.

While at the primary review the majority of the studies failed to meet the inclusion criteria, at the
secondary review, no studies met the inclusion criteria. Therefore, no relevant cost-
effectiveness studies were found. For this reason, a de-novo analysis was undertaken.

We now turn to the economic evaluation that Celgene presented to NICE. Celgene report costs
per QALY estimates for Len plus Dex versus Bort in MM patients. Different treatment options
were considered for third and fourth line treatments.
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The model was built in Microsoft Excel©. Here, we summarise the main features of the model.
In general, we found some significant problems with the model structure. These issues are
discussed in the following sections of this report.

Celgene cost-effectiveness analysis relied greatly on the extrapolation of MM-010 survival data.
It is the ERG opinion that the data extrapolation process has several serious flaws, which
makes us question the validity of the final ICERs presented. We are particularly concerned with
the process used to model overall survival in the economic analysis. The appropriateness of the
methods employed by Celgene is explored in Section 5.2.3.

Celgene’s cost-utility model was developed in a partitioned survival structure. The structure of
the model, illustrated in Figure 10, is argued to be appropriate and reflective of the clinical
pathway of MM.

Figure 10. Celgene’s model structure

Pre- Pre-
progression »| progression
(on treatment)” (off treatment)

Progressive L Death J
" disease W

Source: Figure taken from submission Figure 21.

The model describes four health states:

e Pre-progression on treatment (PFS-T): all patients enter the model in the PFS-T state.
All patients are assumed to have been treated with Bort at first-line and are on their
second-line treatment.

e Pre-progression off treatment (PFS-OT): pre-progression patients can also be off
second-line therapy.

e Progressive disease (DP): this health state captures disease progression.

e Death: this is the absorbing state of the model.

All patients enter the model in the PFS-T state. The patient population consists of adults with
MM for whom thalidomide is contraindicated and whose disease has progressed after at least 1
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prior treatment with Bort. All patients are assumed to be on second-line treatment in this health
state.

Patients can then stop second-line treatment but still be in the pre-progression state. For these
patients the disease has not progressed yet but the treatment failed due to study withdrawal, for
example.

Patients can also move from the pre-progression state (either from PFS-T or PFS-OT) to the PD
state. This is the case for all patients whose disease has progressed. These patients are also
assumed to have stopped receiving second-line treatment. Patients can die while in the PFS-T,
PFS-OT or in the PD states.

Once patients are off second-line treatment, a range of treatment options are considered. These
are mentioned in the submission as “real-world” treatment options and are claimed to have
been taken from Haematological Malignancy Research Network (HMRN) data.

Celgene show the clinical pathway followed by patients in the model, represented in Figure 11.
However the “real-world” treatment basket in the model does not exactly match the pathway

represented below. This is explored in Section 5.2.2.

Figure 11.Treatment pathway conisdered in the economic model

[ ey
Lenalidomide + Cydo 63°_f;
dexamethasone N Melph 19%
» Cisp 13%, Dox 1
(55%) 13%, Elop 13%
|
Bortezomib Len 44%
Cyclo 35%
¥ ¥ CispDovElop 21% [
4
(34%) Melph 10% Len 60%
Bortezomid Melph 20%
= Cyclo 20%
Bendamustine and Len 44%
other Bort 22%
o]  chemotherapy > Cyclo 22% —
agents (11%) Melph 11%

Source: Celgene Submission Figure 22

The cycle length in the economic model is 28 days and a half-cycle correction was applied.

The time horizon considered in the economic model was 25 years (1300 weeks).

° Treatment effectiveness within submission

It is stated that the main aims of MM therapy are to prolong survival and maintain a good quality
of life by controlling the disease and relieving symptoms. MM is characterised by a sequence of
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relapses where treatments eventually cease to be effective and the patient ends up suffering
disease progression and respective decrement in quality of life.

Treatment effectiveness within the model works essentially through transition probabilities
between the health states presented in the previous section.

In the Len/Dex arm of the model, transition probabilities between health states were derived
from survival functions based on MM-010 patient-level data. Data from MM-009 trial were not
used as it is stated that MM-010 data are more suited to use in the economic model. The
reasons provided are:

e This trial has a European patient population and is therefore the most relevant to the
decision problem.

e Pooling results from separate studies is not appropriate as this breaks randomisation
and as data are only available from single arms of trials no meta-analysis, indirect or
mixed treatment comparison is possible.

e The results of MM-009 and MM-010 are comparable.

The key survival data used from MM-010 were overall survival (OS), progression-free survival
(PFS) and time to treatment failure (TTF).

In the comparator arm of the model, transition probabilities between health states were
computed by using the transition probabilities from the intervention arm of the model and
applying a hazard ratio (HR) for each comparator.

For the base case comparator, Bort, Taverna (2012) data was used to compute all HR
estimates for each outcome. For all other model comparators, HRs were obtained from Damaj

(2012). Both are retrospective studies.

Figure 12 was taken form Celgene submission and it is claimed to represent the process used
to model OS, PFS and TTF for Len/Dex vs. comparator treatments.

Figure 12. Modelling process for OS, PFS and TTF

Step 1

Estimate OS, PFS
and TTF for
lenalidomide at 2nd
line using the full

dataset for MM-010
and calculating which
baseline
characteristics are
prognostic factors
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Step 3
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treatment effectas a
hazard ratio for
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where information is
reported in the trial
publications

53





Source: Submission Figure 23.

We now describe how transition probabilities between health states were estimated within the
different arms of the economic model:

Len/Dex arm

It is stated in the submission that multivariate equations were developed to model OS, PFS and
TTF for Len. MM-010 data were used to fit the multivariate parametric curves.

The justification provided for using multivariate equations is that these allow parametric curves
to be adjusted to reflect differences in baseline population characteristics (i.e. risk factors),
which was deemed essential in the submission since:

e It allowed adjustment of model inputs for different baseline characteristics across MM-
010, and population characteristics available in the studies used to model the
comparators effectiveness (for example Taverna, 2012).

e It allowed the use of all relevant information from MM-010 due to the small sample sizes
available for a second-line population (available comparator information did not provide
subgroup analysis by line of treatment and sample sizes were limited within the MM-009
and MM-010 trials)

A range of baseline risk factors were considered to be potentially prognostic of clinical
outcomes in MM-010. After this hypothesis was tested for each risk factor, the latter was
included (or excluded) from the multivariate parametric models accordingly. The risk factors
considered are summarized as follows:

e  Age (years)

e Sex

e Disease stage (I, Il or 1)

e Number of prior anti-myeloma regimens

e Time since diagnosis of multiple myeloma
e ECOG performance score (0,1,2+)

e  Beta-2 microglobulin count (mg/L)

e Number of prior stem cell transplants

e  Presence or absence of bone lesions

It is stated that variables were initially reviewed for missing data.

A separate category (unknown) was created for categorical variables with missing estimates.
Binary and categorical variables were reviewed to confirm whether the existing categorisations
were satisfactory and to ensure there were sufficient numbers of patients in each group to
permit analysis. Continuous variables were reviewed to confirm whether they showed evidence
of a linear relationship with the clinical outcome of interest. An initial set of variables were
identified for each endpoint using backwards stepwise elimination (using p<0.05), cross
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validated using forwards stepwise selection (using p<0.1). Selected variables were analysed for
evidence of collinearity using a review of variance inflation factor (VIF) statistics.

If collinearity was evident (VIF>10), only the variable that showed the strongest relationship with
the outcome and greatest face validity was retained. Cox-Snell residuals were examined to
assess the final model goodness of fit.

Celgene explain that the effect of each independent categorical variable was assessed using
proportional hazard (PH) and accelerated failure time (AFT) assumptions. Alternative
approaches would be considered if a standard parametric approach provided a poor fit to
observed data, or given evidence of PH or AFT violation for the variables included in the
multivariable regression model.

It is claimed that Beta-2 microglobulin count, time since diagnosis of multiple myeloma, number
of prior therapies, baseline presence or absence of bone lesions, and ECOG performance score
were all found to be significant predictors of PFS, TTF and OS in MM-010.

However, Celgene decided to exclude the duration of multiple myeloma and number of prior
therapies from all models. The reasons provided for this decision are that multiple myeloma
duration was centred on the mean duration (4.5 years in MM-010), therefore the baseline
hazard predicts survival for this duration and that the population of interest is treated in the
second-line setting. As such these two terms were not required to model the population of
relevance.

Once significant predictors were identified, PFS, TTF and OS curves seem to have been
adjusted using the mean of covariates method, in which average values of covariates (like for
example the beta-2 microglobulin count and presence of bone lesions for the baseline MM-10
population) are entered into a proportional hazards regression equation.

After employing the multivariate equations used to model OS, PFS and TTF, the resulting
survival estimates were used in different manners to compute transition probabilities between
health states. These are briefly described below and are further explored in Section 2.2.3.

We initially focus on the transition probabilities used to model second-line treatment and then
briefly describe the process employed for deriving transition probabilities for subsequent

treatment lines.

Pre-progression on treatment to pre-progression off treatment (PFS-T to PES-OT) — second-line

Patients in the PFS-T health state are those for whom the disease has not progressed and who
are still on Len/Dex treatment. This condition is captured on one hand by progression-free
survival (PFSS) individual-level data in MM-010, which defines disease progression, and on the

8 Defined in Section 4
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other hand, by time to treatment failure (TTF®) individual-level data in MM-010, which defines
treatment continuation/failure.

Patients in the PFS-OT heath state are those for whom the disease has not progressed but are
not on Len/Dex treatment anymore (for example due to study withdrawal). As before, this
condition is captured by both PFS and TTF individual-level data in MM-010.

It is therefore crucial how PFS and TTF were extrapolated in the economic model:
e Progression-free survival
A log-logistic distribution was used to fit the MM-010 PFS data in order to extrapolate the
study results to a 25 year horizon. Figure 13 was taken from the original submission and it
shows the KM PFS curve for Len/Dex as well as the fitted PFS curve.
Table 18 was provided to the ERG by Celgene and it presents the regression results for the
prediction of PFS with a log-logistic model, where beta-2 microglobulin count was found to
be the only significant predictor of PFS.
e Time to treatment failure
Similarly to PFS, a log-logistic distribution was used to fit the MM-010 TTF data in order to
extrapolate the study results to a 25 year horizon. Figure 14 was taken from the original
submission and it shows the KM TTF curve for Len/Dex as well as the fitted TTF curve.
Table 19 was taken from the original submission and it presents the regression results for
the prediction of TTF with a log-logistic model where, similarly to PFS, beta-2 microglobulin

count was found to be the only significant predictor of TTF.

Figure 13. KM plot and fitted log-logistic model for PFS
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Source: Submission Figure 25

Table 18. Regression results for PFS with log-logistic distribution

Variable Coefficient Standard Error P value
Constant term 3.116 0.184 0.000
Beta 2M count =2mg/L -0.779 0.143 0.000
Ln (gamma) -0.218 0.080 0.007
Source: Adapted from Clarification request response 12-12-13 letter —response to B7
Figure 14. KM plot and fitted log-logistic model for TTF
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Source: Celgene Submission Figure 26
Table 19. Regression results for TTF with log-logistic distribution
Variable Coefficient Standard Error P value
Constant term 2.678 0.169 0.000
Beta 2M count =2mg/L -0.731 0.130 0.000
Ln (gamma) -0.153 0.067 0.022

Source: Adapted from Clarification request response 12-12-13 letter —response to B7

Pre-progression on treatment to progressive disease (PFS-T to PD) - second-line

As mentioned above, patients in the PFS-T health state are those for whom the disease has not
progressed and who are still on Len/Dex treatment. This condition is captured on one hand by
PFS data from MM-010, which defines disease progression, and on the other hand, by TTF
data from MM-010, which defines treatment continuation/failure.
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Patients in the PD state are those for whom the disease has already progressed. These
patients are assumed to be off second-line treatment. Therefore, this condition can be captured
by PFS data alone.

Pre-progression off treatment to progressive disease (PFS-OT to PD) - second-line

As previously mentioned, patients in the PFS-OT heath state are those form whom the disease
has not progressed but are not on Len/Dex treatment anymore. As before, this condition is
captured by both PFS and TTF data from MM-010.

Patients in the PD state are those for whom the disease has already progressed.

Death - second-line

Mortality in the model is captured by overall survival (OSS) individual-level data in MM-010.

In the original submission, an exponential piecewise model was used to fit the MM-010 OS data
in order to extrapolate study results to a 25 year horizon. Figure 15 was taken from the original
submission and it shows the KM OS curve for Len/Dex as well as the fitted OS curve.

The piecewise exponential model with survival time split into 6 months intervals was considered
to be the best approach to deal with the presence of the found PH violation.

However, in the updated submission Celgene changed the distribution used to fit the MM-010
OS data to a log-logistic. This decision was in response to the issues raised by the ERG in the
initial submission regarding OS curves (fitted with the exponential piecewise model) being found
to cross PFS and TTF curves in the original model. This is explored in detail in Section 5.2.3.

Table 20 was provided to the ERG by Celgene and it presents the regression results for the
prediction of OS with the log-logistic distribution. We can observe that only beta-2 microglobulin
count, ECOG score = 2, 3 and the presence of bone lesions were found to be statistically
significant.

In the updated submission, Celgene did not provide the KM OS curve with the log-logistic fitted
OS curve for visual inspection. However the ERG have produced these curves and present
them, together with a discussion on the appropriateness of the fit, in Section 5.2.3.
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Figure 15. KM plot and fitted exponential piecewise model for OS
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Source: Celgene Submission Figure 28

Table 20. Regression results for OS with log-logistic distribution

Variable Coefficient Standard Error P-value
Beta-2m >2mg/L -0.824 0.209 0.000
ECOG score = 1 -0.183 0.197 0.352
ECOG score = 2 -0.898 0.275 0.001
ECOG score unknown -0.014 0.765 0.985
Bone lesions present -0.549 0.230 0.017
Constant 5.124 0.337 0.000
Ln (sigma) -0.138 0.088 0.116

Source: Celgene clarification document to the ERG

Subsequent treatment lines

Celgene claim that following second and third relapse, a “real-world” treatment basket (Figure
11) is used to take into account all relevant costs over the lifetime of MM patients. Hence third
and fourth-line treatment options are defined by a combination of different drugs.

It should be made clear however, that subsequent treatment options are not evaluated on their
effectiveness. Only costs of third and fourth-line treatment baskets are considered.
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This means that once patients fail Len/Dex at second-line, they move on to a third-line
treatment received for a fixed period of time of 4 cycles. After the 4 cycles all patients are
assumed to move to a fourth-line treatment, which will end after 4 cycles as well. Mortality is
said to be accounted for in the fixed length of the subsequent treatment duration.

While on third and fourth-line treatment, patients are assumed to always be on the PD state,
therefore experiencing the associated utility.

Bort arm and other comparators

It is mentioned in the submission that there is a lack of good quality published evidence for
second-line patients who have been previously treated with Bort and subsequently received any
of the comparators considered (Bort, bendamustine and other chemo agents).

Taverna (2012 and Damaj (2012) were the relevant studies identified hence median OS and
PFS outcomes were taken from these sources and used to calculate HRs for each comparator
relative to Len/Dex in MM-010. Celgene compared the median survival estimates (OS and PFS)
between studies of interest and derived a crude approximation of a HR for Len/Dex and each
comparator. This approach assumes that progression/mortality occurs at a constant rate across
studies and that studies’ populations and conditions are exchangeable.

Table 21 shows the sources used to model effectiveness in the comparator arms of the model.
Sources in bold were used for the base case analysis, while the others were used in scenario
analysis. The ERG found some problems with the PFS HR originally presented by Celgene
(presented in Section 5.2.3) thus the value provided in Table 21 is the updated one.

Table 21. Sources used to model HRs

Treatment Variable Evidence source Hazard ratio
Taverna 2012 1.70
oS
White 2013 1.42
Taverna 2012 0.90*
White 2013 1.76
Bortezomib retreatment
Hrusovsky 2010 1.09
PFS
Dispenzieri 2010 1.28
Petrucci 2013 1.26
Min 2007 0.84
Bendamustine (and 0s Damaj 2012 3.00
chemotherapy agents) PFS Damaj 2012 1.09

*estimate from the updated model

Source: Submission Table 47
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The estimated HRs were then applied to the transition probabilities used in the Len/Dex arm of
the model. This was done by exponentiating the Len/Dex transition probability to the HR in each
cycle of the economic model.

As explained before, the multivariate parametric models designed to predict PFS and OS in the
Len/Dex arm of the model (explained above) were used to improve exchangeability between
studies. This was done by adjusting the median survival estimates (PFS and OS) from MM-010
to reflect the characteristics of the population in the comparator study (e.g. Taverna, 2012).

Finally, it was assumed that the HR for TTF would be the same as for PFS. The reasons
provided for this were that the two survival endpoints are similar and that no information on TTF
was presented in the evidence found for the comparators.

Transition probabilities between health states in the comparator arm of the model were thus
taken from the intervention arm. The difference is that the transition probabilities in the

comparator model were estimated by applying an HR to the Len/Dex probabilities.

Subsequent treatment lines

It is stated in the submission that in the base case analysis, patients on the comparator model
arm receive Len/Dex as third-line treatment, following the discontinuation of Bort. Hence these
patients are exposed to the OS, PFS and TTF hazards associated with Len/Dex at second-line
(described above and explored in detail in Section 5.2.2).

Celgene claim this to be a conservative assumption as it implies that the second-line
effectiveness of Len/Dex is replicated at the third line of treatment, despite Celgene’s statement
that Len/Dex is shown to be more effective at earlier lines.

To model fourth-line treatment, the “real-world” treatment basket (presented in Figure 11) is
claimed to be used. The mean fourth-line treatment duration is 16.8 weeks. As explained for
Len/Dex, the fourth-line treatment option for Bort only evaluates costs and excludes the
effectiveness of the treatment basket from the analysis.

As health-related quality of life data (HRQoL) data were not collected as part of the MM-009 and
MM-010 trials, the manufacturer carried out a systematic review to identify health state utility
value.

Celgene ran two literature searches for HRQoL. The first search omitted key search terms and,
on the basis of the scoping under-taken by the ERG, the ERG asked Celgene to clarify why
these terms had been omitted. In response to this question, Celgene undertook new searches.

Celgene’s new searches used a HRQoL search filter (which includes the HRQoL terms the ERG
felt were missing previously) and the ERG is content to accept these second searches as the
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primary searches, noting that a new paper was identified which report the assessment of the
validity of mapping QLQ-C30 onto EQ-5D: Crott (2013)

The search identified seven studies, which are reported in Appendix K. On pl159 of the
submission, the manufacturer state that: one additional paper was added as a result of
reference searching. This gave eight studies that met all the inclusion criteria after both primary
and secondary filtering. These studies are reviewed below. However, only seven studies are
reported in Celgene Submission Table 50.

Celgene also claim that three of these studies directly measure utilities, however amongst the
seven studies reported in Table 50 of the submission, only two are identified as primary study
were utility values were directly calculated from QoL analysis: Khanna (2006) and van Agthoven
(2004). The reason for not reporting the third primary study i.e. Goss (2006) in this table is not
clear.

Although it is not clearly stated by Celgene, the ERG assumed that the additional study added
as a result of reference searching is the van Agthoven (2004) study, which was used in the five
secondary utility studies.

In the absence of relevant utility data identified in patients who have received at least 1 prior
treatment, the manufacturer used the same utilities as within the model submitted for TA171,
which were taken from a cost-utility carried out by van Agthoven (2004) in patents with
previously untreated multiple myeloma. Utility values used are presented in Table 22.

Table 22. Health states utility values

Variable Value ClI (distribution) Justification

Utility value: pre-progression 0.810 0.63 t0 0.94 (beta*) van Agthoven et al., 2004

Utility value: pre-progression

0.770 0.60 to 0.90 (beta*) van Agthoven et al., 2004
after 2 years

Utility value: post-progression 0.640 0.51t0 0.76 (beta*) van Agthoven et al., 2004

Source: Adapted from Celgene Submission Table 51

The utility values change over time for the pre-progression health state and patients in the pre-
progression state for longer than 2 years were assumed to have a reduced utility weight, from
0.81t0 0.77.

The additional paper found with the new search reports utility values obtained by mapping
EORTC QLQ-C30 questionnaire responses into EQ-5D. Those utilities are obtained from the
same study by The Dutch-Belgian Haemato-Oncology Cooperative Study Group (HOVON), as
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in the van Agthoven (2004) paper, except that patients received intensive chemotherapy
followed by myeloablative therapy with autologous stem-cell rescue, typically given to young
and fit patients.

The utility value associated with each health state is then multiplied by the length of time spent
in that state. The total QALYs over the lifetime of a patient were calculated by aggregating the
estimated QALYs from each health state.

The manufacturer claim to have incorporated the same grade 3 and 4 treatment related AEs as
for TA171. Therefore the following AEs were modelled: anaemia, constipation, diarrhoea, deep-
vein thrombosis, hypercalcaemia, neutropenia, peripheral neuropathy, pneumonia and
thrombocytopenia.

Celgene claim that the event rates, as shown in Table 23, for the Len/Dex are derived from MM-
010, with the total number of events being divided by the total number of patient years on
treatment. However the ERG was not able to trace back the number of events associated each
of the AEs in the CSRs.

The AE rates fort Bort and all other comparator arms are claim to be taken from NICE TA228 for
the bortezomib plus melphalan plus prednisolone/prednisone (VMP) and melphalan plus
prednisolone/prednisone (MP) arms respectively, in the absence of evidence elsewhere for
other comparators.

Table 23. AE rates applied in the economic analysis
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Annual rate (cycle rate)
Adverse event Grade Len/D . ib Other
en/Dex ortezomi comparators
Anaemia 3 8.3% (0.6%) 17.7% (1.3%) 26.2% (2.0%)
4 0.5% (<0.1%) 3.0% (0.2%) 10.3% (0.8%)
Constipation 3 1.4% (0.1%) 0.7% (0.1%) 0.0% (0.0%)
4 0.0% (0.0%) 0.0% (0.0%) 0.0% (0.0%)
Diarrhoea 3 2.3% (0.2%) 7.7% (0.6%) 0.8% (0.1%)
4 0.0% (0.0%) 0.7% (0.1%) 0.0% (0.0%)
, , 3 3.2% (0.5%) 1.0% (0.1%) 0.8% (0.1%)
Deep vein thrombosis
4 0.5% (<0.1%) 0.0% (0.0%) 0.0% (0.0%)
Hypercalcaemia 3 0.5% (<0.1%) 0.0% (0.0%) 0.0% (0.0%)
4 0.0% (0.0%) 0.0% (0.0%) 0.0% (0.0%)
Neutropenia 3 59.3% (4.4%) 34.0% (2.6%) 31.4% (2.4%)
4 5.1% (0.4%) 11.3% (0.9%) 19.5% (1.5%)
, 3 1.4% (0.1%) 14.3% (1.1%) 0.0% (0.0%)
Peripheral neuropathy
4 0.0% (0.0%) 0.3% (<0.1%) 0.0% (0.0%)
Pneumonia 3 4.6% (0.4%) 5.3% (0.4%) 5.2% (0.4%)
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4 0.5% (<0.1%) 2.0% (0.2%) 1.6% (0.1%)

Thrombocytopenia 3 11.0% (0.8%) 22.7% (1.7%) 21.8% (1.7%)
4 1.4% (0.1%) 19.4% (1.5%) 18.7% (1.4%)

Source: Celgene Submission Table 48

Using AE rates, the manufacturer then calculated the weighted average decrement per cycle for
each treatment arm, associated with AEs to apply to patients on treatment at every model cycle.

Patients on the comparator arm go on to receive Len/Dex following treatment discontinuation
and therefore are subjected to the AE rates associated with Len/Dex, as in Table 23. Celgene
claim that due to the paucity of evidence and lack of impact of AEs on the ICER, the AEs are
not modelled after treatment discontinuation for other subsequent therapies.

Utility decrements for AEs are included in the model. These are based on a paper by Brown
(2013), a cost-effectiveness analysis of Len/Dex vs. Dex, and then applied on a per-cycle basis
as one utility decrement for patients on treatment, or for patients on Len/Dex as a third-line
treatment. Those decrements are presented in Table 24.

Table 24. AEs utility decrements

Variable Value Cl (distribution) Justification
. Only decrement obtained through
*%
Anaemia 0.310 0.196 0 0.437 (beta™) systematic search. Brown et al, 2013
. . . Only decrement obtained through
Hypercalcaemia 0.000 Not included in SA systematic search. Brown et al, 2013
Pneumonia 0190 | 0.1211t00.270 (betar) | OMY decrement obtained through

systematic search. Brown et al, 2013

Only decrement obtained through

Thrombocytopenia 0.310 0.196 to 0.437 (beta**) systematic search. Brown et al, 2013

Only decrement obtained through

Neutropenia 0.145 0.093 to 0.206 (beta**) systematic search. Brown et al, 2013

Diarrhoea 0.000 | Notincluded in SA Sy@émzﬂﬁ:cgigriﬂt. Brcc:\?vtﬁigte SL 2(§fig)ugh
Constipation 0.000 | Notincluded in SA Sy'!{engicgigiﬂt_ Brg\?vtr?igte gl, Z(t)rir?)ough
meuropatny 0065 | 0042100093 (beta™) | it ST ¢ ey ot al, 2002
rombosis | 0150 | 009st00213 beta) | O A e 20t

Source: Adapted from Celgene Submission Table 51

The manufacturer modelled costs associated with the AEs listed above. The unit cost of treating
adverse events depends on the setting in which it is treated. Four possible settings are included
in the model: inpatient, hospital day case, outpatient, and general practice. The unit cost of
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treatment in primary care is that of a GP visit as presented in Curtis (2012). Other costs are

obtained from NHS reference costs for 2011/12. These costs are presented in Table 25.

Table 25. Costs of AEs included in the economic model

Adverse ; i
Event Unit Cost by Setting
Inpatient Day case Outpatient Primary care
Anaemia £489.05 £372.16 £159.56 £36.00
Curtis 2012. GP 11.7
NHS reference NEI_S SA04D: DC SA04D: Iron Total OPATT minute contact, including
cost code Iron deficiency deficiency 303: Clinical direct care staff costs,
(2011/12) anaemia with CC anaemia with CC haematology excluding qualification
costs.
Constipation £496.00 £375.00 £128.00 £36.00
NEI_S PA26B: .
NHS reference Other DCRA." Oth.er Total OF_)ATT
. . Gastrointestinal 301: .
cost code Gastrointestinal Disorders without  Gastroenterolo Curtis 2012, as above.
(2011/12) Disorders without
CcC ay
CcC
Diarrhoea £496.00 £375.00 £128.00 £36.00
NHS reference Same as Same as Same as
cost code constipation constipation constipation Curtis 2012, as above
(2011/12) P P P
Deep vein £463.00 £132.00 £150.32 £36.00
thrombosis
NHS reference NEI_SQZ20Z: . Total OPATT
cost code Deep vein ?/(éinQiﬁgrzﬁb?)gieSp 300: General Curtis 2012, as above
(2011/12) thrombosis medicine
:yperca'caem' £598.19 £400.36 £159.56 £36.00
NEI_S SA08D: .
NHS reference Other 5;:;“'2?32‘ i(cjgl]?)rr Total OPATT
cost code Haematological or atolog 303: Clinical Curtis 2012, as above
. Splenic Disorders,
(2011/12) Splenic Disorders, ; haematology
: with CC
with CC
Neutropenia £598.19 £400.36 £159.56 £36.00
NHS reference Same as Same as Same as
cost code hvpercalcaemia hvpercalcaemia hypercalcaemi Curtis 2012, as above
(2011/12) yp yp a
Peripheral £555.92 £272.79 £150.32 £36.00
neuropathy
NEI_S WA21W: DC WA21W:
NHS reference | Other Procedures  Other Procedures Total OPATT
cost code or Health Care or Health Care 300: General Curtis 2012, as above
(2011/12) Problems, with Problems, with medicine
CC CC
Pneumonia £1,274.51 £480.69 £142.80 £36.00
NHS reference NEI_L DZ19A: DC DZ19A: Other  Total OPATT Curtis 2012. as above
cost code Other Respiratory Respiratory 340: !
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Adverse . .
Event Unit Cost by Setting

Inpatient Day case Outpatient Primary care
(2011/12) Diagnoses with Diagnoses with Respiratory

Major CC Major CC medicine
Z;‘{;’mbocymp £538.63 £400.18 £159.56 £36.00
NHS reference NEI_S: DC SA12D: Total OPATT
cost code Thrombocytopeni  Thrombocytopeni 303: Clinical Curtis 2012, as above
(2011/12) a with CC a with CC haematology

Source: Celgene Submission Appendix M Figure 110

The unit cost of treating an event in each setting is multiplied by the proportion of events treated
in each setting, obtained from NICE technology appraisal 171. The resulting weighted average
cost is multiplied by the overall proportion of events actively treated.
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Table 26. Proportions of AEs included in the economic model

Proportion Proportion treated by setting

Adverse Event Grade actively .
treated In-patient Day Ol_Jt- Primar
case patient y care
Anaemia 3 91.9% 5.7% 73.2% 15.4% 5.7%
4 100.0% 19.6% 69.6% 5.4% 5.4%
Constipation 3 100.0% 37.5% 21.4% 35.4% 5.7%
4 100.0% 100.0% 0.0% 0.0% 0.0%
Diarrhoea 3 95.7% 57.5% 12.5% 28.6% 1.4%
4 100.0% 100.0% 0.0% 0.0% 0.0%
Deep vein thrombosis 3 100.0% 12.9% 16.1% 68.9% 2.1%
4 100.0% 81.2% 3.5% 15.4% 0.0%
Hypercalcaemia 3 100.0% 50.4% 27.5% 22.1% 0.0%
4 100.0% 77.5% 11.8% 10.7% 0.0%
Neutropenia 3 44.1% 5.0% 55.6% 39.4% 0.0%
4 70.7% 12.3% 40.4% 43.5% 3.9%
Peripheral 3 79.3% 0.0% 4.6% 94.6% 0.8%

neuropathy

4 83.9% 9.1% 15.5% 71.8% 3.6%
Pneumonia 3 100.0% 98.6% 1.4% 0.0% 0.0%
4 100.0% 100.0% 0.0% 0.0% 0.0%
Thrombocytopenia 3 28.9% 6.2% 81.5% 12.3% 0.0%
4 96.4% 17.1% 80.0% 2.1% 0.7%

TA171 appraisal process.

Adverse event treatment i7nsputs were obtained from the Evidence Review Group report as part of the

Source: Celgene Submission Appendix M Figure 111

The total cost per cycles associated with AEs was calculated by multiplying the weighted
average costs by the AE rates and estimated at £17.11, £29.26 and £29.74 per cycle on

treatment for Len/Dex, Bort and other comparators, respectively.
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The model submitted by Celgene used costs based on the NHS & PSS perspective. Costs
included in the model are drug costs and disease management costs (such as monitoring costs
and outpatient visits).

Estimates of resource use were obtained from literature searches and previous guidelines.
Resource use in the model was dependent on whether the patient had experienced disease
progression or not. The model heath states are claimed to have been costed in a similar
manner to NICE TA171 and TA228 and the respective costs are presented in Table 27.

AEs were costed using NHS reference costs and are addressed in the AEs subsection of this
report.

Other miscellaneous costs were considered in the economic analysis. This included the cost of
terminal care.

Table 27. Health state costs

Health states Items Cost per cycle

Lenalidomide: £3,773
Dexamethasone (cycles 1-4): £7.76
Dexamethasone (cycles 5+): £2.59
Bortezomib: £4,067.30

Technology

Concomitant G-CSF and

o . With lenalidomide: £473.62
administration

Pre-progression —
(typically on treatment) Monitoring and tests £153.34

Lenalidomide: £161.85 in first cycle only

Administration .
Bortezomib: £1,065.76

Lenalidomide: £6.39 in first cycle only

Transport .
Bortezomib: £17.04

Lenalidomide: £17.11

Adverse events )
Bortezomib: £29.26

Following lenalidomide: Therapy: £70.20
IV administration: £69.63

Transport: £3.06

Following bortezomib: Therapy: £1,716.99
IV administration: £49.45

Transport: £2.20

3" line treatment

Post-progression

Therapy: £2,277.28
4™ line treatment IV administration: £0.00
Transport : £0.00

Monitoring and tests £175.86
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In receipt of 3" line lenalidomide: £17.11

Adverse events .
Otherwise: £0.00

Terminal care £1,235 on death

Source: Adapted from submission Table 61.

It should be noted that following the request from the ERG, Celgene updated the cost of Bort in
the model, so it would reflect the fact that 64% of patients in the comparator arm are also taking
Dex. Therefore the cost of Dex was included as part of a scenario analysis.

Len acquisition costs

The cost of Len was calculated as a weighted average of daily doses across all patient days in
the MM-010 study. As per study protocol, treatment with Len could be interrupted and the dose
regimen could also be reduced.

Table 28 shows the proportion of patients days spent on each Len dose per model cycle. The
cost of Len per cycle was estimated based on these.

It is stated in the submission that the dose used for G-CSF given together with the Len
treatment regimen is not considered in the Len SPC at any specific dosing level, but that G-
CSG was used concomitantly with Len in MM-010. Therefore an assumption was made on the
drug dose administered as well as on the duration of G-CSF treatment.

It was assumed that all patients went to receive 25mg of Len with concomitant G-CSF after their
first dose interruption. A 300ug vial of G-CSF was considered as the daily dose, applied for 1
week in patients who required concomitant G-CSF. This dosing regimen was claimed to be
obtained from a Celgene UK Physician Survey conducted 2011-2012.

Table 28. Proportion of patients receiving Len and G-CSF per model cycle (based on MM-
010).

Daily dose of lenalidomide Proportion of patient d(?g:espent in receipt of this
25mg 43.2%
25mg + G-CSF 26.8%
15mg 10.5%
10mg 5.0%
5mg 3.1%
Omg (interruption) 11.4%

Source: Adapted from submission Table 54
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The unit cost for Len was obtained from the British National Formulary (BNF) and is presented
in Table 29.

The resulting weighed cost of Len per cycle is £3,773.

Table 29. Len and unit cost

Therapy Standard unit Source Unit price
21 tab pack: 25mg £4368.00
21 tab pack: 15mg £3969.00
Lenalidomide 21 tab pack: 10mg BNF £3780.00
21 tab pack: 5mg £3570.00

Dose interruption £0.00

Source: Adapted from submission Table 56

The cost of a 300 ug vial of G-CSF is £52.70 (BNF).

Dex acquisition costs

Len arm

The cost of Dex is calculated as the cost per milligram. It is stated that this approach was
applied to simplify cost calculations and that given the low price of Dex this was unlikely to have

an impact on study results.

The cost of Dex per pack was taken from the Department of Health Electronic Market
Information Tool (eMit) and is presented in Table 30.

Table 30. Unit cost of Dex

Therapy Standard unit Source Unit price
500 tab pack: 2mg £11.97
Dexamethasone 100 tab pack: 2mg eMit £3.23
50 tab pack: 2mg £1.80

Source: Adapted from submission Table 56
A weighted average cost per milligram was estimated, providing a cost per milligram of £0.02.

No information was provided about the dose of Dex used in MM-010. In the excel model, a dose
of 38.6mg per day was assumed, therefore resulting in a £0.65 cost per day.

Bort arm
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The ERG requested that Celgene included the cost of Dex in the Bort arm of the model, since
64% of the study population in Taverna (2012) used concomitant Dex. In their updated model,
the cost of Dex was thus included in the Bort arm as a scenario analysis.

Again, no information was provided about the dose of Dex used in Taverna (2012). In the excel
model, a dose of 38.6mg per day was assumed, therefore resulting in a £0.65 cost per day. It
seems like the same dose regimen assumed for Dex in MM-010 was used to model the cost of
Dex in the Bort arm.

Bort acquisition costs

For Bort, only the cost per 3.5mg vial is presented. This was taken from the BNF and is reported
to be £762.38.

No information is provided about the dose administered in the Taverna (2012) study and how
the final cost of Bort per cycle was estimated. This is explored in Section 5.2.2.

It is mentioned how a patient access scheme (PAS) is modelled by undertaking scenario
analysis.

Table 31. Other comparators acquisition costs

Therapy Standard unit Source Unit price
. 100mg vial £275.81
Bendamustine - BNF 65
25mg vial £69.45
50mg vial £129.81
Melphalan BNF 65
25 tab pack: 2mg £42.88
Prednisone 100 tab pack: 50mg BNF 65 £89.00
) 28 tab pack: 5mg . £0.30
Prednisolone eMit
28 tab pack: 1mg £0.16
1g vial £17.60
Cyclophosphamide 500mg vial BNF 65 £9.20
100 tab pack: 50mg £20.20
) ) 100mg vial ) £14.10
Cisplatin - eMit
50mg vial £7.16
200mg vial £32.38
Doxorubicin 50mg vial eMit £4.87
10mg vial £1.73
L 2mg vial ) £8.49
Vincristine - eMit
1mg vial £3.42
) 500mg vial ) £73.29
Etoposide - eMit
100mg vial £22.38

Source: Adapted from submission Table 56
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Treatment administration costs

Treatment administration costs were obtained from NHS reference costs. These included
possible transportation costs to the hospital and are presented in Table 32.

Table 32. Treatment administration costs

administration

£161.85 once

administration
appointment

Bort/other :
ltem Len/Dex Assumptions

comparators
While the cost of administration for
Len/Dex was assumed to occur only
for the first appointment (after which it

£199.83 every | . PP . (

Treatment is assumed that the patient self-

administers oral treatment), the
administration cost of Bort was applied

for every administration appointment in
the hospital.

This assumed that 50% of patients will
require transportation for their
treatment administration and also that
if more than one treatment occurs
during one week the patient will be
kept in the hospital for up to one week
to receive full treatment.

Transportation

. £12.78 £12.78
to the hospital

Source: Adapted from submission Table 53

Monitoring costs

It is stated in the submission that monitoring frequency depends primarily on whether the patient
has experienced disease progression or not. Additionally Len treatment is associated with an
increased monitoring requirement during the initial treatment phase.

It is not clear in the submission which costs have been assumed to be related with the disease
state (i.e. progression or progression-free) or with the initial monitoring phase associated with
Len treatment.

It is stated how monitoring costs by health state have been taken from previous NICE TAs 171
and 228 however, the list of monitoring testes shown in TA171 seems to be much more
extensive than the one reported in Celgene’s submission.

The initial Len monitoring regimen is claimed to be taken form the SPC.

This is further explored in Section 5.2.2.
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Subsequent treatment costs

Len/Dex arm

Celgene claim that following second and third relapse, a “real-world” treatment basket (Figure
11) is used to take into account all relevant costs over the lifetime of MM patients. Hence third

and fourth-line treatment options are defined by a combination of different drugs.

However, the treatment basket shown in Figure 11 does not seem to be reflective of the
treatment combinations used as third-line treatment in the economic model.

Instead, the treatment combination used in the economic model to cost third-line treatment
options is shown in Table 33 which was adapted by the ERG from Table 57 in the submission.

The fourth-line treatment basket in the comparator arm is the one presented in Figure 11.

Table 33. Third-line therapy mix in the economic model

Base case 3" line Base case 3" line Scenario analysis 3"
Drug treatment (Len/Dex treatment (Bort line treatment (Bort

arm) arm) arm)
Bortezomib 0.0% 0.0% 0.0%
Dexamethasone 56.3% 0.0% 31.3%
Melphalan 18.8% 0.0% 10.4%
Cyclophosphamide 62.5% 0.0% 34.7%
Cisplatin 12.5% 0.0% 6.9%
Doxorubicin 12.5% 0.0% 6.9%
Etoposide 31.3% 0.0% 17.4%
Prednisolone 6.3% 0.0% 3.5%
Prednisone 6.3% 0.0% 3.5%
Lenalidomide 0.0% 100.0% 44.4%

Source: Adapted from submission, Table 57.

The third-line therapy mix provided in Table 33 is then used to estimate a weighted average
cost for the third-line treatment. Similarly, weighted average transportation and administration
costs were also computed. The total cost per cycle is presented in Table 34 and it is based on
the unit costs presented previously in this subsection.
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The same approach was followed for estimating fourth-line treatment costs. The final cost per
cycle are presented in Table 35.

Table 34. Third-line treatment cost per cycle

Cost per cycle
Base case
Costitem Len/Dex arm comparator Following Other 2" line
bortezomib comparator
arm
Drug cost £70.20 £3,772.88 £1,716.99 £2,592.00
IV administration £68.63 £0.00 £49.45 £203.00
Transport £3.06 £0.00 £2.20 £3.25
Source: Submission, Table 58.
Table 35. Fourth-line treatment cost per cycle
Cost Item Cost per cycle
Drug cost £2,277.28
IV administration £0.00
Transport £0.00

Source: Submission, Table 60.
Bort arm

It is stated in the submission that for the base case analysis, patients on the comparator model
arm receive Len/Dex as third-line treatment, following the discontinuation of Bort. Hence these
patients are exposed to the costs associated with Len/Dex at second-line (described in this
section).

To model fourth-line treatment, the “real-world” treatment basket (presented in Figure 11) is
claimed to be used. The mean fourth-line treatment duration is 16.8 weeks and the costs are
the same as the ones presented in Table 35.

Miscellaneous costs

The cost of terminal care was also estimated. In order to calculate this, it was assumed that
20% of MM patients will likely need end-of-life care. This was then applied to a unit cost of
hospice care (£6,177) for 8 weeks. The unit cost was reported to have been taken from a King'’s
Fund report.
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All costs and health benefits were discounted at a 3.5% rate as recommended by NICE.

Deterministic and probabilistic sensitivity analysis (PSA) were undertaken by Celgene. The
outputs are reported in Section 5.3 of this report. A list was provided with the model parameters
included in sensitivity analysis. Distributions used to run PSA were also reported in the
submission (Table 62).

It is stated by Celgene that the model was checked for internal quality at the company who built
the economic model, however the ERG discovered several important logical errors in the
economic model first sent to us by Celgene.

For external validation, the OS estimated by the economic model was validated against the
results in TA228 and registry data. Cost data was also compared to costs estimates from a
different source (Bruce et al, 1999). The trial population was also compared with registry data.

It is also mentioned in the submission that expert opinion was sought by Celgene to validate the
treatment pathway, resource use and terminal care costs.

In this section, we comment on Celgene approach and methodology. First, we consider the
model against checklists of good practice. Then we critically appraise the model structure and
data as well as the methods used in the cost effectiveness analysis.

The primary focus of the critique is on the second-line treatment for MM. Second-line treatment
in the analysis compares Len/Dex with Bort. Considerations are also made for subsequent
treatment options.

Celgene’s economic analysis was assessed against three widely used study quality checklists
for economic models:

e NICE Reference Case (NICE, 2008).
e Drummond assessment criteria (Drummond et al., 1997).
e Criteria for decision model-based economic evaluations (Philips et al., 2006).
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Table 36. Critical appraisal checklist based on NICE Reference Case (NICE, 2008)

HRQL

and/or carers

. Critical .
NICE reference case requirement . Reviewer comment
appraisal
Defining the The scope developed by P
decision problem NICE
In the original submission the
manufacturer considered the base case
comparator to be Bort. However in the
trial used to inform the economic
analysis, 64.3% of patients received
concomitant Dex.
Other comparators were specified in the
initial scope, however, these were not
included in the base case analysis but
) ) ) instead took part in the scenario
Therapies routinely used in ) )
. . analysis. This was the case for
the NHS, including )
Comparator ) ? bendamustine and chemotherapy agents
technologies regarded as ) ) )
) (including regimens based on
current best practice o
melphalan, vincristine,
cyclophosphamide and doxorubicin).
It is not clear to the ERG why
bendamustine was not included in the
base case analysis since data were
available to model the cost-effectiveness
of Len/Dex compared with
bendamustine. It seems to have been
appropriate to include this comparator in
the base case analysis.
Perspective on costs | NHS and PSS v NHS & PSS
Perspective on All health effects on ,
outcomes individuals
Type of economic ) )
) Cost-effectiveness analysis v
evaluation
Synthesis of . . . .
) Based on a systematic Based primarily on single trial
evidence on ) ? )
review (RFHE3001) evidence
outcomes
Measure of health
. QALYs v
benefits
Source of data for . .
Reported directly by patients
measurement of v EQ- 5D survey
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NICE reference case requirement

Critical

Reviewer comment

Equity weighting the other characteristics of
the individuals receiving the
health benefit

appraisal
Source of
preference data for Representative sample of
. . v EQ- 5D survey

valuation of changes | the public
in HRQL

3.5% pa for costs and health
Discount rate v

effects

An additional QALY has the

same weight regardless of

v

Note: v indicates ‘clear’; X indicates ‘concerns’; ? indicates ‘some concerns’.
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Table 37. Critical appraisal checklist from Drummond and colleagues (Drummond et al.

1997)
Critical .
Item . Reviewer comment
appraisal
Is there a well-defined question? .
Is there a clear description of alternatives
(i.e. who did what to whom, where, and .
how often?)
There are some differences between the trial population
Has the correct patient group/population R and the typically presenting UK population in terms of:
of interest been clearly stated? ' . Number of prior stem cell transplants
. Number of prior antimyeloma therapy
In the updated model, 64.3% of Bort patients received
concomitant Dex.
It would have been appropriate to include bendamustine
Is the correct comparator used? ? ) o o
in the base case analysis since it is a relevant
comparator and data were available to conduct the
economic analysis.
Is the study type reasonable? v A Markov structure for the cost-utility analysis was used
Is the perspective of the analysis clearly
v UK NHS PSS
stated?
Is the perspective employed appropriate? v NHS Reference Costs
Is the effectiveness of the intervention ) )
) v Quality of MM-010 is good.
established?
Has a lifetime horizon been used for . .
o . . A 25-year time horizon was used. After 25 years,
analysis, if not has a shorter time horizon v ) )
o virtually 90% of patients modelled are dead.
been justified?
Are the costs and consequences
) ) ) All costs are presented from the UK NHS & PSS
consistent with the perspective v )
perspective
employed?
) o . All future costs and benefits are discounted with a 3.5%
Is differential timing considered? v
rate.
Is incremental analysis performed? v
Is sensitivity analysis undertaken and , Deterministic and probabilistic sensitivity analyses are

presented clearly?

reported.

Note: v' indicates ‘clear’; X indicates ‘concerns’; ? indicates ‘some concerns’.

Source:

Matrix | 06 March 2014

78





Table 38. Critical appraisal checklist of Philips et al (2004) for model-based analysis

Dimension of quality

Critical
appraisal

Comments

Structure

S1

Statement of decision

problem/objective

Len/Dex versus Bort (64.3% of Bort patients received
concomitant Dex) for MM patients who have received at

least one prior therapy with bortezomib

S2

Statement of scope/perspective

NHS & PSS perspective was implemented. Cost and
benefit inputs were consistent with this. Scope of the
model stated.

S3

Rationale for structure

A cost-utility model using a state transition Markov

approach is appropriate.

S4

Structural assumptions

Generally, the ERG are not convinced by some of the
structural assumptions. These are explored in Section 5

of this report.

S5

Strategies / comparators

It is not clear to the ERG why bendamustine was not
included in the base case analysis since data were
available to model the cost-effectiveness of Len/Dex

compared with bendamustine.

S6

Model type

A Markov model is appropriate in this case.

S7

Time horizon

A 25-year time horizon was used. After 25 years, virtually

90% of patients modelled are dead.

S8

Disease states / pathways

The health states used are: Pre-progression (on
treatment), pre-progression (off treatment), post-
progression and death. These are appropriate to capture

disease progression over time.

S9

Cycle length

Cycle length is 28 days .This is appropriate to capture
disease progression and treatment regimens.

Data

D1

Data identification

Data identification methods were generally well
described. For Len, overall survival (OS), progression-
free survival (PFS) and time to treatment failure (TTF)
data were taken from MM-010 however patient level data
was not provided. The effectiveness of Bort and
bendamustine (as well as other chemo agents) was
modelled with data from Taverna (2012) and Damaj
(2012) respectively. These are retrospective studies
which do not provide complete information of patients’

characteristics and treatment regimens administered.

D2

Pre-model data analysis

More details on the extrapolation method and transition

probabilities calculation could have been provided.
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Critical

Dimension of quality . Comments
appraisal
Baseline data from MM-010I, which is appropriate.
) Taverna (2012) baseline data was used to adjust PS, OS
D2a Baseline data ? . .
and TTF curves however not much detail was provided
on patient characteristics.
Base case relative treatment effect was estimated with
D2b Treatment effects X survival analysis. The ERG do not feel confident in the
estimation of OS and PFS effectiveness in the model.
HRQoL was not recorded in MM-010. Utilities were the
) ) ) . same utilities as within the model submitted for TA171,
D2c Quality of life weights (utilities) ) - )
which were taken from a cost-utility carried out by van
Agthoven (2004).
) ) Data inputted in the model is generally poorly referenced
D3 Data incorporation ? ) o
in the submission.
. A PSA is presented but the results always report
D4 Assessment of uncertainty ? )
dominant ICERs.
D4a Methodological ? Results always report dominant ICERs.
D4b Structural ? Results always report dominant ICERs.
. Subgroup analysis was not clearly reported and the ERG
D4c Heterogeneity ? ) ) )
is not clear if/fhow this was conducted.
D4d Parameter ? Results always report dominant ICERs.
Consistency
Even though Celgene claim to have sought validation for
C1 Internal consistency X the excel model, the model contained several serious
logical errors.
c2 External consistency v Only expert opinion was sought for external validation.

Note: v* indicates ‘clear’; X indicates ‘concerns’; ? indicates ‘some concerns’.

The ERG found several problems in the original and updated model structures.

Original submission

Upon receipt of the original submission, the ERG pointed to an overall lack of consistency
between the calculations in the intervention and the comparator arms of the economic model. It

also noted some initial concerns with regards to third and fourth-line treatment calculations.

Manufacturer’'s approach
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The manufacturer revised the calculations related with third and-fourth line treatment options. It
was stated that minor amendments were performed.

Furthermore Celgene claimed to have made the excel flow sheets consistent across
intervention and comparator arms of the model. However, to the best of the ERG knowledge, no
changes in the model structure were undertaken.

ERG critique of the updated model

Having revised the updated economic model, the ERG still found some structural problems.
More specifically, the ERG noted again the previously found inconstancies in the model
structure across treatment and comparator arms and also a structural problem with the
evaluation of third and fourth line-treatment options. These are discussed below.

Figure 16 is a simplification of the model structure presented in the previous section and it focus
only on the second-line treatment option, therefore comparing Len/Dex with Bort as second line
drugs. Death is also a possible heath state (the absorbing one) but hasn’t been included in the
diagrams below for simplification purposes. The model structure for the intervention and the
comparator arms is presented separately.

The use of the PFS-T state as starting point in both arms of the model is appropriate for the
disease pathway. Patients can then progress (PD), in which case they stop the second line drug
or they can stop treatment but still be in the PFS state. This seems sensible considering
disease progression.

In the intervention arm of the model patients can go to the PFS-OT and the PD health states
and accrue the corresponding costs and QALYs, and then move to the third-line treatment. The
economic analysis of subsequent treatments only evaluated costs and not drug effectiveness.

However, in the comparator arm of the model, as soon as patients stop treatment (whether in
the PD or the PFS-OT state) they are assumed to immediately start a subsequent Len/Dex
third-line treatment. Therefore the costs and mortality benefits related to the third-line treatment
option (in this case Len/Dex) start accruing in the same cycle. This means that there is no clear
separation between second-line treatment outcomes and the beginning of the third-line
treatment option and respective outcomes.

To illustrate this with an example, in the same model cycle (28 days) Bort patients can fail
second-line treatment, move to a third-line treatment option (in this case Len) and also
experience the mortality benefits associated with Len/Dex treatment. This does not seem
clinically plausible as it represents a situation where within 28 days, patients who have just
stopped Bort treatment can experience the same mortality rate as a Len/Dex patient.

Clinical opinion sought be the ERG informed that after a patient stops Bort treatment he will, on
average, be off any kind of MM treatments during 1 or 2 months. More importantly, it takes
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around 4 to 6 months (on average) until the mortality benefits associated with Len treatment to
be visible. Clinical opinion pointed to the fact that the reduction in mortality associated with Len
treatment is mainly related with the patient’'s immune system being able to recover and this
process usually takes a few months.

Therefore, it seems that a more reasonable scenario would be to assume that once patients
stop Bort treatment they will, for a certain period of time, accrue the outcomes related with Bort
therapy (like mortality rates) and then initiate a third-line treatment.

In Figure 17, the ERG present and alternative structure, which we believe to be more accurate
and could be adopted in both arms of the economic model. Again, death has been excluded
from the diagram for simplification reasons.

He structure presented in Figure 17 would allow for the calculation of a second, third and fourth
line treatment ICER, respectively. This is further explored in Section 6.

Figure 16. Simplified structure of Celgene’'s model structure — intervention and
comparator arms

Intervention arm — Len/Dex Comparator arm - Bort

3rd Jine
treat

PD
3rd line
treat
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Figure 17. Alternative representation of Celgene’s mode
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DP off
treatment

As before
(4" line)

Source: Figure produced by the ERG

It should also be noted that in the manufacturer model, both PFS on and off third-line treatment
health states (in red in Figure 17 ) do not exist. This means that once patients are off the
second-line treatment drug they are assumed to always be in the PD state.

Arguably, these patients would be expected to stay in a “post-relapsed” PFS state for a certain
period of time (while experiencing a higher utility) and then progress again (experiencing a
lower utility). This perception is reinforced by Figure 18 taken from the original submission,
which shows that after a relapse and the beginning of a subsequent line of treatment, patients
will achieve the remission state for a while before relapsing again.

The ERG understand that this modelling alternative would require additional effectiveness data
to understand TTF and PFS when patients are on the “real-world” treatment baskets.
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Figure 18. Disease progression in MM
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Source: Submission, Figure 1

In conclusion, for subsequent treatment lines, the manufacturer only consider the QALYs
associated with the PD state and the costs of the mixed treatment options. This is further
explored in the next subsection.

A 25-year time horizon was used in the model. The time horizon seems reasonable to capture
all relevant outcomes for MM patients entering the model at 63 years of age. However around
11% of patients were still alive in the intervention arm of the model at year 25.

The ERG believe that this is related with a possible overestimation of OS, which is discussed in
Section 5.2.3.

Furthermore, given that data for patients receiving Len/Dex is available for a follow-up of only
54 months (4.5 years), by which time over half of patients taking Len/Dex are still alive, the 25-
year time horizon represents a very large extrapolation. There is therefore a great deal of
uncertainty in the survival times of patients in the model. This introduces considerable
uncertainty in the estimates of cost-effectiveness.

Cycle length in the model was 28 days. A half-cycle correction was applied. The ERG are
generally satisfied with this.

The manufacturer considered Bort/Dex (or Bort alone) to be the base case comparator.
However, it should be noted that in the trial used to inform the economic analysis (MM-010),
64.3% of patients received concomitant Dex. Therefore from a conceptual point of view, the
comparator in the economic analysis is Bort with concomitant Dex for 64.3% of patients.
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Subsequent treatment lines

Celgene claim that in the Len/Dex arm of the model, following second and third relapse, a “real-
world” treatment basket (Figure 11) is used to take into account all relevant costs over the
lifetime of MM patients. Hence third and fourth-line treatment options are defined by a
combination of different drugs.

However, the treatment basket shown in Figure 11 does not seem to match the third-line
treatment combinations used in the intervention arm of the excel model. Instead, the treatment
combination used to model third-line treatment options is shown in Table 39, which was
adapted by the ERG from Table 57 in the submission.

Patients on the Bort arm of the model received Len/Dex as third-line treatment.

The fourth-line treatment basket both in the comparator and in the intervention arms is
presented in Figure 11.

Table 39. Third-line therapy mix in the economic model

AT ; i
Drug reament (LeniDex | Basecasedine | GG
arm) (Bort arm)

Bortezomib 0.0% 0.0% 0.0%
Dexamethasone 56.3% 0.0% 31.3%
Melphalan 18.8% 0.0% 10.4%
Cyclophosphamide 62.5% 0.0% 34.7%
Cisplatin 12.5% 0.0% 6.9%
Doxorubicin 12.5% 0.0% 6.9%
Etoposide 31.3% 0.0% 17.4%
Prednisolone 6.3% 0.0% 3.5%
Prednisone 6.3% 0.0% 3.5%
Lenalidomide 0.0% 100.0% 44.4%

Source: Adapted from submission, Table 57.
It should be made clear however, that for the Len/Dex arm, subsequent treatment options are

not evaluated on their effectiveness. Only costs of third and fourth-line treatment baskets are
considered.
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Once patients fail Len/Dex at second-line, they move on to a third-line treatment received for a
fixed period of time of 4 cycles. After the 4 cycles all patients are assumed to move to a fourth-
line treatment, which will similarly end after 4 cycles. Mortality is said to be accounted for in the
fixed length of the subsequent treatment duration.

In the Bort arm of the model, patients receive Len/Dex as third-line treatment, following the
discontinuation of Bort. Hence these patients are exposed to the OS and PFS hazards
associated with Len/Dex at second-line.

Celgene claim this to be a conservative assumption as it implies that the second-line
effectiveness of Len/Dex is replicated at the third line of treatment. Celgene also argue that
Len/Dex is shown to be more effective at earlier lines.

To model fourth-line treatment in the comparator arm, the “real-world” treatment basket
(presented in Figure 11) is used. The mean fourth-line treatment duration is 16.8 weeks. The
fourth-line treatment option for Bort only evaluates costs and excludes the effectiveness of the
treatment basket from the analysis.

Three points in Celgene’s approach are worth further discussion:
1. The likelihood of MM patients receiving third and fourth-line treatment regimens:

Clinical opinion sought by the ERG explained that on average, once patients fail
treatment with Len, they frequently live for a short period of time. This is due to the AEs
related with the use of Len, especially a very low bone marrow function. This is,
however, closely related to the duration of treatment.

Furthermore clinical opinion revealed that some of the drugs considered in the
treatment basket like cisplatin, doxorubicin and etoposide are generally out of use in
current clinical practice.

2. The value of including subsequent treatment options in the economic analysis given
that mainly only cost data is used:

The ERG understand the value of including subsequent treatment options to reflect the
MM complex clinical pathway as accurately as possible. However, in this case and
given that the available data does not allow for the evaluation of effectiveness and
quality of life resulting from further treatment options in the Len/Dex arm we question
the value of only costing these options. Additionally, the treatment mix might not
accurately reflect current practice as mentioned in the point above.

Furthermore including Len/Dex as a third-line treatment option for Bort patients and
assuming that the effectiveness of Len at third-line is the same as the effectiveness of
Len/Dex at second-line raises some concerns. Firstly, this approach departs from the
one followed in the intervention arm of the model, where there was no consideration for
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the effectiveness of subsequent treatment lines and only costs were evaluated.
Secondly, Celgene claim this to be a conservative approach as Len has “shown to be
more effective at earlier lines”. However the analysis presented to justify this
assumption suggests otherwise.

Table 40 was taken from the original submission and it presents the baseline
characteristics of the population included in the Stadtmauer (2009) study. Celgene
mention that this study showed that Len/Dex is more effective at earlier lines.
Nonetheless, looking at the patient’s baseline characteristics (i.e. before they received
the Len/Dex treatment) the median time from diagnosis shows that patients receiving
>2 therapies have been sicker for a longer time, which is reasonable. Therefore, this
group of patients is sicker at baseline so when they receive the Len/Dex treatment at
third line, it might be that the drug is not as effective because the patient baseline heath
status is worse rather than the drug being less effective at later stages.

Table 40. Baseline characteristics in Stadtmauer analysis

Lenalidomide plus dexamethasone
1 prior therapy 22 prior therapies }

(n=133) (n=220) R
Median age, years 62.1 63.1 0.34
Male sex, n (%) 82 (61.7) 128 (58.2) 0.58
Baseline beta-2
microglobulin <2.5mg/L, n 47 (35.3) 56 (25.5) 0.054
(%)
Baseline beta-2
microglobulin >2.5mg/L, n 86 (64.7) 164 (74.5) 0.054
(%)
ECOG score 0-1, n (%) 119 (89.5) 188 (85.5) 0.77
Median time from diagnosis, 2.2(0.4-9.7) 4.1(0.5-15.7) <0.001
years (range)
Prior ASCT, n (%) 89 (66.9) 117 (53.2) 0.014
Prior treatment with
thalidomide, n (%) 13 (9.8) 114 (51.8) <0.001
Prior treatment with
bortezomib, n (%) 2(1.5) 25 (11.4) <0.001

ASCT, autologous stem cell transplantation; ECOG, Eastern Cooperative Oncology Group.

Source: Submission, Table 11.
3. Calculations in the excel model
Overall, the ERG found the calculations in the excel model used to simulate subsequent

treatment lines to be confusing. Some mistakes were found in the allocation of the
number of patients receiving the drug.
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Finally, the sequencing of subsequent treatments is not considered and it is currently unclear to
the ERG weather this is important in terms of drug response.

In conclusion, the ERG is overall concerned with the model structure used by Celgene. The
approach undertaken raises the following concerns:

e There is not a clear separation between second-line treatment outcomes and the
beginning of the third-line treatment option and respective outcomes in the Bort arm of
the model. Not only this reflects a slight structural inconsistency between intervention
and comparator arms of the model, but it also makes the evaluation of a second line
ICER impossible. Furthermore, from a clinical point of view, this seems to reflect a very
unlikely scenario.

o After second-line of treatment, the manufacturer only consider the utility associated with
the PD state. Arguably, these patients would be expected to stay in a “post-relapsed”
PFS state for a certain period of time (while experiencing a higher utility) and then
progress again (experiencing a lower utility).

The ERG question the value of including third and fourth-treatment lines, especially in the
intervention arm of the model, since that only cost data is available and that the basket of drugs
considered might not accurately reflect current clinical practice.

Finally, upon request from the ERG, Celgene adjusted the Dex costs in the Bort arm of the
model to reflect the fact that 64.3% of Bort patients receive concomitant Dex in the Taverna
(2012) study. However, this was not considered to be the base case analysis but instead
included as a scenario analysis.

The modelled intervention patient group is reflective of the population on the MM-010 study on
which the analysis is based.

The modelled population in the comparator arm takes data from Taverna (2012) in the base
case analysis.

MM-010 population

As noted before, there are some differences between the trial population and the typically
presenting UK population. Clinical opinion sought by the ERG informed that the number of prior
stem cell transplants (SCT) verified in MM-010 was higher than what would be expected in
typical UK practice. Similarly the distribution of patients across the number of prior anti-myeloma
therapies was different from the expected in the UK population.
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In MM-010, 46% of the population received 0 prior SCT, while 25% received more than 3 and
13% received 2 prior SCT. The remaining 16% received either 1 prior SCT (12%) or 3 (4%).
However the clinical expert opinion is that the highest percentage of the MM population in the
UK receives on average 2 SCT (which is the case for only 13% of the MM-010 population). This
suggests that the modelled patient group received, on average, less prior SCT than the average
MM population in the UK.

In the same fashion, 33% of the MM-010 population received 1 prior anti-myeloma therapy
while 67% received 2 or 3. Clinical opinion sought by the ERG informed that the inverse
scenario would be expected in current practice (i.e. most patients would be expected to have
received 1 prior therapy). This suggests that the modelled patient group received, on average,
less prior SCT than the average MM population in the UK.

In addition only 4% of the MM-010 study population had received prior Bort, while 38% of the
population had previously received thalidomide. This is not reflective of the population defined in
the scope, which is includes adults with MM for whom thalidomide is contradicted and whose
disease has progresses after at least one prior treatment with bortezomib.

However, clinical advice sought by the ERG revealed that this is unlikely to affect the
effectiveness of Len. This means that, had the majority of patients in the trial received Bort, the
effectiveness of Len as a second line drug is expected to be similar.

Taverna (2012) population

Celgene compared the median survival estimates (OS and PFS) between Taverna (2012) and
MM-010 and derived a crude approximation of a HR between Len/Dex and Bort. OS and PFS
estimates from MM-010 were adjusted to reflect the baseline characteristics of the Taverna
(2012) population.

The Taverna (2012) study did not include a detailed description of its population baseline
characteristics. It is known that the median number of prior therapies is 2 (range 1-11) and that
31% of the study population had undergone SCT. However no detail is provided on the number
of prior SCT.

The main source for clinical effectiveness data was MM-010 trial, complemented with data from
Taverna (2012) study. These data were used directly or indirectly to inform the calculation of
transition probabilities within the model. The ERG have several concerns with the data
extrapolation process, which is explored in the next sub-section.

Celgene decided to use only MM-010 to inform the economic model and exclude MM-009 from
the analysis. The reasons provided to substantiate this decision are:
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e This trial has a European patient population and is therefore the most relevant to the
decision problem.

e Pooling results from separate studies is not appropriate as this breaks randomisation
and as data are only available from single arms of trials no meta-analysis, indirect or
mixed treatment comparison is possible.

e The results of MM-009 and MM-010 are comparable.

The ERG appreciate that the MM-009 population was mainly enrolled from sites in the USA and
Canada. Therefore some population characteristics (like ethnicity) are potentially different from
the average UK population. MM-010 enrolled patients mainly from Europe hence this typically
reflects the UK population in a better fashion.

However, as Celgene explain, the study results are comparable and very similar which suggests
that the baseline population characteristics might not be too relevant.

Also, Celgene claim that pooling results in this case would break randomisation. The ERG feel
that this might not be a relevant argument in this case. MM-010 and MM-009 compared the use
of Len/Dex with the use of Dex alone. As only the Len/Dex arms of MM-010 and MM-009 trials
would be pooled and there was no cross over from the Dex arms into the intervention arms of
the model, it seems like pooling the data could have been a valid approach in this case.

Therefore the ERG have asked Celgene to explore the impact of using MM-009 data alone and
also the pooled data from MM-010 and MM-009. The results are presented in Section 5.3.1.

Throughout the model, treatment effectiveness is mainly represented by the transition
probabilities between different heath states (Figure 10). To estimate these in the base case
analysis, Celgene used data from MM-010 and Taverna (2012) through different methods.

These are now presented in turn. As before, we initially focus on second-line treatment and then
provide some details on subsequent treatment lines.

Len/Dex arm

To obtain transition probabilities across heath states over 25 years in the Len/Dex arm of the
model, Celgene extrapolated trial data from study MM-010.

PFS, TTF and OS curves seem to have been adjusted using the mean of covariates method, by
which average values of covariates (like for example the beta-2 microglobulin count and
presence of bone lesions for the baseline MM-10 population) are entered into a proportional
hazards regression equation.
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The use of the mean of covariates method to adjust the PFS, TTF and OS curves to reflect MM-
010 population characteristics might potentially be skewing these survival estimates. In fact this
method has been criticized for the validity of the resulting estimated curves (Ghali, 2001).

One of the underlying reasons is that using baseline mean characteristics to adjust survival
curves might skew the curve if the mean values are also skewed. Other reasons include the
assignment of mean covariate values between 0 and 1 to dichotomous variables (for example,
gender) which are meaningless at the individual level and the fact that the method calculates
the hazard for a hypothetical average individual rather than a population-averaged value.
Alternative approaches could have been used by the manufacturer to adjust for baseline
characteristics (Ghali, 2001; Bradburn, 2003).

Additionally the choice of relevant predictors of PFS, TTF and OS (like, the beta-2 microglobulin
count) is not very transparent in the submission. For OS for example, the p-values for each
potential predictor suggest that the ECOG score of 1 is not a statistically significant predictor
(see Section 5.1.2 and Table 20 ). However, in the excel model this is included as a predictor in
the multivariate analysis. Also, for PFS and TTF it appears that only a few possible variables
were evaluated for their predictive relationship with survival data. All potential predictors (listed
in Section 5.1.2) should have been included in the analysis, otherwise a pre-selection will likely
bias the analysis.

Furthermore, Celgene decided to exclude the number of prior therapies as a potential outcome
predictor from all models. The reason used to substantiate this decision was that “the population
of interest is treated in the second-line setting”.

This is a very surprising argument given that in their initial request for clarification, the ERG
asked Celgene to clarify if for the original economic analysis:

1. The full MM-0010 dataset had been used, with resulting outcomes being adjusted with
covariate estimates for the second-line setting,

2. orif the dataset used in the analysis had been stratified and so only the second-line
treatment population was included in the economic analysis.

Celgene clarified that the second approach had been taken. However, Celgene’s explanation
for excluding the number of prior therapies as a covariate would only make sense if the first

approach had been taken.

Pre-progression on treatment to pre-progression off treatment (PFS-T to PES-OT) - second-line

Patients in the PFS-T health state are those for whom the disease has not progressed and who
are still on Len/Dex treatment. This condition is captured on one hand by progression-free
survival (PFS) individual level data in MM-010, which defines disease progression, and on the
other hand, by time to treatment failure (TTF) individual level data in MM-010, which defines
treatment continuation/failure.

Matrix | 06 March 2014

91





Patients in the PFS-OT heath state are those form whom the disease has not progressed but
are not on Len/Dex treatment anymore (for example due to study withdrawal). As before, this
condition is captured by both PFS and TTF individual level data in MM-010.

It is therefore crucial how PFS and TTF were extrapolated:
e Progression-free survival

A log-logistic distribution was used to fit the MM-010 PFS data in order to extrapolate the
study results to a 25 year horizon.

Celgene report undertaking visual inspections of the fitted curves and using Akaike
Information Criteria (AIC) and Bayesian Information Criterion (BIC) to assess the best model
fit. Although these are common steps in the assessment of fit process, they should not be
the only ones used (for example, to ensure external validity, the plausibility of the
extrapolated portion of the curves should also be assessed).

Even though in the original submission other distributions were used in sensitivity analysis
(for example the lognormal distribution), this was no longer the case for the updated model,
where only Gompertz and Gamma curves were used in sensitivity analysis due to other
reasons.

Furthermore, the ERG have the following concerns with Figure 13, presented in the previous
section (reported again below) and taken from the original submission which shows the KM
PFS curve for Len/Dex as well as the fitted PFS curve:

1. Itis not very informative to show the curves only to the point where the KM curve ends.
The time period of the graph should be wide enough so the shape of the fitted curve is
observed in the longer term and a judgment can be made of the appropriateness of the
fitted curve in estimating PFS. Figure 19 shows the graph produced by the ERG, with a
time horizon of 25 years (1300 weeks).

2. The ERG could not replicate Figure 13. In the graph produced by the ERG (Figure 19)
the fitted curve does not seem to overlap the KM curve as perfectly as in the graph
produced by Celgene. It seems that the fitted curve overestimates PFS from around
week 10 to week 80.
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Reproduction of Figure 13. KM plot and fitted log-logistic model for PFS (Celgene
submission)
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Figure 19. KM plot and fitted log-logistic curve for PFS over 25 years produced by the
ERG
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e Time to treatment failure

Similarly to PFS, a log-logistic distribution was used to fit the MM-010 TTF data in order to
extrapolate the study results to a 25 year horizon.

Celgene report undertaking visual inspections of the fitted curves and using Akaike
Information Criteria (AIC) and Bayesian Information Criterion (BIC) to assess the best
model fit. Again, other steps could have been taken to assess the appropriateness of the
distribution used.

As for PFS, other distributions should have been included in the sensitivity analysis. More
specifically, the ones that appeared to also be a good fit to MM-010 data (for example the
lognormal distribution).

The ERG also identified problems for Figure 14 (reported again below) which was taken
directly from the submission and presents the KM TTF curve for Len/Dex as well as the fitted
TTF curve:

1. Itis not very informative to show the curves only to the point where the KM curve ends.
The time period of the graph should be wide enough so the shape of the fitted curve is
observed in the longer term and a judgment can be made of the appropriateness of the
fitted curve in estimating TTF. Figure 20 shows the graph produced by the ERG, with a
time horizon of 25 years (1300 weeks).

2. The ERG could not replicate Figure 14. In the graph produced by the ERG (Figure 20)
the fitted curve does not seem to overlap the KM curve as much as in the graph
produced by Celgene. It seems that the fitted curve overestimates TTF from around
week 30 and onwards.
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Reproduction of Figure 14. KM plot and fitted log-logistic model for TTF (Celgene
submission)
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Figure 20. KM plot and fitted log-logistic curve for TTF over 25 years produced by the
ERG
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Pre-progression on treatment to progressive disease (PFS-T to DP) - second-line

As mentioned above, patients in the PFS-T health state are those for whom the disease has not
progressed and who are still on Len/Dex treatment. This condition is captured on one hand by
PFS individual level data in MM-010, which defines disease progression, and on the other hand,
by TTF individual level data in MM-010, which defines treatment continuation/failure.

Patients in the PD state are those for whom the disease has already progressed. These
patients are assumed to be off second-line treatment. Therefore, this condition can be captured
by the PFS individual level data in MM-010 alone.

Pre-progression off treatment to progressive disease (PFS-OT to DP) — second-line

As previously mentioned, patients in the PFS-OT heath state are those form whom the disease
has not progressed but are not on Len/Dex treatment anymore (for example due to study
withdrawal). As before, this condition is captured by both PFS and TTF individual level data in
MM-010.

Patients in the PD state are those for whom the disease has already progressed.

For the transition probabilities just described (PFS-T to PD and PFS-OT to PD) only PFS and
TTF survival estimates are necessary. These have been explained above and we have also
provided detail on the distributions used to fit these statistics. We now focus on the Death state,

defined by the OS survival data, which is the main source of concern for the ERG.

Death — second-line

Mortality in the model is captured by overall survival (OS) individual level data in MM-010. This
is explored in detail in the subsection “mortality data” of the report.

Bort arm

For the bortezomib arm of the model, the same transition probabilities from the intervention arm
were used, only exponentiated to computed HRs. To estimate HRs, Taverna (2012) data were
used.

As explained in Section 5.1, median OS and PFS outcomes were taken from the sources
identified for each comparator and were used to calculate HRs relative to Len/Dex in MM-010.

Celgene compared the median survival estimates (OS and PFS) between studies of interest
and MM-010 and derived a crude approximation of a HR for Len/Dex and each comparator.
This approach assumes that progression/mortality occurs at a constant rate across studies and
that studies’ populations and conditions are exchangeable.
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The estimated HRs were then applied to the transition probabilities used in the Len/Dex arm of
the model. This was done by exponentiating the Len/Dex transition probability to the HR in each
cycle of the economic model. This seems like a reasonable approach.

It is also mentioned in the submission how the multivariate parametric models designed to
predict PFS and OS (explained above) were used to improve exchangeability between studies.
This was done by adjusting the median survival estimates (PFS and OS) from MM-010 to reflect
the characteristics of the population in the comparator study (e.g. Taverna, 2012), which seems
like a sound approach.

Finally, it was assumed that the HR for TTF would be the same as for PFS. The reasons
provided for this were that the two survival estimates are similar and that no information on TTF
was presented in the evidence found for the comparators.

The ERG found a mistake in the calculation of the PFS HR. This will now be discussed in detail.
Original submission

The ERG noted an inconstancy in the HR calculation of the PFS curve. While OS and TTF
respective HRs were adjusted to reflect the population characteristics of the Taverna study, the
same approach wasn't followed for PFS.

Manufacturer’'s approach

The manufacturer acknowledged this as an oversight and adjusted the HR of Bort retreatment
relative to Len/Dex. The PFS adjusted HR obtained was 0.9.

The manufacturer explained the HR below 1 by providing the following argument:

“The clinical explanation for this result, with a PFS hazard ratio <1 and OS hazard ratio>1, is
that while it appears using the Taverna paper that patients are more likely to experience an
initial response to bortezomib having already responded previously, the response duration and
therefore resulting OS is shorter (as these patients have been previously treated with and lost
response to bortezomib). Bortezomib patients remain on treatment for longer and incur the
associated acquisition and administration costs, and fewer patients go on to receive subsequent
therapy, and therefore subsequent lenalidomide which provides a survival benefit.”

ERG critique of the updated model
The ERG appreciate the fact that the manufacturer adjusted the HR. The resulting estimate was

below 1, suggesting that patients receiving Bort are in the PFS health state for a longer period
of time than the patients receiving Len, who supposedly progress faster.
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Surprisingly, after the HR adjustment, the final ICER became dominant (while before it was
around £14,000) despite the fact that Len actually became less effective in keeping patients
from progressing.

The ERG feel that two issues should be taken into consideration in this case:

1. Clinical opinion sought by the ERG revealed that the clinical explanation provided by
Celgene is reasonable in the sense that patients receiving subsequent Bort as a
second-line therapy are expected to experience a shorter response duration whilst
patients on Len/Dex would be expected to remain in the pre-progression state for
longer.

2. The clinical rationale does not seem to agree with a PFS HR below 1. The PFS HR of
0.9 in favour of Bort suggests that patients receiving Bort are in the PFS health state for
a longer period of time than the patients receiving Len, who supposedly progress faster.

Therefore it appears that the estimated adjusted HR does not accurately reflect the
effectiveness of Len/Dex compared with Bort. Clinical expert opinion sought by the ERG
reiterated the clinical explanation provided by Celgene thus suggesting that the plausible
scenario would be to have PFS HR above 1, favouring Len/Dex.

One possible reason for this might be the use of the mean of covariates method to adjust the
PFS curve. Again, the ERG question the validity such method used in the analysis.

The ERG found some mathematical and conceptual mistakes in the allocation of patients to the
different heath states in the Markov model.

Figure 21 shows the Markov traces for all the heath states in the manufacturer updated model,
with regards to the second line treatment option, therefore comparing Len/Dex with Bort. In the
y axis we can read the proportion of the cohort allocated to the specific heath state while the x
axis presents time in weeks.

Looking at the pre-progression (on treatment) graph in Figure 21 we can observe that the PFS
Len curve is above the PFS Bort curve. This is surprising, giving the HR of 0.9 between the
drugs, favouring Bort. The ERG found some mathematical mistakes in the allocation of the
cohort to the Markov heath states and corrected these. Results are discussed in Section 6.
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Figure 21. Markov traces from original submission
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In the original submission, an exponential piecewise model was used to fit the MM-010 OS data
in order to extrapolate study results to a 25 year horizon. The piecewise exponential model with
survival time split into 6 months intervals was considered to be the best approach to deal with
the presence of the found PH violation.

However, in the updated submission Celgene changed the distribution used to fit MM-010 OS
data to a log-logistic. This decision was in response to the issues raised by the ERG with
regards to OS curves (fitted with the exponential piecewise model) crossing PFS and TTF
curves in the original model. We now turn to this issue.

As before, we focus on the second-line treatment and the incremental mortality benefits
estimated by the model with regards to Len/Dex vs. Bort.

Original submission

After reviewing the original submission, the ERG noted how the OS and the PFS curves
crossed each other both in the Len/Dex arm of the model as well as in the Bort arm (Figure 22
and Figure 23). Rationally, such crossing is not possible as the OS curve determines the
proportion of people alive at each cycle of the model. It is therefore impossible to have a greater
number of people free from disease progression than the number of people alive at the same
point in time.

Similarly, it was noted that the OS and the TTF curves also crossed each other, both in the
Len/Dex arm and in the Bort arm of the model (Figure 24 and Figure 25). Again, such crossing
should not be possible as the TTF curve determines the number of people alive and still on
treatment at different points in time. Therefore it is impossible to have a smaller total number of
people alive (determined by the OS curve) than the number of people alive and still on
treatment at the same point in time.
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Figure 22. PFS and OS curves in the Len/Dex arm of the original model
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Figure 23. PFS and OS curves in the Bort arm of the original model
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Figure 24. TTF and OS curves in the Len/Dex arm of the original model
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Figure 25. TTF and OS curves in the Bort arm of the original model
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This suggested that the extrapolation process had some flaws. Therefore the ERG provided
some possible explanations for this problem and suggested some approaches to deal with
these.

Overall, it seemed that OS was being overestimated. It was suggested by the ERG that the use
of the mean of covariates method to adjust the OS curve might potentially be overestimating
survival.

Manufacturer’'s approach

The manufacturer agreed with the ERG that the OS curve crossing the PFS and the TTF curves
was clearly implausible. However, it claimed that the use of a Markov structure prevented the
curves from crossing.

Furthermore, Celgene claim that crossing of parametric curves is possible when different
parametric models are selected for different clinical outcomes. The manufacturer state that in
the originally submitted model a piecewise exponential curve was fitted to OS, while PFS and
TTF were fitted with a log-logistic distribution, pointing to the fact that log-logistic models
typically exhibit a ‘long tail’, with extended survival in the long term, while this is not commonly
observed in exponential models.

The manufacturer claimed that “importantly the KM plots for PFS and OS do not cross at any
point” and that crossing is the result of different fitted parametric models with different long-term
characteristics.

Therefore, Celgene provided different scenarios where the same type of parametric curves are
selected to fit the OS, the PFS and the TTF curves as it is claimed that fitting curves to
distributions with similar characteristics would prevent the curves from crossing. Subsequently,
AIC and BIC values are provided to justify the use a log-logistic distribution to fit the OS curve.

Finally, Celgene claim that it is unlikely that censoring affected the curve crossing seen in the
model, noting that most of the OS censoring is found towards the end of the KM chart, while
censoring of PFS is spread more evenly over time.

ERG critique of the updated model

The ERG appreciate that the manufacturer see the implausibility of the OS curve crossing with
the PFS and the TTF curves.

Nevertheless, the ERG feel that the Markov approach is not a method for preventing survival
curves from crossing. Survival curves should inform the transition probabilities in a Markov
structure. Even though it is possible to prevent Markov traces from crossing each other (by
making sure that the minimum transition probability value is always imputed in each cycle as
Celgene do in their submission) this does not solve the fundamental issue that the survival
curves informing the Markov transition probabilities cross.
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The ERG understand that crossing survival curves are a possible complication arising from
fitting data to different distributions. However, when this is observed, a different approach needs
to be taken which prevents the curves from crossing for example, using flexible models on the
hazard ratios (e.g. fractional polynomials). To note is that the piecewise exponential originally
used to fit OS data, would be more flexible in this sense than the log-logistic model.

It is the ERG opinion that Celgene’s decision to change the distribution used to model OS from
a piecewise exponential to a log-logistic distribution needs to be based on a stronger
justification than avoiding survival curves crossing. In fact, the distribution used to model OS
should be selected based on the criteria of best fit to the actual survival data and consider all
potential complications.

Figure 26 (produced by the ERG) shows the KM curve for MM-010 overall survival data as well
as the fitted curve, produced by fitting a log-logistic distribution to OS data in MM-010.

Based on visual inspection of the curves, the log-logistic distribution seems to be a very poor fit
to the OS data in MM-010.

Figure 26. KM plot and fitted log-logistic curve for OS over 25 years —Len/Dex
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Additionally, the ERG tried to replicate Figure 15, which was taken from the original submission
(replicated below) and shows the KM curve for OS as well as the extrapolated curve produced
by fitting an exponential piecewise model to OS data. The resulting curves are presented in
Figure 27. Unfortunately it was not possible to replicate Figure 15 (the same problem was found
for PFS and TTF original graphs) and based on Figure 27 produced by the ERG, even though
the exponential piecewise curve seems a better fit until around week 50 it seems to be a poor fit
as time progresses.
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Reproduction of Figure 15. KM plot and fitted exponential piecewise model for OS
(Celgene submission)
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Both Figure 27 and Figure 26 suggest that OS is overestimated in the economic model,
especially later in time. The economic model runs for approximately 25 years (1300 weeks) and
we can observe that when using the log-logistic distribution to fit OS data, by week 1300 around
11% of patients are still alive. As the population entering the economic model is 63 years old,
this would mean that approximately 11% of the MM population lives until the age of 88.

Furthermore, in the submission it is stated that for patients with stage | MM the median
expected survival is 62 months, while for patients with stage Ill disease the median survival is
reduced to 29 months. Again, these estimates reinforce the likelihood of the overestimation of
predicted survival in the economic model.
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Figure 27. KM plot and fitted piecewise exponential curve for OS over 25 years — Len/Dex
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Celgene also argue that “importantly the KM plots for PFS and OS do not cross at any point”
and that crossing is the result of different fitted parametric models with different long-term
characteristics.

The ERG question the validity of this argument as it would be truly impossible for KM curves to
cross in any case. As KM curves represent real data (instead of extrapolated data) having a
PFS KM curve crossing a OS KM curve would mean that in real life, the number of progression-
free patients would be higher than the number of patients alive, which is obviously implausible.

Celgene claim that it is unlikely that censoring affected the curve crossing seen in the model.
However, the ERG do not have enough evidence to assess this statement.

In summary, the ERG do not feel confident that the explanations and approaches followed by
the manufacturer truly addressed the initial problems raised.

The decision to change the distribution used to model OS from a piecewise exponential to a log-
logistic distribution is not based on a sound argument (i.e. preventing the survival curves from
crossing) and more importantly, does not solve the problem of the curves crossing.

Even though the OS curves do not cross the PFS and the TTF curves in the intervention arm of
the model anymore, Figure 28 and Figure 29 show how this is still a problem in the comparator

arm of the model.

The curves now cross later in time (in the original submission the curves crosses around week
600) with PFS and OS curves crossing each other around week 900 (19 years) and TTF and
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OS curves crossing each other around week 1290, which corresponds to approximately 25
years (note that the economic analysis lasts for 25 years). However this is still an implausible
scenario and a not acceptable one, for the reasons explained before.

Figure 28. PFS and OS curves in the Bort arm of the model
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Figure 29. TTF and OS curves in the Bort arm of the model
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Len costs

Overall the calculation of the Len costs in the model was satisfactory.

However clinical opinion sought by the ERG revealed that the inclusion of G-CSF in the Len
treatment regimen is rather uncommon within current clinical practice. Furthermore,
assumptions were made as to the drug dose administered per day. It seems that Celgene could
have used real trial data (as G-CSF was administered during MM-010) to model the cost of G-
CSF.

Dex costs

Overall the calculation of the Dex costs in the model was satisfactory with the exception of the
inclusion of the cost of Dex in the Bort arm of the model. As mentioned in Section 5.1, 64% of
patients in the Taverna (2012) study took concomitant Dex and therefore the respective cost
should have been included in the base-case ICER.

Celgene have changed this in the updated economic model and a final ICER considering the
cost of Dex for 64% of the Bort patients was presented in scenario analysis. However this was
not considered to be the base-case ICER.

Bort costs

The ERG had some problems tracing back the calculations undertaken to estimate the cost of
Bort per cycle. There are no data in the submission or the Taverna study specifying the exact
dose of Bort administered. The ERG understand that the dose regimen of Bort is also related to
the patient body mass surface.

From analysing the cost calculations in the excel model it seems that Celgene assumed the
following dose regimen: 1 vial per administration and 16 administrations every 3 cycles, which
accounts for an average of 5.3 vials per model cycle. However, this was left to the ERG
interpretation, by observing the calculations in the excel model, when it should have been
clearly stated in the submission.

The only information available in the Taverna (2012) study with regards to the Bort dose
administered was that a median number of 3 cycles of Bort was received by patients (with a
range going from 1 to 19 cycles of treatment received).

Other fundamental issue related with the cost of Bort is the duration of retreatment with the drug
at second-line. In their submission, the manufacturer assume that patients are kept on
treatment until they progress or until treatment fails. However, clinical opinion sought by the
ERG informed that Bort treatment in current clinical practice only lasts for a fixed period of time,
usually 8 cycles (corresponding to 8 months). This assumption has a great impact on the final
ICER. This is further discussed in Section 6 of the report.
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Treatment administration costs

While the cost of administration for Len/Dex was assumed to occur only for the first appointment
(after which it is assumed that the patient self-administers oral treatment), the administration
cost of Bort was applied for every administration appointment in the hospital. This seems a
reasonable assumption.

Potential transportation costs to the hospital for administration of the drugs were also
considered. This assumed that 50% of patients require transportation for their treatment
administration and also that if more than one treatment occurs during one week the patient will
be kept in the hospital for up to one week to receive full treatment.

Clinical opinion sought by the ERG did not believe this to be a reasonable assumption. Firstly
the percentage of patients requiring transportation to the hospital was considered to be
significantly lower than 50% of MM patients. Secondly, the assumption that patients in need of
more than one treatment per week would stay in the hospital was believed to be unrealistic.

These assumptions are likely overestimating the cost of Bort in the economic analysis as only
one administration visit is considered for Len.

The ERG found the calculations related with monitoring costs to be overall confusing.

It is stated in the submission that monitoring frequency depends primarily on whether the patient
has experienced disease progression or not. Furthermore Len treatment is associated with an
increased monitoring requirement as per the SPC.

It is not clear in the submission which costs have been assumed to relate with the disease state
(i.e. progression or progression-free) or with the initial monitoring costs associated with Len.

It is stated how monitoring costs by health state have been taken from previous NICE TAs 171
and 228 however, the list of monitoring testes shown in TA171 seems to be much more
extensive than the one reported in Celgene’s submission.

Finally it seems like for the period of additional monitoring associated with the Len treatment
(first eight weeks of treatment), the ongoing monitoring costs associated with the heath state the
patient is in (i.e. disease progression or not) are not being considered.

Again, since no clear explanation is provided as to how these costs were calculated, it seems to

the ERG that this might be leading to an underestimation of the monitoring costs associated
with Len.
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Due to the time constraints explained previously in Section 1, the ERG could not cover in detalil
the calculations of subsequent treatment and terminal care costs.

The incidence of AEs for Len/Dex seem to be appropriately derived from MM-010. Due to a
paucity of data the incidence of AEs for other comparators was taken from patients who
received melphalan plus prednisolone/prednisone in the NICE TA228 submission. Expert
opinion sought by the ERG confirmed that the safety profile of prednisolone/prednisone follow
other comparators and therefore this approach seems reasonable since no other data is
available.

In comparison with TA171, AE utility decrements are included in the cost-effectiveness analysis
with values taken from Brown (2013). Diarrhoea and constipation were not associated with
decrements in utility. Our clinical expert suggested that this is an underestimation of the impact
on quality of life of those AEs. Conversely, the disutility value attached to experiencing
thrombocytopenia was considered to be too high.

As in TA171 and TA228, Celgene used utility values reported for patients who underwent
intensive chemotherapy in the cost-utility carried out by van Agthoven (2004) for patents with
previously untreated multiple myeloma.

Celgene therefore assume a utility value of 0.81 for patients in progression-free survival, 0.77
for patient in pre-progression after 2 years, and 0.64 for progressive disease patients. Utility
values were adjusted by an age-dependent factor to reflect decreased utility with age, based
upon published UK EQ-5D values by Kind (1999).

Patients enter the model at 63 years, which is associated to a mean utility of 0.80 for a healthy
member of the UK population. A decreasing age-dependent weighting factor is applied as
patients moved in the model in order to reflect the detrimental effect on HRQoL directly
associated with age.

Table 41. Weighted health state index by age and sex

Age Average Males Females
55-64 0.80 0.78 0.81
65-74 0.78 0.78 0.78
75+ 0.73 0.75 0.71

Source: Adapted from Table A in Kind (1999)
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Based on expert opinion, patients with multiple myeloma in progression-free survival have a
lower HRQoL than a member of the general public at the same age. Therefore, we suggest that
it may be more appropriate to use a value lower than 0.81 for the utility in progression-free
survival.

Furthermore, some mathematical mistakes were found in the estimation of the pre-progressive
state QALYs. This will be explored in Section 6.

A range of deterministic sensitivity analysis was provided in Celgene’s submission. A tornado
diagram was generated to demonstrate the effect of varying some of the individual parameters
in the model.

Deterministic sensitivity analysis aimed to cover parameter uncertainty by varying the values
used in the model by their upper and lower confidence interval values and structural uncertainty
by using different data to model some of the parameters.

In addition to deterministic sensitivity analysis, Celgene also presented probabilistic sensitivity
analysis (PSA).

This section presents a summary of the results of Celgene’s model.

In this section we focus on the updated model results, however whenever deemed necessary
we will make reference to the results in the original submission. For more details on the
originally presented results, please see Section 7.7 of Celgene’s submission.

The base case outputs originally presented by Celgene are presented in Table 42. Presented in
Table 43 are the base case results produced by the updated analysis, subsequently submitted
by Celgene.

To note is that in the original analysis, the Len/Dex arm presented higher costs than the
comparator (Bort) arm. However in the updated model, the inverse is observed, with the Bort

arm yielding higher costs than the intervention (Len/Dex) over the 25 years of analysis.

QALYs were consistently higher in the Len/Dex arm of the model. In fact the incremental gain in
QALYs remained the same from the original to the updated analysis (0.53 QALY gain).
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The fact that the ICER became dominant in favour of Len/Dex (when previously it was £14,535
per QALY) it is nonetheless surprising given that the initial corrections made to the model by
Celgene would actually suggest that Bort was more effective in keeping patients from progress

than Len/Dex (corrected PFS HR of 0.9). This is further explored in Section 5.4.

Celgene also presented the median OS and PFS estimates derived from the economic analysis
compared with the ones reported in the trial. It should be noted that the estimates used in the
excel model (presented in Table 44) are not the ones presented in the economic model. Again

the values presented suggest an overestimation of OS.

Table 42. Base case outputs per patient at 25 years in the original analysis

Cost-effectiveness Incremental
i Len/Dex (1) Bort (2)
results per patient value (1-2)
Total costs £ 121,422 113,740 7,682
QALYs 3.42 2.89 0.53
ICER £14,535

Source: Adapted from submission, Table 69.

Table 43. Base case outputs per patient at 25 years in the updated analysis

Cost-effectiveness Incremental
i Len/Dex (1) Bort (2)
results per patient value (1-2)
Total costs £ 92,774 131,111 -38,337
QALYs 3.98 3.45 0.53
ICER Len dominates

Source: Adapted from Celgene reply to ERG further request for clarification, Table 8,

Table 44. Base case model outputs (Len/Dex) compared with trial data

Clinical trial result

Model result

Median OS lenalidomide (years)

3.10

4.12

Median PFS lenalidomide (years)

0.84

1.09

Source: Celgene excel model

Figure 30 was taken from the original submission and presents the 10 most relevant parameters

tested through deterministic sensitivity analysis.
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Figure 31 was provided to the ERG by Celgene upon the submission of the updated analysis.
However the figure shows the sensitivity of the Net Monetary Benefit (NMB), instead of the
ICER, to the model inputs.

Comparing the two figures we can notice how the model is most sensitive to changes in the OS
and PFS parameters (i.e. the distribution parameters used to fit the OS and the PFS data). This
is not surprising. What is remarkable is how in the updated analysis none of the changes
applied to model inputs drives the NMB below 0.

While in the original analysis, ICERs reached values above £50,000, in the updated analysis the
MNB is always above 0, which at the used threshold of £30,000 suggests that the intervention is
always cost-effective regardless of changes in the model inputs.

Figure 30. Tornado diagram with top 10 parameters in terms of ICER sensitivity — original
analysis
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Source: Submission, Figure 32.
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Figure 31. Tornado diagram with top 10 parameters in terms of NMB sensitivity — updated
analysis
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Structural uncertainty was addressed using a number of scenarios. These included varying the
time horizon of the model, the source used to model the effectiveness of Bort and using the Bort
PAS among others.

Scenario analysis was also undertaken to compare Len/Dex with:

e Bendamustine/ prednisolone

e Bendamustine/ Dex

e Melphalan/ prednisone

e High-dose cyclophosphamide/ Dex
e Low-dose cyclophosphamide/ Dex
e Doxorubicin

e Vincristine

Table 45 presents the ICERs resulting from running different scenario analysis. This was
provided to the ERG by Celgene upon submission of the updated model.

Similarly to the deterministic sensitivity analysis, most of the outputs of the scenario analysis
produced a dominant ICER in favour of Len.

The use of alternative comparators produced a considerable range of ICERs (£23,435 -
£36,718). However, the value of this analysis is relative as the source used to model the
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effectiveness of bendamustine, Damaj (2012), was also used to model the effectiveness of all

other comparators (since no data was found to model these).

As previously mentioned, the ERG question why bendamustine was not considered in the base
case analysis as data were available to model the cost-effectiveness of the drug compared with
Len/Dex and it made part of the initial scope. Note that the ICER resulting from selecting
bendamustine as a comparator is around £23,500.

Table 45. Scenario analysis outcomes — updated model.

i.e. earlier use of

Parameter Base Case Setting Scenario Setting ICER
Lenalidomide
Base case N/A N/A ]
Dominates
arying the time horizon
Lenalidomide
5 years )
Dominates
Lenalidomide
10 years ]
. . Dominates
Time horizon 25 years - -
Lenalidomide
15 years .
Dominates
Lenalidomide
20 years .
Dominates
Type of comparison
As per NICE
. . . recommendations o
Use of 3rd line lenalidomide As per historical BSC £26,665

lenalidomide
Bortezomib ) .
Lenalidomide
retreatment + .
Dominates
dexamethasone
Bendamustine + Dex £23,435
Bendamustine +

) £23,424

presnisolone

Melphalan +
. . £28,516

. Bortezomib prednisone

Choice of comparator
retreatment HD
Cyclophosphamide + £36,718
LD-Dex
LD
Cyclophosphamide + £33,088
MD-Dex

Doxorubicin £35,836
Vincristine £33,013
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4th line treatments

Include dexamethasone with 3rd and

Yes

No

Lenalidomide
Dominates

Varying modelling of lenalidomide

efficacy

Parameter used to model treatment

Time to treatment

Progression-free

Lenalidomide

Comparative efficacy of bortezomib

failure failure survival dominates
Varying treatment efficacy assumptions
Overall survival from . Lenalidomide
White 2013 .
Taverna 2012 Dominates

Progression free
survival from
Taverna 2012

Petrucci 2013

Lenalidomide
Dominates

Hrusovsky 2010

Lenalidomide

Dominates
. o Lenalidomide
Dispenzieri 2010 ]
Dominates
. Lenalidomide
White 2013 .
Dominates

Varying cost assumptions

Bortezomib PAS

Not included

15% discount
received by all
patients

Lenalidomide
Dominates

15% discount
received by 55% of
patients

Lenalidomide
Dominates

Source: Table provided to the ERG by Celgene upon submission of the updated model

The ERG suggested that Celgene presented a scenario analysis using only patients treated in
the second-line setting. Results are presented in Table 46.

Table 46. Scenario analysis using clinical inputs for the second-line population

Model Total Total Total Incremental | Incremental | Incremental e
Arm Costs LYG QALYs Costs LYG QALYs
Bortezomib £141,359 8.25 4.11 - - - -
Lenalidomide
Len/Dex £107,708 9.96 4,92 -£33,651 1.71 0.81 )
dominates

Source: Analysis provided to the ERG by Celgene upon submission of the updated model

Finally, as the justification behind the choice of MM-010 raised some concerns, the ERG have
also requested that the base case analysis was run with MM-009 trial data. Results are
presented in Table 47.
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Table 47. Scenario analysis using clinical inputs from MM-009

Model Total Total Total Incremental | Incremental | Incremental o=
Arm Costs LYG QALYs Costs LYG QALYs
Bortezomib | £125,576 6.09 3.34 - - - -
Lenalidomide
Len/Dex £96,013 6.60 3.67 -£29,563 0.50 0.33 ]
dominates

Source: Analysis provided to the ERG by Celgene upon submission of the updated model

Due to the time constraints explained in Section 1, the ERG did not have the time to analyse
how the deterministic sensitivity analysis was undertaken in the excel model and to explore all
the possible implications of the scenario analysis ran.

5.3.2 Probabilistic sensitivity analysis results

Figure 32 was taken from the original submission and presents the output of the PSA using
1,000 model runs.

Figure 33 was provided to the ERG by Celgene upon the submission of the updated analysis
and presents the outputs of the PSA ran in the updated analysis.

Similarly to the deterministic sensitivity analysis, we can notice that while in the original analysis,
ICERSs reached values above £50,000, in the updated analysis the reported ICERs are always
negative.

Due to the time constraints explained in Section 1, the ERG did not have the time to analyse
how the PSA was undertaken in the excel model.

Figure 32. Cost-effectiveness scatter plot — original submission
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Figure 33. Cost-effectiveness scatter plot — updated submission
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5.4 Comment on validity of results presented with reference to methodology
used

In Sections 5.2.2 and 5.2.3 we provided a detailed description of the modelling approach and
structure adopted by Celgene and of the data and estimations used to populate the model.

The ERG have several concerns with the model structure and essentially with the methods
used to estimate OS and the PFS HR in the model.

Seeing that these are the key components of the cost-effectiveness analysis submitted by
Celgene, the ERG have little confidence in the final ICERs presented.

As previously mentioned, the ERG question why bendamustine was not considered in the base
case analysis as data were available to model the cost-effectiveness of the drug compared with
Len/Dex and it made part of the initial scope. Note that the ICER resulting from selecting
bendamustine as a comparator is around £23,500.

6.0 Additional work undertaken by the ERG

In this section we explore the implications of some of the errors found in Celgene’s model.
However, given that two of the major ERG concerns are methodological and relate to the data
extrapolation process for OS and the method used to adjust HRs in the model, the alternative
ICERs presented should be interpreted with extreme caution.
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Scoping searches were undertaken to assess three queries in the initial submission:

1. Scoping searches were conducted to assess the effect of Celgene’s initial decision to
limit their effectiveness searches to failure at first-line treatment. The ERG have
therefore:

a. Re-run Celgene’s searches with the limiting terms included (taking the
submission as presented)
b. Re-run Celgene’s searches with the relapse and recurrence terms removed.

The unique items between these two searches were then sampled. This led the ERG to
clarify the rationale behind the use of the relapse and recurrence search terms with Celgene
and ask them to re-run their effectiveness searches.

2. Celgene appear to have made a spelling mistake in their effectiveness searches. The
effect of this on retrieval was assessed. The error relates to bendamustine, where
Levact has been misspelt.

3. The ERG ran brief scoping searches to assess Celgene’s omission of specific health
related quality of life (HRQoL) terms in their initial submission. This led the ERG to raise
a query at the clarification stage and Celgene responded by re-running their HRQL
searches to include a standard HRQoL filter. The ERG are satisfied with this response.

After identifying some technical errors, we have decided to make the following adjustments to
Celgene’s base case model:

1. The ERG found some mathematical and conceptual mistakes in the allocation of
patients to the different heath states in the Markov model. We have corrected these and
the results are presented in Section 6.1.2.

2. The manufacturer assumed that patients are kept on Bort treatment until they progress
or until treatment fails. However, clinical opinion sought by the ERG informed that
bortezomib treatment in current clinical practice only lasts for a fixed period of time. We
have changed this assumption in the model so it reflects a treatment duration of 8
cycles (as suggested by clinical expert opinion). The impact of this is presented in
Section 6.1.2.

3. The ERG found a mistake in the QALY calculation. This was related with the adverse
events’ disutility considered in the overall QALY estimation.

To note is that the ICERSs presented in Section 6.1.2 are for the second-line treatment pathway.

Therefore, the structural problems identified in Section 5.2.2 were not addressed here as these
concern the evaluation of subsequent treatment options.
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Allocation of patients to model heath states

Comparing Figure 34 with Figure 29, we can observe that the pre-progression (on treatment)
graph in Figure 34 now shows a PFS curve for Bort above the PFS curve for Len, which is in
line with the reported HR below 1.

As mentioned in Section 5.2.2, clinical opinion sought be the ERG revealed that patients
receiving subsequent Bort as a second-line therapy are expected to experience a shorter
response duration whilst patients on Len/Dex would be expected to remain in the pre-
progression state for longer.

The clinical rationale does not seem to agree with a PFS HR below 1. The PFS HR of 0.9 in
favour of Bort suggests that patients receiving Bort are in the PFS health state for a longer
period of time than the patients receiving Len, who supposedly progress faster. However, given
that the estimated value is 0.9, the Markov traces should be in conformity with the inputs used
and therefore should show that Bort patients are in the PFS state for longer than Len patients.

Again, it is the ERG opinion that the estimated adjusted HR does not accurately reflect the
effectiveness of Len/Dex compared with Bort. Clinical expert opinion sought by the ERG,
reiterated the clinical explanation provided by Celgene, which suggested a PFS HR above 1,
favouring Len/Dex.

By analysis Figure 34 it is also noticeable how the marginal benefits in the analysis are
essentially derived from the reduction in mortality, where Len patients seem to have a much
higher OS than Bort patients.

Even though a higher number of patients remain in the PFS state while on Bort treatment then
on Len treatment, this incremental difference is much smaller than the mortality benefits
accrued by Len/Dex.

This, again, raises the question of OS being overestimated in the economic model, favouring
Len.

Treatment duration of Bort
The manufacturer assumed that patients are kept on Bort treatment until they progress or until
treatment fails .However, clinical opinion sought by the ERG informed that bortezomib treatment

in current clinical practice only lasts for a fixed period of time

The ERG is aware that this might vary according to clinical practice, nonetheless clinical opinion
informed us that the average Bort treatment lasts for 8 cycles and not indeterminably.
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Adverse events disutility

The ERG corrected the mathematical mistakes found in the calculation of QALYs associated
with the pre-progression state. Results are presented in Table 48.
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Figure 34. Markov traces in the updated model with ERG corrections
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With the changes explained in the previous section, Celgene’s base case outputs changed as
reported in Table 48.

Table 48. Second-line base case results with corrections from Celgene’s model®

Cost-effectiveness
. Len/Dex (1) Bort (2) Incremental value (1-2)
results per patient

Base Case — second-line only

Total costs £ £85,546 £86,432 £-885
QALYs 3.98 2.49 1.48
ICER Len dominates

Allocation of patients to model cycles correction

Total costs £ £120,268 £158,420 £-3,8152

QALYs 4.09 2.66 1.42

ICER (compared
with base case)

Len dominates

ICER with all
changes Len dominates
incorporated
Duration of Bort treatment correction

Total costs £ £85,546 £42,839 £42,707
QALYs 3.98 2.50 1.48
ICER (compared

. £28,789
with base case)
ICER with all
changes £54,535
incorporated

AE disutility correction

Total costs £ £85,546 £86,432 £-885
QALYs 3.98 2.49 1.48

ICER (compared
with base case)
ICER with all

changes £54,369
incorporated

Len dominates

o All values presented are considering the cost of dex for 64% of patients in the bort arm of the model
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The ERG is overall concerned with the model structure used by Celgene. The approach
undertaken raises the following concerns:

e There is not a clear separation between second-line treatment outcomes and the
beginning of the third-line treatment option and respective outcomes in the Bort arm of
the model. Not only this reflects a slight structural inconsistency between intervention
and comparator arms of the model, but it also makes the evaluation of a second line
ICER impossible. Furthermore, from a clinical point of view, this seems to reflect a very
unlikely scenario.

o After second-line of treatment, the manufacturer only consider the utility associated with
the PD state. Arguably, these patients would be expected to stay in a “post-relapsed”
PFS state for a certain period of time (while experiencing a higher utility) and then
progress again (experiencing a lower utility).

e The ERG question the value of including third and fourth-treatment lines, especially in
the intervention arm of the model, since that only cost data is available and that the
basket of drugs considered might not accurately reflect current clinical practice.

e Finally, upon request from the ERG, Celgene adjusted the Dex costs in the Bort arm of
the model to reflect the fact that 64.3% of Bort patients receive concomitant Dex in the
Taverna (20102) study. However, this was not considered to be the base case analysis
but instead included as a scenario analysis.

The ERG is overall concerned with the data extrapolation process employed by Celgene. The
approach taken raises the following concerns:

e Use of PFS HR of 0.9 to estimate the effectiveness of Len/Dex compared to Bort:
Clinical opinion sought be the ERG revealed that patients receiving subsequent Bort as
a second-line therapy are expected to experience a shorter response duration whilst
patients on Len/Dex would be expected to remain in the pre-progression state for
longer. This clinical rationale does not seem to agree with a PFS HR below 1. The PFS
HR of 0.9 in favour of Bort suggests that patients receiving Bort are in the PFS health
state for a longer period of time than the patients receiving Len, who supposedly
progress faster. Therefore it appears that the estimated adjusted HR does not
accurately reflect the effectiveness of Len/Dex compared with Bort.

e Use of a log-logistic distribution to fit OS data: The decision to change the distribution
used to model OS from a piecewise exponential to a log-logistic distribution is not based
on a sound argument (i.e. preventing the survival curves from crossing) and more
importantly, does not solve the problem of the curves crossing. Furthermore, based on
visual inspection of the curves the fitted curve appears to be a very poor fit to MM-010
trial data.

e Overestimation of Len/Dex arm: Both Figure 20 and Figure 19 suggest that OS is
overestimated in the economic model, especially later in time. The economic model
runs for approximately 25 years, by when around 11% of patients are still alive.
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e Overall, it seems like the use of the mean of covariates method to adjust the PFS, and
OS curves to reflect MM-010 population characteristics might potentially be skewing
these survival estimates. In fact this method has been criticized for the validity of the
resulting estimated curves (Ghali 2001).

For all the reasons provided, the ERG lacks confidence in the final ICER presented (for second,
third and fourth-line treatments). The ERG lack confidence in the final ICER presented.
Celgene’s revised economic model reports base case dominant ICERs, which significantly
depart from the ICERs presented in TA171. Furthermore the undertaken sensitivity analysis
consistently reports dominant ICERs, which is somewhat questionable.

Finally, when the ERG changed the duration of treatment with Bort, hence reducing the costs
associated with the drug, the final second-line ICER increased to £54,535. Whilst we do not
suggest that this is a reliable alternative ICER it shows the sensitivity of the model outcomes to
this parameter. To be noted is that no changes were made to Bort effectiveness. If treatment
only lasts for 8 months, as the ERG is suggesting, the effectiveness of Len/Dex would increase
(marginally) likely driving the ICER down.

It is the ERG conclusion that the approach taken to modelling the cost-effectiveness of

lenalidomide/dexamethasone compared with bortezomib for MM patients presented in this
submission needs to be fundamentally reconsidered.
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This document contains errata in respect of the ERG report in response to the manufacturer’s
factual inaccuracy check.

The table below lists the location of the change in the original ERG report and the nature of the

change.
Page no. Change
81 The manufacturer requested that the ERG clarifies that the consistency in the excel flow
sheets and the model structure are two different issues.
91 The ERG have overlooked the fact that where it is mentioned “Celgene clarified that the

second approach had been taken. However, Celgene’s explanation for excluding the
number of prior therapies as a covariate would only make sense if the first approach had
been taken.” this should in fact read “Celgene clarified that the first approach had been
taken. However, Celgene’s explanation for excluding the number of prior therapies as a
covariate would only make sense if the second approach had been taken.”

92 - 95 The ERG agreed that it would be most appropriate to compare the extrapolated PFS and
TTF curves against the KM curves for second-line patients.

104 - 106 | The ERG agreed that it would be most appropriate to compare the extrapolated OS
curves against the KM curves for second-line patients.

107 In light of the ERG sentence “However this is still an implausible scenario and a not
acceptable one, for the reasons explained before.” the manufacturer have requested that

the ERG remove “ and a not acceptable one” from the sentence aforementioned.
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The manufacturer revised the calculations related with third and-fourth line treatment options. It
was stated that minor amendments were performed.

Furthermore Celgene claimed to have made the excel flow sheets consistent across
intervention and comparator arms of the model. However, the issue initially raised by the ERG
was concerning the inconsistency between calculations in the intervention and the comparator
arms of the model and not to in the excel sheets layout.

ERG critique of the updated model

Having revised the updated economic model, the ERG still found some structural problems.
More specifically, the ERG noted again the previously found inconstancies in the model
structure across treatment and comparator arms and also a structural problem with the
evaluation of third and fourth line-treatment options. These are discussed below.

Figure 16 is a simplification of the model structure presented in the previous section and it focus
only on the second-line treatment option, therefore comparing Len/Dex with Bort as second line
drugs. Death is also a possible heath state (the absorbing one) but hasn’t been included in the
diagrams below for simplification purposes. The model structure for the intervention and the
comparator arms is presented separately.

The use of the PFS-T state as starting point in both arms of the model is appropriate for the
disease pathway. Patients can then progress (PD), in which case they stop the second line drug
or they can stop treatment but still be in the PFS state. This seems sensible considering
disease progression.

In the intervention arm of the model patients can go to the PFS-OT and the PD health states
and accrue the corresponding costs and QALYs, and then move to the third-line treatment. The
economic analysis of subsequent treatments only evaluated costs and not drug effectiveness.

However, in the comparator arm of the model, as soon as patients stop treatment (whether in
the PD or the PFS-OT state) they are assumed to immediately start a subsequent Len/Dex
third-line treatment. Therefore the costs and mortality benefits related to the third-line treatment
option (in this case Len/Dex) start accruing in the same cycle. This means that there is no clear
separation between second-line treatment outcomes and the beginning of the third-line
treatment option and respective outcomes.

To illustrate this with an example, in the same model cycle (28 days) Bort patients can fail
second-line treatment, move to a third-line treatment option (in this case Len) and also
experience the mortality benefits associated with Len/Dex treatment. This does not seem
clinically plausible as it represents a situation where within 28 days, patients who have just
stopped Bort treatment can experience the same mortality rate as a Len/Dex patient.
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One of the underlying reasons is that using baseline mean characteristics to adjust survival
curves might skew the curve if the mean values are also skewed. Other reasons include the
assignment of mean covariate values between 0 and 1 to dichotomous variables (for example,
gender) which are meaningless at the individual level and the fact that the method calculates
the hazard for a hypothetical average individual rather than a population-averaged value.
Alternative approaches could have been used by the manufacturer to adjust for baseline
characteristics (Ghali, 2001; Bradburn, 2003).

Additionally the choice of relevant predictors of PFS, TTF and OS (like, the beta-2 microglobulin
count) is not very transparent in the submission. For OS for example, the p-values for each
potential predictor suggest that the ECOG score of 1 is not a statistically significant predictor
(see Section 5.1.2 and Table 20 ). However, in the excel model this is included as a predictor in
the multivariate analysis. Also, for PFS and TTF it appears that only a few possible variables
were evaluated for their predictive relationship with survival data. All potential predictors (listed
in Section 5.1.2) should have been included in the analysis, otherwise a pre-selection will likely
bias the analysis.

Furthermore, Celgene decided to exclude the number of prior therapies as a potential outcome
predictor from all models. The reason used to substantiate this decision was that “the population
of interest is treated in the second-line setting”.

This is a very surprising argument given that in their initial request for clarification, the ERG
asked Celgene to clarify if for the original economic analysis:

1. The full MM-0010 dataset had been used, with resulting outcomes being adjusted with
covariate estimates for the second-line setting,

2. orif the dataset used in the analysis had been stratified and so only the second-line
treatment population was included in the economic analysis.

Celgene clarified that the first approach had been taken. However, Celgene’s explanation for
excluding the number of prior therapies as a covariate would only make sense if the second

approach had been taken.

Pre-progression on treatment to pre-progression off treatment (PES-T to PFS-OT) - second-line

Patients in the PFS-T health state are those for whom the disease has not progressed and who
are still on Len/Dex treatment. This condition is captured on one hand by progression-free
survival (PFS) individual level data in MM-010, which defines disease progression, and on the
other hand, by time to treatment failure (TTF) individual level data in MM-010, which defines
treatment continuation/failure.

Patients in the PFS-OT heath state are those form whom the disease has not progressed but
are not on Len/Dex treatment anymore (for example due to study withdrawal). As before, this
condition is captured by both PFS and TTF individual level data in MM-010.
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It is therefore crucial how PFS and TTF were extrapolated:
e Progression-free survival

A log-logistic distribution was used to fit the MM-010 PFS data in order to extrapolate the
study results to a 25 year horizon.

Celgene report undertaking visual inspections of the fitted curves and using Akaike
Information Criteria (AIC) and Bayesian Information Criterion (BIC) to assess the best model
fit. Although these are common steps in the assessment of fit process, they should not be
the only ones used (for example, to ensure external validity, the plausibility of the
extrapolated portion of the curves should also be assessed).

Even though in the original submission other distributions were used in sensitivity analysis
(for example the lognormal distribution), this was no longer the case for the updated model,
where only Gompertz and Gamma curves were used in sensitivity analysis due to other
reasons.

Furthermore, the ERG have the following concerns with Figure 13, presented in the previous
section (reported again below) and taken from the original submission (Figure 25) which
shows the KM PFS curve for Len/Dex as well as the fitted PFS curve:

1. Itis not very informative to show the curves only to the point where the KM curve ends.
The time period of the graph should be wide enough so the shape of the fitted curve is
observed in the longer term and a judgment can be made of the appropriateness of the
fitted curve in estimating PFS. Figure 19 shows the graph produced by the ERG, with a
time horizon of 25 years (1300 weeks). The fitted curve is presented alongside the KM
for the MM-010 second-line treatment subgroup.

2. The ERG could not replicate Figure 13. In the graph produced by the ERG (Figure 19)
the fitted curve does not seem to overlap the KM curve as perfectly as in the graph
produced by Celgene.
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Reproduction of Figure 13. KM plot and fitted log-logistic model for PFS (Figure 25 in
Celgene submission)
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Figure 1. KM plot and fitted log-logistic curve for PFS over 25 years produced by the ERG
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e Time to treatment failure

Similarly to PFS, a log-logistic distribution was used to fit the MM-010 TTF data in order to
extrapolate the study results to a 25 year horizon.

Celgene report undertaking visual inspections of the fitted curves and using Akaike
Information Criteria (AIC) and Bayesian Information Criterion (BIC) to assess the best
model fit. Again, other steps could have been taken to assess the appropriateness of the
distribution used.

As for PFS, other distributions should have been included in the sensitivity analysis. More
specifically, the ones that appeared to also be a good fit to MM-010 data (for example the
lognormal distribution).

The ERG also identified problems for Figure 14 (reported again below) which was taken
directly from the submission (Figure 26) and presents the KM TTF curve for Len/Dex as well
as the fitted TTF curve:

1. Itis not very informative to show the curves only to the point where the KM curve ends.
The time period of the graph should be wide enough so the shape of the fitted curve is
observed in the longer term and a judgment can be made of the appropriateness of the
fitted curve in estimating TTF. Figure 20 shows the graph produced by the ERG, with a
time horizon of 25 years (1300 weeks). The fitted curve is presented alongside the KM
for the MM-010 second-line treatment subgroup.

2. The ERG could not replicate Figure 14. In the graph produced by the ERG (Figure 20)
the fitted curve does not seem to overlap the KM curve as much as in the graph
produced by Celgene.
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Reproduction of Figure 14. KM plot and fitted log-logistic model for TTF (Figure 26 in
Celgene submission)

Kaplan-Meier vs Log-logistic Parametric
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Figure 2. KM plot and fitted log-logistic curve for TTF over 25 years produced by the ERG
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The ERG understand that crossing survival curves are a possible complication arising from
fitting data to different distributions. However, when this is observed, a different approach needs
to be taken which prevents the curves from crossing for example, using flexible models on the
hazard ratios (e.g. fractional polynomials). To note is that the piecewise exponential originally
used to fit OS data, would be more flexible in this sense than the log-logistic model.

It is the ERG opinion that Celgene’s decision to change the distribution used to model OS from
a piecewise exponential to a log-logistic distribution needs to be based on a stronger
justification than avoiding survival curves crossing. In fact, the distribution used to model OS
should be selected based on the criteria of best fit to the actual survival data and consider all
potential complications.

Figure 26 (produced by the ERG) shows the KM curve for MM-010 second-line population as
well as the fitted curve, produced by fitting a log-logistic distribution to OS data in MM-010.

Based on visual inspection of the curves, the fitted curve seems to be overestimating OS,
especially until week 100.

Figure 3. KM plot and fitted log-logistic curve for OS over 25 years —Len/Dex
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Additionally, the ERG tried to replicate Figure 15 (replicated below), which was taken from the
original submission (Figure 28) and shows the KM curve for OS as well as the extrapolated
curve produced by fitting an exponential piecewise model to OS data. The resulting curves are
presented in Figure 27. Unfortunately it was not possible to replicate Figure 15 (the same
problem was found for PFS and TTF original graphs) and based on Figure 27 produced by the
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ERG, even though the exponential piecewise curve seems a better fit until around week 50 it
seems to be a poor fit as time progresses.

Reproduction of Figure 15. KM plot and fitted exponential piecewise model for OS (Figure
28 in Celgene submission)
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Both Figure 27 and Figure 26 suggest that OS is overestimated in the economic model,
especially later in time. The economic model runs for approximately 25 years (1300 weeks) and
we can observe that when using the log-logistic distribution to fit OS data, by week 1300 around
11% of patients are still alive. As the population entering the economic model is 63 years old,
this would mean that approximately 11% of the MM population lives until the age of 88.

Furthermore, in the submission it is stated that for patients with stage | MM the median
expected survival is 62 months, while for patients with stage Ill disease the median survival is
reduced to 29 months. Again, these estimates reinforce the likelihood of the overestimation of
predicted survival in the economic model.
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Figure 4. KM plot and fitted piecewise exponential curve for OS over 25 years — Len/Dex
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Celgene also argue that “importantly the KM plots for PFS and OS do not cross at any point”
and that crossing is the result of different fitted parametric models with different long-term
characteristics.

The ERG question the validity of this argument as it would be truly impossible for KM curves to
cross in any case. As KM curves represent real data (instead of extrapolated data) having a
PFS KM curve crossing a OS KM curve would mean that in real life, the number of progression-
free patients would be higher than the number of patients alive, which is obviously implausible.

Celgene claim that it is unlikely that censoring affected the curve crossing seen in the model.
However, the ERG do not have enough evidence to assess this statement.

In summary, the ERG do not feel confident that the explanations and approaches followed by
the manufacturer truly addressed the initial problems raised.

The decision to change the distribution used to model OS from a piecewise exponential to a log-
logistic distribution is not based on a sound argument (i.e. preventing the survival curves from
crossing) and more importantly, does not solve the problem of the curves crossing.

Even though the OS curves do not cross the PFS and the TTF curves in the intervention arm of
the model anymore, Figure 28 and Figure 29 show how this is still a problem in the comparator
arm of the model.

The curves now cross later in time (in the original submission the curves crosses around week
600) with PFS and OS curves crossing each other around week 900 (19 years) and TTF and
OS curves crossing each other around week 1290, which corresponds to approximately 25
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years (note that the economic analysis lasts for 25 years). However this is still an implausible
scenario for the reasons explained before.

Figure 5. PFS and OS curves in the Bort arm of the model
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Figure 6. TTF and OS curves in the Bort arm of the model
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Issue 1

Overall Quality of the ERG Report

Description of
problem

General comment on the overall quality and accuracy of the ERG report.

Description of

The ERG report requires significant review and amendment and its overall quality requires improvement. Typographical errors,

proposed poorly constructed phrasing and basic factual errors require amendment before this report is presented to the Appraisal Committee
amendment as a source of evidence and basis for its deliberations.
Justification for . . . N . . .
Celgene is concerned that the version of the ERG report provided for review is potentially unreliable as a source of evidence for the
amendment Committee. The ERG is littered with typographical errors, poor and potentially misleading phrasing as well as basic factual
inaccuracies.
Issue 2 General Tone and Language Used by the ERG

Description of
problem

Celgene has significant concerns with regard to the style and tone of language adopted in the ERG report.

Description of

Celgene believes that the ERG report should be thoroughly reviewed and subjected to considerable editing to ensure that the

proposed report presents a balanced and sensible account of the Celgene submission with both strengths and weaknesses explored in an
amendment appropriate manner.

Justification for Throughout the document, points are fraught with opinion within summary sections where they should be descriptive and objective,
amendment before presenting a critical review. Some examples are:

e Page 55, in reference to statistical methods employed by Celgene: “It is claimed that Beta-2 microglobulin count ... were all
found to be significant predictors of PFS, TTF and OS in MM-010."

e Page 15, in reference to not assessing time to next treatment: “This departs from the outcome measures considered in the
scope.”

e Page 91, in reference to incorrectly citing Celgene’s response to ERG clarifications: “This is a very surprising argument
given that in their initial request for clarification, the ERG asked Celgene. ... [This approach] would only make sense if the
first approach had been taken.”

The ERG should be scientific and descriptive in critiquing any submission. The use of subjective and inflammatory language






throughout the ERG report sets an unprofessional negative tone, which may influence the Committee’s ability to assess the
decision problem objectively.

Issue 3

Difference in the ICER Compared to TA171

Description of
problem

On page 10 the statement is made:

e “Celgene’s revised economic model reports base case dominant ICERs, which significantly depart from the ICERs
presented in TA171.”

This is reiterated on page 125.

Description of
proposed
amendment

This statement is irrelevant to the decision problem and should be removed.

Justification for
amendment

The ERG's statement is irrelevant and misleading.

The original TA171 was based upon all patients treated after 1 prior therapy. This departs from the present decision problem, which
is concerned with patients treated in the second-line setting following prior bortezomib. This is a different patient population.
Furthermore, the data source used in TA171 is not the same and had included the APEX study with patients receiving bortezomib
for the first time i.e. not retreatment). As such, ICERs presented in TA171 are not relevant to the decision problem and should not
be compared with ICERs in the present submission.






Issue 4

Data Extrapolation Process

Description of
problem

On page 91 the statement is made:

“Furthermore, Celgene decided to exclude the number of prior therapies as a potential outcome predictor from all models. The
reason used to substantiate this decision was that “the population of interest is treated in the second-line setting”.

This is a very surprising argument given that in their initial request for clarification, the ERG asked Celgene to clarify if for the
original economic analysis:

1. The full MM-0010 dataset had been used, with resulting outcomes being adjusted with covariate estimates for the second-line
setting,

2. orifthe dataset used in the analysis had been stratified and so only the second-line treatment population was included in the
economic analysis.

Celgene clarified that the second approach had been taken. However, Celgene’s explanation for excluding the number of prior
therapies as a covariate would only make sense if the first approach had been taken.”

Description of
proposed
amendment

Celgene have previously confirmed to the ERG that the full MM-010 dataset with a covariate to adjust for the second-line setting
was the approach taken. This should be fully reflected in the ERG report.

Given this, the use of strong critical language such as “this is a very surprising argument” and “would only make sense if the first
approach had been taken” should be removed.

Additionally as explained to the ERG the impact of treatment in the second-line setting is taken into account within the approach
and therefore the statement that this was not accounted for is incorrect.

Justification for
amendment

The ERG's statement is factually incorrect.

In response to the ERG request for clarifications (question B8), Celgene confirmed that the full MM-010 dataset was used with a
covariate to adjust for the second-line setting. In the ERG questions, the two methods were listed in the opposite order to that
shown in the ERG report. In response to the ERG questions, Celgene confirmed that the second approach had been used — which
was the full dataset in response to the question posed. The ERG report does make a correct reference to Celgene’s response on
page 32, and is therefore inconsistent with itself.

Second-line treatment is included in the model as a binary variable (which is set to 0 when second-line treatment is to be
considered and 1 when third or later lines of treatment are to be considered). Second-line treatment is therefore not excluded in the






model in fact setting this variable to 0 includes only the predicted impact of second-line treatment (i.e. not later lines of therapy).

It is disappointing that the ERG have failed to consider Celgene’s response to their clarification request with due diligence. This
wrongly implies that Celgene have been inconsistent in their extrapolation methods. This could unfairly influence Committee
decision.

Issue 5

Poor

Fit of Parametric Models to Overall Survival Data

Description of
problem

The ERG report suggests that the parametric models used to characterise clinical outcomes provide poor fits to the MM-010 study
data, and potentially overestimate OS (pages 104-6).

In their summary of the issue, the ERG state that they present Figures 15 from the original submission. The ERG present figures
showing ill-fitting parametric models alongside Kaplan-Meier plots for OS.

Description of
proposed
amendment

Firstly, the ERG actually presents Figure 28 from the original submission, rather than Figure 15 as stated. This should be
corrected. Figure 15 within the original submission shows OS of the pooled MM-009 and MM-010 studies, stratified by number of
prior therapies. Figure 28 in the original submission shows the K-M plot and parametric curve fit for the full ITT population.

More importantly, the ERG'’s critique is based upon an invalid comparison of K-M plots and parametric curves. The K-M curve
produced by the ERG is that of the entire ITT population within MM-010, whereas the parametric models are based on ITT survival
adjusted using a second-line treatment covariate. The ERG based their critique upon comparing these items, which fundamentally
show different outcomes.

Justification for
amendment

The ERG have performed an invalid comparison, and therefore any assertion regarding how well the parametric models fit the data
based upon this is fundamentally incorrect.

Figure 28 in the original submission, described as Figure 15 in the ERG report, shows the K-M plot and fitted piecewise exponential
model for the entire ITT population; these can be compared like-for-like and the curve visually provides a strong fit to the data. This
was made clear in Celgene’s response to clarifications requested by the ERG (response to question B8, sent on 12 December
2013).






In response to the previous ERG requests, Celgene provided figures showing the K-M for second-line patients alongside the fitted
exponential model, based upon the ITT population adjusted using the second-line covariate. This is in line with the methodology
employed by Celgene, which was incorrectly described by the ERG (see Issue 3). MM-010 patients treated in the second-line
setting provide a small sample size, contributing to a less ‘smooth’ K-M plot and slightly weaker visual fit to the data compared to
the K-M plot and curve for the larger ITT population.

The ERG's apparent failure to consider Celgene’s response to their original request for clarifications on this matter is disappointing.
Suggestions of incorrectly estimated survival should not have been made based upon an invalid comparison of the full ITT
population with modelled survival which includes a second-line covariate. Any conclusions derived from this misunderstanding are
therefore factually incorrect and flawed.

Issue 6

Poor Fit of Parametric Models to PFS and TTF Data

Description of
problem

The ERG report suggests that the parametric models used to characterise clinical outcomes provide poor fits to the MM-010 study
data, and potentially overestimate PFS and TTF (pages 92-5).

In their summary of the issue, the ERG state that they present Figures 13 and 14 from the original submission. The ERG produces
figures showing ill-fitting parametric models alongside Kaplan-Meier plots for PFS and TTF.

Description of
proposed
amendment

The ERG actually presents Figures 24 and 26 from the original submission, rather than Figures 13 and 14 as stated. This should
be corrected. Figures 13 and 14 within the original submission show time to progression and PFS of the pooled MM-009 and MM-
010 studies, stratified by number of prior therapies. Figures 24 and 26 in the original submission show K-M plots and parametric
curves fit for the full ITT population.

The problem that occurred with the ERG’s critique of fitting parametric OS models is also apparent for PFS and TTF. The ERG’s
critique is again based upon an invalid comparison of K-M plots and parametric curves. The K-M curves produced by the ERG
represent the entire ITT population within MM-010, whereas the parametric models are based on the ITT population adjusted using
a second-line treatment covariate. The ERG based their critique upon comparing these items, which fundamentally show different
outcomes.

Justification for
amendment

The ERG have performed an invalid comparison, and therefore any assertion regarding how well the parametric models fit the data
based upon this is fundamentally incorrect.

Figures 24 and 26 in the original submission, described as Figures 13 and 14 in the ERG report, show the K-M plot and fitted log-
logistic models for the entire ITT population; these can be compared like-for-like, and the curves visually provides a good fit to the






data.

Celgene’s use of parametric models based upon the ITT population adjusted using the second-line covariate is in line with the
methodology employed, which was incorrectly described by the ERG (see Issue 3) of the present response. Suggestions of
incorrectly estimated PFS and TTF should not have been made based upon invalid comparisons of the full ITT population and
modelled estimates which include a second-line covariate.

This inaccuracy appears to stem from Issue 3, whereby the ERG failed to note that Celgene used the full MM-010 dataset with a
second-line covariate, as clarified at the ERG’s request. Any conclusions derived from this misunderstanding are therefore factually
incorrect and flawed.

Issue 7

Inconsistency in Recommendations Regarding Model Structure

Description of
problem

On pages 82 and 83 of their report, the ERG provide an alternative model structure which they argue would have been more
accurate than the model developed by Celgene, by incorporating progression at third-line.

On page 88 of their report, the ERG question the value of including treatment lines beyond second-line therapy in the cost-
effectiveness analysis.

These issues are raised again on page 124 of the ERG report, where it is first argued that a “post-relapsed” PFS state should have
been incorporated, and then questions the value of modelling the costs of third and fourth-line therapies.

Description of

The ERG report should be more consistent. Currently these two arguments are in opposition; it is unclear whether modelling

proposed subsequent therapies in increased detail or not at all would have been preferable.

amendment

Justification for . . . : .
amendment The ERG report is inconsistent in terms of what model structure it suggests Celgene should have adopted. On page 83 of their

report, the ERG provide a potential model structure including a “post-relapsed” PFS state, which would require the incorporation of
PFS on third-line therapy. On page 82 the ERG state that this alternative structure “to be more accurate” and that it “could be
adopted in both arms of the economic model”.

e Intheir MTA in 2010, undertaken as part of TA228, the Southampton Health Technology Assessments Centre (SHTAC)
developed a model which did not incorporate PFS “post-relapse”, but did include the cost of subsequent therapies.

However, on page 88 of their report, the ERG questions the value of including treatment lines beyond second-line, since “only cost
data is available” and “the basket of drugs considered might not accurately reflect current clinical practice.”

o Modelling the cost of subsequent therapy lines is not a novel modelling approach. It was undertaken by SHTAC in their
MTA as part of TA228. It takes into account costs which may be directly influenced by an intervention and are therefore






relevant to the decision problem.

e The ERG’s assertion that the basket of drugs might not accurately reflect current practice is correct in so far as any basket
of drugs at any line of treatment might not be a perfectly accurate reflection of clinical practice. However Celgene consulted
a UK real-world data source to inform this, to ensure the treatment basket modelled is founded by evidence and likely to be
valid.

e The ERG have failed to take account of the fact that the historical treatments forming BSC third-line (when lenalidomide is
not used) were allowed within the MM-010 trial and their effect is therefore already included in the OS curves presented.

e Additionally, the ERG concede that their alternative model structure would require additional effectiveness data to
understand how PFS and TTF occur for patients on “real-world” treatment baskets.

e Finally scenario analysis is provided around the proportion of patients receiving the cost and effect of third-line
lenalidomide (which includes adjustment for the additional efficacy of lenalidomide at third-line) on page 191, the ERG fall
to acknowledge this additional analysis and also fail to acknowledge the fact that the costs and efficacy of treatments other
than lenalidomide at third-line are highly unlikely to impact the ICER. The cost of other therapies as presented on page 81
is only £204 on the lenalidomide arm and as the efficacy of these other therapies is already included in the survival curves
from MMO10 as patients were allowed to receive best supportive care after lenalidomide in MM010, the same applies to
the Taverna study for bortezomib retreatment.

It is unclear whether the ERG would have been more favourable towards a model with subsequent therapy lines included or
excluded.

Issue 8

Parametric Curves Crossing Over

Description of
problem

The ERG criticise the fact that the parametric PFS and TTF curves cross with the OS curve in the cost-effectiveness analysis.

Description of

The removal of the following phrase from “and a not acceptable one” from the following statement page 107 of the ERG report:

proposed e “However this is still an implausible scenario and a not acceptable one, for the reasons explained before.”
amendment

Justification for . . . . : . . o
amendment To state that this is not acceptable is very strong negative language, serving to invalidate the cost-effectiveness model. This is

exaggerating the impact of curves crossing for the following reasons:

e Crossover occurs very late in the model, as noted in the ERG report, where the curve is purely based upon extrapolation






given there are no follow-up data at this stage.
e At the point of crossover the curves are very similar.

e Given the similarity of the curves, the pragmatic and logical amendment of using the OS curve is not fundamentally
detrimental to model outcomes.

0 Setting the time horizon to 924 weeks (17.7 years), just prior to any form of crossover, produces a dominant ICER
with the log-logistic curve used to characterise OS.

o Similarly, setting the time horizon to 404 weeks (7.7 years) with piecewise exponential OS still produces a
dominant ICER.

Issue 9

Inconsistency in Excel Model Patient Flow Sheets

Description of
problem

On page 81 the following statement is made:
e “Celgene claim to have made the excel flow sheets consistent across intervention and comparator arms of the model.
However, to the best of the ERG knowledge, no changes in the model structure were taken.”

Description of

The points about the Excel flow sheets being made consistent, and there being no changes to the model structure, should be fully

proposed separated.

amendment

Justification for Celgene did make amendments to the patient flow sheets of the Excel model, as noted in response the ERG'’s request for
amendment clarifications (page 5 of Celgene’s response to the final ERG clarification request). The intervention flow sheet layout was made

consistent with the comparator sheet, which requires an additional level of complexity since patients are able to receive
lenalidomide as a third-line therapy. Since patients on the intervention arm do not receive lenalidomide as a third-line treatment,
some of the columns in its structure became redundant and were been left blank for the intervention arm.

The statement in the ERG report could be misconstrued, in that the model structure and consistency in the model worksheets may
be viewed as the same issue. These were two different issues raised by the ERG; consistency in patient flow sheets is a technical
one, while critique of the model structure is a conceptual discussion.

Additionally, related to inconsistencies in the patient flow sheets, it would have been helpful for details of corrections the ERG claim
to have made to the model in their report. These were not provide and Celgene were therefore unable to assess the validity of such
amendments.






Issue 10

Treatment Pathway Diagram

Description of
problem

The ERG present a flow diagram showing the current care pathway on page 52 of their report (Figure 11). Table 33 and Table 39
present third-line treatment ‘baskets’ as applied in the cost-effectiveness analysis. The ERG note that these tables do not match
Figure 11.

Description of

e Etoposide use at third-line following Len/Dex should be 31%.

proposed e “Cisp/Dox/Etop” use at third-line following bortezomib should be 31%.
amendment
Justification for Celgene would like to take this opportunity to address these inaccuracies.
amendment
e Etoposide use at third-line following Len/Dex should be 31%, which is consistent with Tables 33 and 39.
e “Cisp/Dox/Etop” use at third-line following bortezomib should be 31%, which is the sum of cisplatin, doxorubicin and
etoposide use and is consistent with Tables 33 and 39.
Issue 11 Questioning the Selection of Relevant Comparators

Description of
problem

On page 12 the following statement is made:
e “Though Celgene justify their selection of comparator treatments it is unclear if this reflects clinical practice, particularly
given its rapidly evolving nature in relation to new combination regimens."

On page 15 the following statement is made:
e ‘“Thalidomide could potentially be a relevant comparator for second or third-line treatment options.”

Description of
proposed
amendment

These statement should be removed from the ERG report.

Justification for
amendment

Comparator treatments were established in the final scope, which was the result of extensive consultation with various sources
including myeloma experts and patients. It is outside the remit of the ERG to call into question the final scope. Further, it is not
relevant to decision problem for the ERG to comment on “new combination therapies”, which is ambiguous and may refer to
treatments which do not currently form any part of clinical practice.

The ERG go on to specify the exclusion of thalidomide as a comparator. Thalidomide was not included in the final scope and as
such the ERG’s statement is irrelevant to this submission.






Issue 12

Clinical Effectiveness Searches

Description of
problem

The ERG state that important information regarding the second clinical effectiveness search was not provided, which was
performed having removed restrictive terms (relapse/recurrence) from the initial search. The following statements is made on page
16 of the ERG report that:

e “Celgene have not indicated if their second searches located any additional studies for consideration which the ERG
consider to be crucial information.”

Description of
proposed
amendment

This statement should be removed from the ERG report.

Justification for
amendment

Celgene performed a second search in response to the ERG’s request for clarifications. Clarification B1 requested the following:

B1. Priority question: The search strategy limits searches by themes such as 'relapse' and 'recurrence' (page 216, lines 6-12
of the MEDLINE strategy), which could affect the retrieval of potentially relevant studies (e.g. Bendamustine studies).
Therefore:

e Please provide the rationale for this decision.
e Please re-run the effectiveness searches removing this cluster and list any additional studies not
previously identified.

In response to this request dated 12 December 2013, Celgene provided a spreadsheet containing second search results (with the
relapse/recurrence term removed). This was also provided within the original submission for the first search.

While it is correct that Celgene did not explicitly list any additional studies not previously identified, to state that this information was
not provided is factually incorrect. Provision of the results spreadsheet for the second search would have allowed the ERG to
compare the original and second set of search results.

Issue 13

Submission Failing to Present Time to Treatment Failure

Description of
problem

On page 47 on their report, the ERG are critical of TTF not being presented in the clinical effectiveness summary of the
submission. The following statement is made;
e “TTF was reported in both CSRs for the ITT population up to study unblinding and given its relevance to the economic
analysis, should have been included in the clinical evidence synthesis reported by Celgene.”






Description of

This statement should be removed from the ERG report.

proposed
amendment
Justification for . : . . . . : . .
Time to treatment failure was not requested in the final scope. This is presented in the economic section of the submission, where
amendment . ) . :
the outcome is used to inform the cost-effectiveness analysis.
Issue 14 Failing to Present Numbers at Risk for Overall Survival

Description of
problem

On page 39 on their report, the ERG state;
e ‘It can be noted that Figure 7 does not provide the number of patients at risk throughout time. We requested clarification
from the manufacturer regarding the number of patients at risks in MM-010, however the manufacturer failed to provide
these data.”

Description of
proposed
amendment

No amendment required, however, information provided for future clarity.

Justification for
amendment

It is acknowledged that the wrong figure was sent in response to the initial ERG questions. Please find the correct figure below
which is taken from Dimopolous 2007:
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Issue 1

Overall Quality of the ERG Report

Description of
problem

General comment on the overall quality and accuracy of the ERG report.

Description of

The ERG report requires significant review and amendment and its overall quality requires improvement. Typographical errors,

proposed poorly constructed phrasing and basic factual errors require amendment before this report is presented to the Appraisal Committee
amendment as a source of evidence and basis for its deliberations.

Justification for . . . N . . .

amendment Celgene is concerned that the version of the ERG report provided for review is potentially unreliable as a source of evidence for the

Committee. The ERG is littered with typographical errors, poor and potentially misleading phrasing as well as basic factual
inaccuracies.

ERG response

No issue of factual accuracy identified.

Issue 2

General Tone and Language Used by the ERG

Description of
problem

Celgene has significant concerns with regard to the style and tone of language adopted in the ERG report.

Description of

Celgene believes that the ERG report should be thoroughly reviewed and subjected to considerable editing to ensure that the

proposed report presents a balanced and sensible account of the Celgene submission with both strengths and weaknesses explored in an
amendment appropriate manner.

Justification for Throughout the document, points are fraught with opinion within summary sections where they should be descriptive and objective,
amendment before presenting a critical review. Some examples are:

e Page 55, in reference to statistical methods employed by Celgene: “It is claimed that Beta-2 microglobulin count ... were all
found to be significant predictors of PFS, TTF and OS in MM-010.”

e Page 15, in reference to not assessing time to next treatment: “This departs from the outcome measures considered in the
scope.”

e Page 91, in reference to incorrectly citing Celgene’s response to ERG clarifications: “This is a very surprising argument
given that in their initial request for clarification, the ERG asked Celgene. ... [This approach] would only make sense if the






first approach had been taken.”

The ERG should be scientific and descriptive in critiquing any submission. The use of subjective and inflammatory language
throughout the ERG report sets an unprofessional negative tone, which may influence the Committee’s ability to assess the
decision problem objectively.

ERG response

The ERG agree with the issue regarding page 91 of the report. Unfortunately we have overlooked the fact that where it is
mentioned “Celgene clarified that the second approach had been taken. However, Celgene’s explanation for excluding the number
of prior therapies as a covariate would only make sense if the first approach had been taken.” this should in fact read “Celgene
clarified that the first approach had been taken. However, Celgene’s explanation for excluding the number of prior therapies as a
covariate would only make sense if the second approach had been taken.” However, once the amendment is in place, the ERG
are confident in the appropriateness of their comment.

Issue 3

Difference in the ICER Compared to TA171

Description of
problem

On page 10 the statement is made:

e “Celgene’s revised economic model reports base case dominant ICERs, which significantly depart from the ICERs
presented in TA171.”

This is reiterated on page 125.

Description of
proposed
amendment

This statement is irrelevant to the decision problem and should be removed.






Justification for
amendment

The ERG's statement is irrelevant and misleading.

The original TA171 was based upon all patients treated after 1 prior therapy. This departs from the present decision problem, which
is concerned with patients treated in the second-line setting following prior bortezomib. This is a different patient population.
Furthermore, the data source used in TA171 is not the same and had included the APEX study with patients receiving bortezomib
for the first time i.e. not retreatment). As such, ICERs presented in TA171 are not relevant to the decision problem and should not
be compared with ICERs in the present submission.

ERG response

No issue of factual accuracy identified.

Issue 4

Data Extrapolation Process

Description of
problem

On page 91 the statement is made:

“Furthermore, Celgene decided to exclude the number of prior therapies as a potential outcome predictor from all models. The
reason used to substantiate this decision was that “the population of interest is treated in the second-line setting”.

This is a very surprising argument given that in their initial request for clarification, the ERG asked Celgene to clarify if for the
original economic analysis:

1. The full MM-0010 dataset had been used, with resulting outcomes being adjusted with covariate estimates for the second-line
setting,

2. orifthe dataset used in the analysis had been stratified and so only the second-line treatment population was included in the
economic analysis.

Celgene clarified that the second approach had been taken. However, Celgene’s explanation for excluding the number of prior
therapies as a covariate would only make sense if the first approach had been taken.”






Description of
proposed
amendment

Celgene have previously confirmed to the ERG that the full MM-010 dataset with a covariate to adjust for the second-line setting
was the approach taken. This should be fully reflected in the ERG report.

Given this, the use of strong critical language such as “this is a very surprising argument” and “would only make sense if the first
approach had been taken” should be removed.

Additionally as explained to the ERG the impact of treatment in the second-line setting is taken into account within the approach
and therefore the statement that this was not accounted for is incorrect.

Justification for
amendment

The ERG's statement is factually incorrect.

In response to the ERG request for clarifications (question B8), Celgene confirmed that the full MM-010 dataset was used with a
covariate to adjust for the second-line setting. In the ERG questions, the two methods were listed in the opposite order to that
shown in the ERG report. In response to the ERG questions, Celgene confirmed that the second approach had been used — which
was the full dataset in response to the question posed. The ERG report does make a correct reference to Celgene’s response on
page 32, and is therefore inconsistent with itself.

Second-line treatment is included in the model as a binary variable (which is set to 0 when second-line treatment is to be
considered and 1 when third or later lines of treatment are to be considered). Second-line treatment is therefore not excluded in the
model in fact setting this variable to 0 includes only the predicted impact of second-line treatment (i.e. not later lines of therapy).

It is disappointing that the ERG have failed to consider Celgene’s response to their clarification request with due diligence. This
wrongly implies that Celgene have been inconsistent in their extrapolation methods. This could unfairly influence Committee
decision.

ERG response

The ERG agree with Celgene. Unfortunately we have overlooked the fact that where it is mentioned “Celgene clarified that the
second approach had been taken. However, Celgene’s explanation for excluding the number of prior therapies as a covariate
would only make sense if the first approach had been taken.” this should in fact read “Celgene clarified that the first approach
had been taken. However, Celgene’s explanation for excluding the number of prior therapies as a covariate would only make sense
if the second approach had been taken.” However, once the amendment is in place, the ERG are confident in the appropriateness
of their comment.






Issue 5

Poor Fit of Parametric Models to Overall Survival Data

Description of
problem

The ERG report suggests that the parametric models used to characterise clinical outcomes provide poor fits to the MM-010 study
data, and potentially overestimate OS (pages 104-6).

In their summary of the issue, the ERG state that they present Figures 15 from the original submission. The ERG present figures
showing ill-fitting parametric models alongside Kaplan-Meier plots for OS.

Description of
proposed
amendment

Firstly, the ERG actually presents Figure 28 from the original submission, rather than Figure 15 as stated. This should be
corrected. Figure 15 within the original submission shows OS of the pooled MM-009 and MM-010 studies, stratified by number of
prior therapies. Figure 28 in the original submission shows the K-M plot and parametric curve fit for the full ITT population.

More importantly, the ERG's critique is based upon an invalid comparison of K-M plots and parametric curves. The K-M curve
produced by the ERG is that of the entire ITT population within MM-010, whereas the parametric models are based on ITT survival
adjusted using a second-line treatment covariate. The ERG based their critique upon comparing these items, which fundamentally
show different outcomes.

Justification for
amendment

The ERG have performed an invalid comparison, and therefore any assertion regarding how well the parametric models fit the data
based upon this is fundamentally incorrect.

Figure 28 in the original submission, described as Figure 15 in the ERG report, shows the K-M plot and fitted piecewise exponential
model for the entire ITT population; these can be compared like-for-like and the curve visually provides a strong fit to the data. This
was made clear in Celgene’s response to clarifications requested by the ERG (response to question B8, sent on 12 December
2013).

In response to the previous ERG requests, Celgene provided figures showing the K-M for second-line patients alongside the fitted
exponential model, based upon the ITT population adjusted using the second-line covariate. This is in line with the methodology
employed by Celgene, which was incorrectly described by the ERG (see Issue 3). MM-010 patients treated in the second-line
setting provide a small sample size, contributing to a less ‘smooth’ K-M plot and slightly weaker visual fit to the data compared to
the K-M plot and curve for the larger ITT population.

The ERG's apparent failure to consider Celgene’s response to their original request for clarifications on this matter is disappointing.
Suggestions of incorrectly estimated survival should not have been made based upon an invalid comparison of the full ITT
population with modelled survival which includes a second-line covariate. Any conclusions derived from this misunderstanding are






therefore factually incorrect and flawed.

ERG response

The ERG make mention to Figure 15 in the ERG report and not in the manufacturer submission. In the ERG submission, Figure 15
presents Figure 28 in Celgene’s submission and is sourced as such.

We agree with Celgene that it is more appropriate to compare the extrapolated curves against the KM curves for second-line
patients.

Issue 6

Poor Fit of Parametric Models to PFS and TTF Data

Description of
problem

The ERG report suggests that the parametric models used to characterise clinical outcomes provide poor fits to the MM-010 study
data, and potentially overestimate PFS and TTF (pages 92-5).

In their summary of the issue, the ERG state that they present Figures 13 and 14 from the original submission. The ERG produces
figures showing ill-fitting parametric models alongside Kaplan-Meier plots for PFS and TTF.

Description of
proposed
amendment

The ERG actually presents Figures 24 and 26 from the original submission, rather than Figures 13 and 14 as stated. This should
be corrected. Figures 13 and 14 within the original submission show time to progression and PFS of the pooled MM-009 and MM-
010 studies, stratified by number of prior therapies. Figures 24 and 26 in the original submission show K-M plots and parametric
curves fit for the full ITT population.

The problem that occurred with the ERG's critique of fitting parametric OS models is also apparent for PFS and TTF. The ERG's
critique is again based upon an invalid comparison of K-M plots and parametric curves. The K-M curves produced by the ERG
represent the entire ITT population within MM-010, whereas the parametric models are based on the ITT population adjusted using
a second-line treatment covariate. The ERG based their critique upon comparing these items, which fundamentally show different
outcomes.

Justification for
amendment

The ERG have performed an invalid comparison, and therefore any assertion regarding how well the parametric models fit the data
based upon this is fundamentally incorrect.

Figures 24 and 26 in the original submission, described as Figures 13 and 14 in the ERG report, show the K-M plot and fitted log-
logistic models for the entire ITT population; these can be compared like-for-like, and the curves visually provides a good fit to the
data.

Celgene’s use of parametric models based upon the ITT population adjusted using the second-line covariate is in line with the






methodology employed, which was incorrectly described by the ERG (see Issue 3) of the present response. Suggestions of
incorrectly estimated PFS and TTF should not have been made based upon invalid comparisons of the full ITT population and
modelled estimates which include a second-line covariate.

This inaccuracy appears to stem from Issue 3, whereby the ERG failed to note that Celgene used the full MM-010 dataset with a
second-line covariate, as clarified at the ERG’s request. Any conclusions derived from this misunderstanding are therefore factually
incorrect and flawed.

ERG response

The ERG make mention to Figure 13 and Figure 14 in the ERG report and not in the manufacturer submission. In the ERG
submission, Figure 13 and Figure 14 present Figure 25 and Figure 26 in Celgene’s submission, respectively, and are sourced as
such.

We agree with Celgene that it is more appropriate to compare the extrapolated curves against the KM curves for second-line
patients.

Issue 7

Inconsistency in Recommendations Regarding Model Structure

Description of
problem

On pages 82 and 83 of their report, the ERG provide an alternative model structure which they argue would have been more
accurate than the model developed by Celgene, by incorporating progression at third-line.

On page 88 of their report, the ERG question the value of including treatment lines beyond second-line therapy in the cost-
effectiveness analysis.

These issues are raised again on page 124 of the ERG report, where it is first argued that a “post-relapsed” PFS state should have
been incorporated, and then questions the value of modelling the costs of third and fourth-line therapies.

Description of

The ERG report should be more consistent. Currently these two arguments are in opposition; it is unclear whether modelling

proposed subsequent therapies in increased detail or not at all would have been preferable.

amendment

Justification for . . : . .
amendment The ERG report is inconsistent in terms of what model structure it suggests Celgene should have adopted. On page 83 of their

report, the ERG provide a potential model structure including a “post-relapsed” PFS state, which would require the incorporation of
PFS on third-line therapy. On page 82 the ERG state that this alternative structure “to be more accurate” and that it “could be
adopted in both arms of the economic model”.

e Intheir MTA in 2010, undertaken as part of TA228, the Southampton Health Technology Assessments Centre (SHTAC)
developed a model which did not incorporate PFS “post-relapse”, but did include the cost of subsequent therapies.

However, on page 88 of their report, the ERG questions the value of including treatment lines beyond second-line, since “only cost






data is available” and “the basket of drugs considered might not accurately reflect current clinical practice.”

Modelling the cost of subsequent therapy lines is not a novel modelling approach. It was undertaken by SHTAC in their
MTA as part of TA228. It takes into account costs which may be directly influenced by an intervention and are therefore
relevant to the decision problem.

The ERG's assertion that the basket of drugs might not accurately reflect current practice is correct in so far as any basket

of drugs at any line of treatment might not be a perfectly accurate reflection of clinical practice. However Celgene consulted
a UK real-world data source to inform this, to ensure the treatment basket modelled is founded by evidence and likely to be
valid.

The ERG have failed to take account of the fact that the historical treatments forming BSC third-line (when lenalidomide is
not used) were allowed within the MM-010 trial and their effect is therefore already included in the OS curves presented.

Additionally, the ERG concede that their alternative model structure would require additional effectiveness data to
understand how PFS and TTF occur for patients on “real-world” treatment baskets.

Finally scenario analysis is provided around the proportion of patients receiving the cost and effect of third-line
lenalidomide (which includes adjustment for the additional efficacy of lenalidomide at third-line) on page 191, the ERG fall
to acknowledge this additional analysis and also fail to acknowledge the fact that the costs and efficacy of treatments other
than lenalidomide at third-line are highly unlikely to impact the ICER. The cost of other therapies as presented on page 81
is only £204 on the lenalidomide arm and as the efficacy of these other therapies is already included in the survival curves
from MMO10 as patients were allowed to receive best supportive care after lenalidomide in MM010, the same applies to
the Taverna study for bortezomib retreatment.

It is unclear whether the ERG would have been more favourable towards a model with subsequent therapy lines included or
excluded.

ERG response

No issue of factual accuracy identified.

The ERG suggest an alternative model structure for the model presented by Celgene (i.e. for the model including third and fourth-
line treatment options). The ERG also acknowledges that this alternative structure would require additional data to be inputted into
the model.

Separately, the ERG question (and therefore suggest that the Committee consider) the value of including third and fourth-line
treatment options given data used in the model.






Issue 8

Parametric Curves Crossing Over

Description of
problem

The ERG criticise the fact that the parametric PFS and TTF curves cross with the OS curve in the cost-effectiveness analysis.

Description of

The removal of the following phrase from “and a not acceptable one” from the following statement page 107 of the ERG report:

proposed e “However this is still an implausible scenario and a not acceptable one, for the reasons explained before.”
amendment

Justification for . . . . : . . o
amendment To state that this is not acceptable is very strong negative language, serving to invalidate the cost-effectiveness model. This is

exaggerating the impact of curves crossing for the following reasons:

e Crossover occurs very late in the model, as noted in the ERG report, where the curve is purely based upon extrapolation
given there are no follow-up data at this stage.

e At the point of crossover the curves are very similar.

e Given the similarity of the curves, the pragmatic and logical amendment of using the OS curve is not fundamentally
detrimental to model outcomes.

0 Setting the time horizon to 924 weeks (17.7 years), just prior to any form of crossover, produces a dominant ICER
with the log-logistic curve used to characterise OS.

o Similarly, setting the time horizon to 404 weeks (7.7 years) with piecewise exponential OS still produces a
dominant ICER.

ERG response

We agree with Celgene that this might be seen as negative language. We will remove “ and a not acceptable one” from the
sentence aforementioned.

Issue 9

Inconsistency in Excel Model Patient Flow Sheets

Description of
problem

On page 81 the following statement is made:
e “Celgene claim to have made the excel flow sheets consistent across intervention and comparator arms of the model.
However, to the best of the ERG knowledge, no changes in the model structure were taken.”

Description of
proposed
amendment

The points about the Excel flow sheets being made consistent, and there being no changes to the model structure, should be fully
separated.






Justification for
amendment

Celgene did make amendments to the patient flow sheets of the Excel model, as noted in response the ERG’s request for
clarifications (page 5 of Celgene’s response to the final ERG clarification request). The intervention flow sheet layout was made
consistent with the comparator sheet, which requires an additional level of complexity since patients are able to receive
lenalidomide as a third-line therapy. Since patients on the intervention arm do not receive lenalidomide as a third-line treatment,
some of the columns in its structure became redundant and were been left blank for the intervention arm.

The statement in the ERG report could be misconstrued, in that the model structure and consistency in the model worksheets may
be viewed as the same issue. These were two different issues raised by the ERG; consistency in patient flow sheets is a technical
one, while critique of the model structure is a conceptual discussion.

Additionally, related to inconsistencies in the patient flow sheets, it would have been helpful for details of corrections the ERG claim
to have made to the model in their report. These were not provide and Celgene were therefore unable to assess the validity of such
amendments.

ERG response

Agreed. It can be made clearer that the consistency in the excel flow sheets and the model structure are two different issues.

Issue 10

Treatment Pathway Diagram

Description of
problem

The ERG present a flow diagram showing the current care pathway on page 52 of their report (Figure 11). Table 33 and Table 39
present third-line treatment ‘baskets’ as applied in the cost-effectiveness analysis. The ERG note that these tables do not match
Figure 11.

Description of

e Etoposide use at third-line following Len/Dex should be 31%.

proposed e “Cisp/Dox/Etop” use at third-line following bortezomib should be 31%.
amendment

Justification for Celgene would like to take this opportunity to address these inaccuracies.
amendment

e Etoposide use at third-line following Len/Dex should be 31%, which is consistent with Tables 33 and 39.

e “Cisp/Dox/Etop” use at third-line following bortezomib should be 31%, which is the sum of cisplatin, doxorubicin and
etoposide use and is consistent with Tables 33 and 39.






Issue 11

Questioning the Selection of Relevant Comparators

Description of
problem

On page 12 the following statement is made:
e “Though Celgene justify their selection of comparator treatments it is unclear if this reflects clinical practice, particularly
given its rapidly evolving nature in relation to new combination regimens."

On page 15 the following statement is made:
e “Thalidomide could potentially be a relevant comparator for second or third-line treatment options.”

Description of
proposed
amendment

These statement should be removed from the ERG report.

Justification for
amendment

Comparator treatments were established in the final scope, which was the result of extensive consultation with various sources
including myeloma experts and patients. It is outside the remit of the ERG to call into question the final scope. Further, it is not
relevant to decision problem for the ERG to comment on “new combination therapies”, which is ambiguous and may refer to
treatments which do not currently form any part of clinical practice.

The ERG go on to specify the exclusion of thalidomide as a comparator. Thalidomide was not included in the final scope and as
such the ERG'’s statement is irrelevant to this submission.

ERG response

No issue of factual accuracy identified.

Issue 12

Clinical Effectiveness Searches

Description of
problem

The ERG state that important information regarding the second clinical effectiveness search was not provided, which was

performed having removed restrictive terms (relapse/recurrence) from the initial search. The following statements is made on page

16 of the ERG report that:

e “Celgene have not indicated if their second searches located any additional studies for consideration which the ERG
consider to be crucial information.”

Description of
proposed
amendment

This statement should be removed from the ERG report.






Justification for
amendment

Celgene performed a second search in response to the ERG’s request for clarifications. Clarification B1 requested the following:

B1. Priority question: The search strategy limits searches by themes such as 'relapse’ and ‘recurrence’ (page 216, lines 6-12
of the MEDLINE strategy), which could affect the retrieval of potentially relevant studies (e.g. Bendamustine studies).
Therefore:

e Please provide the rationale for this decision.
e Please re-run the effectiveness searches removing this cluster and list any additional studies not
previously identified.

In response to this request dated 12 December 2013, Celgene provided a spreadsheet containing second search results (with the
relapse/recurrence term removed). This was also provided within the original submission for the first search.

While it is correct that Celgene did not explicitly list any additional studies not previously identified, to state that this information was
not provided is factually incorrect. Provision of the results spreadsheet for the second search would have allowed the ERG to
compare the original and second set of search results.

ERG response

No issue of factual accuracy identified. Celgene have not explicitly indicated if their second searches located any additional studies
for consideration.

Issue 13

Submission Failing to Present Time to Treatment Failure

Description of
problem

On page 47 on their report, the ERG are critical of TTF not being presented in the clinical effectiveness summary of the
submission. The following statement is made;
e “TTF was reported in both CSRs for the ITT population up to study unblinding and given its relevance to the economic
analysis, should have been included in the clinical evidence synthesis reported by Celgene.”

Description of
proposed
amendment

This statement should be removed from the ERG report.

Justification for
amendment

Time to treatment failure was not requested in the final scope. This is presented in the economic section of the submission, where
the outcome is used to inform the cost-effectiveness analysis.

ERG response

No issue of factual accuracy identified. Even though TTF was not requested in the scope it is a key input of the economic model.






Issue 14

Failing to Present Numbers at Risk for Overall Survival

Description of
problem

On page 39 on their report, the ERG st

ate;

e ‘It can be noted that Error! Reference source not found. does not provide the number of patients at risk throughout time.
We requested clarification from the manufacturer regarding the number of patients at risks in MM-010, however the
manufacturer failed to provide these data.”

Description of
proposed
amendment

No amendment required, however, information provided for future clarity.

Justification for
amendment

It is acknowledged that the wrong figure was sent in response to the initial ERG questions. Please find the correct figure below

which is taken from Dimopolous 2007:
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