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CONFIDENTIAL

NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Premeeting briefing

Ibrutinib for treating relapsed or refractory
mantle cell lymphoma

This premeeting briefing presents:

¢ the key evidence and views submitted by the company, the consultees and their
nominated clinical experts 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 includes information from the ERG before the

company has checked the ERG report for factual inaccuracies.

Key issues for consideration

Clinical effectiveness

e The NICE scope included rituximab plus chemotherapy (R-chemo) options as
comparators for ibrutinib. However, there appears to be no accepted standard of
care for patients with relapsed or refractory mantle cell ymphoma (R/R MCL).
Does the committee agree with the company that R-CHOP (rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisolone) is the most
commonly used regimen? Is it reasonable for the company to assume that R-

chemo regimens have equal efficacy?

e No randomised controlled trials (RCTs) were identified that compared ibrutinib
with any of the comparators listed in the NICE scope. The sole RCT compared
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ibrutinib with temsirolimus, which does not appear to be used in clinical practice.

To what extent can temsirolimus be used as a proxy for UK current care?

e Of the 3 ibrutinib studies, only 1 study was an RCT (RAY), the other 2 were single
arm studies (PCYC1104 and SPARK). All 3 were open-label and the ERG
considered they were prone to performance and measurement bias although it
considered RAY to be well-designed and of adequate quality. All studies
addressed the issue of measurement bias by having an assessment of the
primary outcome by an independent review committee (IRC) and were sufficiently
large and adequately powered for the primary endpoint of PES( RAY) or overall
response rate (SPARK and PCYC1104). What is the committee’s view of the

quality of the studies?

e The ERG considered that the populations of the 3 ibrutinib trials reflect the
demographic characteristics of the R/R MCL population that would be eligible for
ibrutinib treatment but that, in practice, patients may have more co-morbidities
than trial patients. Studies were international, with a small proportion of patients
from the UK (27 in RAY, 21 in PCYC1104 and 6 in SPARK). What is the

committee’s view on the generalisability of the studies to the UK clinical setting?

e The company reported that the populations in the 3 clinical trials of ibrutinib were
sufficiently similar in terms of baseline characteristics to allow for pooling of data.
Due to the paucity of evidence for ibrutinib for the treatment of R/R MCL, the ERG
considered it acceptable to combine the studies. What is the committee’s view of

the pooled analyses?

e The company conducted an indirect comparison comparing ibrutinib with
physician’s choice of treatment in which patients received a range of single-agent
chemotherapy regimens. The company adjusted the treatment effect from the
indirect comparison to account for the increased effectiveness expected by clinical
experts with the addition of rituximab to chemotherapy. The ERG did not agree
with the company’s 2 stage approach to estimating treatment effects for ibrutinib
compared with R-chemo and considered that a single stage approach using
random effects network meta-analysis would provide a better representation of
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the uncertainty in the resulting treatment comparisons. Due to concerns regarding
the evidence used to inform the indirect comparisons, the ERG considered that
the results should be interpreted with caution. What is the committee’s view of the

indirect comparisons? Which approach does the committee prefer?

e The ERG considered that there was considerable uncertainty in the clinical
evidence for ibrutinib, driven by: (a) the absence of RCT comparisons for ibrutinib
versus R-chemo and the limitations of the indirect comparison; (b) the presence of
treatment switching within RAY; (c) immaturity of the available OS data; and (d)
the use of other therapies beyond disease progression which are not used in
England. What is the committee’s view of the strength of the clinical evidence for

ibrutinib?

Cost effectiveness

e The ERG raised concerns about the company’s model structure, in particular that
the Markov approach makes a number of restrictive structural assumptions which
lead to a poor model fit to the available overall survival (OS) data for ibrutinib, and
that the use of post-progression survival may introduce selection bias. What is the

committee’s view of the company’s model structure?

e The ERG had several concerns regarding the company’s parametric survival
modelling, in particular the limited set of survivor functions considered for PFS
and that the hazards of pre-progression mortality and post progression survival
(PPS) were assumed to be constant. What is the committee’s view of the

parametric survival modelling?

e The ERG was concerned about the company’s approach to modelling time to
treatment discontinuation or death (TTD/D), and considered that none of the fitted
parametric survival curves provided a reasonable fit to the observed Kaplan-Meier
curve. The ERG considered that the Weibull function, used in the base case
analysis, led to a much longer tail compared with the observed Kaplan-Meier
curve, leading to an overestimation of the modelled drug costs for ibrutinib,
thereby inflating the ICER for ibrutinib compared with R-chemo. What is the

committee’s view on the company’s methods for modelling TTD/D?
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e The ERG raised concerns about the reliability of the HRQoL estimates used in the
company’s model, including uncertainty surrounding progression-free (0.78) and
post-progression (0.68) utility values, and issues with the duration of the disutility
(0.20) associated with R-chemo. However, it acknowledged that these factors did
not have a material impact on the ICER. What is the committee’s view of the

HRQoL estimates used?

e The company was concerned that HRQoL values elicited with the EQ-5D may
underestimate the true utility gain associated with ibrutinib. The ERG
acknowledged that there may be disconnect between the EQ-5D evidence from
RAY and clinical experience using ibrutinib. Does the committee consider that
HRQoL is adequately captured by the EQ-5D?

e The ERG raised concerns regarding the validity of the company’s sequential
model which compared ibrutinib followed by R-chemo against R-chemo alone in a
secondary analysis, and believed that this analysis should be disregarded. What

is the committee’s view of this analysis?

e The ERG highlighted that the company’s model-predicted OS did not appear to
provide a good visual fit to the observed Kaplan-Meier OS curve, overestimating
OS up to around 15.6 months and under-predicting OS beyond this timepoint,
suggesting that the survival gain in the ibrutinib group is likely to be
underestimated. The ERG therefore expressed concern about the credibility of the

results. Does the committee support this view?

e The results from the company’s model showed that the deterministic ICER for
ibrutinib compared with R-CHOP was £75,317 per QALY gained and the
probabilistic ICER was £75,878 per QALY gained. The ERG undertook 2 sets of
exploratory analyses. The first set (“Set A”) involved amending the parameter
values of the company’s model. The ERG’s preferred analysis within Set A
involved using the hazard ratio for PFS for ibrutinib versus R-CHOP from the
ERG’s random effects network meta-analysis, the use of the Kaplan-Meier curve
instead of a parametric (Weibull) curve to model time to treatment discontinuation
or death (TTD/D) for ibrutinib, and the truncation of the R-chemo QALY loss upon
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treatment discontinuation. This analysis resulted in a probabilistic ICER for
ibrutinib compared with R-CHOP of £63,340 per QALY gained. The use of
alternative utility values sourced from the literature for the progression-free and
post-progression states within the ERG's preferred analysis produced ICERs for
ibrutinib versus R-CHOP ranging from £59,952 to £60,417 per QALY gained.
What is the committee’s view of the ICERs estimated by the company and by the
ERG using the company’s model? Which assumptions does the committee

consider to be most plausible?

e The ERG considered that the company’s subgroup analysis according to number
of prior LOTs indicated the potential for an improved cost-effectiveness profile for
ibrutinib. Using the ERG’s preferred analysis within Set A, the ICER for ibrutinib
compared with R-CHOP for the subgroup of patients who had 1 prior LOT was
£44,711 per QALY gained (or £64,755 when estimated by the company),
considerably lower than for the overall population. However, the ERG was
concerned about the post hoc nature of the subgroup analyses and poor fit of the
PFS survivor function to the 1 prior LOT subgroup. What is the committee’s view

of the subgroup analyses?

e The ERG’s second set of exploratory analyses (“Set B”) explored the impact of
using a partitioned survival approach and involved amending the structure of the
company’s model such that OS data for ibrutinib from the pooled dataset was
used as an input. The ERG considered that this approach provided a better fit to
the OS data but involved using the outputs of a highly uncertain random effects
network meta-analysis. In this analysis, ibrutinib was dominated by R-CHOP. In
addition, the ERG estimated that, for the ICER to be below £50,000 per QALY
gained, the hazard ratio for OS for ibrutinib compared with R-CHOP would need
to be 0.39-0.40. What is the committee’s view of the ERG’s exploratory analyses
Set B?

e Which approach to modelling the cost-effectiveness of ibrutinib does the
committee prefer? What is the committee’s view on the most plausible ICER for

ibrutinib compared with R-chemo and the robustness of the estimates?
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Other

e The company considered ibrutinib to be innovative in the management of R/R
MCL as it offers the opportunity for daily dosing whilst minimising the duration of
side effects, and addresses a significant unmet need within the MCL treatment
pathway. The oral administration of ibrutinib also reduces the patient, carer and
NHS burden associated with current intravenous MCL treatments. Does the
Committee consider ibrutinib to be an innovative therapy?

e The company stated that ibrutinib meets all the criteria to be considered a life-
extending treatment at the end of life. Is the Committee satisfied that all the
criteria have been met, the estimates presented by the company are robust
enough and the assumptions used in the model are plausible, objective and

robust?

e The company suggested that ibrutinib might be suitable for cancer drugs fund
(CDF) funding with the collection of some specific additional data. However,
subsequent to this, the company indicated that it is applying for baseline
commissioning, not CDF funding. Does the committee consider that CDF funding

is appropriate?

1 Remit and decision problems

1.1 The remit from the Department of Health for this appraisal was: to
appraise the clinical and cost effectiveness of ibrutinib within its
marketing authorisation for treating relapsed or refractory mantle cell

lymphoma.
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Final scope issued by NICE

Decision problem addressed in
the submission

Comments from the
company

Comments from the ERG

Pop. Adults with R/R MCL. Adults with R/R MCL. The company felt that the | Same as the NICE scope.
decision problem matched | Studies presented were relevant
the final scope to the population, intervention

and outcomes of the decision
problem.

Int. Ibrutinib. Ibrutinib. The company felt that the | Same as the NICE scope.
decision problem matched | Studies presented were relevant
the final scope to the population, intervention

and outcomes of the decision
problem.

Com. e Rituximab, e Rituximab, Cyclophosphamide, The company felt that the Same as the NICE scope. No
cyclophosphamide, doxorubicin, vincristine and decision problem matched | studies providing comparator
doxorubicin, vincristine and prednisolone (R-CHOP) the final scope data reflecting UK clinical
prednisolone (R-CHOP) « Rituximab, cyclophosphamide, practice were identified.

e Rituximab, vincristine and prednisolone
cyclophosphamide, (R-CVP)
vincristine and prednisolone | o Fludarabine,
(R-CVP) cyclophosphamide and

¢ Fludarabine, rituximab (FCR)
cyclophosphamide and * Rituximab and cytarabine
rituximab (FCR) (RC).

e Rituximab and cytarabine
(RC).

Out. e Overall survival (OS) e OS The company felt that the | Same as the NICE scope.

« Progression-free survival e PES decision problem matched | Studies presented were relevant
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(PFS) e Overall response rate the final scope to the population, intervention
e Overall response rates e DOR/remission and outcomes of the decision
(overall response rate) e Time to new anti-lymphoma problem.
o Duration of response treatment/time to progression
(DOR)/remission e Adverse effects of treatment

e Time to new anti-lymphoma
treatment/time to
progression

e Adverse effects of treatment

¢ Health-related quality of life
(HRQoL).

HRQoL.

Abbreviations: ERG, evidence review group; Pop, population; Int, intervention; Com, comparators; Out, outcomes ; R/R MCL: relapsed or
refractory mantle cell ymphoma, RC: rituximab and cytarabine, R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine and
prednisolone, R-CVP: rituximab, cyclophosphamide, vincristine and prednisolone, FCR: fludarabine, cyclophosphamide and rituximab; OS:
overall survival; PFS: progression-free survival; ORR: overall response rate; DOR: duration of response; HRQoL: health-related quality of life
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The technology and the treatment pathway

Ibrutinib (Imbruvica, Janssen) is an inhibitor of a protein called Bruton’s
tyrosine kinase, which stops B-cell (lymphocyte) proliferation and
promotes cell death. It has a marketing authorisation in the UK for the
treatment of adult patients with relapsed or refractory mantle cell
lymphoma (R/R MCL) as well as for chronic lymphocytic leukaemia and
Waldenstrdm’s macroglobulinaemia. Ibrutinib is administered orally once

daily until disease progression or unacceptable toxicity (see Table 2).

The company has agreed a patient access scheme with the Department
of Health involving a single confidential discount applied to the list price
of ibrutinib. The Department of Health considered that this patient
access scheme does not constitute an excessive administrative burden
on the NHS.

Table 2 Technology (adapted from Table 9 in the company submission)

Ibrutinib Source
Marketing Treatment of adult patients with R/R MCL SmPC
authorisation
Administration | Oral; 4 x 140 mg capsules (560 mg) once daily until disease SmPC
method and progression or unacceptable toxicitie
dose
Acquisition List price: BNF 2016
cost * £4,599.00 for 90 x 140 mg capsules (£51.10 per capsule)
Sa;(_(lz_l)udlng * £6,132.00 for 120 x 140 mg capsules (£51.10 per capsule)
Discounted price:
.
.
Average cost | List price: BNF 2016,
of a course of | £78 550.92 (based on a 30-day month, therefore assuming a | Pooled
treatment cost of £6,132.00 for a one month supply, and 12.81 months | analysis of
[median PFS from the pooled analysis] of treatment) data
Discounted price:
based on a 30-day month, therefore assuming a
cost of for a one month supply, and 12.81 months
[median PFS from the pooled dataset] of treatment)

Abbreviations: SmPC: summary of product characteristics, VAT: value added tax, BNF:
British National Formulary, PAS, patient access scheme;

National Institute for Health and Care Excellence
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2.3 The draft NICE guidelines on the diagnosis and management of non-
Hodgkin's lymphoma note that MCL is a relatively rare disease and that
there is no accepted standard of care for patients with this condition
(publication of the final NICE guideline is expected July 2016). This is
supported in the company submission through reference to the
haematological malignancy research network (HMRN) audit, whereby
across the 79 patients who received chemotherapy for R/R MCL, 19
different approaches were used. The company reports that response to
first-line chemotherapy is often temporary and relapse rates are high.
Choice of treatment depends mainly on patient age and fitness. Younger
patients who are fit enough for high dose chemotherapy and autologous
peripheral blood stem cell transplantation in first remission should
receive a high dose cytarabine-containing regimen to achieve an optimal
remission, followed by allogeneic transplantation at relapse. An advisory
board held by the company highlighted that in clinical practice R-CHOP
is most commonly used as first relapse treatment for patients who are
able to tolerate it. For elderly and less fit patients R-CVP is the most
common treatment and for very frail patients R-chlorambucil is used.
Other options may include R- chlorambucil and R-bendamustine. Where
the patient has received one previous line of treatment, a different

regimen would typically be chosen following relapse.

2.4 Clinical guidelines by the European Society for Medical Oncology
(ESMO) strongly recommend newer targeted approaches in cases of
early relapse including drugs such as temsirolimus, bortezomib and
ibrutinib. Other than ibrutinib, temsirolimus is the only agent licensed for
use in R/R MCL in the EU; however is not used in clinical practice in
the UK. Bortezomib is only recommended by NICE for treating MCL in
previously untreated patients (technology appraisal 370).

3 Comments from consultees

3.1 The professional groups noted that there is an inevitable pattern of a

relapse with no curative therapy available for the majority of patients with
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MCL. It was noted that there was no standard of care for R/R MCL
although an alternative immune-chemotherapeutic from first line
treatment was normally employed. In the case of a very young and fit
patient an allogeneic transplant can be considered at relapse and this is
curative in around 30-40%. The professional groups also noted that
there are 4 novel licensed drugs for R/R MCL: bortezomib, lenalidomide,
temsirolimus and ibrutinib but the relative efficacy of these drugs as
single agents across comparative trials shows that ibrutinib is
significantly more active with the highest response rate, complete

response rate and longest progression free survival.

3.2 The professional groups noted that ibrutinib has the most favourable
side effects profile of the 4 drugs and that it appears to benefit all risk
groups irrespective of line of therapy. Therefore, it can be used to treat
old, frail patients where the conventional options are the least effective
and most toxic. In contrast it can also be used in very young patients as
an effective salvage therapy before an allogeneic transplant.

3.3 The professional groups noted that treatment is easy to deliver but
requires supervision in secondary care preferably through a specialist
lymphoma clinic. They noted no particular testing requirements for
patients and that monitoring for response was no different from that used
with conventional therapies. No specific education is required as the
drug has been widely used via the expanded access programme from

the company and the cancer drugs Fund.

3.4 The professional group noted that ibrutinib increases bruising and
bleeding in patients and that this requires cautious care with any form of

anti-coagulation and withdrawal of ibrutinib during operative procedures.

3.5 A statement from a patient organisation highlighted the severity and
diversity of symptoms experienced by patients with advanced R/R MCL
and the severe detrimental effects on quality of life in some cases.

Treatment options are limited which results in generally very poor
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outcomes for patients. Current treatment options available on the NHS
were said to be associated with increased toxicity, lower tumour-
reduction capability, and unpleasant side-effects. A significant proportion
of carers also reported the significant impact that current treatments

have on day-to-day life of both patients and carers alike.

The patient group also highlighted that the milder side effects and
improved efficacy of ibrutinib allowed patients to regain a good quality of
life, have fewer hospital visits/less travel and contribute more to society.
This had a corresponding impact on carers and patients' families. Given
that ibrutinib is administered orally (which is convenient and preferable to
most patients as set against traditional chemotherapy regimens), and
has limited and manageable side-effects and a well-tolerated toxicity
profile, the patient group viewed it as a step-change in the management
of MCL.

Clinical-effectiveness evidence

Overview of the clinical trials

4.1

4.2

The company identified 3 clinical trials of ibrutinib in the population
considered in this appraisal, that is, people with relapsed or refractory
mantle cell ymphoma (R/R MCL). One of the studies (RAY [MCL3001],
described hereafter as ‘RAY’, was a randomised controlled trial, the
other 2 studies (PCYC1104 and SPARK (MCL2001), described hereafter
as ‘SPARK’, were single arm studies.

RAY was a randomised, open-label, multicentre study that compared
ibrutinib with temsirolimus in patients who had received at least one prior
rituximab-containing chemotherapy regimen. Temsirolimus was chosen
as the comparator because it was the only therapy licensed in the
European Union for R/R MCL when the trial was initiated. The trial
included centres in 21 countries with 27 patients from 9 sites in the UK.
Patients (n=280) were stratified by previous therapy and simplified MCL
international prognostic index (MIPI) score and randomly assigned in a
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1:1 ratio to ibrutinib (n=139) or temsirolimus (n=141). All 139 patients in
the ibrutinib group and 139 of the 141 people in the temsirolimus group
received the assigned treatment (1 withdrew consent and 1 patient
experienced an adverse event before start of treatment).

4.3 The baseline demographics were similar in the 2 treatment groups. Over
70% of patients in both arms were male, approximately 62% were aged
>65 years and over 80% in both arms had stage IV disease at study
entry. The median number of prior lines of systemic therapy for MCL was
2 (range: 1-9 lines) in both arms and the median time from end of last
prior therapy to randomisation was 8.25 months in the ibrutinib arm and
7.03 months in the temsirolimus arm. In both arms, Eastern Cooperative
Oncology Group (ECOG) performance status was 0 in 48% of patients
and 1 in 51% of patients.

4.4 Ibrutinib (560 mg) was administered orally once a day on a continuous
21 day cycle whereas temsirolimus (175 mg) was administered
intravenously (IV) on days 1, 8 and 15 of the first cycle, followed by 75
mg IV on days 1, 8 and 15 of each subsequent 21-day cycle. Both
groups continued treatment until disease progression or unacceptable
toxic effects. The trial protocol was amended to allow patients in the
temsirolimus arm with confirmed progression of disease to formally
crossover to receive treatment with ibrutinib until disease progression or

unacceptable toxicity.

4.5 The primary outcome of RAY was progression free survival (PFS)
defined as the interval from the date of randomisation to the date of
disease progression as assessed by the independent review committee
(IRC), or date of death, whichever occurred first. Progressive disease
was determined according to the revised International Working Group
Criteria for non-Hodgkin’s lymphoma. Secondary outcomes included
PSF2, defined as the time interval between the date of randomisation
and the date of an event, where an event was defined as progressive

disease assessed by the IRC after the next line of therapy, death from
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any cause, or start of subsequent therapy if no disease progression is
noted. Secondary outcomes also included overall survival (OS), defined
as the duration from the date of randomisation to the date of death from
any cause. The survival time of patients still alive was censored on the
last date they were known to be alive or lost to follow-up. Other
secondary outcomes included one year survival rate, overall response
rate (overall response rate - the proportion of patients who had a
complete response or partial response as best overall response), time to
next treatment, duration of response, health related quality-of-life
assessed by EQ-5D and FACT-Lym, and safety.

4.6 In the 2 non-randomised, single-arm studies (PCYC1104 and SPARK)
ibrutinib 560 mg was administered orally once a day until disease
progression or unacceptable toxicity. The PCYC1104 trial (n=115)
included 18 centres in 4 countries (21 patients from 4 UK centres) and
included patients with R/R MCL classified as receiving prior bortezomib
treatment (22 cycles) or not receiving bortezomib treatment (<2 complete
cycles or no treatment). Patients had a median age of 68 years and had
received a median of 3 prior therapies. The SPARK trial enrolled 120
patients at 38 centres worldwide (6 patients from 2 UK centres) but only
included patients with R/R MCL who had received prior bortezomib
therapy. As this reflects a subset of the ibrutinib licensed indication, the
company felt that SPARK was less relevant than the RAY and
PCYC1104 studies. Patients in SPARK had a median age of 67.5 years
and had received a median of 2 prior therapies. The primary endpoint in
both SPARK and PCYC1104 was overall response rate.

4.7 The clinical evidence is supported by 2 real-world studies: a
Compassionate Use Programme (CUP), which recruited 715 patients
worldwide, including 154 in the UK (the highest level of enrolment
globally), and an Early Access Programme (EAP), which recruited 149
patients in the United States (see pages 101-105 of the company

submission).
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ERG comments — overview of clinical trials

4.8

4.9

4.10

The ERG reported that the company had identified all relevant trials and
that the studies presented were relevant to the population, intervention
and outcomes of the decision problem. Of the 3 included ibrutinib
studies, only 1 study was an RCT, the other 2 were single arm, lower
guality studies subject to selection bias. All 3 studies were open-label
which made them prone to performance and measurement bias although
the ERG considered RAY to be well- designed and of adequate quality.
However, all studies addressed the issue of measurement bias by
having an assessment of the primary outcome by an independent review
committee (IRC) and were sufficiently large and adequately powered for

their primary endpoint of PFS.

The ERG highlighted that no RCTs were identified by the company
comparing ibrutinib with any of the comparators listed in the NICE scope.
The sole RCT included compared ibrutinib to temsirolimus, a drug not

used in clinical practice in the UK.

The ERG noted that the populations of the 3 included trials reflect the
demographic characteristics of the R/R MCL population that would be
eligible for ibrutinib treatment. However, in practice, patients may have
more co-morbidities than trial patients. Studies were international, with a
small proportion of patients from the UK; therefore there may be
differences between the treatment pathways of trial patients and those in

current practice in England.

Clinical trial results

Randomised controlled trial results - RAY

411 All analyses on data from the RAY trial were performed on the ITT
population. The clinical cut-off for the primary analysis of PFS was
defined as the time at which approximately 178 PFS events were
observed (April 2015), at which time median follow up was 20 months.
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The study met its primary endpoint, demonstrating a PFS benefit of
ibrutinib compared with temsirolimus (median PFS 14.6 months versus
6.2 months) and providing a 57% reduction in the risk of disease
progression or death (hazard ratio [HR] 0.43, 95% confidence interval
[CI] 0.32 to 0.58, p<0.0001). Forty-one percent of patients in the ibrutinib
arm remained progression-free at 2 years compared with 7% in the
temsirolimus arm. The company reported that pre-planned subgroup
analyses showed internal consistency of the primary endpoint across all

subgroups.

Figure 1 Kaplan- Meier plot of PFS by IRC at 2 years in RAY (taken from CS, Figure 9, page 67)
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For the secondary outcome of PFS2 (for definition, see section 4.5),
values were significantly longer for ibrutinib than for temsirolimus (19.1
months compared with 11.3 months, HR 0.49, 95% CI 0.36 to 0.69,
p<0.0001). The company considered that the PFS2 results indicate how
treatment with ibrutinib or temsirolimus differentially affects the clinical
benefit of subsequent-line therapy, thereby providing an additional

measure of overall treatment effect.

After a median follow-up of 20.0 months, median OS has not been
reached in the ibrutinib arm, indicating that more than 50% of patients
were still alive at study cut-off. In contrast, median OS was 21.3 months

in the temsirolimus arm. The company reported that this represents a

16 of 53

Pre-meeting briefing — [relapsed or refractory mantle cell lymphoma: ibrutinib]

Issue date: [August 2016]



CONFIDENTIAL

24% reduction in the risk of death with ibrutinib (HR 0.76, 95% CI 0.53 to
1.09, p=0.1324), which was observed despite the crossover of 32
patients (23%) in the temsirolimus arm to the ibrutinib arm, thereby
confounding the estimate of OS for temsirolimus. The company
explained that the OS data for ibrutinib from RAY is immature and does
not reach statistical significance. However, the study was not powered to
observe a statistical OS benefit at interim analysis and the final data cut
is scheduled for November 2016 and will provide more mature data. The
company also highlighted that OS might be influenced by the clinical
benefit of subsequent anticancer therapies received following
progression on ibrutinib or temsirolimus, as these may affect post-
progression survival. Subsequent anticancer systemic therapy was
received by 31.7% of patients in the overall ibrutinib arm (60% of those
who progressed or died) and by 58.2% in the overall temsirolimus arm

(74% of those who progressed or died).

4.15 The overall response rate as determined by the IRC was significantly
higher for the ibrutinib arm (71.9%) compared with the temsirolimus arm
(40.4%). Median duration of response however was not reached for
patients who received ibrutinib at the time of clinical cut-off and was 7.0
months for patients in the temsirolimus group. Further details of
secondary outcomes results are given on pages 67-73 of the company

submission.

4.16 The company reported that a post-hoc analysis of PFS and overall
response rate by number of prior lines of therapy (LOT) demonstrated a
substantial PFS benefit for patients who received ibrutinib following 1
prior therapy compared with 2 or more (see Figure 15, page 79 of the
company submission). It also reported that the proportion of patients
achieving a complete response rather than a partial response was higher
when ibrutinib was used earlier in the treatment pathway (24.6% of
patients in the 1 prior LOT subgroup had a complete response,
compared with 18.4% in the 2 prior LOTs subgroup and 11.4% in the 3
or more prior LOTs subgroup).
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4.17 Health-related quality of life (HRQoL) was assessed using FACT-Lym, a
cancer-specific, non-preference based measure, with a lymphoma-
specific subscale, and EQ-5D, a generic preference-based measure.
Ninety percent of the study population completed the FACT-Lym at
baseline with 61.9% of patients treated with ibrutinib achieving a
clinically meaningful improvement in lymphoma symptoms compared
with 35.5% of patients treated with temsirolimus (p<0.0001). Median time
to improvement was reached in 6.3 weeks (95 % CI 3.6 to 9.7 weeks)
with ibrutinib compared with 57.3 weeks (95% CI 15.3 to 107.7 weeks)
with temsirolimus (HR 2.19, 95% CI 1.52 to 3.14, p<0.0001). Conversely,
significantly fewer ibrutinib patients (26.6%) experienced a clinically
meaningful worsening of lymphoma symptoms compared with 51.8% of
temsirolimus patients (p<0.0001). Symptom worsening occurred
significantly more slowly with ibrutinib than temsirolimus (median time to
worsening not reached versus 9.7 weeks, respectively (HR 0.27; 95%
Cl: 0.18, 0.41, p<0.0001). At baseline, EQ-5D mean utility values were
0.73 for both treatment arms. A statistically significant difference in EQ-
5D utility score favouring ibrutinib over temsirolimus was observed within
4 weeks and maintained through to week 49. EQ-5D utility values for
ibrutinib did not return to baseline level at any time point up to week 40;
in contrast mean change from baseline values with temsirolimus were
negative at all time points up to week 106, the longest available time
point at the clinical data cut-off as shown in Figure 2. The company
stated that as mean EQ-5D-5L domain-level change was <1 unit, this
may not equate to a change in EQ-5D health state and hence utility for

many patients.
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Table 3: Least square mean (95% CI) change from baseline in EQ-5D-5L utility score over time
in RAY (MCL3001), ITT analysis set (company submission, table 24, page 75)

Ibrutinib Temsirolimus Temlsbirolim_us Vs P value
rutinib
Analysis
set (ITT) 139 141 ) i
Baseline
Score, 130| 07302 | 120 0.73 (0.2) - -
mean
(SD)
LS mean change LS mean change
n from baseline n from baseline
(95% ClI) (95% CI)
0.03 (-0.00, -0.07 (-0.10, - -0.09 (-0.13, -
Week 4 108 0.05) 84 0.05) 0.05) <0.0001
0.02 (-0.00, -0.07 (-0.09, - -0.09 (-0.13, -
Week 7 101 0.05) 71 0.04) 0.05) <0.0001
0.02 (-0.00, -0.06 (-0.09, - -0.09 (-0.12, -
Week 10 94 0.05) 59 0.03) 0.05) <0.0001
0.02 (-0.01, -0.06 (-0.09, - -0.08 (-0.12, -
Week 13 93 0.05) 48 0.03) 0.05) <0.0001
0.02 (-0.01, -0.06 (-0.09, - -0.08 (-0.12, -
Week 16 88 0.05) 41 0.03) 0.04) <0.0001
0.02 (-0.01, -0.06 (-0.09, - -0.08 (-0.11, -
Week 19 79 0.04) 40 0.03) 0.04) <0.0001
0.02 (-0.01, -0.06 (-0.09, - -0.07 (-0.11, -
Week 22 78 0.04) 30 0.03) 0.04) 0.0001
0.01 (-0.01, -0.05 (-0.08, - -0.06 (-0.10, -
Week 31 64 0.04) 23 0.02) 0.03) 0.0010
0.01 (-0.02, -0.05 (-0.08, - -0.05 (-0.09, -
Week 40 53 0.04) 21 0.02) 0.01) 0.0073
0.00 (-0.03, -0.04 (-0.08, - -0.05 (-0.09, -
Week 49 52 0.03) 17 0.01) 0.00) 0.0387
Week 58 45 000033) (-0.03, 13 | -0.04 (-0.07, 0.00) | -0.04 (-0.08, 0.01) | 0.1327
Week 82 12 00003% (-0.05, 1 |-0.02(-0.07,0.03) | -0.01 (-0.07, 0.05) | 0.7340
Week 106 3 000022) (-0.07, 2 |-0.01(-0.07,0.05) | 0.02 (-0.06, 0.09) | 0.6857
LS: least squares, Cl: confidence interval, TEM: temsirolimus.
Source: RAY (MCL3001) CSR®®
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Table 4: Summary of clinical trial outcomes from RAY (MCL3001)

RAY(MCL3001)
Ibrutinib (n=139) Temsirolimus
(n=141)
Progression-Free Survival - PES (ITT analysis)
Median: months (95% CI) 14.6 (10.4; NE) 6.2 (4.2;7.9)

HR (95% CI)

0.43 (0.32; 0.58), p<0.0001

Progression-free survival rate (at 2 years)

41% 7%

Progression-Free Survival in next line

therapy - PFS2 (ITT analysis)

Median PFS2, months

19.1 | 11.3

HR (95% CI)

0.49 (0.36; 0.69), p<0.0001

Overall Survival-OS (ITT analysis)

Median OS, months

Not reached ‘ 21.3

HR (95% CI)

0.76 (95% CI: 0.53; 1.09) p=0.1324

Overall survival rate (at 12 months)

68% | 61%

Overall Response Rate - Complete Response (CR) OR Partial Response (PR)-

ORR

Overall response rate (CR or PR), n (%)

100 (71.9%) | 57 (40.4%)

OR (95% CI)

3.98 (2.38, 6.65)

Duration of response-DOR

Median (95% CI)

NE (16.2, NE)* 7.0 (4.2, 9.9

18-month DOR rate (95% CI)

0.58 (0.46-0.68)* 0.20 (0.09-0.35)*

Quality of life (QoL)- FACT-Lym

Median time to improvement, weeks (95%
Cl)

6.3(3.6,9.7) 57.3 weeks (15.3,

107.7)

HR (95% CI)

2.19(1.52, 3.14), p<0.0001

Quality of life (QoL)- EQ-5D

Least square mean (95% CI) change from | 0.03 (-0.00, 0.05) 0.03 (-0.00, 0.05)
baseline in EQ-5D utility score at week 4 n=108 n=84

Least square mean (95% CI) change from | 0.01 (-0.02, 0.04) -0.05 (-0.08, -0.02)
baseline in EQ-5D utility score at week 40 | n=53 n=21

ITT: intention-to-treat, Cl: Confidence interval, HR: Hazard ratio, OR:

Odd’s ratio NE: Not

estimable, PFS: Progression-free survival, TEM: temsirolimus
* Duration of response was derived for patients who achieved complete response or partial
response (ibrutinib (n=100) and temsirolimus(N=57))

Single arm trials - results

4.18

Results from the single arm PCYC1104 study (described in section 4.6)

showed that, at a median follow-up of 15.3 months, the investigator

assessed overall response rate was 68% in the total patient cohort (67%
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in patients who had received prior bortezomib (that is, 22 cycles) and
68% in bortezomib-naive patients (that is, people who had received <2
complete cycles or no bortezomib treatment). This overall response rate
was maintained at the final analysis performed at median follow-up of
26.7 months. Secondary outcomes for the interim and final analysis are
shown in Table 5. The company reported that the median PFS of 13.0
months (from the final analysis) is consistent with that observed in RAY
(14.6 months) and that, due to the long-term follow-up, the study

provided an estimate of median OS of 22.5 months.

Table 5: PCYC1104 secondary end-points (company submission, table 33, page 92)

(n=63) (n=48) L=
Median DOR (95% CI), months
At 15.3 month follow-up 15.8 (5.6, NE) NE 17.5 (15.8, NE)
At 26.7 month follow-up NR NR 17.5 (14.9, NE)
Median PFS (95% CIl), months
At 15.3 month follow-up 7.4 (5.3, 19.2) 16.6 (8.3, NE) 13.9 (7.0, NE)
At 26.7 month follow-up NR NR 13.0(7.0, 17.5)
Median OS (95% Cl), months
At 15.3 month follow-up NE (10.0-NE) NE (11.9-NE) NE (13.2, NE)
At 26.7 month follow-up NR NR 22.5(13.7, NE)
NE: Non evaluable, PFS: progression-free survival, OS: overall survival, NR: not reported.
Source: Wang, 201337; Wang 2015%

4.19

4.20

Results from the single arm SPARK study (described in section 4.6)
showed that the overall response rate was 62.7% in the response
evaluable (RE) population (n=110) of which CR was 20.9%, and 57.5%
in the treated population (n=120). The median PFS was 10.5 months
and median OS was not reached at a median follow-up of 14.9 months.
The company reported that an estimated 61% of patients were alive 18

months after initiation of ibrutinib treatment.

SPARK demonstrated quality of life improvements with ibrutinib

treatment. |
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Both measures of EQ-5D-5L: VAS and utility values showed small but

gradual improvement from baseline over the duration of the study.

ERG comments - clinical trial results

4.21

4.22

The ERG noted that at the time of the company’s submission, median
OS had not been reached in the ibrutinib arm of the RAY or SPARK
trials but the OS rate at 18 months for ibrutinib-treated patients was
similar across studies (RAY - |, PCYC1104 - 58.2%; SPARK - 61%).
The ERG was uncertain if the lack of a significant OS benefit in RAY was
due to the use of subsequent therapies beyond progression (including
treatment switching in the temsirolimus arm) or the lack of adequate
power for this outcome. The ERG highlighted that the temsirolimus arm
in RAY reported better outcomes than those reported in the temsirolimus
arms of the trial used in the indirect comparison (OPTIMAL study) and
the HMRN audit. The ERG was uncertain how much of this difference
was due to temsirolimus treatment, differences in populations between

trials and routine practice, and the use of other therapies.

The ERG agreed that median PFS and overall response rate assessed
by IRC was similar for ibrutinib treated patients across studies. It also
agreed that the evidence from both RAY and SPARK showed clinically
meaningful improvement in HRQoL for approximately [JJjj of patients
treated with ibrutinib. The ERG noted that there are potential advantages
for both patients and clinicians with ibrutinib as it is administered orally,
and that this may impact on HRQoL.

Meta-analyses/indirect comparison/MTC

Pooled analysis of RAY, SPARK and PCYC1104

4.23

The company reported that the populations in the 3 clinical trials of
ibrutinib were sufficiently similar in terms of baseline characteristics to
allow for pooling of data for PFS, OS and overall response rate
outcomes. This was on the basis that all the studies evaluated patients

with R/R MCL, inclusion and exclusion criteria were similar across the
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trials, and prior exposure to bortezomib before ibrutinib treatment (the
key difference between SPARK and the other 2 studies, see section 4.6)

was found not to be prognostic in secondary analyses.

4.24 An estimate of the efficacy of ibrutinib was carried out through
exploratory analyses conducted using Kaplan—Meier estimates for PFS
and OS. Univariate and multivariate analyses were also conducted with
hazard ratios to allow for comparisons of variables. A total of 370
patients were included in the analysis. The company reported that the
analysis demonstrated consistency of results across the trials and
informs estimates of long-term survival, by making use of the longer-
term data from PCYC1104.

4.25 The results of the pooled analysis for PFS and OS are shown in Table 6
for both IRC and investigator assessments. The company reported that
the results of the pooled dataset demonstrate similar estimates of
median PFS and OS to the individual trials informing the analysis.
Median OS was 25.0 months (95% CI 21.59 to not evaluable) compared
with the median OS of 22.5 months reported in PCYC1104. Median PFS
results across RAY, PCYC1104 and SPARK were 14.6 months (95% ClI
10.4 to not evaluable), 13.0 months (95% CI 7.0 to 17.5) (at longest
available follow-up) and 10.5 months (95% CI 4.4 to 15.0), respectively.
The company reported that the pooled median PFS by IRC of 12.81
(8.48, 16.56) is therefore consistent with these results. A pooled overall
response rate estimate of 66.22% was also derived (see Table 7),
compared with the 68% and 71.9% response rates observed in
PCYC1104 and RAY respectively.
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Table 6: Pooled analysis PFS and OS (company submission, table 40, page 107)

PFS IRC *
Median (95% CI)

PFS INV
Median (95% CI)

oS
Median (95% CI)

Overall population (n=370) 12.81 (8.48, 16.56) ] 25.00 (21.59, NA)
1LOT (n=99) ] ] ]
>1 LOT (n=271) ] I I

LOTs: lines of treatment, PFS: progression-free survival, Cl: confidence interval, OS: overall survival, ORR:
overall response rate, NE: not evaluable, IRC Independent Review Committee, INV: Investigator.
* No IRC-assessed PFS available for PCYC-1104, therefore for INV-assessed PFS | used for PCYC-1104

Table 7: Pooled analysis overall response rates (based on updated datacut of PCYC1104 and
SPARK, company submission, table 41, page 108)

IRC ORR INV ORR
Overall population (n=370) Bl 66.22%) [
1 LOT (n=99) I I
>1 LOT (n=271) ] ]

LOTs: lines of treatment, ORR: overall response rate, IRC Independent Review Committee, INV: Investigator.
Based on updated data-cut of PCYC1104 and SPARK

4.26

In addition, results for the pooled analysis of the subgroups of patients
who received 1 prior line of therapy (LOT) and >1 prior LOT indicate that,
for all 3 outcomes (PFS, OS and overall response rate), the results were
improved when R/R MCL patients received ibrutinib early in the
treatment pathway. The company reported that this reinforces the
findings of the post-hoc analysis of RAY (see section 4.14).

Indirect and mixed treatment comparisons

4.27

National Institute for Health and Care Excellence

Due to the lack of direct head-to-head trial evidence for ibrutinib against
a comparator reflective of current UK clinical practice, the company
presented an indirect treatment comparison (ITC) based on Bucher et al.
comparing ibrutinib with physician’s choice (PC) of treatment in the
OPTIMAL study (Hess, 2009). This was the only study identified by the
company’s systematic literature review that contained a potentially
relevant comparator and permitted an ITC to ibrutinib via a shared
temsirolimus comparator with the RAY study. OPTIMAL was a

multicentre open-label randomised controlled trial that compared
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temsirolimus with single agent treatment as per PC in patients with R/R
MCL after 2 to 7 prior therapies. The study included 2 temsirolimus
treatment arms with different dosing (175/75 mg and 175/25 mg [results
of the 175/25 mg arm were not considered in the ITC, as the dose did
not match the temsirolimus dose used in RAY]) and a PC arm in which
patients received a range of single-agent chemotherapy regimens
(primarily gemcitabine IV [42%] and fludarabine 1V [23%]). The company
acknowledged that, although there is no standard of care for R/R MCL,
the most prominent therapies used in current clinical practice combine
rituximab with chemotherapy (R-chemo) and that the single agent
chemotherapy regimens used in the PC arm of OPTIMAL therefore do
not fully reflect current UK clinical practice.

Data from OPTIMAL that informed the ITC included the IRC-assessed
overall response rate odds ratio, IRC-assessed PFS hazard ratio, and
the OS hazard ratio. The IRC-assessed overall response rate odds ratio,
IRC-assessed PFS hazard ratio, and the OS hazard ratio for ibrutinib
compared with temsirolimus from the clinical study report of the RAY

study were used. The ITC is shown diagrammatically below in Figure 2:

Figure 2. ITC between ibrutinib (RAY and PC (OPTIMAL) via temsirolimus (company
submission, figure 16, page 83)

Ibrutinib PC

RAY (MCL3001) Hess, 2009

Temsirolimus vs
PC

Temsirolimus
175/75 mg

Ibrutinib vs
temsirolimus

Ibrutinib vs PC
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The ITC produced hazard ratios for ibrutinib compared with PC of 0.19
for PFS and 0.59/0.61 for OS (depending on the time point for OS
presented in OPTIMAL). The results are shown in Table 8.

Table 8: ITC results (company submission, table 28, page 84)

Ibrutinib vs PC
QOutcome ORR PFS 0S
Result 60.26 [7.07,513.4] 0.19]0.1, 0.36] July 19th 2007: 0.59 [0.31,
1.09]
February 1st 2008: 0.61
[0.34, 1.1]

PC: Physician's choice, ORR: overall response rate, PFS: progression-free survival, OS: overall survival

4.30

The company adjusted the treatment effect from the ITC to account for
the increased effectiveness expected by clinical experts with the addition
of rituximab to chemotherapy. This was based on information on the
benefit of R-chemo compared with single agent chemotherapy derived
from the Haematological Malignancy Research Network (HMRN) audit of
118 first line MCL patients, which estimated that the hazard ratio
associated with adding rituximab to chemotherapy on PFS (adjusted for
differences in patient characteristics) was 0.69 (95% CI 0.42-1.13). The
final PFS hazard ratio, estimated for ibrutinib versus R-chemo using data
from the ITC with the effect of adding rituximab from the HMRN audit,
was 0.28.

ERG comments — meta-analysis/indirect comparison

4.31

4.32

The ERG noted that pooling of trials should be conducted at the
treatment effect level, but that this is not possible for PCYC1104 and
SPARK as the single-arm studies do not provide an estimate of
treatment effect. However, due to the paucity of evidence for the use of
ibrutinib for the treatment of R/R MCL, the ERG considered it acceptable
to combine the ibrutinib studies.

The ERG had a number of concerns about the evidence used to inform

the company’s indirect comparison. For example, patients in OPTIMAL
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were more heavily pre-treated than patients in RAY, and patients in the
temsirolimus arm of OPTIMAL had more prior LOTs than patients in the
temsirolimus arm of RAY. In addition, the company had performed an
adjustment to the hazard ratio for PFS to account for the additional
effectiveness of using rituximab alongside chemotherapy using data
from the HMRN audit, which does not specifically relate to patients with
R/R MCL, does not differentiate between chemotherapy regimens and
has been estimated only in patients achieving a response (n=108). The
ERG noted that no such adjustment for the use of rituximab was
conducted for OS, and that this could have been done using OS data on
rituximab plus fludarabine, cyclophosphamide and mitoxantrone (FCM)
compared with FCM alone in people with R/R MCL from Forstpointner et
al. The ERG also noted that the indirect comparison assumed that all R-
chemo options have equivalent efficacy, whereas an adviser to the ERG
suggested that R-bendamustine would be the treatment of choice rather
than R-CHOP.

4.33 The ERG did not agree with the company’s 2 stage approach to
estimating treatment effects for ibrutinib compared with R-chemo and
considered that a single stage approach using a random effects network
meta-analysis (NMA) would provide a better representation of the
uncertainty in the resulting treatment comparisons. Based on additional
analyses performed by the ERG, ibrutinib was associated with a slower
rate of disease progression, compared with R-chemo, but with
considerable uncertainty (random effects HR = 0.27, 95% CI 0.06 to
1.26). The ERG estimated that the hazard ratio for OS when ibrutinib
was compared with R-chemo ranged from 0.98 to 1.96. The ERG
reported that this illustrates the high level of uncertainty for this
comparison with large differences in the median hazard ratio depending
on the data source used for the rituximab arm of the network (HMRN or
Forstpointner). Due to concerns regarding the evidence used to inform
the indirect comparisons, the ERG considered that the results should be
interpreted with caution.

National Institute for Health and Care Excellence 27 of 53
Pre-meeting briefing — [relapsed or refractory mantle cell lymphoma: ibrutinib]
Issue date: [August 2016]



CONFIDENTIAL

Adverse effects of treatment

4.34 Although median duration of treatment exposure was nearly 5-fold
higher in the ibrutinib arm compared with the temsirolimus arm in RAY,
the overall incidence of treatment emergent adverse effects was lower in
the ibrutinib arm. There were 94 (68%) ibrutinib patients with grade 3 or
higher adverse effects compared with 121 (87%) patients on
temsirolimus. In the ibrutinib arm, 6.5% of patients discontinued
treatment due to adverse effects compared with 25.5% in the
temsirolimus arm. Overall, the most common adverse effects in the
ibrutinib arm (= 20% of patients) were diarrhoea (29%), cough (22%) and
fatigue (22%). The most frequently occurring grade 3 or higher adverse
effects (= 10% of patients in any treatment arm) were neutropenia
(ibrutinib: 12.9%, temsirolimus: 16.5%), thrombocytopenia (ibrutinib:

9.4%, temsirolimus: 42.4%), anaemia (ibrutinib: 7.9%, temsirolimus:

20.1%), and |
-
|
-
I Non-randomised

data from the 2 single arm ibrutinib studies followed a similar safety
profile to RAY, and the safety profile of ibrutinib from 2 real-world studies

(see section 4.7) was consistent with those found in the clinical trials.

ERG comments — adverse effects of treatment

4.35 The ERG agreed that there was an improved adverse event profile in the
ibrutinib arm of RAY compared with temsirolimus, and that the results

were broadly consistent across the ibrutinib studies.

5 Cost-effectiveness evidence

Model structure

51 The company developed a de novo cost effectiveness model to assess

the cost-effectiveness of ibrutinib for treating R/R MCL compared with R-
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chemo (R-CHOP in the base case, R-CVP, FCR, RC and a blended
comparison of all 4 R-chemo options weighted according to expected
usage in scenario analyses). The company used a Markov model
comprising 3 health states: pre-progression, post-progression and death
as shown in Figure 10. It used 4-week cycle lengths (with half-cycle
corrections), a time horizon of 15 years, and discounted costs and

outcomes at a rate of 3.5%.

Figure 3: Model diagram (company submission, figure 29, page 130)

| | Dead
Post-progression /
survival

ERG comments — model structure

5.2

The ERG raised 3 main concerns with respect to the company’s model
structure: (a) the hazard of pre-progression mortality is assumed to be
constant; (b) the use of PPS may introduce a selection bias, and; (c) the
Markov approach imposes structural constraints which may produce
bias. These are discussed below:

In the company model, pre-progression mortality is modelled assuming
an exponential distribution and the hazard ratio for patients dying prior
to progression is constant. The company submission however, does
not report any evidence to support this assumption. In response to a
request for clarification from the ERG (see clarification response,
guestion C22), the company provided a log-cumulative hazard plot and
Kaplan-Meier survival curve for pre-progression mortality. The

company’s clarification response suggests that the log cumulative
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hazard shows an approximately straight line with a gradient of 1 (45
degrees), which supports the use of an exponential distribution. The
company’s clarification response also suggests that due to the small
numbers of patients experiencing pre-progression death, “using [a]
more complicated methodology would not be supported by the
available evidence.” Given the company’s choice of model structure
and the evidence available, the ERG considered this to be a
reasonable assumption although it would have been preferable to
consider the use of sensitivity analysis to explore alternative survivor
functions.

e Regression models fitted to Kaplan-Meier data for PPS use data only
for those patients who have progressed; patients who have not yet
progressed are excluded from the dataset. The ERG considered that
selection bias may result if there is a true difference in survival
outcomes between patients who progress earlier and those who
progress later. Within the company’s model, this problem may be
mitigated by the fact that the same PPS rate is assumed in both the
ibrutinib and R-chemo groups, although the true impact of the potential
bias is not clear. The ERG also noted that the limitations in the
evidence base, particularly for OS, restrict the potential for producing
robust estimates of treatment effect for ibrutinib compared with R-
chemo.

e The ERG noted that the company’s PFS-based model makes a number
of restrictive structural assumptions which lead to a poor model fit to
the available OS data for ibrutinib. In the company model, PPS is
assumed to follow an exponential distribution which does not reflect the
PPS data well and other parametric functions may provide a
statistically better fit and a more plausible extrapolation. The ERG
noted that the use of a Markov design imposes several structural
constraints which in some instances can preclude the model from
making the best use of available evidence. The ERG undertook a

partitioned survival analysis (Exploratory Analysis Set B, see section
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5.37) which it considered provided a better fit to the OS data but which

involved using the outputs of a highly uncertain network meta-analysis.

Model details

5.3 The pooled dataset for RAY, SPARK and PCYC1104 was used to inform
the efficacy of ibrutinib, however, limited data on the effectiveness of the
comparators listed in the NICE scope was available. Data from the
pooled ibrutinib dataset (see sections 4.23 to 4.26) was used to estimate
the baseline patients’ characteristics, the proportion of people in the
different states, the proportion experiencing adverse effects and the

mortality rate.

54 The progression free health state included patients whose disease had
completely responded, partially responded or who had stable disease,
and was directly informed by the progression free survival curves
projected based on parametric fitting of 4 distributions (exponential,
Weibull, log-logistic or log-normal) to the patient level data from the
pooled database for ibrutinib. The survival curves were then extrapolated
beyond the trial period to derive transition probabilities. Transitions
between states were derived from the proportion of patients that were
reflected by the areas under the PFS and OS curves. The area between
the PFS and OS curves represented the proportion of people in the post-
progression state. Weibull was selected for use within the base case
analysis based upon clinicians’ feedback, and the impact of alternative

curve fit selection was tested within scenario analyses.

5.5 Comparator efficacy was obtained by applying a hazard ratio to the
relevant parametric curve selected. Due to non-availability of efficacy
data for individual treatment regimens, all rituximab containing regimens
were assumed to have equal effectiveness. Two approaches were
tested to estimate effectiveness for comparator therapies and to
calculate the PFS hazard ratio for R-chemo, as shown in Table 9. In the
first approach (used in the base case analysis), the effectiveness of R-
chemo was taken from the indirect comparison (described in sections
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4.27 to 4.30). The hazard ratio for PFS for ibrutinib compared with R-

chemo (0.28) was applied to ibrutinib in the pooled dataset.

In its second approach to estimating the effectiveness of comparator
therapies, the company used temsirolimus as a proxy for UK current
care using the hazard ratio directly from the RAY trial. Although the
company recognised that temsirolimus is not used in UK clinical practice,
it considered that this scenario allowed use of the only direct
comparative RCT data available for ibrutinib.

A fixed risk of death during PFS was applied to the 2 arms in the model,
which was calculated based on information from the ibrutinib clinical

trials (In the base case: 0.71% for ibrutinib and 1.4% for R-chemo [equal

Table 9: Approaches taken to estimate comparative efficacy (adapted from table 53, page 131
of the company submission)

Scenario 1 (base case)
Hess and RAY ITC

Scenario 2
Efficacy of temsirolimus

Approach e Using results of an ITC from a e Assuming R-chemo is equivalent
published RCT including a PC arm to temsirolimus within RAY
(Hess 2009) and RAY. Results of (MCL3001)
the ITC are adjusted for the e PFS HR for ibrutinib versus R-
expected impact of rituximab from chemo = 0.43
HMRN data
e PFS HR for ibrutinib versus R-
chemo =0.28
Strengths Provides a comparison to R-chemo | ® Uses information directly from the
randomisation and provides a MCL population
statistically robust comparison e Use of treatment effect from RAY
(MCL3001) provides a statistically
robust comparison
Weaknesses | e  Single chemotherapy agents as e Temsirolimus is not a relevant

used in Hess, 2009 do not reflect
standard UK clinical practice

e The HR for the rituximab treatment
effect is based on a different
population sample in newly
diagnosed MCL (HMRN data) —
these data can be viewed as
an upper bound for the
effectiveness of the addition of
rituximab to chemotherapies in R/R
MCL

comparator in UK clinical practice

¢ No evidence is available to determine
whether temsirolimus is more or less
effective than R-chemo

ITC: indirect treatment comparison, RCT: randomised controlled trial, PC: physician’s choice, R-
chemo: rituximab plus chemotherapy, HMRN: haematological malignancy research network, R/R
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Scenario 1 (base case) Scenario 2
Hess and RAY ITC Efficacy of temsirolimus

MCL.: relapsed or refractory mantle cell ymphoma, TEM: temsirolimus, HR: hazard ratio, PFS:
progression-free survival

5.8

5.9

Survival data from the trial were not directly extrapolated due to
uncertainty around the estimates and the immaturity of the data. The
company tested 2 methods to estimate long term survival in the ibrutinib
and R-chemo arms. The fixed PPS approach (PFS + PPS applied in the
same way in both arms) was used in the base case analysis and was
considered by the company to be conservative as it assumes that
patients will receive benefit from use of ibrutinib alone and not from
additional treatments. PPS was calculated by fitting an exponential curve
to the pooled dataset assuming a constant rate of mortality throughout
the time horizon (10.83% per cycle). The median PPS observed within
the pooled dataset was considered to be representative of what would

be expected for R-chemo in UK clinical practice.

The sequential approach was used in a secondary analysis (PFS of
ibrutinib + PFS of R-chemo after ibrutinib + PPS) and captures that
ibrutinib offers an additional line of treatment to current chemotherapy
regimens. PFS for ibrutinib was calculated as described in section 5.4.
PFS for R-chemo was estimated using the exponential curve fitted to
PFS data for the ibrutinib pooled dataset and the hazard ratio used for
R-chemo compared with ibrutinib (outlined in section 5.5). The result
was then used to inform the PFS for subsequent R-chemo in the ibrutinib
arm, assuming that once patients progress on ibrutinib, they go on to
receive R-chemo. To calculate such benefit, PPS in the ibrutinib arm
was split into 2 portions: PFS for subsequent R-chemo treatment for R/R
MCL and PPS post subsequent R-chemo treatment for R/R MCL as

shown in Figure 4.
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Figure 4: OS using the sequential approach (ibrutinib and R-chemo (taken from figure 34, page
144 of the company submission)

PPS minus

PFS (ibrutinib) PFS (R-chemo)

OS ibrutinib R-chemo PFS
\ \’
Total PPS
R PPS minus
OSR- zlﬁesrrgs) R-chemo PFS
chemo =chemo
5.10 IRC-assessed response rates were included in the model to inform

estimation of costs and resource use during PFS based upon the pooled
clinical data. Comparator response rates were estimated using a variety

of data sources, primarily the HMRN audit.

ERG comments — model details

5.11 The ERG had several concerns regarding the company’s parametric

survival modelling:

e Limited set of survivor functions for PFS: The company considered
the exponential, Weibull, log normal and log logistic survivor functions
when modelling PFS. The ERG believed that other survivor functions,
for example, the Gompertz, the generalised gamma, the gamma and
the generalised F models should have been considered. In response to
a request for clarification from the ERG (see clarification response,
question C24), the company explored the use of the Gompertz and
generalised gamma functions. Whilst the generalised gamma curve
provided the best fit to the observed data in terms of Akaike Information
Criterion (AIC), the company reported that both the generalised gamma
and Gompertz survivor functions produced clinically implausible PFS
projections. The company’s clarification response also reported that the
generalised F function could not be fitted using SAS (the statistical

package used to undertake the company’s survival analysis). The ERG
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considered that this could have been fitted using an alternative
software package.

e Application of hazard ratios to accelerated failure time models:
Within the company’s scenario analyses, the hazard ratio for PFS
derived from the indirect comparison was applied to the log logistic and
log normal PFS functions. The ERG judged this to be inappropriate as
these are accelerated failure time (AFT) models which do not assume
proportional hazards. The ERG highlighted the company’s clarification
response that, given the implausibility of these functions, this issue was
a secondary consideration (see clarification response, question C27)
and considered that the company’s view was reasonable.

e Pre-progression mortality and PPS hazards assumed to be
constant: The ERG noted that the company’s model assumes that the
hazards of pre-progression mortality and PPS are constant. It does not
allow for the incorporation of time-dependent transitions for PPS, hence
it was not possible to explore the impact of alternative survivor

functions for PPS in the company’s model.

5.12 The ERG considered that none of the fitted parametric survival curves
provided a reasonable fit to the observed Kaplan-Meier curve for TTD/D,
and that this was unsurprising given that the hazard of treatment
discontinuation or death appeared to decrease slightly between 0 and 25
months, and then increase sharply beyond this point (see Figure 24 in
the ERG report). The ERG noted that, within the base case model, the
company selected the use of the Weibull function, which does not
provide a good visual fit to the data and leads to a much longer tail
compared with the observed Kaplan-Meier curve. Using the Weibull
TTD/D function, approximately 7% of patients would still be receiving
treatment at 50 months, whilst the empirical Kaplan-Meier curve
indicates that all patients discontinued by around 32 months. The ERG
highlighted that this led to an overestimation of the modelled drug costs
for ibrutinib, thereby inflating the ICER for ibrutinib compared with R-
chemo. The ERG agreed that the tail of the TTD/D curve is uncertain,
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and considered that the best estimate of the cumulative survival
probability for this outcome is estimated using the observed Kaplan-
Meier data directly rather than a parametric model which does not
provide a good fit to those data. The impact of using the observed
Kaplan-Meier curves for TTD/D is presented as part of the ERG’s

exploratory analyses (see Section 5.4 of the ERG report).

5.13 The ERG considered that, irrespective of the approach used to model
the effectiveness of ibrutinib against R-chemo, the resulting estimates of
incremental health gain would be subject to considerable uncertainty due
to the limitations of the evidence base for ibrutinib. The ERG considered
the uncertainty to be driven by 4 main issues: (a) the absence of
randomised head-to-head trial comparisons for ibrutinib versus R-chemo
and the limitations of the indirect comparison (see sections 4.31- 4.33)
(b) the presence of treatment switching within RAY; (c) immaturity of the
available OS data within the pooled ibrutinib dataset and; (d) the use of
other therapies beyond disease progression which are not used in

England.

5.14 The ERG raised concerns regarding the validity of the company’s
sequential model which compares ibrutinib followed by R-chemo against
R-chemo alone. Due to the strong assumptions and structural
constraints applied in the model as well as significant errors in
calculations, the ERG considered that the results of this analysis be

disregarded.

5.15 The ERG noted that the company’s scenario analyses included the use
of a blended comparison of 3 alternative R-chemo options. The ERG
considered blended comparisons to be inappropriate as they may lead to
misleading conclusions on the cost-effectiveness of ibrutinib in the R/R

MCL population.
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Health-related quality of life

5.16

Health-related quality of life (HRQoL) values were based on post
baseline EQ-5D pooled data from RAY and SPARK and were used to
inform both PFS and PPS HRQoL within the model. All utility values
were calculated based on time to death and progression-based states.
Utility values obtained for both the pre-progression and post-progression
health states for ibrutinib already accounted for decrements due to
adverse effects; therefore no additional decrements were applied to the
ibrutinib arm in the model to avoid double counting. Utility decrements
derived from clinical opinion were applied to the R-chemo arm to reflect
the toxic effect of receiving chemotherapy and the impact on patients’
HRQoL and functioning. Utilities were also adjusted to account for the
natural decline in HRQoL associated with age. The company highlighted
that the modelled EQ-5D utility value for progression free patients (0.78)
represents a utility gain of only 0.05 from the 0.73 baseline EQ-5D utility
observed in RAY (see section 4.17). By contrast, the company reported
that clinical experts expected utility values for MCL patients on treatment
with ibrutinib to be similar to the general population. The company was
therefore concerned that values elicited with the EQ-5D may
underestimate the true utility gain associated with ibrutinib, observed
with FACT-Lym and by clinical experts. The utility values used in the

model are reported in Table 10.

Table 10: Summary of utility values used in the base case of the company model taken from
table 65, page 151 of the company submission)

. : Reference in
State Sl el | RO EE; 95% CI submission Justification
mean (SE) 28 days .
(section)
. 0.762 — .
Pre-progression 0.78 0.060 Section 5.41
0.799 Pooled
Section 5.41 ibrutinib EQ-
Error! 5D data from
: 0.634 — ' first treatment
Post-progression 0.68 0.052 0.727 Reference
' source not for R/R MCL
found.
R-chemo decrement | 0.2 0.015 0.1-0.3 Section 5.41 Clinician 11
feedback

SE: standard error, HRQoL: health related quality of life, Cl: confidence interval, R/R MCL: relapsed or refractory
mantle cell ymphoma, R-chemo: rituximab plus chemotherapy
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ERG comments - HRQoL

5.17 The ERG raised concerns regarding the company’s approach to
modelling HRQoL data and the reliability of the estimates; however it
acknowledged that these were driven largely by the limitations of the

available evidence base.

5.18 The ERG highlighted that the disutility associated with R-chemo reflects
clinicians’ judgements which have not been derived using a preference-
based method. This is parameterised in the company’s model as a
QALY loss per 4-week cycle without age-adjustment. The ERG
highlighted that the company had conducted a sensitivity analysis in
which the QALY decrement was calculated by subtracting the EQ-5D
VAS valuation reported in a study of patients with progressed disease
with CLL and MCL by Schenkel et al. (VAS estimate=0.61) from the
progression-free utility of 0.78 derived from the RAY (MCL3001) and
SPARK (MCL2001) studies. This results in a slightly lower QALY loss of
0.013 per 4-week period. However, the ERG noted that the quality of life
estimate reported by Schenkel et al relates to a mixed population of
patients (52 of 75 patients had CLL rather than MCL) and the EQ-5D

VAS does not estimate utility as it is not a preference-based instrument.

5.19 The ERG highlighted the uncertainty surrounding progression-free and
post-progression utility values used in the company model. It noted that
patients in the R-chemo group who are progression-free experience a
lower level of HRQoL than patients on ibrutinib who are progression-free
because of disutility associated with chemotherapy-related toxicity and
fatigue. Therefore, modelled patients in the R-chemo group experience a
lower level of HRQoL whilst progression-free (utility=0.58 [0.78 minus
0.20]) compared with patients who have experienced disease
progression and have discontinued treatment (utility=0.68). The ERG

noted that only 36 patients contributed data to the post-progression utility
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value (compared with 234 patients who contributed data to the

progression-free utility value).

5.20 The ERG noted that patients were assumed to receive chemotherapy for
a maximum of 6 cycles but that the disutility for the R-chemo group was
applied to the entire duration of the TTD/D curve. Whilst clinical advisors
to the ERG stated that the effects of toxicity may persist beyond
treatment cessation (ranging from 3-12 months), the ERG noted that
beyond 6 cycles the TTD/D curve for R-chemo does not reflect time to
progression or time on treatment since all patients have discontinued R-
chemo before this time-point. The ERG also disagreed with the
company’s assumption that quality of life would return to normal
immediately upon ending R-chemo treatments. However, the ERG
highlighted that the assumed disutility duration does not have a material
impact upon the ICER for ibrutinib compared with R-chemo (see
sections 5.36-5.37).

5.21 Due to the uncertainty surrounding available HRQoL estimates, the ERG
considered that the company should have explored the use of utility
estimates from patients with other types of lymphoma and not limited
evidence to R/R MCL. The ERG noted that the company assumed
alternative utility values of 0.45 to 0.636 for the post-progression state in
their response to clarification (question C2). The ERG highlighted that
these additional analyses indicate that the utility value applied in the
progression state does not materially impact upon the ICER for ibrutinib
compared with R-chemo (assuming post-progression utility scores of
0.45 and 0.636 resulted in ICERs of £73,865 and £75,035 per QALY

gained, respectively).

5.22 The ERG acknowledged that there may be a disconnect between the
EQ-5D evidence from RAY and clinical experience using ibrutinib but it
was not aware of any other evidence of the benefits of ibrutinib using a

preference-based measure of HRQoL in the R/R MCL population.
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Cost and healthcare resource use

5.23 The company included costs reflecting the clinical management of R/R
MCL in an NHS setting which included treatment costs, monitoring and
follow up, management of complications and adverse effects and
terminal care. Drug acquisition costs were taken from common UK
sources, from the electronic market information tool (eMit) and the
monthly index of medical specialities (MIMS) and administration costs
were sourced from NHS reference costs or the Personal Social Services
Research Unit 2015 (PSSRU). The analyses presented by the company

incorporated the agreed patient access scheme for ibrutinib.

5.24 Costs associated with resource use based upon clinicians’ feedback
were estimated using data generated via a custom, on-line survey
launched in November and December 2014. The survey was completed
by actively practising NHS haematologists and oncologists and the
outcomes validated by expert opinion from leading UK haematologists
experienced in MCL.

5.25 For the comparator costs, the company calculated the average number
of vials of IV drugs per patient using body surface area data from the
pooled dataset of RAY, SPARK and PCYC1104 and assumed that
patients received only whole vials with no vial sharing. In order to
accurately estimate the proportion of patients receiving ibrutinib
treatment during each model cycle, information for the observed time on
treatment was derived from the pooled dataset. R-chemo patients were
modelled to stay on treatment for the maximum number of cycles
permitted for the specific chemotherapy that was received and ibrutinib
was administered in patients until progression or unacceptable toxicity.
For consistency within the model, the same curve fit was selected for

time on treatment as for PFS (Weibull).

5.26 The cost of subsequent therapy was not included within either arm of the
model except when modelling OS using the sequential approach for
ibrutinib where both the costs and benefits of including an additional line
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of R-chemo are included within the ibrutinib arm (see section 5.9). This
was due to the small proportion of patients in the pooled dataset who
received subsequent therapy as well as limited information available on
the use of subsequent treatment for R-chemo. The incidence of adverse
events was derived from the pooled dataset for ibrutinib and available
literature for R-chemo (see Table 64 in section 5.4 of the company
submission). All grade 3 or higher adverse events that occurred in at
least 5% of the patients treated with ibrutinib within the pooled clinical
trial data were included in the model, unless regarded clinically irrelevant
by clinical experts. In addition, clinicians identified several clinically
meaningful adverse events which occur at lower rates with either
ibrutinib or R-chemo that were included in the model. The company
reported that the NHS reference costs codes used to derive adverse
effects costs were consistent with the adverse events reported in the
company submission for technology appraisal 370 in first-line MCL.
Lastly, the company applied a one-off terminal care cost within the
model based on Nuffield 2014 inflated to reflect current prices (using the
hospital and community health service (HCHS) inflation indices reported
within the PSSRU). This was estimated to be £7,287 per cancer related
death in 2014 (inflated to £7,352). This terminal care cost was applied as

a lump-sum one-off cost to patients transitioning into the death state.

ERG comments — costs and healthcare resource use

5.27

The company’s base case model did not include the costs of
subsequent-line therapies in either group. Clinical advisors to the ERG
noted that patients whose disease progresses after R-chemo or ibrutinib
are likely to receive further treatment using a different chemotherapy
regimen (in combination with rituximab if not refractory). Given that no
adjustment has been made to account for the survival contribution of
post-progression therapies to PPS, the ERG considered that the costs of
these subsequent-line therapies should have been included in the
company’s base case model. The ERG noted that a scenario analysis by

the company was presented in which FCR was included as subsequent-
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line therapy for both model groups resulting in a slightly reduced ICER

(see Table 17 in company clarification response).

Company's base-case results and sensitivity analysis

5.28

5.29

5.30

5.31

The company used the comparator R-CHOP in its base case economic
analyses on the assumption that the 3 comparator therapies in use in UK
practice would rank as follows in terms of effectiveness (most effective
first): R-CHOP, R-CVP, FCR (advice from clinical experts suggested that
RC is not used for R/R MCL). Despite lack of clinical effectiveness data
for each comparator, the availability of individual costs for each

treatment allowed for their inclusion in scenario analyses.

The company identified errors in the results presented in its submission
and provided corrected results in its clarification response. Base case
results for ibrutinib compared with R-CHOP showed that ibrutinib
provided an additional [} life years and [} quality-adjusted life years
(QALYS). The incremental cost was £70,522 resulting in an ICER of
£75,317 per QALY gained.

Probabilistic sensitivity analyses (PSA) were performed to assess the
uncertainty around the variables included in the model. The results led to
a probabilistic ICER of £75,878 per QALY gained for ibrutinib compared
with R-CHOP. Overall the average incremental QALYs gained from
ibrutinib was 0.94 with a mean incremental cost of £71,243. The cost-
effectiveness acceptability curves showed that the probability that
ibrutinib was cost effective at a maximum acceptable ICER of £50,000

per QALY gained was approximately 0%.

The company reported that the results from the scenario analyses which
tested the structural uncertainty within the model were consistent with
the base case results. Across all but one of the scenario analyses, the
ICER for ibrutinib compared with R-CHOP was greater than £70,000 per
QALY gained. The model was most sensitive to the PPS assumed for R-

chemo (assumed to be the same as ibrutinib in the fixed PPS approach),
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with the ICER reducing to £59,345 per QALY gained when HMRN data
were used to inform PPS. This minimised the difference between the
median OS within the model and the median survival reported within the
HMRN data (estimated to be 8.4 months for patients on 2™ line
treatment). The model was also sensitive to the dataset used to inform
the PFS of R-chemo. Using the PFS of temsirolimus from RAY as a
proxy for R-chemo increased the ICER to £74,833 per QALY gained as
the estimate used to inform R-chemo was higher than the one in the
base case. The company highlighted that key uncertainties within the
model parameterisation surrounded the parametric curve fits to time on
treatment and PFS as well as the hazard ratio assumed for comparative
efficacy within the model.

5.32 A subgroup analysis by number of prior lines of treatment (LOT) showed
that ibrutinib was more cost effective compared with R-CHOP in patients
who received 1 prior LOT (incremental costs £108,398, incremental
QALYs 1.67, ICER £64,755) compared with patients who received 2 or
more prior LOTs (incremental costs £59,685, incremental QALYs 0.72,
ICER £83,256). The company reported that this was consistent with the
higher efficacy gains in patients who received 1 prior LOT in the post-
hoc analysis of RAY (see section 4.14) and the pooled ibrutinib analyses

(see section 4.23).

5.33 The company carried out a threshold analysis on the comparative
effectiveness of ibrutinib and R-chemo which showed that the ICER was
largely insensitive to increases in the hazard ratio for R-chemo. Similarly,
the company reported that reducing the estimate of comparative efficacy
of ibrutinib over R-chemo by decreasing the hazard ratio of adding
rituximab (which increases the overall PFS hazard ratio of R-chemo),
only impacted the ICER substantially when ‘unrealistic’ hazard ratios for

the rituximab effect were tested.
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Scenario Total Inc. cost | Inc. QALY | ICER
cost

Base case | £70,522 [ 0.94 £75,317

Comparator efficacy HR for PFS

using temsirolimus data e £70,253 | 0.93 £75,681

Time horizon: 10 years B £70,541 [0.94 £75,279

Time horizon: 20 years | £71,847 [0.94 £76,732

Comparator: R-CVP | £68,354 |0.94 £73,002

Comparator FCR | £69,580 | 0.94 £74,312

Comparator RC | £70,546 | 0.94 £75,343

Treatment mix | ] £70,948 |0.94 £75,773

No wastage included | £70,522 [ 0.94 £75,318

Utility decrement for R-chemo based

on Schenkel et al. 2014 B £70,522 | 0.93 £76,194

No age-adjusted utilities | £70,522 [ 0.95 £74,336

Sequential approach (OS ibrutinib =

PFS ibrutinib + PFS R-chemo +

PPS) B 82,751 |1.08 £76,671

Including FCR as subsequent

treatment B 268940 | 094 £73,628

PFS curve: exponential | £66,914 |0.83 £80,296

PFS curve: log-normal B 03071 [1.30 £71,636

PFS curve: log-logistic B  £07926 [1.32 £74,194

Risk of death during PFS for R-

chemo assumed equal to ibrutinib e £70,275 |0.92 £76,605

Response rates of R-chemo equal

to temsirolimus response e £70,068 | 0.94 £74,833

Response rates of R-chemo equal

to response in Hess, 2009 e £69,607 | 0.94 £74,341

Response rates of R-chemo equal

to ibrutinib e £70,626 | 0.94 £75,429

No benefit from rituximab in PFS HR

(rituximab HR = 1) e £72,309 | 1.00 £72,311

Rituximab PFS HR applied to Hess,

2009 ITC =0.75 e £70,933 | 0.95 £74,429

Rituximab PFS HR applied to Hess,

2009 ITC = 0.89 e £71,760 | 0.98 £73,019

Rituximab PFS HR applied to Hess

2009 ITC=1.6 e £74,321 | 1.05 £70,779

Applying a HR to PPS of R-chemo

to adjust survival to be as close as

possible to HMRN anticipated

survival (8.4 months for patients on | Il | £110,949 | 1.87 £59,345
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2" line treatment)

HR: hazard ratio, PFS: progression-free survival, TEM: temsirolimus, R-CVP: rituximab +
cyclophosphamide + vincristine + prednisone, FCR: fludarabine + cyclophosphamide +
rituximab, RC: rituximab + cytarabine, R-chemo: rituximab-based chemotherapy, OS:
overall survival, ITC: indirect treatment comparison, PPS: post-progression survival,
HMRN: haematological malignancy research network, QALY: quality-adjusted life year,
LY: life year, Inc: incremental

ERG comments on the company’s model results

5.34

5.35

5.36

Based on a re-run of the company’s base case model, the ERG found
similar results to the company (probabilistic ICER for ibrutinib versus R-
CHOP: £76,014_compared with £75,878 per QALY gained estimated by
the company; deterministic ICER £75,317 per QALY gained in both

cases).

The ERG agreed with the company that across all but one of the
company’s scenario analyses, the ICER for ibrutinib versus R-chemo
was greater than £70,000 per QALY gained. The only exception was
analysis in which the modelled OS for R-CHOP was “calibrated” against
the HMRN OS estimate of 8.4 months by adjusting the post-progression
mortality rate in this group only (ICER=£59,345_per QALY gained). The
ERG clarified that this analysis was undertaken in the subgroup of
patients who had 1 prior LOT rather than the overall base case
population. The ERG also highlighted that the choice of comparator
regimen did not have a material impact upon the company’s

deterministic ICER for ibrutinib.

The ERG considered that the company's subgroup analysis according to
number of prior LOTs indicated the potential for an improved cost-
effectiveness profile for ibrutinib. However, it was concerned about the
post hoc nature of the subgroup analyses and poor fit of the PFS

survivor function to the 1 prior LOT subgroup.
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ERG exploratory analyses

5.37 The ERG undertook 2 sets of exploratory analyses. The first set of
exploratory analyses (“Set A”) involved amending the parameter values
of the company’s model. This included: 1) using the HR for PFS for
ibrutinib versus R-CHOP from the ERG’s random effects network meta-
analysis instead of the company’s analysis (ERG’s HR = 0.27;
company’s HR = 0.28); 2) the use of the Kaplan-Meier curve instead of a
parametric (Weibull) curve to model TTD/D for ibrutinib; 3) the truncation
of the R-chemo QALY loss upon treatment discontinuation rather than
for the entire duration of the TTD/D curve). The ERG’s exploratory
analyses Set A found the following:

e The impact of using the HR for PFS from the ERG's random effects
network meta-analysis had a negligible impact upon the cost-
effectiveness of ibrutinib (ICER=£75,094 per QALY gained). Use of the
Kaplan-Meier curves for TTD/D improved the cost-effectiveness of
ibrutinib versus R-chemo; within this analysis the ICER was estimated
to be £61,472 per QALY gained. The truncation of the R-chemo
disutility upon treatment discontinuation increased the ICER for
ibrutinib versus R-CHOP to £77,111 per QALY gained.

e The ERG'’s preferred analysis within Set A combined all 3 amendments
above and this produced a probabilistic ICER for ibrutinib versus R-
CHOP of £63,340 per QALY gained. Within this preferred analysis, the
use of alternative utility values sourced from the literature for the
progression-free (0.805; 0.81) and post-progression (0.618; 0.60)
health states produced ICERs for ibrutinib compared with R-CHOP
ranging from £59,952 to £60,417 per QALY gained, respectively. In
addition, analyses in which rituximab was excluded from the
comparator regimen to reflect patients who are resistant to rituximab
produced ICERSs ranging from £64,727 (cost of rituximab set to zero) to
£69,054 (‘rituximab effect’ removed from the indirect comparison) per
QALY gained.
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e Using the ERG’s preferred analysis, the ICER for ibrutinib compared
with R-CHOP for the subgroup of patients who had 1 prior LOT was
£44,711 per QALY gained.

5.38 The second set of exploratory analyses (“Set B”) explored the impact of
using a partitioned survival approach and involved amending the
structure of the company’s model such that OS data for ibrutinib from the
pooled dataset was used as an input. The analysis involved 1) using the
hazard ratios for PFS and OS for ibrutinib compared with R-chemo from
the ERG’s random effects network meta-analysis; 2) the use of the
Kaplan-Meier curve instead of a parametric (Weibull) curve to model
TTD/D for ibrutinib; 3) the truncation of the R-chemo QALY loss upon
treatment discontinuation rather than for the entire duration of the TTD/D

curve.The ERG's exploratory analyses set B found the following:

e Irrespective of whether the rituximab effect was estimated using data
reported by Forstpointner et al., the HRMN audit or both, ibrutinib was
dominated by R-CHOP. The ERG noted that this was likely to be a
consequence of problems in robustly estimating treatment effects for
OS given the evidence.

¢ Irrespective of the true value of the hazard ratio for PFS and the source
of utility values, the hazard ratio for OS for ibrutinib compared with R-
CHOP necessary for ibrutinib to have an ICER below £50,000 per
QALY gained is around 0.39-0.40.

5.39 Exploratory analyses performed by the ERG suggest that the key
uncertainty surrounding the cost-effectiveness of ibrutinib relates to its
expected OS gain compared with R-chemo. The ERG highlighted the
inherent uncertainty in all the analyses undertaken. Whilst the company's
PFS-based model makes a number of restrictive structural assumptions
which lead to a poor model fit to the available OS data for ibrutinib, the
ERG's patrtitioned survival analysis (set B) involves using the outputs
from a highly uncertain network meta-analysis despite providing a better
fit to the OS data.
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Table 12 ERG exploratory analyses

Scenario Inc. cost Inc. QALY ICER

Company’s base case £70,522 0.94 £75,317

Exploratory Analysis Al - HR
for PFS derived from ERG’s
random effects NMA

£70,619 0.94 £75,094

Exploratory Analysis A2 -
TTD/D for ibrutinib group
based on Kaplan-Meier curve

£57,558 0.94 £61,472

Exploratory analysis A3 -
Truncation of R-chemo
disutility following treatment
discontinuation

£70,522 0.91 £77,111

o -
© 9
a8

ERG base case: Exploratory
analysis A4 - ERG’s preferred
analysis using the company’s
model (combining
amendments in analysis Al-
A3)

£57,656 0.92 £62,697

Exploratory analysis A5
(based on the ERG’s preferred
analysis )-Use of alternative
utility values for progression-
free and post-progression
states- (i) Utilities for
progression-free and post-
progression based on
Lachaine et al

£57,656 0.95 £60,417

Exploratory analysis A5 — ] £57,656 0.96 £59,952
(based on the ERG’s preferred
analysis )— Use of alternative
utility values for progression-
free and post-progression
states- (ii) Utilities for
progression-free and post-
progression based on Yoong
et al

Exploratory analysis A6 — [ £63,501 0.92 £69,054
(based on the ERG’s preferred
analysis )— Cost-effectiveness
of ibrutinib versus
chemotherapy for rituximab-
resistant patients (i) Cost of
rituximab set to zero

Exploratory analysis A6 — | £64,182 0.99 £64,727
(based on the ERG’s preferred
analysis )— Cost-effectiveness
of ibrutinib versus
chemotherapy for rituximab-
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resistant patients (ii) Cost of
rituximab set to zero and PFS
HR=0.19

Exploratory Analysis A7:
(based on the ERG’s preferred
analysis )— Ibrutinib versus R-
CHOP in the 1 prior LOT
subgroup using the ERG’s
preferred analysis

£73,069

1.63

£44,711

Exploratory analysis B1 —
partitioned survival analysis
using alternative NMA-derived
hazard ratios for OS,
probabilistic model- NMA —
rituximab effect informed by
Forstpointner et al

£29,999

-1.28

Dominated

Exploratory analysis B1 —
partitioned survival analysis
using alternative NMA-derived
hazard ratios for OS,
probabilistic model- NMA —
rituximab effect informed by
HMRN

£45,909

-0.05

Dominated

Exploratory analysis B1 —
partitioned survival analysis
using alternative NMA-derived
hazard ratios for OS,
probabilistic model- NMA
rituximab effect informed by
Forstpointner et al and HMRN

£42,476

-0.31

Dominated

Abbreviations: Inc., incremental; QALY, Quality adjusted life year; ICER, incremental cost
effectiveness ratio;NMA, network meta-analyses

Innovation

5.40 The company considers ibrutinib to be innovative because:

e Itis a novel treatment option for R/R MCL, an incurable disease with

rapid progression, high relapse rates and poor long term prognosis,

because it offers opportunity for daily dosing whilst minimising the

duration of side effects. Once patients relapse, there is no standard of

care and response to second-line treatment is poorer and shorter than

for first line treatments. As a result, ibrutinib addresses a significant

unmet need within the MCL treatment pathway.
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¢ |Its value in addressing this unmet need is highlighted by analysis of

Cancer Drug Fund notifications, data from the compassionate use

programme (CUP) and of IMS Harmony market research data

demonstrating its rapid uptake in clinical practice.

e Its innovative nature was recognised by the EMA and the FDA through

their approval based solely upon overall response rate, a surrogate

end-point from a phase Il study. The oral administration of ibrutinib also

reduces the patient, carer and NHS burden associated with current

intravenous MCL treatments.

6 End-of-life considerations

6.1 Table 13 summarises the end-of-life criteria in relation to ibrutinib for

treatment of R/R MCL:

Table 13 End-of-life considerations

Criterion

Data available

The treatment is indicated for
patients with a short life expectancy,
normally less than 24 months

The company reported that UK data from the HMRN
reveals that median OS was 8.4 months in patients
with R/R MCL. This is supported by data from 2
additional sources:

* Median OS of 9.7 months in patients receiving
physician choice (PC) of treatment in the phase Il
OPTIMAL trial (Hess, 2009), comparing temsirolimus
with PC.

*Median OS of 5.2 months in a real-world registry of
patients treated at the Skane University Hospital in
Sweden between 2000 and 20128.

These data provide survival estimates of
approximately 5-10 months in current UK clinical
practice (see Table 51 in the company submission).
The ERG agreed that using treatments currently

available on the NHS, the expected OS for the R/R
MCL population is typically less than 24 months.

There is sufficient evidence to
indicate that the treatment offers an
extension to life, normally of at least
an additional 3 months, compared
with current NHS treatment

The pooled analysis of the RAY, SPARK and
PCYC1004 trials found a median OS estimate of 25
months for patients receiving ibrutinib. This is
considerably greater than the 5-10 month estimate of
survival in clinical practice (see above).

The company reported that the available literature
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within MCL indicates that PFS provides a good

surrogate for OS and that this approach has been
accepted in previous HTAs for MCL. The table below
provides a summary of the median OS and PFS

estimates for ibrutinib.

Table: PFS and OS to support end-of-life criteria 1

and 2
Median PFS Median OS
(months) (months)
Ibrutinib, RAY (MCL3001) 146 NR
Ibrutinib, pooled analysis 12.81 25.00
HMRN NA 8.4
PC, Hess, 2009 1.9 9.7
Skane registry 2.8 5.2

The ERG notes that whilst comparing the median OS
from the pooled analysis against the HMRN data, the
OPTIMAL trial and the Skane registry suggests an
incremental gain in median OS of more than 16
months, this form of naive indirect comparison may
be subject to confounding due to differences
between the populations recruited into the studies
and the design of those studies. In addition, the ERG
did not consider the use of PFS data meaningful in
supporting the argument that ibrutinib meets the end
of life criteria for incremental survival benefits. The
ERG noted considerable uncertainty in the
incremental survival benefit associated with ibrutinib
compared with existing therapies currently used on
the NHS. This uncertainty is principally driven by the
absence of a direct head-to-head trial against any
relevant comparator, the immaturity of the OS data
within the pooled ibrutinib dataset and the
weaknesses in the studies included in the ERG’s
network meta-analyses of OS (see section 4.33).

The treatment is licensed or
otherwise indicated for small patient
populations

The company estimated that the number of patients
with R/R MCL eligible to receive ibrutinib in England,
Wales and Northern Ireland in 2017 is 356 (see
Section 6 of the company submission). This equates
to a patient population smaller than 1 in 50,000.

The ERG agreed that the eligible patient population

is expected to be small, but noted that this criterion is
no longer considered by NICE.

Abbreviations: HMRN: Haematological Malignancy Research Network, OS: overall survival,
NHS: National Health Service, PC: Physician’s Choice, NR: not reached, NA: not available

Source: company’s submission table 50( page 122)
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7 Equality issues

7.1 The company reported that equality issues such as restriction to certain
chemotherapy agents known to be less active but better tolerated in
older, frailer patients would be alleviated with the use of ibrutinib.
Furthermore, the oral administration of ibrutinib allows an effective
treatment option to be given to patients that may not have local access

or transport to an appropriate infusion unit.

7.2 A submission from a patient group also highlighted that older patients,
particularly those with co-morbidities who might not be fit enough for
comparator treatments, may benefit more than other patients from
ibrutinib due to its reduced toxicity profile. It was noted that if ibrutinib
was not approved for use on the NHS, then older people may be
disadvantaged, as they will potentially have reduced access to effective

treatments with reduced toxicity profiles, compared with younger people.

8 Authors

Sana Khan

Technical Lead

Zoe Charles

Technical Adviser

with input from the Lead Team (David Thomson, Ellen Rule and Paul Robinson)

National Institute for Health and Care Excellence 52 of 53
Pre-meeting briefing — [relapsed or refractory mantle cell lymphoma: ibrutinib]

Issue date: [August 2016]



CONFIDENTIAL
Appendix A: Clinical efficacy section of the draft European
public assessment report

The positive CHMP opinion can be found at the link below:

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_ -

_Summary_for_the_public/human/003791/WC500177778.pdf
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal

Ibrutinib for treating relapsed or refractory mantle cell lymphoma

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of ibrutinib within its marketing
authorisation for treating relapsed or refractory mantle cell lymphoma.

Background

Lymphomas are cancers of the lymphatic system, which is a part of the
immune system. Traditionally, lymphomas are divided into Hodgkin’s
lymphoma and non-Hodgkin’s lymphoma. Non-Hodgkin’s lymphomas are a
diverse group of conditions which are categorised according to the cell type
affected (B-cell or T-cell), as well as the clinical features and rate of
progression of the disease. Mantle cell ymphoma is a rare and often
aggressive type of non-Hodgkin’s lymphoma which affects B-cells.

Approximately 10,800 people were diagnosed with non-Hodgkin’s lymphoma
in England in 2011, including approximately 500 with mantle cell lymphoma.
Mantle cell lymphoma is more common in men than women (75% of people
with mantle cell lymphoma are men), and it predominantly affects older people
(the median age at presentation is 63 years). Most people with mantle cell
lymphoma are diagnosed in advanced stages of the disease, with 80—-90% of
people diagnosed with Ann Arbor stage Ill or IV lymphoma.

Mantle cell lymphoma has been one of the most difficult types of non-
Hodgkin’s lymphoma to treat. Although it often responds well to initial
chemotherapy, the duration of remission is often short and the median overall
survival is 3-5 years. There is no accepted standard treatment for relapsed or
refractory mantle cell lymphoma, and the choice of treatment depends on the
overall aim of therapy, the grade of disease, age and fitness. The British
Committee for Standards in Haematology (BCSH) guidelines recommend that
treatment with rituximab (with or without cyclophosphamide and fludarabine),
combination chemotherapy, temsirolimus or bortezomib should be
considered. However, temsirolimus is not used in clinical practice in England
and bortezomib has been removed from the Cancer Drugs Fund (CDF). In
NHS clinical practice, treatment for relapsed or refractory mantle cell
lymphoma is most commonly rituximab combined with cyclophosphamide,
doxorubicin, vincristine and prednisolone, or with bendamustine. However,
bendamustine is no longer available on the CDF.
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Ibrutinib (Imbruvica, Janssen) is an inhibitor of a protein called Bruton’s
tyrosine kinase, which stops B-cell (lymphocyte) proliferation and promotes

cell death.

Ibrutinib has a marketing authorisation in the UK for the treatment of adult
patients with relapsed or refractory mantle cell lymphoma. It is administered

orally.

Intervention(s)

Ibrutinib

Population(s)

Adults with relapsed or refractory mantle cell lymphoma.

Comparators

Established clinical management without ibrutinib,
including:

¢ Rituximab, cyclophosphamide, doxorubicin,
vincristine and prednisolone (R-CHOP)

e Rituximab,cyclophosphamide, vincristine and
prednisolone (R-CVP)

e Fludarabine cyclophosphamide and rituximab
(FCR)

¢ Rituximab and cytarabine

Qutcomes

The outcome measures to be considered include:
e overall survival
e progression-free survival
e overall response rate
e duration of response/remission

e time to new anti-lymphoma treatment/time to
progression

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

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.
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Appendix B

Other
considerations

Guidance will only be issued in accordance with the
marketing authorisation. Where the wording of the
therapeutic indication does not include specific
treatment combinations, guidance will be issued only in
the context of the evidence that has underpinned the
marketing authorisation granted by the regulator.

Related NICE
recommendations
and NICE
Pathways

Related Technology Appraisals:
Appraisals in development

‘Bendamustine in combination with rituximab for the first-
line treatment of mantle cell ymphoma’ NICE
technology appraisals guidance [ID609]. Suspended.
Publication date to be confirmed.

‘Lymphoma (mantle cell, relapsed, refractory) —
lenalidomide’ NICE technology appraisals guidance
[ID739]. Suspended. Publication date to be confirmed.

Related Guidelines:

‘Improving outcomes in haemato-oncology cancers’
Cancer Service Guidance, October 2003 Under review.

Guidelines in development

‘Non-Hodgkin's lymphoma: diagnosis and management
of non-Hodgkin's lymphoma’ Publication expected July
2016

Related NICE Pathways:

NICE Pathway: Blood and bone marrow cancers,
Pathway created: Dec 2013.

http://pathways.nice.org.uk/pathways/blood-and-bone-
marrow-cancers/blood-and-bone-marrow-cancers-
overview

Related National
Policy

Department of Health, Jan 2011, ‘Improving Outcomes:
A Strategy for Cancer’
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal

Ibrutinib for treating relapsed or refractory mantle cell lymphoma [ID753]

Matrix of consultees and commentators

Consultees Commentators (no right to submit or
appeal)
Manufacturers/sponsors General

e Janssen (ibrutinib)

Patient/carer groups

African Caribbean Leukaemia Trust
Anthony Nolan

Black Health Agency

Bloodwise

Cancer Black Care

Cancer Equality

Cancer52

Helen Rollason Cancer Charity
HAWC

Independent Cancer Patients Voice
Leukaemia Cancer Society
Leukaemia CARE

Lymphoma Association

Macmillan Cancer Support
Maggie’s Centres

Allied Health Professionals Federation
Board of Community Health Councils in
Wales

British National Formulary

Care Quality Commission

Department of Health, Social Services
and Public Safety for Northern Ireland
Healthcare Improvement Scotland
Medicines and Healthcare Products
Regulatory Agency

National Association for Primary Care
National Pharmacy Association

NHS Alliance

NHS Commercial Medicines Unit
NHS Confederation

Scottish Medicines Consortium

Comparator manufacturers

Marie Curie Cancer Care e Accord Healthcare (doxorubicin)
Muslim Council of Britain e Actavis UK(fludarabine)
Rarer Cancers Foundation e Baxter Healthcare (cyclophosphamide)
South Asian Health Foundation e Eli Lilly (vincristine)
Specialised Healthcare Alliance e Genus Pharmaceuticals (vincristine)
Tenovus cancer care e Hameln Pharmaceuticals (doxorubicin)
e Hospira UK (cytarabine,doxorubicin,
Professional groups fludarabine, vincristine)
e Association of Cancer Physicians e Janssen ( doxorubicin)
e British Committee for Standards in e Medac UK (doxorubicin)
Haematology ¢ Napp Pharmacuticals (cytarabine )
e British Geriatrics Society e Pfizer (cyclophosphamide, cytarabine
e British Institute of Radiology doxorubicin, )
e British Psychosocial Oncology Society | ® Roche Products (rituximab)
e British Society for Haematology e Sandoz(cyclophosphamide)
e British Transplantation Society e Sanofi (fludarabine)
e Cancer Research UK e Teva UK (doxorubicin, fludarabine,
e Royal College of General Practitioners vincristine)
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Consultees Commentators (no right to submit or
appeal)

e Royal College of Nursing

e Royal College of Pathologists Relevant research groups

e Royal College of Physicians e Cochrane Haematological Malignancies

¢ Royal College of Radiologists Group

Royal Pharmaceutical Society

Elimination of Leukaemia Fund

e Royal Society of Medicine e Health Research Authority
e Society and College of Radiographers | ® Institute of Cancer Research
e UK Clinical Pharmacy Association e Leuka
e UK Health Forum e Leukaemia & Lymphoma Research
e UK Oncology Nursing Society e Leukaemia Busters

e MRC Clinical Trials Unit
Others ¢ National Cancer Research Institute
e Department of Health e National Cancer Research Network
e NHS England e National Institute for Health Research
e NHS Leeds South and East CCG
e NHS Salford CCG Associated Public Health Groups
e Welsh Government e Public Health England

Public Health Wales

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.

PTO FOR DEFINITIONS OF CONSULTEES AND COMMENTATORS
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Definitions:
Consultees

Organisations that accept an invitation to participate in the appraisal; the company that
markets the technology; national professional organisations; national patient
organisations; the Department of Health and the Welsh Government and relevant NHS
organisations in England.

The company that markets the technology is invited to make an evidence submission,
respond to consultations, nominate clinical experts and has the right to appeal against the
Final Appraisal Determination (FAD).

All non company consultees are invited to submit a statement’, respond to consultations,
nominate clinical 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: companies
that market comparator technologies; Healthcare Improvement Scotland;; 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 company commentators are invited to nominate clinical or patient experts.

! Non company consultees are invited to submit statements relevant to the group
they are representing.
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Foreword

Introduction

Ibrutinib is a first in class Bruton’s tyrosine kinase (BTK) inhibitor in a disease area with
extremely poor prognosis and unmet need. It represents a clear step-change in the
treatment of mantle cell lymphoma (MCL) in patients who did not respond to or relapsed on
one or more previous treatments. Ibrutinib is an orphan treatment and meets the end-of-life
NICE criteria. At the time of licensing of ibrutinib for relapsed/refractory (R/R) MCL, based
upon results from the phase Il trial PCYC1104, the CHMP acknowledged (July 2014) that
the “dramatic activity seen in terms of ORR, and DOR is unprecedented historically”*. Since
then these impressive results have been further substantiated in the SPARK (MCL2001) and
RAY (MCL3001) studies.

Opportunity for further evidence collection to reduce uncertainty

As ibrutinib is a Cancer Drugs Fund (CDF) transition drug, Janssen requests the opportunity
to remain on the CDF in order to collect further evidence, to reduce the level of uncertainty
that currently exists. The following three reasons outline why we believe that further
evidence would decrease the level of uncertainty for the Committee:

¢ No statistically significant overall survival (OS) benefit has yet been observed in the
RAY (MCL3001) trial, at a median of 20 months of follow-up. It should be borne in
mind, however, that the study was not statistically powered to show OS difference
and was confounded by 32 (23%) patients in the TEM arm who crossed over to
ibrutinib treatment. Furthermore, OS may be influenced by the clinical benefit of
subsequent anticancer therapies received following progression on ibrutinib or
temsirolimus (TEM), as these therapies may affect post-progression survival (PPS).
The final data cut of RAY (MCL3001) is expected in the first quarter of 2017, when a
statistically significant OS benefit of ibrutinib over TEM is expected.

¢ No evidence is available to inform any of the comparators listed in the NICE scope
within the published literature for R/R MCL. Extensive efforts were made to source
evidence to inform any of the comparators and the best sources of evidence found
were i) the Hess, 2009 trial that allowed a simple indirect comparison using the TEM
arm as a link to the RAY (MCL3001) study and ii) several sources to inform the
benefit of combining rituximab with chemotherapy compared to chemotherapy alone.
As explained in the submission there is substantial uncertainty around comparative
data and, although a scenario analysis was presented assuming the efficacy of
comparators to be the same as TEM from RAY (MCL3001), Janssen believe that
better options could be explored in the next 12 months:

o Further data cuts are expected for the Haematological Malignancy Research
Network (HMRN) audit. These new analyses are expected to also include data
on ibrutinib and, therefore, potentially allow a direct comparison of ibrutinib vs.
rituximab in combination with chemotherapy (R-chemo) in UK real-life clinical
practice.

o Other registries are being explored, including registries outside the UK. The
Janssen PHEDRA initiative (Platform for Haematology in EMEA: Data for Real
World Analysis) is looking to generate R/R MCL data from countries including
France, ltaly, Germany, Netherlands and Sweden. This will look to describe
treatment practices, outcomes and medical resource use.
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¢ The incremental quality of life (QoL) benefit of ibrutinib is a key area of uncertainty.
This uncertainty relates to the fact that i) the only EQ-5D data available compares
ibrutinib to TEM in the RAY (MCL3001) study, and there is no evidence to support
that the QoL of R-chemo (the relevant comparator) is comparable to TEM; and ii) the
EQ-5D is not the best instrument to capture changes to patient functioning such as
fatigue, where ibrutinib has been demonstrated with other instruments to have a
major impact. In particular, the EQ-5D-5L measure contains no explicit fatigue
dimension and fatigue has been reported as one of the most important negative QoL
impacts associated with MCL2. Moreover, the disease-specific FACT-Lym instrument
did capture the impressive benefit with ibrutinib, but could not be translated into utility
values in the economic analysis. The improvement in QoL observed with ibrutinib
using the FACT-Lym instrument was remarkable: nearly twice as many patients in
the ibrutinib arm of RAY (MCL3001) achieved a clinically meaningful symptoms
improvement compared with TEM, and only approximately half of the number of
ibrutinib patients as TEM patients experienced a clinically meaningful worsening of
symptoms®. In order to capture this benefit appropriately, Janssen is planning a
longitudinal study to elicit utility values for ibrutinib and R-chemo in the UK using the
EQ-5D instrument and a disease specific instrument. Results will be available in the
first quarter of 2017.
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Instructions for companies

This is the template for submission of evidence to the National Institute for Health and Care
Excellence (NICE) as part of the single technology appraisal (STA) process. Please note
that the information requirements for submissions are summarised in this template; full
details of the requirements for pharmaceuticals and devices are in the user guide.

This submission must not be longer than 250 pages, excluding appendices and the pages
covered by this template.

Companies making evidence submissions to NICE should also refer to the NICE guide to the
methods of technology appraisal and the NICE guide to the processes of technology
appraisal.
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R-CBorP Rituximab, cyclophosphamide, bortezomib and prednisone
R-CHOP Rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone
R-CVP Rituximab, cyclophosphamide, vincristine and prednisolone
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RC Rituximab and cytarabine
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SmPC Summary of product characteristics
SOC Standard of Care
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VAT Value added tax
WM Waldenstrém’s macroglobulinaemia
WTP Willingness to pay
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1 Executive summary

1.1 Statement of decision problem

This submission addresses the clinical and cost-effectiveness of ibrutinib within its marketing
authorisation for the treatment for relapsed or refractory mantle cell ymphoma (R/R MCL) in
adults, in line with the final scope for this appraisal. Further details of the decision problem
and how it has been addressed in this submission are presented in Table 1 on the following

page.
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Table 1: Statement of decision problem

Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

Population Adults with R/R MCL.

Adults with R/R MCL.

N/A — the decision problem matches the
final scope.

Intervention Ibrutinib.

Ibrutinib.

N/A — the decision problem matches the
final scope.

Established clinical management without
ibrutinib, including:

e Rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisolone
(R-CHOP)

Established clinical management without
ibrutinib, including:

e Rituximab, cyclophosphamide,
doxorubicin, vincristine and
prednisolone (R-CHOP)

N/A — the decision problem matches the
final scope.

C t L . L o .
omparator(s) e Rituximab, cyclophosphamide, vincristine e Rituximab, cyclophosphamide,
and prednisolone (R-CVP) vincristine and prednisolone (R-CVP)
e Fludarabine, cyclophosphamide and e Fludarabine, cyclophosphamide and
rituximab (FCR) rituximab (FCR)
e Rituximab and cytarabine (RC). e Rituximab and cytarabine (RC).
The outcomes to be considered include: The outcomes considered in this N/A — the decision problem matches the
e Overall survival (OS) submission include: final scope.
e Progression-free survival (PFS) * OS
e Overall response rates (ORR) * PFS
e Duration of response (DOR)/remission * ORR
e Time to new anti-lymphoma treatment/time | ® DOR/remission
Outcomes

to progression
e Adverse effects of treatment
e Health-related quality of life (HRQoL).

e Time to new anti-lymphoma
treatment/time to progression

e Adverse effects of treatment

e HRQoL.

Additional outcomes not specified in the
scope but presented in this submission are
detailed in Table 14.

e The reference case stipulates that the cost

Economic analysis :
y effectiveness of treatments should be

e The economic analysis conforms to the
final scope

N/A — the decision problem matches the
final scope.
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Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

expressed in terms of incremental cost per
quality-adjusted life year

e 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

e Costs will be considered from an NHS and
Personal Social Services (PSS)
perspective

e The outcome measure of the economic
analysis is the incremental cost-
effectiveness ratio (ICER)

e The time horizon considered is 15 years
(0% of patients in both model arms are
alive at that time)

e Costs are considered from an NHS and
PSS perspective

Subgroups to be

None detailed

Subgroup analysis provided for:

¢ R/R MCL patients who have received 1
prior line of therapy

Feedback from clinical experts has
indicated that these subgroups are relevant
to explore. Evidence supports the

considered ) . increased efficacy of ibrutinib when used at
¢ R/R MCL patients who have received >1 | o jier lines of treatment
prior line of therapy '
Special None detailed N/A N/A

considerations
including issues
related to equity or
equality

R/R MCL: relapsed or refractory mantle cell ymphoma, RC: rituximab and cytarabine, R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine and prednisolone, R-CVP:
rituximab, cyclophosphamide, vincristine and prednisolone, FCR: fludarabine, cyclophosphamide and rituximab, N/A: not applicable, OS: overall survival, PFS: progression-free

survival, ORR: overall response rate, DOR: duration of response, HRQoL: health-related quality of life, NHS: National Health Service, PSS: Personal and Social Services, ICER:
incremental cost-effectiveness ratio
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1.2 Description of the technology being appraised
A summary of the technology being appraised (ibrutinib [Imbruvica®) is provided in Table 2.

Table 2: Technology being appraised

UK approved name and brand name | |brutinib (Imbruvica®).

Marketing authorisation/CE mark Ibrutinib received a positive opinion from the CHMP on the
status 24™ of July 2014". The marketing authorisation was
subsequently granted by the European Medicines Agency
(EMA) on the 21* of October 2014.

Indications and any restriction(s) as | Ibrutinib is indicated for the treatment of:
described in the summary of e Adult patients with R/R MCL

product characteristics ) ) )

e Adult patients with CLL who have received at least one
prior therapy, or in first line in the presence of 17p
deletion or TP53 mutation in patients unsuitable for
chemo-immunotherapy

o Adult patients with Waldenstrém’s macroglobulinaemia
(WM) who have received at least one prior therapy, or in
first line treatment for patients unsuitable for chemo-
immunotherapy.

Ibrutinib is contraindicated in patients with hypersensitivity

to the active substance or to any of the excipients. The use

of preparations containing St. John’s Wort is contraindicated
in patients treated with ibrutinib.

Method of administration and R/R MCL: Oral; 4 x 140 mg capsules (560 mg) once daily.

dosage Taken until disease progression or the treatment is no longer
tolerated by the patient.

CHMP: Committee for Medicinal Products for Human Use, CE: Conformité Européene, EMA: European
Medicines Agency, R/R MCL: relapsed or refractory mantle cell lymphoma, CLL: chronic lymphocytic leukaemia

1.3 Summary of the clinical effectiveness analysis
Ibrutinib in R/R MCL

Ibrutinib is a first-in-class Bruton’s tyrosine kinase (BTK) inhibitor indicated for the treatment
of a number of conditions including R/R MCL, a disease area with extremely poor prognosis
and a large unmet medical need. It represents an absolute step-change in the treatment of
MCL in patients who did not respond to, or relapsed whilst receiving, one or more previous
treatments. Ibrutinib received breakthrough designation through the FDA, has an EMA
orphan designation and meets the NICE end-of-life criteria in R/R MCL.

Summary of clinical evidence base for ibrutinib

A systematic literature review (SLR) for prospective clinical studies of ibrutinib and potential
comparator therapies identified two non-randomised controlled trials (RCTs) and one phase
[l RCT of ibrutinib in R/R MCL.:

e RAY (MCL3001): a phase lll RCT comparing ibrutinib (n=139) to temsirolimus (TEM)
(n=141) in patients with R/R MCL who had received at least one prior rituximab-
containing chemotherapy regimen and had documented relapse or disease
progression since their last treatment. This study provides comparative evidence
against an active therapy
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¢ The pivotal phase Il single-arm PCYC1104 study in 111 patients with R/R MCL
e The SPARK (MCL2001) phase Il single-arm study in 120 R/R MCL patients.

Ibrutinib received its European Union (EU) licence based on results from the phase Il trial
PCYC1104, with the CHMP acknowledging (July 2014) that the “dramatic activity seen in
terms of ORR, and DOR is unprecedented historically”*. Since then, these impressive results
have been further substantiated in the SPARK (MCL2001) and RAY (MCL3001) studies. The
three clinical trials showed results that have never been observed before in R/R MCL in
terms of PFS, OS, ORR and DOR and are consistent across trials.

The three clinical trials of ibrutinib all considered a population of patients with R/R MCL that
were sufficiently similar in terms of baseline characteristics to render a pooled analysis
appropriate. This provided an estimate of the efficacy of ibrutinib across a total number of
patients (n=370) that can be considered large, given the orphan nature of this medicine.
Furthermore, this pooled analysis allowed the longer-term follow-up of the PCYC1104 study
(median of 26.7 months versus 20.0 months in RAY (MCL3001)) to inform the efficacy
estimates for ibrutinib.

This clinical trial evidence base is further supported by two real-world studies: a
Compassionate Use Programme (CUP), which recruited 715 patients worldwide, including
154 in the UK (the highest level of enrolment globally), and an Early Access Programme
(EAP), which recruited 149 patients in the United States.

RAY (MCL3001)

The RAY (MCL3001) study met its primary endpoint, demonstrating an unparalleled and
significant PFS benefit of ibrutinib compared to TEM (14.6 months versus 6.2 months) and
providing a 57% reduction in the risk of disease progression or death. In total, 41% of
patients treated with ibrutinib remained progression-free at 2 years compared to only 7% of
patients treated with TEM. This estimate of median PFS of 14.6 months compares to less
than 5 months estimated for rituximab combined with chemotherapy (R-chemo, see Table
4), which represents the comparator in UK clinical practice (see Section 3.4).

These PFS results are supported by outcome measures for tumour response. A substantial
and significantly higher proportion of patients receiving ibrutinib achieved a complete
response (CR) or partial response (PR) compared to patients receiving TEM: the ORR of
71.9% for patients receiving ibrutinib in RAY (MCL3001) was 31.5% higher than for patients
receiving TEM. Furthermore, the odds of achieving a CR were almost 4 times higher for
patients receiving ibrutinib than patients receiving TEM. Response rates of this magnitude
have never been observed for licensed treatments in R/R MCL, with novel treatments
achieving ORRs of 33% (bortezomib) and 28% (lenalidomide) and CRs of 8% (for both
treatments)®.

Median OS has not yet been reached in the ibrutinib arm of RAY (MCL3001, trial ongoing)
and was 21.3 months for the TEM arm. The OS hazard ratio (HR) for the analysis on the
intention-to-treat (ITT) population was 0.76 after a median follow-up of 20 months, indicating
a trend towards improved survival with ibrutinib. This OS improvement was observed despite
the fact that 32 patients (23%) in the TEM arm crossed over to the ibrutinib arm, thereby
confounding the estimate of OS for TEM. The OS data from the RAY (MCL3001) study is
immature and does not reach statistical significance in the comparison to TEM. However, the
study was not powered to observe a statistical OS benefit at interim analysis and the final
data cut is scheduled for November 2016 and will provide more mature data and greater
certainty over OS estimates.

Pooled analysis of RAY (MCL3001), SPARK (MCL2001) and PCYC1104
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A pooled analysis of all three trials was conducted for PFS, OS and ORR outcomes. This
analysis demonstrates consistency of results across trials and, by making use of the longer-
term follow-up of the PCYC1104 study, provides an estimate of median OS. OS and PFS
results are summarised in Table 3 for the analysis of the overall pooled population. In
addition, results for the pooled analysis of the subgroups of patients who received 1 prior line
of therapy (LOT) and >1 prior LOT are presented; these indicate that longer median PFS
and median OS were achieved when R/R MCL patients received ibrutinib at an earlier LOT.
A pooled ORR estimate of 66.22% was derived for the overall population (n=370). The
European Public Assessment Report (EPAR) for ibrutinib in R/R MCL commented that the
response rates and DOR observed in the pivotal PCYC1104 phase Il study were
“unprecedented” and the CHMP concluded that they “must be considered outstanding as
responses of this magnitude have not been reported with other available monotherapies for
R/R MCL”. The results from the pooled analysis show a high ORR, consistent with the 68%
response rate observed in the PCYC1104 study and to which these statements referred.

Table 3: Summary of ibrutinib OS and PFS results from the pooled analysis

PFS (OF

Median (95% CI) Median (95% ClI)
Overall population (n=370) 12.81 (8.48, 16.56) 25.00 (21.59, NE)
I I I
I I I

Results based on IRC-assessed PFS from RAY (MCL3001) and SPARK (MCL2001) and investigator-assessed
PFS from PCYC1104 (IRC-assessed PFS not available in PCYC1104)
Source: Rule, 2016°; Janssen Research and Development, 2016°

Evidence for comparator effectiveness

The RAY (MCL3001) study compared ibrutinib to TEM. The choice of comparator was based
on the fact that TEM was the only other therapy for R/R MCL licensed in the European Union
(EV) at the time that the trial was conceived. However, TEM is not approved by NICE and
clinical experts highlighted that TEM is not used in UK clinical practice for the treatment of
R/R MCL. A range of therapies are used in UK practice depending upon patient fitness and,
as such, there is no standard of care (SOC). R-chemo regimens are the most prominent
therapies used in current clinical practice, as reflected by the NICE scope. Of these, R-
CHOP is the most widely used, although other treatments defined in the NICE scope (Table
1) may be used in frailer patients or for historical reasons.

The clinical SLR identified a distinct lack of clinical trial evidence for the relevant
comparators, in contrast to the evidence base available for ibrutinib. As a result, further
searches were performed after the SLR (as described in Section 4.10) but across alll
searches no relevant clinical studies were identified for the comparators defined in the NICE
scope. The only RCT identified that permitted an indirect treatment comparison (ITC) with
the RAY (MCL3001) study was Hess, 2009, which included a physician’s choice (PC)
comparator arm. This provided a proxy for clinical practice, although this was limited by the
fact that the PC arm was comprised of single agent chemotherapy regimens that do not
reflect the current use of rituximab in clinical practice. Two other sources of PFS and OS
estimates for R/R MCL patients in routine practice settings have been identified. The
Haematological Malignancy Research Network (HMRN) provides evidence from a unified
clinical network operating across 14 hospitals in Northern England (Yorkshire). The Skane
University Hospital in Sweden provides evidence for patients treated with routine practice,
albeit in a different country. The PFS and OS estimates from these three sources are
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summarised in Table 4 and suggest median PFS estimates of 2-3 months and median OS
estimates of 5-10 months for patients treated with routine treatments.

Table 4: Summary of PFS and OS estimates in current practice

Source Median PFS Median OS
(months) (months)

HMRN’ (n=57) NR 8.4

Hess, 2009° (n=54) 1.9 9.7

Skéne University Hospital® (n=26) 2.8 5.2

HMRN: Haematological Malignancy Research Network, NR: not reported

Patients in the HMRN dataset were R/R MCL patients who had who had initially responded to therapy
Patients in Hess, 2009 had received a median of 4 prior lines of therapy

Patients from the Sk&ne University Hospital were 3" or 4" line R/R MCL patients

The results of a Bucher ITC with the Hess, 2009 study provided HRs for PFS and OS for
ibrutinib vs PC of 0.19 and 0.59, respectively. In order to address the limitation that the
therapies comprising the PC arm of Hess, 2009 do not reflect the use of rituximab in clinical
practice, the PFS HR from the ITC was adjusted to account for a ‘rituximab effect’ in
exploratory analysis within the cost-effectiveness modelling. A HR comparing chemotherapy
+ rituximab vs chemotherapy alone was derived from first-line MCL data from the HMRN
audit in order to inform this adjustment. The use of this approach provides an estimated PFS
HR for ibrutinib vs PC, as a proxy for R-chemo, of 0.28 (from 0.19). Whilst we acknowledge
the limitations of this approach, this approach was necessary due to the paucity of data
available for R-chemo in a disease area with high unmet need such as R/R MCL. It must be
borne in mind that R-chemo regimens are not licensed in R/R MCL (or MCL in general)
anywhere globally. Therefore Janssen could not perform a clinical trial comparing to any of
these regimens and, instead, planned ibrutinib’s phase Ill comparative RCT versus TEM,
which is the only licensed intervention in Europe for R/R MCL. The fact that no R-chemo
regimens are licensed in MCL likely explains the paucity of data for these therapies in the
literature, as only a few investigator-initiated studies have been run. Given the unlicensed
nature of the R-chemo used in practice, there is little that Janssen can do to address the
current lack of data associated with the comparator.

Quality of life benefits of ibrutinib

MCL is a rare and aggressive form of lymphoma and the majority (>90%) of patients present
with advanced stage disease’.The quality of life (QoL) in patients who have relapsed or are
refractory to previous MCL treatments is extremely poor. Fatigue and loss of mobility
commonly impact upon QoL and patients may not be able to perform simple activities of
daily living such as preparing meals or housework™'. Patients receiving R-chemo in current
clinical practice tend to feel well initially and then decline; clinical experts describe that the
greatest impact on patients of these therapies comes from fatigue and diarrhoea. Patients
cannot return to work whilst receiving chemotherapy and frequently require concomitant
medications which may also impact their QoL.

The improvement in QoL observed with ibrutinib is extraordinary. In RAY (MCL3001), nearly
twice as many patients in the ibrutinib arm of the study achieved a clinically meaningful
symptoms improvement compared with TEM (61.9% versus 35.5%), with symptoms
improvement achieved significantly more rapidly with ibrutinib (median 6.3 weeks compared
to 57.3 weeks with TEM)®. Symptom improvement with ibrutinib was accompanied by
clinically meaningful improvement from baseline on the Functional Assessment of Cancer
Treatment-Lymphoma (FACT-Lym) total score and across physical, functional and emotional
well-being sub-scales. In addition, significantly higher EuroQol-5 dimensions-5 levels
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guestionnaire (EQ-5D-5L) utility for ibrutinib compared to TEM was observed within 4 weeks
and maintained through to week 49 of treatment®. Overall improvement in QoL from baseline
in patients receiving ibrutinib compared to TEM captured by the EuroQoL-Visual Analogue
Scale (EQ-VAS) was clinically and statistically significant.

The impact on patients’ QoL has been endorsed by expert haematologists and patients as a
key benefit of ibrutinib compared to current chemotherapy options. Both the ability for
patients to return to normal lives and a ‘euphoric effect’ of receiving ibrutinib have been
highlighted. In addition, testimonials suggest that ibrutinib may allow patients to feel similar
to the general population of the same age and to experience potentially rapid improvements

such as ‘going from a wheelchair to a golf course in 3 weeks™.

Tolerability and side effect profile of ibrutinib

Frequency of all-grade treatment-emergent adverse events (AEs) and serious AEs in RAY
(MCL3001) was similar between the ibrutinib arm and the TEM arm, and the number of
patients experiencing grade 3 or higher treatment-emergent AEs was lower for ibrutinib
(n=94, 68%) than TEM (n=121, 87%). Furthermore, a considerably lower proportion of
patients receiving ibrutinib discontinued treatment due to AEs than patients receiving TEM
(6.5% versus 25.5%) despite the fact that the median duration of treatment exposure was
almost five-fold higher for ibrutinib compared to TEM.

The non-RCT evidence base for ibrutinib supports the tolerability profile observed in RAY
(MCL3001). In the PCYC1104 study, only 7% of patients discontinued ibrutinib due to AEs at
the primary end-point data cut-off; discontinuation rates due to AEs remained low at only
11% in the long-term extension of the study (median follow-up of 26.7 months).
Discontinuation due to AEs was similarly low in SPARK (MCL2001), at 6.7%. The safety
profile of ibrutinib reported in the two real-world studies (EAP and CUP) was consistent with
that found in the pivotal trials, with low rates of treatment discontinuation due to AEs.

Finally, the EMA have concluded that the safety profile of ibrutinib in R/R MCL is consistent
with that observed in the other ibrutinib clinical trials and licensed indications and is
considered manageable with dose modifications®.

End-of-life criteria
Ibrutinib meets the NICE end-of-life criteria in R/R MCL (see Section 4.14.3):
e Estimates for median OS of patients treated in routine practice settings are

approximately 5-10 months (see Table 4), well below 2 years

e Estimated median OS for patients receiving ibrutinib in the pooled analysis was 25.00
months and therefore above estimates of survival in current clinical practice by
considerably greater than 3 months

¢ The population of R/R MCL patients in England, Wales and Northen Ireland is
estimated to be small; approximately 356 patients in 2017 (see Section 6)

1.4 Summary of the cost-effectiveness analysis

A de novo economic model was constructed to assess the cost-effectiveness of ibrutinib for
the treatment of patients with R/R MCL versus R-chemo. Whilst there is no SOC for R/R
MCL in the UK, R-CHOP was identified as the main comparator based upon clinical expert
advice and the costs associated with R-CHOP were therefore applied in the base case
analysis. As a result of the extremely limited data available for these unlicensed R-chemo
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comparator therapies, all rituximab-containing regimens requested by the NICE scope were
modelled to have equivalent effectiveness.

A standard three health-state model was used (pre-progression, progression and death). In
order to be consistent with previous modelling methodology in MCL®, progression status
was used as a surrogate marker for OS, and post-progression survival (PPS) was assumed
to be the same for ibrutinib and R-chemo. Available literature within MCL indicates that PFS
isa g{g)ci? surrogate for OS and this approach has previously been accepted within front-line
MCL™ ™,

The model was parameterised by PFS, PPS and time on treatment (TOT) data from the
pooled dataset for ibrutinib. The model base case derived comparative effectiveness
between ibrutinib and R-chemo based on the results of the ITC using PC from Hess 2009,
with the added ‘rituximab effect’ included within the model base case to account for the
differences between the Hess data and UK clinical practice (see Section 1.3). A scenario
analysis was conducted in which the effectiveness of TEM observed in the RAY (MCL3001)
study was used as a proxy for the effectiveness of R-chemo.

Patient QoL was modelled using EQ-5D-5L utilities reported by patients in the RAY
(MCL3001) and SPARK (MCL2001) trials, with the impact of R-chemo toxicity on HRQoL
taken from expert clinical advice and compared to available published literature. A utility of
0.78 was used for patients who were progression free and 0.68 used for progressed
patients. A decrement of 0.20 was applied to patients whilst receiving R-chemo, with utility
assumed to return to normal immediately upon stopping treatment. The pattern and
magnitude of QoL impact captured by the EQ-5D-5L compared to that observed with the
QoL subscales of the FACT-Lym and by clinical experts raises concern that reliance on EQ-
5D-5L for economic modelling may risk underestimating the utility gain associated with the
meaningful and valuable positive impact of ibrutinib on patients’ QoL. In particular, the EQ-
5D-5L does not explicitly capture the impact of fatigue, an important aspect of living with R/R
MCL, on patient QoL. NICE have recently reviewed ibrutinib for the treatment of CLL and the
Committee reported the following conclusions in the draft Appraisal Consultation Document
(ACD)™: “clinical experts commented... stating that symptoms improve immediately with
ibrutinib and patients have a very good quality of life unless they have an adverse event.
Having heard the positive experience of patients with ibrutinib, particularly with regard to
energy levels and lack of side effects, the committee was concerned that the quality-of-life
benefits may not have been appropriately captured, noting that the EQ-5D-5L does not
directly measure fatigue”.

Janssen believe that these same considerations apply to this appraisal, particularly as the
modelled EQ-5D-5L utility value for progression free patients represents a utility gain of only
0.05 from the 0.73 baseline EQ-5D-5L utility observed in RAY (MCL3001). This means that
the utility gain modelled for ibrutinib is smaller than a published minimally important
difference (MID) for UK-index EQ-5D utility scores in cancer (0.08, meaning that any
difference equal to or above 0.08 is clinically meaningful) and hence unlikely to be clinically
meaningful for patients'®. By contrast, clinical experts expected utility values for MCL
patients on treatment with ibrutinib to be similar to the general population as “patients feel as
good as they have ever felt™?.

Costs were obtained from standard UK sources; eMIT and MIMS were used for drug costs
and NHS reference costs for resource use costs. As patients progressed through the health
states within the model, they incurred costs associated with drug acquisition and
administration, healthcare visits and management of AEs. Routine follow-up care costs in
the PFS state were assigned according to the distribution of patients’ best overall response
to treatment.
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The SLR conducted to identify evidence for the impact of R/R MCL on resource use
indicates a strong link between progression, receipt of chemotherapy and cost to the health
care system in R/R MCL. Based on this, ibrutinib is anticipated to lead to a reduction in some
of the costs associated with the management of R/R MCL. Firstly, ibrutinib prolongs time to
progression. Secondly, use of ibrutinib is associated with a reduction in the requirement for
use of chemotherapy. This would be expected to lead to decreases in hospitalisations,
emergency visits and supportive care required as a result of toxicity-related events with
chemotherapy. It is unlikely that all of these benefits have been adequately captured within
the current economic model due to a lack of evidence, and lack of understanding of the full
impact of toxicity related to current treatments on either patients or the NHS.

Based upon the economic analysis, ibrutinib was estimated to generate an additional 1.23
life years and 0.94 quality-adjusted life year (QALYS) (2.28 vs 1.04 life years for ibrutinib vs
R-chemo and 1.59 vs 0.65 QALYs for ibrutinib vs R-chemo). This represents a substantial
improvement to both length and QoL for R/R MCL patients, who currently face an extremely
poor prognosis. The mean life years estimated for patients in the ibrutinib arm were more
than double than those patients in the R-chemo arm. OS projections for the comparator arm
(median OS = 9 months) are in line with the life expectancy of patients receiving treatment
for R/R MCL in clinical practice (between 5 and 10 months).

In addition, as demonstrated within the economic model, the use of ibrutinib is expected to
offer substantial improvements to patients’ QoL. The ICER based upon the list price of
ibrutinib was £100,647. However, Janssen have currently agreed a confidential discount with
the Patient Access Schemes Liaison Unit (PASLU) and the Department of Health (DH).
When this is taken into consideration the ICER falls to £74,256. In scenario analysis where
the PPS benefit is reduced to reflect the observed OS of patients within UK clinical practice
the ICER falls to £58,757

Key uncertainties within the model related to the parameter estimates for the long-term
extrapolation of ibrutinib PFS and TOT data. However, the use of different curve fits only had
a minor impact on the overall outcomes of the analysis. The model was also sensitive to the
HR assumed for comparative PFS, reflecting the uncertainty in comparative effectiveness
due to the paucity of data available.

The majority of uncertainty within the probabilistic analysis related to the estimated QALYs
gained (as opposed to the costs encountered from treatment); however, in all cases a
substantial QALY improvement was expected for ibrutinib patients compared to those

treated with R-chemo ibetween 0.6and 1.4 QALYsi. _

Table 5: Incremental cost-effectiveness results in the base case analysis (at list price)

Total
Technology Total life Total Incremental I_ncremental Incremental ICER
costs years QALYs | costs life years QALYs
Ibrutinib B B B 04239 1.23 0.94 £100,647
RcHior  |HEESE |HE W

ICER: incremental cost-effectiveness ratio, QALY: quality adjusted life year, R-CHOP: rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisolone
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Table 6: Incremental cost-effectiveness results in the base case analysis (discounted price)

Technolo Total ;Ii']?(:al Total Incremental | Incremental | Incremental ICER
Y | costs years QALYs | costs life years QALYs

Ibrutinib I

R-CHOP B Bl o 1.23 0.94 £74,256

ICER: incremental cost-effectiveness ratio, QALY: quality adjusted life year, R-CHOP: rituximab,
cyclophosphamide, doxorubicin, vincristine and prednisolone
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2 The technology

2.1 Description of the technology
Key details of ibrutinib are presented in Table 7 below.

Table 7: Details of ibrutinib

Approved Name Ibrutinib

Brand Name Imbruvica®

Therapeutic Class Anti-neoplastic agents, protein kinase inhibitors
ATC Code LO1XEZ27

Pharmaceutical form(s) Capsule

Strength(s) available 140 mg

Route of administration Oral

Pack size 90 hard capsules; 120 hard capsules
Manufacturer Janssen

2.1.1 Mechanism of action

In MCL, mutation and overexpression of cyclin D1, a cell cycle gene, contributes to the
abnormal proliferation of malignant B-cells®’. Ibrutinib is a first-in-class, orally available,
irreversible inhibitor of BTK, a critical signalling molecule in the B-cell receptor (BCR)
pathway responsible for malignant B-cell survival and proliferation.

BTK belongs to the “Tec kinase family”, a group of kinases involved in the pathogenesis of
several B-cell malignancies, including MCL*® *°. Since its identification, BTK has represented
an attractive therapeutic target for B-cell malignancies for its proven, prominent role in the
development and function, cytoplasmic expression and selective expression of B-cells*®?°,

The BCR plays an important role in normal B-cell development through its regulation of
multiple cellular processes, including proliferation, differentiation, apoptosis and cell
migration; all of which are essential for the functioning and survival of both normal and
malignant B-cells™® * 2> 22, By irreversibly inhibiting BTK, ibrutinib disrupts the BCR
signalling pathway and prevents the proliferation and survival of malignant B-cells in MCL
(see Figure 1),
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Figure 1: Mechanism of action of ibrutinib
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2.2 Marketing authorisation/CE marking and health technology

assessment

2.2.1 EU marketing authorisation

2.2.1.1 Mantle cell lymphoma

Ibrutinib is currently licensed in the EU for the treatment of adult patients with R/R MCL?°.
The full summary of product characteristics (SmPC) is provided in the reference pack with
this submission?®”.

Ibrutinib received orphan status in the treatment of MCL from the EMA on the 26" April
2012. The marketing authorisation application for the use of ibrutinib in R/R MCL was
submitted to the EMA on the 30" October 2013 and a positive opinion from the CHMP was
received on the 24" July 2014". The marketing authorisation was subsequently obtained
from the European Commission on the 21% October 2014.

The EMA approved ibrutinib for the treatment of R/R MCL based upon single-arm data from
the pivotal phase Il trial PCYC1104, due to the recognition by the EMA of the promise shown
by ibrutinib in a disease area with a considerable unmet need.

The following extracts from the CHMP assessment report (provided in the reference pack

with this submission) emphasise the regulator’s positive opinion of the clinical value of
ibrutinib in R/R MCL*":
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o “The efficacy evaluation is based on data from the pivotal phase Il study 1104
(n=111) and the supportive study 04753 (n=5 with the 520 mg daily dose), both
single-arm trials. With the limitations of uncontrolled data acknowledged, the
robustness of the 1104 study is not challenged and, looking at the population under
study, data should be roughly representative for the general population with R/R
MCL”

o “From a historical perspective these results must be considered outstanding as
responses of this magnitude have not been reported with other available
monotherapies for R/R MCL”

o “Clinically relevant results were observed in patients with MCL treated with ibrutinib
monotherapy. Although the pivotal study is a single-arm study, the dramatic activity
seen in terms of ORR, and DOR is unprecedented historically and considered
sufficiently important in this heavily pre-treated patient population to support
approval”.

2.2.1.2 Other EU indications
Ibrutinib is also licensed in the EU for the treatment of the following:

e Adult patients with CLL who have received at least one prior therapy, or in first-line in
the presence of 17p deletion or TP53 mutation in patients unsuitable for chemo-
immunotherapy;

e Adult patients with WM who have received at least one prior therapy, or in first-line
treatment for patients unsuitable for chemo-immunotherapy?.

2.2.2 Non-EU regulatory approval

Ibrutinib is approved for the treatment of R/R MCL in 46 non EU countries including the US,
Mexico, Australia, Canada, most South American countries, Israel, India, Japan, South
Korea, Singapore, Philippines, Malaysia, Hong Kong, Indonesia, Thailand and New Zealand
(information as of February 2016). In November 2013, the US Food and Drug Administration
(FDA) granted breakthrough status and accelerated the approval for ibrutinib to treat R/R
MCL based upon the pivotal phase Il study (PCYC1104)%.

2.2.3 Health technology assessment (UK)

Table 8 below details the ongoing health technology assessment (HTA) for ibrutinib in the
UK.

Table 8: Details of ibrutinib health technology assessment in the UK

HTA body Indication(s) Submission date Anticipated decision date
NICE CLL October 2015 June 2016
SMC R/R MCL, CLL December 2015 July 2016
AWMSG R/R MCL, CLL TBC 2016 TBC 2016

HTA: health technology assessment, NICE: National Institute for Health and Care Excellence, SMC: Scottish
Medicines Consortium, AWMSG: All Wales Medicines Strategy Group, CLL: chronic lymphocytic leukaemia, R/R
MCL: relapsed or refractory mantle cell ymphoma, TBC: To be confirmed

2.3 Administration and costs of the technology

Details of the treatment regimen, including the method of administration and unit costs
associated with ibrutinib, are provided in Table 9.
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With respect to the acquisition cost of ibrutinib, Janssen have agreed a simple patient
access scheme (PAS) with the DH,

Table 9: Costs of the technology being appraised

Cost Source
Pharmaceutical | 140 mg capsule SmPC®
formulation
Acquisition List price: BNF 2016
3X¥feXd“d'”g e £4,599.00 for 90 x 140 mg capsules (£51.10 per
capsule)
e £6,132.00 for 120 x 140 mg capsules (£51.10 per
capsule)
Discounted price:
Method of Oral SmPC®
administration
Dose Four 140 mg capsules (560 mg) once daily SmPC®
Average length | Treatment with ibrutinib should be continued until disease | SmPC?®*; Rule,
of a course of progression or unacceptable toxicity. Median PFS froma | 2016°

treatment

pooled analysis of the RAY (MCL3001), SPARK
(MCL2001) and PCYC1104 studies was 12.81 months".

Average cost
of a course of

List price:
£78,550.92 (based on a 30-day month, therefore

BNF 2016%": Rule,
2016°

treatment assuming a cost of £6,132.00 for a one month supply,
and 12.81 months® [median PFS from the pooled
analysis] of treatment)
Discounted price:
I (based on a 30-day month, therefore
assuming a cost of for a one month supply, and
12.81 months® [median PFS from the pooled dataset] of
treatment)
Anticipated N/A - treatment with ibrutinib should be continued until SmpPC?®
average disease progression or unacceptable toxicity; patients will
interval not receive repeat courses
between
courses of
treatments
Anticipated N/A - treatment with ibrutinib should be continued until SmPC?*®
number of disease progression or unacceptable toxicity; patients will
repeat courses | not receive repeat courses
of treatments
Dose e Ibrutinib dose should be lowered to 140 mg once daily | SmPC*®

adjustments

(one capsule) when used concomitantly with moderate
CYP3A4 inhibitors.
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o |brutinib dose should be reduced to 140 mg once daily
(one capsule) or withheld for up to 7 days when it is
used concomitantly with strong CYP3A4 inhibitors.

o |brutinib therapy should be withheld for any new onset
or worsening grade = 3 non-haematological toxicity,
grade 3 or greater neutropenia with infection or fever,
or grade 4 haematological toxicities. Once the
symptoms of the toxicity have resolved to grade 1 or
baseline (recovery), treatment may be reinitiated at the
full dose (four capsules). If the toxicity reoccurs, the
once daily dose should be reduced by one capsule
(140 mg). A second reduction of dose by 140 mg may
be considered as needed.

e For patients with mild liver impairment (Child-Pugh
class A), the recommended dose is 280 mg daily (two
capsules). For patients with moderate liver impairment
(Child-Pugh class B), the recommended dose is 140
mg daily (one capsule).

Anticipated Treatment should be initiated and supervised in SmPC?
care setting secondary care by a physician experienced in the use of
anticancer medicinal products then continued via oral
self-administration at home.

N/A: not applicable, SmPC: summary of product characteristics, VAT: value added tax, BNF: British National
Formulary, CYP: cytochrome P450

2.4 Changes in service provision and management

The pharmacological properties of ibrutinib, together with its efficacy and safety profile, are
anticipated to have a noticeable positive impact on the service provision and management of
R/R MCL.

Ibrutinib is an oral monotherapy that is self-administered by the patient at home and does
not require any pre-medication or associated treatment administration®. As such, following
initiation by a haematologist in secondary care treatment with ibrutinib has no further
associated administration costs. The main resource use to the NHS is anticipated to be the
drug acquisition cost.

This is in contrast to the relevant comparators indicated in the NICE final scope for this
submission, which are either fully administered as an infusion or are in combination with
treatments requiring infusion. It is therefore reasonable to assume a steep reduction in
infusion service requirements for patients treated with ibrutinib. The ability for ibrutinib to be
self-administered at home will remove the staffing and resource use required for patients to
atterggl hospital to receive their infusions, which can in some cases require a short hospital
stay””.

No additional infrastructure in the NHS is assumed to be required with the use of ibrutinib.
Moreover, no further monitoring or tests over and above current clinical practice in R/R MCL
is anticipated to be needed. A full evaluation of the resource use and costs associated with
treatment can be found in Section 5.5.

With regards to changes in the wider management of the condition, the significant
improvements to symptom control and QoL demonstrated by ibrutinib (see Section 4.7.2.4)
would be expected to reduce the burden on caregivers in helping patients manage their
symptoms, which would again present a change in the management of the condition.
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2.5 Innovation
Ibrutinib is a first-in-class targeted therapy with a novel mechanism of action

Ibrutinib is a first-in-class, orally available, irreversible inhibitor of BTK; a signalling kinase in
the BCR pathway that is critical for malignant B-cell survival and proliferation'® *°. BTK plays
a crucial role in the pathogenesis of B-cell malignancies such as MCL and the inhibition of
BTK represents a truly novel approach in the treatment of the disease. Ibrutinib binds with
high affinity to the Cys-481 residue in the BTK active site, providing the opportunity for daily
dosing whilst minimising the duration of off-target effects®. Following oral administration,
ibrutinib is rapidly absorbed, with a time to peak concentration of 1-2 hours®.

The innovative nature of ibrutinib has been recognised by the EMA and the FDA through
their approval of ibrutinib based upon ORR, a surrogate end-point from a phase Il study® °.
Furthermore, ibrutinib was awarded the prestigious Prix Galien Award in 2015 for Best
Pharmaceutical Agent in both the USA and France®. The Prix Galien Award is considered to
be the pharmaceutical industry's highest accolade and recognises the vital technical,
scientific and clinical research skills necessary to develop medicines.

NICE also recognised the innovative nature of ibrutinib in the draft ACD for ibrutinib in CLL:
“The committee heard from both the patient representatives and clinical experts that ibrutinib
is an important new technology in the treatment of CLL and that patients appreciate how well
the treatment works and how easy it is to take as an oral treatment... The committee

concluded that ibrutinib could be considered an innovative treatment”*°.

A number of reviews by clinical experts in MCL have highlighted the “impressive efficacy”
and “excellent tolerability” of ibrutinib® 3. Furthermore, recent guidelines on the evolving
management of R/R MCL by Campo and Rule, 2015 state that the introduction of BTK
inhibitors would appear to be a “step-change in the therapy”for R/R MCL and, as the
evidence base for ibrutinib grows, the treatment paradigm for the disease will fundamentally
change, with the “very real prospect that BTK inhibitors may obviate the need for
transplantation in younger patients and even the need for chemotherapy in older patients™.

Ibrutinib addresses a significant unmet need within the MCL treatment pathway

MCL is an incurable disease with rapid progression and the poorest prognosis of all types of
NHL" . Responses to initial chemotherapy in MCL are temporary, leading to high
recurrence rates *. As a result, the long-term prognosis for patients with MCL is poor, with a
median OS of only 3-4 years from diagnosis®. Patients with R/R MCL disease have poorer
outcomes still, with a median OS of less than one year’™®.

Guidelines from the British Committee for Standards in Haematology (BCSH) published in
2012 and a review of management strategies in MCL published in 2014 recognise that there
is a lack of definitive data to guide treatment decisions in MCL and that once patients
relapse there is no SOC* '°. Response to second-line treatment is poorer and shorter than
for first-line treatment, confirmed by data from HMRN’. As such, the introduction of ibrutinib
addresses a significant unmet need within the MCL treatment pathway.

The value of ibrutinib as a treatment option to address this unmet need is highlighted by data
demonstrating the level of uptake of ibrutinib in clinical practice to date, where ibrutinib has
been available via CUPs or, since January 2015, the Cancer Drugs Fund (CDF). An analysis
of CDF notifications and of IMS Harmony market research data shows a rapid uptake of
ibrutinib in R/R MCL in clinical practice, which reflects the high level of unmet need in this
indication and the clear demand for ibrutinib as a treatment option.
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Cancer Drugs Fund (CDF) notifications

Figure 2 demonstrates how, following its addition to the CDF in January 2015, natifications
for ibrutinib were observed immediately and have been made consistently ever since®* *°.
There was a gap of 1-2 months between closure of the CUP for ibrutinib and the availability
of ibrutinib on the CDF from January 2015. The rapid uptake of ibrutinib observed in the first
two months of availability on the CDF (January and February 2015) likely reflects the fact
that clinicians were waiting for ibrutinib to become available via the CDF before starting their
patients on treatment. Data for the fourth quarter of 2015 are not yet available, but the
observed trend is expected to continue.

Figure 2: Analysis of ibrutinib CDF notifications for R/R MCL from April 2014 to September
2015

Ibrutinib Cancer Drug Fund notifications for R/R MCL
Oct 2014 - Sept 2015

CDF Notifications

Oct-14
Nov-14
Dec-14
Jan-15
Feb-15
Mar-15
Apr-15
May-15
Jun-15
Jul-15
Aug-15
Sep-15

Source: CDF notifications April 2014-September 2015* %

IMS Harmony market research data

Patient data from IMS Harmony market research, which include treatments that receive
baseline funding as well as those funded via the CDF, provide an insight into the market

uptake of various therapies for the treatment of MCL at the second or later LOT, including
ibrutinib
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The CDF notifications and IMS Harmony data highlight the clear demand for ibrutinib via
currently available funding routes and, therefore, the nature of ibrutinib as an absolute step-
change in the treatment of a high unmet need disease area such as R/R MCL.

The evidence base for ibrutinib demonstrates robust clinical efficacy with
unprecedented response rates

The clinical efficacy of ibrutinib in R/R MCL has been demonstrated in three clinical trials —
one phase Il study versus TEM (RAY [MCL3001])* and two uncontrolled phase Il studies
(PCYC1104 and SPARK [MCL2001])*"*° — in addition to a global CUP in which 715 R/R
MCL patients (of which 154 were from the UK) received ibrutinib in a “real-world” setting®® **.

As mentioned in Section 1, the clinical trial programme for ibrutinib in R/R MCL
demonstrates unprecedented and consistent results in terms of PFS and response rates
never observed before for treatments in this disease area. Median OS for ibrutinib has not
yet been reached in the RAY (MCL3001) study showing the huge potential in terms of
survival. Results from the clinical trial programme were confirmed in two separate real-world
studies, including a high number of UK patients.

Section 4 provides details on all the relevant ibrutinib clinical trials separately, the pooled
dataset based on the meta-analysis of the three key studies, and the two real-world studies.

The oral administration of ibrutinib reduces the patient, carer and NHS burden
associated with current MCL treatments

Ibrutinib is an oral monotherapy administered once daily. This is in contrast to the relevant
comparators indicated in the NICE final scope for this submission which, as mentioned
previously, are either fully administered as an intravenous (IV) infusion or are in combination
with treatments requiring IV infusion. Ibrutinib therefore offers a step-change in the
management of MCL with regards to route of administration.

The preference for orally available therapies amongst cancer patients has been
demonstrated in a number of studies** **. Oral administration provides patients with more
autonomy and removes the need for both patients and carers to spend lengthy periods of
time in secondary care receiving IV chemotherapy. Furthermore, oral administration will free
up NHS resources otherwise associated with IV chemotherapy administration and
management (as explained in Section 2.4).

In addition, ibrutinib is administered as a monotherapy. No pre- or concomitant medications
are specified in the marketing authorisation or were indicated in the principal ibrutinib clinical
trials®> **%. In contrast, the relevant comparators used in R/R MCL involve a combination of
IV chemotherapy agents and can require the concomitant administration of a number of
additional medications such as paracetamol, anti-emetics, antihistamines and steroids to
prevent adverse reactions®®. This further adds to the administrative convenience of ibrutinib
in comparison to IV chemotherapy alternatives, and may provide a psychological benefit to
patients in preventing them feeling like they are taking a “cocktail” of different drugs.
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Ibrutinib demonstrates a well-tolerated safety profile allowing patients to remain on
therapy

The safety profile of ibrutinib has been well characterised in the clinical programme and the
drug can be safely administered even in a heavily pre-treated and/or elderly population with
baseline comorbidities. AEs are generally predictable, of low grade and can be effectively
managed with supportive therapy. The incidence of AEs decreases over time and
infrequently results in the need for discontinuation (6.5% in the phase Ill RAY [MCL3001]
study) or dose reduction® **.

Reviews have highlighted how ibrutinib “appears remarkably well tolerated” and shows
“excellent tolerability”*" . This represents an innovative development in light of the
debilitating side-effects of chemotherapy such as nausea and fatigue and the recognised
need to improve upon standard therapy by achieving clinical results with less toxicity® ** .
As such, the favourable safety profile of ibrutinib may also have the potential to decrease
burden on NHS resources from the treatment of chemotherapy-related AEs. A further benefit
of ibrutinib’s manageable and predictable safety profile is that it allows patients to remain on
therapy, which consequently ensures that treatment remains uninterrupted and efficacy is
not impacted by tolerability.

Section 4.13 reports the detailed safety data associated with ibrutinib.
Benefits of ibrutinib on QoL may not be fully captured by the QALY metric

The symptoms associated with MCL have a marked effect on patients’ QoL, particularly
fatigue®. Decrements are observed in all areas of QoL, including physical health (mobility
and fatigue) and psychological health (anxiety and depression)**. Older patients and those
with active disease in particular have been reported to have the poorest QoL?. Patients’
ability to enjoy life — their pastimes/hobbies, relationships, professional and social life — is
also impaired, and often patients require the use of carers to undertake normal daily
activities™. Furthermore, the DOR to treatments for R/R disease is shorter than with initial
therapy and life expectancy for R/R MCL patients is less than one year” “°. Coupled with the
fact that there is no SOC for the treatment of R/R MCL, patients are faced with significant
uncertainty and anxiety regarding their prognosis, which has an additional negative impact
on their QoL™.

Treatment with ibrutinib has been demonstrated to significantly improve symptom control
and Qol, as measured by the FACT-Lym and EQ-5D-5L outcome measures (see Section
4.7.2.4 for more details)*®. These clinical trial data are further supported by patient reports
and feedback from clinicians at an Advisory Board, which highlighted a number of anecdotal
QoL benefits of ibrutinib*?:

e Anecdotal reports have described how patients who were confined to bed whilst
receiving conventional chemotherapy have shown a rapid response to ibrutinib
treatment (within 10 hours in some cases). These reports also highlight that ibrutinib
has a ‘euphoric effect’, with patients’ QoL reported as being as good as a healthy
individual;

o Clinician feedback was that they can often distinguish patients who are receiving
ibrutinib rather than R-chemo by the fact that patients receiving chemotherapy will
look sick and be suffering hair loss, whereas patients receiving ibrutinib will often look
healthy;

e Anecdotal reports have revealed that patients have been able to return to normal
activities such as attending work or playing golf within weeks of receiving treatment.
The median PFS observed in the ibrutinib trials (12.81 months, pooled analysis)®,
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when compared with results from the Hess, 2009 study (1.9 months) and from the
Skane University Hospital dataset (2.8 months), supports an extended period in a
progression-free state for patients receiving ibrutinib versus treatments in current

clinical practice® *’. This is commensurate with the notion that ibrutinib may allow

patients to return to their normal activities.

These areas of QoL (lack of energy, ability to work, ability to enjoy life) are well-captured by
the physical and functional well-being sub-scales of the FACT-Lym, which are common to
the general FACT instrument (FACT-G). These domains showed significant improvement
with ibrutinib compared to TEM in RAY (MCL3001), as did the emotional well-being FACT
subscale. Whilst a number of the QoL benefits of ibrutinib may be captured using the EQ-
5D-5L outcome measure to establish patient QoL preference weights, it is unlikely that this
measure fully captures the meaningful and valuable QoL benefit that has been observed in
clinical trials and anecdotally as described above. In particular, the EQ-5D-5L measure
contains no explicit fatigue dimension and fatigue has been reported as one of the most
important negative QoL impacts of the condition®. Domain level evaluation of the RAY
(MCL3001) EQ-5D-5L data shows that some change from baseline was captured by the
usual activities and pain/discomfort domains, but at a level that may not represent a change
in EQ-5D health state and hence utility.

In addition to the benefit of ibrutinib on patient QoL, ibrutinib is anticipated to improve the
QoL of carers looking after patients with R/R MCL; this is a benefit that is not captured in the
QALY calculation presented in Section 5. Most patients receiving chemotherapy are not fit
enough to drive to hospital and may live in rural areas without local access or transport to a
chemotherapy day unit, thereby requiring the use of a carer to attend chemotherapy
administration sessions. The burden of MCL on carers in terms of QoL is also likely to
increase as the disease progresses and patients relapse. Ibrutinib is an oral treatment and,
unlike other treatment options, does not require frequent hospital visits for infusion or
monitoring. This is likely to improve carers’ QoL as they will no longer be required to provide
transport to hospital or help with household activities. In addition, the treatment-free interval
after ibrutinib treatment in RAY (MCL3001) was significantly longer than that observed after
TEM?®®. The median time to next treatment was not reached in the ibrutinib arm compared
with 11.6 months in the TEM arm, at a median follow up of 20 months®. This has clear
implications for carers who will not be required to attend hospital visits for administration of
subsequent treatment during the treatment free period. In addition, there may be a
psychological benefit for carers in seeing the patients for whom they provide care
experiencing improved QoL on ibrutinib.

Finally, there are further benefits to society that may arise from the introduction of ibrutinib.
The marked improvement in QoL from ibrutinib may aid patient self-functioning and allow
them to return to work and normal activities faster following treatment with ibrutinib than with
conventional chemotherapy. This may result in improved productivity at work and increased
engagement with society, and these benefits are not captured under the perspective of the
NHS and PSS that represents the NICE reference case.

In summary, ibrutinib is expected to provide a number of benefits that may not be adequately
captured by the QALY calculation. These include both patient-centric aspects that may not
be fully captured by the EQ-5D-5L utility measure, but also wider societal considerations
relating to burden on caregivers and to the wider society that fall outside of the perspective
of the health economic analysis presented in Section 5.
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3 Health condition and position of the technology in the

treatment pathway

Summary

MCL is an extremely rare and often aggressive type of NHL. Approximately 13,400 people were
diagnosed with NHL in the UK in 2013, including approximately 500 with MCL*®*°. The most common
signs and symptoms of MCL are lymphadenopathy, splenomegaly, bone marrow infiltration and
leukaemic involvement. Extranodal involvement is also frequent, particularly affecting the gut and
liver, and involvement of more than two extranodal sites is observed in 30-50% of patients™.
MCL is an incurable disease with rapid progression and the poorest prognosis of all types of NHL" *°.
This is compounded b%/ the fact that the majority of MCL patients are diagnosed in the advanced
stages of the disease™ “°. Responses to initial chemotherapy in MCL are temporary, leading to a high
recurrence rate®®. Subsequently, there is an ever diminishing response to successive lines of therapy
(LOTs) and a shortening duration of remission” “°. As such, patients with MCL have a median OS of
only 3-4 years from diagnosis® and a median OS of <1 year in R/R disease’”.

Patients with stage I-Il MCL are considered for radiotherapy. For patients who are asymptomatic but
not suitable for radiotherapy, ‘watch and wait' should be considered until disease progression®.
Patients with advanced stage disease require systemic treatment, which tends to be chemotherapy
with or without rituximab®®. For patients with high tumour burden, choice of treatment should be based
upon age and fitness.

There is no SOC for R/R MCL* and there are no NICE technology appraisals (TA) relating to the
treatment of the disease. During a recent advisory board, Janssen was advised that the majority of
patients with R/R MCL will receive R-chemo; most commonly R-CHOP, although frail or very frail
patients are likely to receive R-CVP or R-chlorambucil, respectively™. In cases of early relapse, the
European Society for Medical Oncology (ESMO) now strongly recommend newer targeted
approaches, including TEM, bortezomib, ibrutinib and lenalidomide®. Although licensed for use in R/R
MCL in the UK, advice from clinical experts is that TEM is not used in clinical practice. Bortezomib is
only {(Zecigr?zmended for previously untreated MCL patients and lenalidomide is only available via a
CUp—™ =>4
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3.1 Disease overview

MCL is an extremely rare and often aggressive type of NHL, in which mutation and
overexpression of cyclin D1, a cell cycle gene, contributes to the abnormal proliferation of
malignant B-cells*’. It is called ‘mantle cell’ ymphoma because the abnormal B-cells arise
from the mantle zone within the lymph node.

3.1.1 Prevalence

Approximately 13,400 people were diagnosed with non-Hodgkin’s lymphoma (NHL) in the
UK in 2013, The prevalence of MCL in the general population is approximately 0.0016%
based on data from the HMRN, meaning that ibrutinib is an orphan medicine within MCL.
MCL is a disease that occurs more commonly in men than women (75% of patients with
MCL are men), and the incidence increases with age; the median age at presentation is 63
years'® *°. The number of patients in England, Wales and Northern Ireland with R/R MCL is
estimated to be 356 in 2017 (see Section 6) which would equate to an estimate of fewer than
1 in 50,000 of the adult population in the UK.

3.1.2 Signs and symptoms

The most common signs and symptoms of MCL are lymphadenopathy (swelling of the lymph
nodes, which is usually widespread at diagnosis), splenomegaly (enlargement of the spleen,
which can lead to abdominal pain or fullness), bone marrow infiltration (and consequently
anaemia, low platelets and low neutrophils) and leukaemic involvement. Extranodal
involvement is also frequent, particularly affecting the gut and liver, and involvement of more
than two extranodal sites is observed in 30-50% of patients'®. In addition, about 40% of
patients with MCL will also report ‘B symptoms’, which include fever, night sweats and
weight loss, and can have a marked impact on patients’ QoL>3.

3.2 Effect on patients, carers and society

MCL has the poorest outlook of all subtypes of lymphoma; the duration of remission is short
and OS is short*. QoL in patients with R/R MCL is poor; fatigue and loss of mobility are
commonly observed'’. As a result, R/R MCL patients may not be able to perform simple
activities of daily living such as preparing meals or housework. In such cases assistance will
be required from a family member or a professional carer.

Given that R/R MCL is extremely rare, there is a paucity of data on the impact of the disease
on carers’ QoL. However, the diagnosis in a loved one of a fatal condition with a short
survival period is likely to cause carers great concern and have a considerable impact on
their QoL. Furthermore, conventional treatment for R/R MCL involves IV chemotherapy
infusions and patients are required to attend hospital for treatment administration. Most
patients would not be fit enough to drive to hospital and may live in areas without local
access or transport to an appropriate infusion unit. In many cases, patients would need a
carer to provide transport to the infusion unit, which is also likely to have an impact on
carers’ QoL (see Section 2.5).

3.3 Life expectancy

MCL is an incurable disease with rapid progression and poor outcomes’. As stated above,
MCL has the poorest prognosis of all types of NHL'. This is compounded by the fact that
the majority of MCL patients are diagnosed in the advanced stages of the disease, with 80—
90% of MCL patients diagnosed with Ann Arbor stage 1l or IV lymphoma'® *°.
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Responses to initial chemotherapy in MCL are temporary, leading to high recurrence rates®.
Subsequently, there is an ever diminishing response to subsequent LOTs and a shortening
DOR’ “. Data from the HMRN based on a sample of 244 patients diagnosed with MCL
between September 2004 and August 2013 revealed that 58% of patients responded to first-
line chemotherapy or radiotherapy, 33% responded to second-line therapy and 16%
respgnded to third-line therapy’. Furthermore, DOR fell by approximately 60% between each
LOT".

As such, the long-term prognosis for patients with MCL is poor, with a median OS of only 3-4
years from diagnosis® and median OS of <1 year in patients with R/R disease’”. In the
HMRN dataset (Figure 4), median OS was 8.4 months in patients with R/R disease who
achieved a response to first-line treatment (n=57)". A similar OS estimate of 9.7 months was
observed in patients receiving PC in the phase Il trial by Hess, 2009°. Finally, in the real-
world registry of patients treated at the Skane University Hospital in Sweden between 2000
and 20192, the median OS of 26 patients treated at the 3" or 4" line of therapy was 5.2
months®.

Figure 4. OS in patients with R/R disease who achieved a response to first-line treatment
(HMRN, n=57)
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HMRN: Haematological Malignancy Research Network
Source: HMRN dataset, 2014’

3.4 Treatment pathway

3.4.1 First-line treatment pathway

Clinical guidelines for the diagnosis and management of patients with MCL were published
by the BCSH in 2012*° and, more recently, by the ESMO in 2014°*. A further review of the
evolving management strategies of R/R MCL was published by Campo and Rule in 2015*.
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Finally, the draft NICE Clinical Guidelines for diagnosis and management of NHL were
published in March 2016 and the final publication is expected in July 2016°.

The draft NICE Clinical Guidelines note that “there is no accepted standard of care for
patients with MCL. The paucity of randomised control data, the relative infrequency of this
lymphoma subtype, historical problems in identifying this entity correctly and finding trials
with only MCL patients included have all contributed to this™°. A small number of patients
present with limited stage (I or Il) disease and are frequently considered for radiotherapy.
There is also an ‘indolent’ form of MCL which may be identified clinically. For people with
clinically non-progressive MCL who are asymptomatic and for whom radiotherapy is not
suitable, ‘watch and wait’ (observation without therapy) should be considered until disease
progression®’.

The majority of patients have advanced stage disease and require systemic treatment. The
regimens that have been studied are mostly similar to those used in other B-cell lymphomas,
namely chemotherapy with or without rituximab®. For patients with high tumour burden,
choice of treatment should be based upon age and fitness. Younger, fitter patients should
receive rituximab with a regimen containing high dose cytarabine followed by autologous
blood stem cell transplant. For older or less fit patients, a standard dose rituximab-containing
chemotherapy regimen such as R-CHOP (rituximab, cyclophosphamide, doxorubicin and
vincristine) or R-bendamustine (rituximab and bendamustine) is recommended if patients are
fit enough. Alternatively, FCR (rituximab, fludarabine and cyclophosphamide), R-CVP
(rituximab, cyclophosphamide, vincristine and prednisolone), or R-chlorambucil (rituximab
and chlorambucil) can be used (see Figure 5)* ' *°, According to the ESMO guidelines,
however, R-CVP and FCR are discouraged due to inferior response rates and long-lasting
myelosuppression®'.

A current issue with clinical practice is that the use of R-CHOP as a first-line therapy
precludes its use as a later stage therapy, where the current alternative chemotherapy
regimens are not considered as effective'?,

Figure 5: Current first-line therapy pathway for MCL
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Source: Campo, Rule, 2014*

3.4.2 R/R MCL Treatment Pathway

Responses to first-line chemotherapy are often temporary and relapse rates are high.
Responses to subsequent LOT are then usually poorer and shorter than for first-line
treatment’ *°. There is currently no SOC for R/R MCL as can be observed in the HMRN audit
(19 different treatment approaches were used in the 79 patients who received second-line

The choice of treatment in R/R MCL depends on the age of the patient and their fitness.
Younger patients who are fit enough for high dose chemotherapy and autologous peripheral
blood stem cell transplantation in first remission should receive a high dose cytarabine-
containing regimen to achieve an optimal remission, followed by allogeneic transplantation at
relapse®. The recent advisory board held by Janssen with clinicians who are expert in the
treatment of MCL in the UK found that in clinical practice R-CHOP is most commonly used
as first relapse treatment for less fit patients. For frail patients R-CVP is the most common
treatment and for very frail patients R-chlorambucil is used. For further relapses, patients
may receive a variety of salvage therapies as R-CHOP is likely to have already been used in
previous LOTs™. In cases of early relapse, the ESMO strongly recommends newer targeted
approaches, including TEM, bortezomib, ibrutinib and lenalidomide®. Other than ibrutinib,
TEM is the only agent licensed for use in R/R MCL in the EU; however TEM is not used in
clinical practice in the UK. Bortezomib is only recommended for previously untreated MCL
patients and lenalidomide is only available via a CUP*? 332,

3.5 Relevant NICE guidance

Table 10 below provides the details of relevant NICE guidance and technology appraisals
(TA) relating to the treatment of R/R MCL.
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Table 10. NICE Guidance and TAs relating to the treatment of R/R MCL

Guidance/TA title Details

NICE clinical guidelines for the diagnosis and Draft guidance available; final guidance expected
management of non-Hodgkin’s Iymphomaso. July 2016.

Bortezomib for previously untreated mantle cell Published in December 2015.

lymphoma [TA370]". Recommendation: Bortezomib is recommended

as a possible treatment for adults with mantle cell
lymphoma that has not been treated before, if
haematopoietic stem cell transplantation is not
suitable for them.

Temsirolimus for the treatment of relapsed or Terminated in October 2010.

refractory mantle cell lymphoma [TA208]" TEM was not recommended for use as no
evidence submission was received from the
manufacturer.

Lymphoma (mantle cell, relapsed, refractory) — Suspended in November 2015.

lenalidomide [ID739]* The manufacturer indicated that they would not

be making a submission for this appraisal
therefore it was suspended by NICE while they
consider the next steps.

TA: technology appraisal, NICE: National Institute for Health and Care Excellence, TEM: temsirolimus

3.6 Issues relating to current clinical practice

As highlighted previously, there is currently no SOC for R/R MCL* *°. As explained in
Section 2.5 and Section 3.4.2, HMRN and IMS Harmony data show how several different R-
chemo regimens are used in the UK. MCL is rare and was only recognised as a specific
disease in 1994°°. Moreover, MCL patients are commonly enrolled in clinical trials together
with patients with different NHL, hence there is a lack of definitive data to guide treatment *°.

3.7 Equity considerations

Ibrutinib is well tolerated with a consistent survival benefit demonstrated across all patient
subgroups®® "3, It therefore provides an effective treatment option for all R/R MCL patients
including those who cannot receive cytotoxic therapies due to their advanced age,
performance status, comorbidities or fithess. Equality issues which may currently exist for
older, frailer patients would be alleviated with the use of ibrutinib. Furthermore, the oral
administration of ibrutinib allows an effective treatment option to be given to patients that
may not have local access or transport to an appropriate infusion unit.
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4 Clinical effectiveness

Summary

e Three studies support the use of ibrutinib in R/R MCL: one phase Ill RCT (RAY [MCL3001]) and
two phase Il single-arm studies (PCYC1104, the registration study, and SPARK [MCL2001]). A
pooled analysis of all three trials provides a robust estimate of ibrutinib efficacy across 370
patients and incorporates the longer-term follow-up of the PCYC1104 study.

e |brutinib demonstrated an unparalleled PFS benefit, consistent in all clinical trials. Median PFS in
RAY (MCL3001) was 14.6 months for patients receiving ibrutinib, which represented a substantial
and significant 57% reduction in the risk of disease progression or death with ibrutinib compared
to TEM (hazard ratio (HR) = 0.43, 95% CI: 0.32; 0.58, p<0.0001). Median PFS in the pooled
dataset was 12.81 months (95% ClI: 8.48, 16.56)°. These figures compare to a PFS of less than 5
months estimated for R-chemo.

e The median OS of 25.00 months (95% Cl: 21.59, NE)® for the 370 patients who received ibrutinib
was substantially longer than estimates previously observed in clinical practice from the literature
(5-10 months). The pooled median OS was is consistent with median OS in PCYC1104 of 22.5
(95% CI 13.7, NE) at 26.7 months follow-up

o ORRs were 71.9% in RAY (MCL3001) and 66.22% in the pooled dataset®. The ORR observed in
PCYC1004 at the time of licensing (68%) was considered ‘unprecedented’ by the CHMP. The
pooled analysis also demonstrated that PFS, OS and ORR were higher in patients who had
received fewer prior LOTs and supported use of ibrutinib earlier in the treatment of R/R MCL®

e The improvement in QoL observed with ibrutinib is extraordinary. In RAY (MCL3001), nearly twice
as many patients in the ibrutinib arm achieved a clinically meaningful symptoms improvement
compared with TEM (61.9% versus 35.5%), with symptoms improvement achieved significantly
quicker with ibrutinib (median 6.3 weeks compared to 57.3 weeks with TEM)3. Symptom
improvement with ibrutinib was accompanied by clinically meaningful improvement from baseline
on the FACT-Lym total score and across physical, functional and emotional well-being sub-
scales. In addition, significantly higher EQ-5D-5L utility was observed within 4 weeks and
maintained through to week 49 of treatment®

e |brutinib is well tolerated, with low rates of AEs and treatment discontinuation. In RAY (MCL3001),
ibrutinib was better tolerated than TEM, with grade 3 or higher treatment-emergent AEs reported
for 94 (68%) patients on ibrutinib versus 121 (87%) patients on TEM. This was despite the fact
that the median duration of treatment exposure was almost five-fold higher for ibrutinib compared
to TEM in the RAY (MCL3001) study. Furthermore, substantially fewer discontinuations due to
AEs were reported for ibrutinib compared with TEM (9 [6%] compared with 36 [26%],
respectively)®®

e Alack of clinical evidence for the R-chemo therapies that represent current clinical practice was
identified, reflecting the unlicensed status of these therapies. Comparative effectiveness was
therefore estimated based upon a Bucher ITC of the RAY (MCL3001) study and the PC arm of
the Hess, 2009 phase Il RCT

e This ITC derived a HR for PFS and OS of 0.19 (95% CI: 0.1, 0.36) and 0.59 (0.31, 1.09),
respectively. Therapies comprising the PC arm of Hess, 2009, however, do not reflect the current
use of rituximab in clinical practice and the PFS HR was therefore adjusted to take account of a
‘rituximab effect’ in exploratory analyses in the economic model (Section 5). Whilst we
acknowledge the limitations of this approach, this is due to the paucity of data available for R-
chemo in a disease area with high unmet need such as R/R MCL. This is in contrast to the
considerable clinical evidence base which now exists for ibrutinib in R/R MCL. Janssen believe
that this is uncertainty that it is not possible for us to fully address, given that R-chemo is
unlicensed and does not have a strong evidence base.
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4.1 ldentification and selection of relevant studies

4.1.1 Systematic literature review

A SLR of clinical evidence in R/R MCL was conducted to identify relevant RCT and non-RCT
studies of ibrutinib. In addition, a number of comparator therapies were considered relevant
for inclusion in this review, including those defined in the final scope for this appraisal.

4.1.2 Search strategy

The search strategy encompassed searching of electronic databases, hand-searching of
relevant bibliographies and grey literature searching, as described below.

Database literature searches were conducted on the 7" of May 2014, updated on the 8" of
June 2015, and the search of relevant congress abstracts was updated in February 2016. As
the database literature update is now 9 months old, the SLR is in the process of being
updated and the results will be available in June 2016. It is not expected, however, that any
additional relevant data sources will be identified by this update.

The databases searched were:

e MEDLINE (via PubMed)

e MEDLINE In-Process (via PubMed)

e Embase

e Embase In-Process

e The Cochrane Collaboration Central Register of Clinical Trials (CENTRAL)

Search terms for the searches of electronic databases can be found in Appendix 3. In-
Process searches were run through removal of limitation tags and searched using key terms
to allow for the inclusion of newer, non-indexed publications (i.e. in-process records), as per
the US National Library of Medicine website.

In addition to the electronic database searches described above, grey literature (i.e. material
that can be referenced but is not typically published in peer-reviewed, database-indexed
medical journals) was also searched for meeting abstracts or posters presenting any
relevant information on the outcomes of interest. Proceedings from 2013-2015 (as available)
of the following conferences were screened for relevant abstracts:

¢ American Society of Clinical Oncology (ASCO) 2013-2015: http://am.asco.org/

¢ American Society of Hematology (ASH) 2012-2014:
http://mwww.hematology.org/Annual-Meeting/

¢ European Hematology Association (EHA) 2013—-2015: http://www.ehaweb.org/

o European Society for Medical Oncology (ESMO) 2012-2013:
http://www.esmo.org/Conferences/ESMO-2014-Congress

¢ International Society for Pharmacoeconomics and Outcomes Research (ISPOR)
2013-2015 (International, Europe, and Latin America Meetings):
http://www.ispor.org/

An update to the congress searches was performed in February 2016, applying the same
methodology as for the original congress searches described above. The only two
congresses with updated abstract availability since the original search were the ASH 2015
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congress and the European Cancer Congress (ECC) 2015 (an ESMO congress). Updated
searches were therefore performed for these two congresses only.

Finally, the bibliographies of any relevant SLR articles identified as part of the electronic
database searching described above and published since 2011 were reviewed as a potential
supplemental source of relevant studies.

Further details of the full search strategies employed can be found in Appendix 3.

4.1.3 Study selection

The SLR was designed to focus on trials of R/R MCL that reported efficacy and safety
outcomes. Prior to study selection, all duplicates of articles identified by the search were
removed. The study selection process then consisted of two stages: 1) a review of
titles/abstracts; 2) a review of full texts.

At each stage, articles were reviewed against the pre-specified eligibility criteria provided in
Table 11, which were based on the PICOS (Population, Intervention, Comparator,
Outcomes, Study design) formula. In the initial screening phase (titles and abstracts review),
studies were not excluded based on intervention/comparators of interest; these criteria
applied to the review of full texts only. No date or language limits were applied to the
searches; however, all non-English-language publications that were identified at the abstract
level and that would otherwise have met the inclusion criteria for this stage of the review
were rejected on the basis of being non-English-language studies. These studies therefore
did not progress to full-text review.

The titles/abstracts review was performed by two independent investigators, with any
discrepancies between the two investigators reviewed and resolved by a third investigator
before proceeding to retrieval of full texts. Full texts were singly reviewed, with all articles
rejected during this process then independently verified by a second, senior-level
investigator based on the reason for rejection and the accuracy of rejection.

Data extraction was performed for the studies meeting all inclusion and no exclusion criteria.
Information from the full-text articles was extracted into a data extraction form by one
investigator. Data extraction was then validated by a second investigator and a third
investigator was consulted to resolve any discrepancies, as necessary. A number of control
measures were put in place to ensure the quality and consistency of data extraction,
including pilot testing of the extraction form on several included studies, resolution of
potential ambiguities and differences in the interpretation of findings, and provision of written
instructions on the outcome measures to be extracted from the full papers.
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Table 11: Eligibility criteria for the clinical SLR

Inclusion criteria

Exclusion criteria

Population

R/R MCL patients

Patients without at least 85% R/R
MCL, i.e. studies involving treatment-
naive MCL patients, other lymphoma
subtypes, or patients receiving first-
[front-line therapies

Intervention

Review of full texts only

Ibrutinib monotherapy
Ibrutinib combination therapy
BR

R-CHOP

Fludarabine + cyclophosphamide *
mitoxantrone (FC £ M)

Fludarabine + (bendamustine or
cisplatin or chlorambucil or rituximab or
cyclophosphamide)

Chlorambucil + rituximab
Bortezomib monotherapy * rituximab
Bleomycin monotherapy
Vinblastine monotherapy
Dacarbazine monotherapy
Temsirolimus monotherapy
Doxorubicin monotherapy
Rituximab monotherapy
R-DHAP * low-dose aracytine
Lenalidomide monotherapy
Rituximab and cytarabine (RC)

Rituximab, cyclophosphamide,
doxorubicin, vincristine and
prednisolone (R-CVP)

No treatment of interest (for example,
radioimmunotherapy, 'watch and
wait’/no treatment, prophylactic or
palliative care alone)

Comparators Review of full texts only
Any of the above interventions
Outcomes Efficacy

Overall response: number of patients

Complete response: number of
patients

Partial response: number of patients
Stable disease: number of patients

Progressive disease: number of
patients

Unconfirmed complete response or
nodular partial response: number of
patients

Minimal residual disease
Response duration: in months
Time to first response: in weeks
Time to progression: in weeks

e Publications that did not report
safety outcomes, or efficacy
outcomes for R/R MCL

o Articles investigating in vitro,
animal, foetal, molecular, genetic,
pathologic, or
pharmacokinetic/pharmacodynam
ic outcomes without outcomes of
interest reported
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Inclusion criteria

Exclusion criteria

Progression-free survival: in months
Overall survival: in months

Treatment-related death: number of
patients

Overall death: number of patients
Event-free survival: in months
Time to treatment failure: in months

Safety

Grade 3, 4, or 3/4 safety endpoints
(each outcome definition was to be
captured as reported; the number of
patients was to be captured or
calculated from a percent for each
outcome unless otherwise specified)

Infusion-related complications
Anaemia/haemoglobin
Febrile neutropenia
Infection-related
Leukopenia
Lymphocytes abnormal
Neurotoxicity
Neutropenia

Pain

Peripheral oedema
Thrombocytopenia

Study design

Prospective, interventional trials

e Narrative publications, non-
systematic reviews, case studies,
case reports, and editorials

e Non-English, full-text articles or
articles without an abstract
published in English

e Comparative studies with fewer
than 10 patients per treatment
group in at least two treatment
arms or single-arm studies with
fewer than 10 patients

Language

English language

Non-English-language

R/R MCL: relapsed or refractory mantle cell ymphoma

4.1.4 PRISMA flow diagram

A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow
diagram presenting the results of the SLR is provided in Figure 6. This flow diagram takes
into account the original searches and the update congress searching.

Overall, a total of 29 studies (4 RCTs and 25 non-RCT studies were identified,
corresponding to 29 primary publications and 45 secondary publications). A full list of the 29
identified studies and their linked publications is provided in Appendix 4.
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Of the 4 RCTs identified by the clinical SLR, a single RCT evaluated ibrutinib monotherapy:
RAY (MCL3001). The three other identified RCTs all evaluated comparator therapies that
were included in the eligibility criteria for the SLR but are not relevant to this submission on
the basis of the final scope for this appraisal, and understanding of current UK clinical
practice. Section 4.2 presents a summary of the four RCTs identified by the SLR and a
justification from their subsequent inclusion or exclusion from consideration in this
submission.

In total, 4 of the 25 identified non-RCTs evaluated ibrutinib monotherapy and are therefore
relevant to this submission. These four non-RCTs are discussed in Section 4.11 whilst the
full list of all 25 non-RCTs is provided in Appendix 4.

Figure 6: PRISMA flow diagram for the clinical SLR
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4.2 List of relevant randomised controlled trials

As discussed in Section 4.1.4, the clinical SLR identified four published RCTSs, of which one
was considered relevant to this submission. This was the RAY (MCL3001) study, for which
the SLR identified two congress contributions as part of the updated congress search. In
addition, a full-text journal publication for this study (Dreyling et al. 2015) was identified
outside of the SLR, as it was published after the date of database searching®.

All four RCTs are summarised in Table 12. The RAY (MCL3001) study is considered the
most relevant RCT to this submission as it is the only comparative study of ibrutinib in R/R
MCL. This study is therefore presented in detail in the subsequent sections.

RAY (MCL3001) was a phase lll open-label RCT comparing ibrutinib to TEM in patients with
R/R MCL who had received at least one prior rituximab-containing chemotherapy regimen®.
TEM was chosen as the comparator for the phase 11l RCT for a number of reasons:

e |t was the only agent licensed for R/R MCL by the EMA at the time of study
conception;

e It was also approved for this indication in several countries outside the EU in which
there were study centres for RAY (MCL3001) (see Section 4.3.1.1)

e Itis recommended by international treatment guidelines for R/R MCL'® °" %%,

A summary of RAY (MCL3001) is presented in Section 4.3.
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Table 12: Summary of RAY (MCL3001) and the non-ibrutinib RCTs identified by the SLR

Trial Population Intervention Comparator Primary study reference | Relevance to the decision problem
Phase lll (comparative)
R/R MCL who have received at TEM Highly relevant to the decision
RAY least one prior rituximab- lbrutinib (n=141) Dreviing. 2015% problem. Investigates the
(MCL3001) | containing chemotherapy (n=139) reyiing. intervention under consideration
regimen (ibrutinib).
Provides an estimate of PFS and OS
on PC therapy. The interventions
comprising the PC arm were single-
agent chemotherapy options that are
not used in current UK clinical
. . , practice. However, as the only
OPTIMAL tF;’ F;e'\\f'ecn'-p";’ig‘r’ t?;‘r’aepri‘z‘;e"’ed wo | rgpm 'Cr;]‘g?iggator s Hess, 2009° identified RCT that permitted an ITC
with the RAY (MCL3001) study via
the common TEM comparator, this
study was used for the ITC
presented in Section 4.10 and
therefore informed the cost-
effectiveness modelling.
Not relevant. Although this study
contained an investigator’s choice
arm, similarly to Hess, 2009 these
interventions were single-agent
MCL patients with up to 3 chemotherapy options that are not
MCL002 relapses or who failed prior Investigator's . used in current UK clinical practice.
therapy and were ineligible for LEN X Trneny, 2014 However, unlike Hess, 2009, the
(SPRINT) ; 2. choice ; . S
intensified treatment or stem cell lenalidomide comparator in this study
transplantation does not permit an ITC with the RAY
(MCL3001) study. Therefore, this
study could not be used to inform the
submission. See Appendix 9 for
further discussion.
German R/R follicular, mantle cell or FCM FCMR Forstpointner 2004 Not relevant. Interventions
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Low-Grade | lymphoplasmocytoid lymphoma* considered are not relevant to the
Lymphoma decision problem. See Appendix 9
Study for further discussion.

Group

ASH: American Society of Hematology, CSR: clinical study report, FCM: fludarabine, cyclophosphamide and mitoxantrone, FCMR: fludarabine, cyclophosphamide,
mitoxantrone and rituximab, LEN: lenalidomide, MCL: mantle cell ymphoma, TEM: temsirolimus, PFS: progression-free survival, R/R: relapsed or refractory.
*MCL population a subgroup of larger study population
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4.3 Summary of methodology of the relevant randomised controlled

trials

4.3.1 RAY (MCL3001)

Data from this section are drawn from the published paper by Dreyling, 2015 (Dreyling M,
Jurczak W, Jerkeman M et al. Ibrutinib versus TEM in patients with relapsed or refractory
mantle-cell lymphoma: an international, randomised, open-label, phase 3 study. Lancet.
2015. http://dx.doi.org/10.1016/S0140-6736(15)00667-4), the Clinical Study Report (CSR)*®
81 a poster presented at the ASH 2015 conference focusing on QoL® and an oral
presentation also presented at the ASH 2015 conference®.

43.1.1 Study design

RAY (MCL3001) was a randomised, controlled, open-label, multicentre, phase Il study
which compared the efficacy and safety of ibrutinib versus TEM in patients with R/R MCL
(see schematic in Figure 7).

Figure 7: Study design of RAY (MCL3001)

Ibrutinib (n = 139) Treat to
. e PD or Enroliment dates:
R Oral ibrutinib 560 mg qd unacceptable Dec 2012 - Nov 2013
A starting Cycle 1, Day 1 toxicity
Patlents [
with D
previously BeM 1:1— Stratifled by number of prior lines of therapy and by sMIPI
treated M
McL 1 Temslrolimus (n = 141) Crossover to
z - Treatto ibrutinib
E Intravenous temsirolimus 175 mg PD or
on Cycle 1, Days 1, 8, 15; then unacceptable [ after
75 mg on Days 1, 8, 15 of all toxicity IRC-confirmed PD
subsequent cycles Jul 2014 (n=32)
Primary end point: Secondary end points included:
+ |[RC-assessed PFS « IRC-assessed ORR (CR + PR) = Time to next treatment
« Overall survival = Safety
« Duration of response = Patient-reported outcomes (FACT-Lym)

MCL: mantle cell ymphoma, IRC: Independent Review Committee, CR: complete response, PR: partial
response, ORR: overall response rate, PD: progressive disease, sMIPI: simplified mantle cell lymphoma
international prognostic index, FACT-Lym: Functional Assessment of Cancer Therapy-Lymphoma

Source: Hess, 2015 ASH Conference Poster®

Patients were eligible for the trial if they had received at least one prior rituximab-containing
chemotherapy regimen and had documented relapse or disease progression after the last
anti-MCL treatment, measurable disease by Revised Response Criteria for Malignant
Lymphoma and an Eastern Cooperative Oncology Group (ECOG) performance status of 0
or 1.

Between the 10" December 2012 and the 26™ November 2013 a total of 337 patients were
assessed for eligibility, of which 280 patients were selected for inclusion in the trial. Patients

Company evidence submission template for ibrutinib Page 53 of 339



were stratified by previous therapy and simplified MCL international prognostic index (MIPI)
score, and were randomly assigned in a 1:1 ratio to receive either:

e ibrutinib 560 mg orally once daily (n=139), or

e TEM 175 mg (IV) on days 1, 8 and 15 of the first cycle, followed by 75 mg IV on days
1, 8 and 15 of each subsequent 21-day cycle (n=141).

Both groups continued treatment until disease progression or unacceptable toxic effects. On
the 30™ July 2014 the trial protocol was amended to allow patients from the TEM group who
had IRC-confirmed progression of disease to formally crossover to receive treatment with
ibrutinib 560 mg once daily, on a 21-day cycle until disease progression, unacceptable
toxicity or the end of the study.

The primary end-point of RAY (MCL3001) was PFS, defined as the interval between the
date of randomisation and the date of disease progression (as assessed by an IRC) or date
of death, whichever occurred first, irrespective of the use of subsequent antineoplastic
therapy. The clinical cut-off for the primary analysis of PFS was defined as the time at which
approximately 178 PFS events were observed. The end of the study was to occur when 80%
of the randomised patients died, or 3 years after the last subject was randomised, whichever
occurred first.

Secondary end-points of the trial included ORR, OS, one-year survival rate, duration of
response (DOR), time to next treatment, safety, pre-specified patient-reported outcomes
(PROSs), biomarkers and pharmacokinetics, and medical resource use (MRU).

Full details of the methodology of RAY (MCL3001) are presented in Table 13 below.
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Table 13: Summary of methodology of RAY (MCL3001)

RAY (MCL3001)

Location Belgium, Brazil, Canada, Colombia, Czech Republic, France, Germany, Hungary,
Ireland, Italy, Mexico, Netherlands, Poland, Portugal, Russian Federation, South
Korea, Spain, Sweden, Taiwan, UK (27/280 patients) and Ukraine

UK patients 27 patients from nine sites, 11 randomised to ibrutinib and 16 randomised to TEM

Trial design Multicentre, randomised, controlled open-label phase Il study

Enrolment From December 10" 2012 to November 26™ 2013, 337 patients were assessed

for eligibility into the study and 280 randomised into the study

Randomisation

Randomisation was performed using an interactive web response system (IWRS).

and blinding Randomisation was in a 1:1 ratio and stratified by prior LOTs (1 or 2 versus 23),
and simplified MIPI index (low risk [0-3] versus intermediate risk [4-5] versus high
risk [6-11]). The MIPI is derived from four prognostic factors: age, ECOG score,
lactate dehydrogenase level and baseline white blood cell count. The index
classifies patients as having low-risk, intermediate-risk, or high-risk disease.

The study was not blinded since patients received either an oral (ibrutinib) or IV
(TEM) treatment; however, efficacy evaluations were performed by an IRC that
was blinded to study treatment.

Inclusion e Men and women aged 218 years

criteria e Confirmed diagnosis of MCL with cyclin D1 overexpression or translocation

breakpoints at t(11:14) and measurable disease

e Had received at least one prior rituximab-containing treatment for MCL

e Relapse or disease progression after the most recent regimen

e ECOG performance status score of 0 or 1

e Adequate organ function

e Absolute neutrophil count of at least 1,000/mm?independent of growth factor
support

e Platelet count 275,000/mm? or 250,000/mm? if marrow involvement
independent of transfusion support

e Haemoglobin = 80 g/l independent of transfusion support

e Use of contraception for patients of child-bearing age

Ex_clu_sion e Prior chemotherapy within 3 weeks, prior anticancer antibodies within 4 weeks,
criteria radiotherapy within 3 weeks, radio- or toxin-immunoconjugates within 10

weeks or major surgery within 4 weeks of randomisation

e Prior treatment with TEM or ibrutinib, or agents from the same class

e Known central nervous system lymphoma

e History of stroke or intracranial haemorrhage within 6 months

e Requirement for anti-coagulation with warfarin or a strong CYP3A4/5 inhibitor

e Clinically significant cardiovascular disease

e Infection with HIV, hepatitis C, hepatitis B or any uncontrolled active systemic
infection

e Pregnant or breast feeding women

e Serum aspartate transaminase or alanine transaminase 23-times the ULN

e Creatinine 22 times ULN

e Total bilirubin 21.5 times ULN

e Fasting serum cholesterol 29 mmol/l (350 mg/dl) and serum triglyceride 210.3
mmol/l (400 mg/dl)

Trial drugs Patients were randomised to oral ibrutinib (self-administered 560 mg once daily

(od) continuously for 21-day cycles) or IV TEM (175 mg on days 1, 8, 15 of the
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first cycle followed by 75 mg on days 1, 8, 15 of each subsequent 21-day cycle).

Both groups continued treatment until disease progression or unacceptable toxic
effects.

Patients who were randomised to treatment with TEM and had disease
progression confirmed by IRC prior to study end were eligible to crossover to
ibrutinib until disease progression or unacceptable toxicity.

Concomitant
medications

Standard supportive care therapies (e.g. anti-emetics, loperamide) other than
anticancer treatment required for the management of symptoms were permitted,
as clinically indicated. Haematopoietic growth factors were allowed. Prohibited
medications included: any chemotherapy, anticancer immunotherapy,
experimental therapy and radiotherapy.

Systemic use of corticosteroids (i.e. any systemic corticosteroids 220 mg/day
prednisone or its equivalent per day for more than 10 days) was prohibited.

Monitoring

Whilst patients were on treatment, assessments were made on day 1 of the 21-
day cycle until 15 months after randomisation and every 42 days (2 cycles)
thereafter until progressive disease (PD). Assessments included physical
examination, ECOG score, B-symptoms, haematology and serum chemistry,
coagulation and PROs.

Assessments of efficacy included:

e CT/MRI scans were carried out every 9 weeks up to 15 months, then every 24
weeks until PD or the clinical cut off

e PET scans were carried out at the time of maximal tumour reduction (e.g. CR
or PR with two consecutive CT scans showing no further tumour reduction)
and at suspected disease progression, if a new lesion was detected on CT

e Endoscopy was carried out to confirm CR for patients with known baseline Gl
involvement

e Bone marrow aspirate and biopsy was carried out to confirm CR. If feasible an
additional aspirate sample was collected for biomarker evaluation at the time of
PD

Primary
outcome

Duration of PFS as per the revised Cheson criteria® (the time from entry onto a
study until lymphoma progression or death as a result of any cause) performed by
an IRC blinded to study treatment. The clinical cut off for the primary outcome was
defined as the time at which approximately 178 PFS events were observed.

PFS was defined as duration in days from the date of randomisation to the date of
disease progression or relapse from CR or death, whichever was first reported.

Secondary
outcomes

o ORR, defined as the proportion of patients who achieve CR or PR (see Section
4.3.1.2)

e DOR

e OS, measured from the date of randomisation to the date of death
e l-year survival rate

e Time to next treatment

e Pre-specified PROs (FACT-Lym, EQ-5D-5L)

e Safety

¢ MRU*

e Biomarkers and pharmacokinetics*

Please see Section 4.3.1.2 for further details of secondary outcomes

PRO outcomes

e Time to worsening in the Lym subscale of the Functional Assessment of
Cancer Therapy-Lymphoma (FACT-Lym)

e Mean change from baseline in EQ-5D-5L scores for each post baseline
assessment

Adherence

Adherence to ibrutinib was assessed by the investigator or designated study
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research staff at each visit using direct questioning, examination of patient diaries
and capsule counts.

TEM was administered at the clinical site and details of each administration were
recorded in the case report form.

Pre-planned
subgroups for
PFS

e Age (<65 versus 265)

Gender (Male, Female)

Race (Caucasian, Non-Caucasian)
Geographical region (Europe, Non-Europe)
ECOG at randomisation (0, 1)

Bulky disease (<5 cm, 25 cm)

Number of prior treatment lines ( <3, 23)
Baseline extranodal disease (Yes, No)
Simplified MIPI (low risk, intermediate risk, high risk)
Stage of disease (I-lll, 1V)

Prior bortezomib (Yes, No)

Histology (Blastoid, Non-blastoid)
Refractory disease (Yes, No)

IWRS: interactive web response system, MIPI: MCL International Prognostic Index, ECOG: Eastern Cooperative
Oncology Group, IV: intravenous, IRC: Independent Review Committee, MCL: mantle cell ymphoma, HIV: human
immunodeficiency virus, ULN: upper limit of normal, od: once daily, PD: progressive disease, PRO: patient
reported outcome, CT: computed tomography, MRI: magnetic resonance imaging, PET: positron emission
tomography, CR: complete response, Gl: gastro-intestinal, ORR: overall response rate, PFS: progression-free
survival, OS: overall survival, DOR: duration of response, MRU: medical resource use, FACT-Lym: Functional
Assessment of Cancer Therapy-Lymphoma, VAS: visual analogue scale.

*These outcomes were collected as part of the trial protocol but results for these outcomes are not considered
relevant to this submission and are therefore not presented.

Source: Dreyling, 2015% RAY (MCL3001) CSR®.
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4.3.1.2

Study outcomes: definitions

The definitions of the outcomes used in RAY (MCL3001) are presented in Table 14.

Table 14: Validity and clinical use of outcomes used in RAY (MCL3001)

Outcome

Definition

Reliability/validity/current use in clinical
practice

Primary outcome

PFS

The interval from date of
randomisation to the date of disease
progression (as assessed by the IRC)
or date of death, whichever occurred
first, irrespective of the use of
subsequent antineoplastic therapy.

Progressive disease was determined
according to the revised International
Working Group Criteria for NHL* 3,

PFS is a common primary end-point in
oncology clinical trials, and is therefore
commonly presented both to the regulatory
authorities and NICE as evidence of clinical
efficacy in delaying disease progression or
death. The revised Cheson criteria consider
that PFS is often considered the preferred
end point in lymphoma clinical trials,
especially those involving incurable histologic
subtypes (e.qg. follicular, other low-grade
lymphoma, or MCL). PFS reflects tumour
growth, and therefore is interpretable earlier
than the end-point of 0S®*.

PFS is used in clinical practice to determine
treatment decisions. Furthermore, PFS
represents a benefit in itself; patients are
likely to experience worsening QoL upon
progression of disease and hence value a
delay to disease progression or death.

Unlike OS, PFS estimates are not confounded
by crossover or by treatment with subsequent
treatments. PFS is affected by the timing of
assessments, however, and can be prone to
investigator bias unless strict criteria for
response evaluation are used. The RAY
(MCL3001) study applied strict criteria, based
on the revised International Working Group
criteria for NHL®®.

Secondary/exploratory outcomes

The time interval between the date of
randomisation to the date of an event,
where event is defined as progressive
disease as assessed by the
investigator after the next line of
therapy, death from any cause, or start

The drug resistance profile of a tumour might
be expected to be influenced by therapy (due
to the therapy applying a selection pressure,
so that resistant tumour cell populations with
advantageous mutations are selected for). As
noted in the EMA Guideline on Evaluation of

PFS2 of subsequent therapy if no disease Anticancer Medicinal Products in Man, the
progression is noted. development of resistant tumour mutations
has potential relevance for the activity of next-
line therapiese"'. PFS2 aims to capture PFS on
next-line therapy and therefore account for
the potential downstream impact of
subsequent therapy on progression or death.
The duration (months) from the date of | Death is definitive, is easily comparable and is
randomisation to the date of the not subject to investigator bias. An extension
0S subject’s death from any cause. to survival is a highly valued outcome, as

Survival time of living subjects was
censored on the last date a subject

was known to be alive or lost to follow-

reflected by NICE’s end-of-life criteria that
account for an increased value placed on
therapies able to extend life near to the end of
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up.
The estimate of OS included all
patients in the ITT analyses, including
patients in the TEM arm who crossed
over to ibrutinib as part of the
amended protocol. A post hoc
sensitivity analysis of OS was
performed in which data from patients
who crossed over from the TEM arm to
receive ibrutinib during the study or
who had received ibrutinib as
subsequent therapy were censored at
the date of the first dose of next-line
ibrutinib treatment. The result was
consistent with that recorded using the
ITT analysis set (data not shown).

life.

Limitations of the OS outcome are that results
may be diluted by crossover and
contaminated by subsequent agents, unlike
with PFS estimates.

One-year Proportion of patients who are still See above for a description of the relevance
survival alive one year after randomisation of the OS outcome.
rate
The proportion of subjects who Response rate provides an indication of the
achieved either CR or PR as best patients who will benefit from treatment. Not
overall response, as assessed by IRC | all patients who respond to treatment will
at or prior to initiation of subsequent benefit, but in order to benefit, an initial
ORR antineoplastic therapy, according to response must be seen.
the revised International Working Response rate can deepen from a PR to a CR
Group Criteria for NHL*™. over time, demonstrating an improvement in
response.
DOR (CR | The duration in days from the date of DOR provides an indicator of the length of the
or PR) initial response to the date of first effect provided by the treatment. The longer
documented evidence of PD (or the DOR, the longer the effect provided from
relapse for subjects who experience the treatment until progression.
CR during the study) or death.
Subjects who were progression-free
and alive could have been censored at
the time of last disease assessment.
Time-to- Measured from the date of Subsequent treatments may be associated
next randomisation to the start date of any with greater toxicity and side-effects that
treatment | anti-lymphoma treatment subsequent negatively impact on QoL. Furthermore, use
to the study treatment. Subjects of subsequent treatment regimens may be
without subsequent treatment were associated with differing resource
censored at the date of their last site requirements. It is therefore informative to
visit. understand the extent to which requirement
for subsequent treatment may be delayed.
Mean change from baseline in EQ-5D- | As an incurable aggressive cancer with a R/R
5L scores for each post baseline nature, MCL is associated with poor QoL as
assessment. described in Section 3.2.
The EQ-5D-5L is a 5-item questionnaire with
a visual analogue scale (VAS) ranging from 0
(worst imaginable health state) to 100 (best
EQ-5D-5L imaginable health state). The scores from the

five dimensions are used to compute a single
utility score ranging from below zero to one
representing the general health status of the
patient.

The EQ-5D-5L is a validated generic
preference-based measure of health and is
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the preferred measure of QoL in adults
according to the NICE reference case.
Although originally developed with three
levels (EQ-5D-3L), an EQ-5D measure
composed of 5 levels (EQ-5D-5L) has
subsequently been developed with the aim of
expanding the range of responses and hence
providing further discriminatory power65. The
EQ-5D-5L is used in the RAY (MCL3001)
study.

Time to worsening in the Lym subscale
of the Functional Assessment of
Cancer Therapy-Lymphoma (FACT-
Lym) as measured from the date of
randomisation to the start date of
worsening. Worsening was defined by

FACT-Lym is a validated questionnaire for
lymphoma patients which assesses physical,
social/family, emotional and functional well-
being together with leukaemia-specific
concerns. The respondent answers each
question as it applies to the past 7 days on a

FACT-Lym | a 5-point decrease from baseline. scale of O (not at all) to 4 (very much). FACT-
Lym was originally developed to assess
functional status and well-being of patients
with NHL®®. Reliability and validity have been
assessed in NHL® and more recently
construct validity has been supported in
subjects with R/R MCL®,

Assessments were based on reported | Safety and toxicity of therapies are important
AEs, clinical laboratory tests, physical to understand both for patients and for clinical
examinations, ECOG criteria for decision-makers.
performance status, and concomitant
medication usage. AEs that occurred
between the signing of informed

Safety consent through 30 days following the

last dose of study drug, or until the
start of subsequent anti-MCL therapy
were collected. Severity of AEs was
assessed using National Cancer
Institute Common Terminology Criteria
for AEs (NCI-CTCAE), Version 4.03.

PFS: progression-free survival, OS: overall survival, FACT-Lym: Functional Assessment of Cancer Therapy-
Lymphoma, R/R MCL: relapsed or refractory MCL: mantle cell lymphoma, NCI: National Cancer Institute, NICE:
National Institute for Health and Care Excellence, ITT: intention-to-treat, QoL: quality of life, CR: complete
response, PR: partial response, AEs: adverse events, CTCAE: Common Terminology Criteria for Adverse

Events.

*Revised International Working Group Criteria for NHL: CR: disappearance of all evidence of disease, PR:
regression of measurable disease and no new sites; stable disease (SD), failure to attain CR/PR or progressive
g3isease (PD), relapsed disease or PD: any new lesion or increase by 50% of previously involved sites from nadir

Source: Dreyling, 2015% RAY (MCL3001) CSR®.
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4.4 Statistical analysis and definition of study groups in the

relevant randomised controlled trials

A summary of the statistical analyses in the RAY (MCL3001) study, including study
hypothesis and sample size calculation, is provided in Table 15.

Table 15: Summary of statistical analyses in RAY (MCL3001)

Primary hypothesis

The primary hypothesis was that ibrutinib significantly prolongs PFS
compared with TEM in patients with R/R MCL who had received at least one
prior rituximab-containing chemotherapy regimen.

Calculation of
study sample size

The study planned to enrol approximately 280 patients in a 1:1 ratio. The data
cut-off date for the primary analysis was planned to be after approximately
178 PFS events had occurred. Assuming 57% improvement in median PFS of
the ibrutinib arm over the TEM arm (a HR of 0.64 for the ibrutinib relative to
TEM group, under the exponential distribution assumption, or an improvement
in median PFS from 7 months to 11 months), with 178 events the study had at
least 85% power to achieve a statistical significance level of 2.5% (1-sided).

Primary analysis

The stratified log-rank test was used to compare PFS curves between the two
treatment groups, stratified by prior LOTs and simplified MIPI. Pre-specified
pooling was implemented when some strata had fewer PFS events.

The KM method was used to estimate the proportion of progression-free
patients for each treatment group at different points in time. Median PFS was
provided for each treatment group and the HR for ibrutinib relative to TEM and
its associated 95% CI were calculated based on the Cox Proportional Hazards
model by prior LOTs and simplified MIPI.

Pre-planned PFS subgroup analyses were performed for potential prognostic
variables at screening or baseline.

Additionally, the following sensitivity analyses were planned to be performed:

e Assessment of PFS by the investigator (where the primary analysis was
performed by an IRC)

e |nvestigating the influence of subsequent therapy by alternatively: 1.
considering patients to have had a PFS event at the initiation of change of
therapy; 2. Censoring patient data at the last disease assessment showing
no evidence of progressive disease, prior to the change of therapy

e Assessment of PFS based on the ITT and per protocol (PP) populations,
provided that analysis of the PP population was conducted (as noted in
Table 16 the PP population was ultimately not analysed).

Further exploratory analyses, such as sensitivity analyses to address the

potential impact of an unequal number of subject visits that could result in

unscheduled tumour assessments due to the different treatment schedules in
the two groups, were performed as appropriate.

Data management,
patient withdrawals

If a patient withdrew from the study prior to completion, the reason for
withdrawal was documented. Patients who withdrew after randomisation were
not replaced.

PFS: progression-free survival, R/R MCL: relapsed or refractory mantle cell ymphoma, MIPI: MCL International
Prognostic Index, HR: hazard ratio, CI: confidence interval, ITT: intention-to-treat, PP: per protocol, IRC:
Independent Review Committee, PRO: patient reported outcomes, TEM: temsirolimus

Source: RAY (MCL3001) CSR®.

The analysis populations considered for the RAY (MCL3001) study are detailed in Table 16.
All efficacy analyses were ultimately conducted on the intention-to-treat (ITT) population. All
safety analyses were conducted on the safety analysis population.
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Table 16: Summary of analysis populations considered in the RAY (MCL3001) study

Analysis set

Description

Intention-to-treat (ITT)
population

The ITT population consisted of all randomised patients and was
used to summarise the study population and characteristics,
efficacy, PRO data, and health economic data.

Per-protocol (PP) population

The PP population consisted of all randomised patients who
underwent at least one adequate post-baseline disease assessment
and did not have major protocol violations.

The statistical analysis plan dictated that no analyses would be
performed on the PP population if 295% of patients in the ITT
population were included in the PP population. In total, 134 (96.4%)
of patients in the ibrutinib arm and 133 (94.3%) of patients in the
TEM arm of the ITT population were included in the PP population.
In total (taking into account both study arms), 295% of patients in the
ITT population were included in the PP population and therefore no
analysis of the PP population was performed.

Safety analysis population

The safety population was defined as all randomised patients who
received at least one dose of study drug and was used to
summarise the safety data. Safety data were analysed according to
the actual treatment received.

Crossover ibrutinib
population

The crossover population consisted of all TEM patients who crossed
over to ibrutinib, as part of the amended protocol, and received at
least one dose of ibrutinib

ITT: intention-to-treat, PP: per-é)rotocol, PRO: patient-reported outcomes, TEM: temsirolimus

Source: RAY (MCL3001) CSR®.

4.5 Participant flow in the relevant randomised controlled trials

As of the clinical cut-off date (22" April 2015; defined as the time at which approximately
178 PFS events were observed), 280 patients were enrolled with a median follow-up of 20.0
months. Overall, 139 patients were randomised to ibrutinib and 141 to TEM; two patients
randomised to TEM did not receive any study drug (see Figure 8).
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Figure 8: RAY (MCL3001) — participant flow
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Source: Dreyling et al. 2015°°

45.1 Treatment discontinuation and crossover

At clinical cut-off, 74 patients (53.2%) in the ibrutinib arm and 124 (87.9%) in the TEM arm
had discontinued treatment, see Figure 8.

At the study cut-off date (defined as the time at which approximately 178 PFS events were
observed, which was 22" of April 2015), 32 patients (22.7%) in the TEM arm had received
next-line ibrutinib treatment after IRC confirmation of disease progression.

The median duration of treatment exposure was significantly longer (nearly 5-fold) for
ibrutinib compared to TEM (14.4 months versus 3.0 months, respectively)®. This is due to
the fact that PFS with ibrutinib was longer than with TEM and, therefore, patients remained
on ibrutinib treatment for longer (both drugs are ‘treat-to-progression’). The median relative
dose intensity was also higher for ibrutinib compared to TEM (99.9% versus 81.8%,
respectively). Additionally, discontinuation rates were lower with ibrutinib compared to TEM,
particularly with regards to the number of patients discontinuing due to AEs, investigator
decision and patient refusal (see Figure 8), even though the duration of exposure was nearly
5-fold for ibrutinib compared to TEM. Most patients discontinued treatment because of
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disease progression or relapse (39.6% ibrutinib versus 41.1% TEM) and AEs (mainly in the
TEM arm, 6.5% ibrutinib versus 25.5% TEM). It should be noted that 11.3% of patients
refused further treatment with TEM compared to 2.9% with ibrutinib.

Subsequent anti-neoplastic systemic therapy was received by 31.7% (n=44) of patients in
the ibrutinib arm and by 58.2% (n=82) in the TEM arm. A lower proportion of patients in the
ibrutinib arm had progressed or died at the time of the PFS analysis (53% [73/139] for
ibrutinib versus 79% [111/141] for TEM), which explains the lower proportion of ibrutinib
patients receiving subsequent antineoplastic therapy. As a proportion of the number of
patients in each arm who had progressed or died, the proportion receiving anti-neoplastic
systemic therapy was 60% (44/73) for the ibrutinib arm and 74% (82/111) for the TEM arm.

4 5.2 Baseline characteristics

The baseline characteristics of the patients in RAY (MCL3001) were well balanced between
the two arms. Most patients were men (74.3%) and white (87.1%). Median age was 68 years
(range: 34 to 88), with 61.8% of patients aged 65 years or older. Most patients (82.9%) had
stage IV disease at study entry. The median number of prior lines of systemic therapy for
MCL was two (range: 1 to 9 lines) in both arms. Table 17 shows the patient characteristics at

baseline.

Table 17: Patient characteristics at baseline in RAY (MCL3001)

Ibrutinib TEM
(n=139) (n=141)
Median age (range) 67.0 (39-84) | 68.0 (34-88)

Age < 65

53 (38.1%)

54 (38.3%)

Age = 65

86 (61.9%)

87 (61.7%)

Male sex, no (%)

100 (71.9%)

108 (76.6%)

Race, no (%)

White 115 (82.7%) | 129 (91.5%)
Asian 16 (11.5%) 5 (3.5%)
Other 3 (2.2%) 4 (2.8%)
Unknown/ not reported 5 (3.6%) 3 (2.1%)

ECOG performance status, no (%)

0 67 (48.2%) 67 (47.5%)
1 71 (51.1%) 72 (51.1%)
2 1 (0.7%) 3 (1.4%)
Median time from initial diagnosis to randomisation (months) 38.90 46.23
Median time from end of last prior therapy to randomisation 8.95 703
(months)

Stage of MCL at study entry, no (%)

I 3 (2.2%) 2 (1.4%)
Il 7 (5.0%) 5 (3.5%)
11 17 (12.2%) 14 (9.9%)

v

112 (80.6%)

120 (85.1%)

Simplified MIPI, no (%)
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Low risk (1-3)

44 (31.7%)

42 (29.8%)

Intermediate risk (4-5)

65 (46.8%)

69 (48.9%)

High risk (6-11)

30 (21.6%)

30 (21.3%)

Prior LOTs

Median (range)

2 (1-9)

2 (1-9)

Relapsed disease, no (%)

103 (74.1%)

94 (66.7%)

Refractory disease, no (%)

36 (25.9%)

47 (33.3%)

ECOG: Eastern Cooperative Oncology Group, MCL: mantle cell ymphoma, MIPI: Mantle Cell Lymphoma
International Prognostic Index, LOTSs: lines of therapy.
Source: Dreyling et al., 2015%

4.6 Quality assessment of the relevant randomised controlled trials

A summary of the quality assessment of the RAY (MCL3001) study is provided in Table 18.
A full quality assessment with explanation for the responses given in Table 18 is provided in
Appendix 5.

Table 18: Quality assessment results for RAY (MCL3001)

RAY (MCL3001)
Was randomisation carried out appropriately? Yes
Was the concealment of treatment allocation adequate? No
Were the groups similar at the outset of the study in terms of prognostic factors? Yes
Were the care providers, participants and outcome assessors blind to treatment No
allocation?
Were there any unexpected imbalances in drop-outs between groups? No
Is there any evidence to suggest that the authors measured more outcomes than No
they reported?
Did the analysis include an intention-to-treat analysis? If so, was this appropriate Yes
and were appropriate methods used to account for missing data?

4.7 Clinical effectiveness results of the relevant randomised
controlled trials

All clinical effectiveness results presented in sections 4.7 and 4.8 are based on the clinical
cut-off on the 22" of April 2015, representing the primary analysis at median follow-up of 20
months, and the latest available data cut-off for the RAY (MCL3001) study at the time of
writing this submission. As detailed in Table 16, all presented analyses were performed on
the ITT population.

4.7.1 Primary end-point: progression-free survival

The primary analysis of PFS by IRC assessment showed a statistically significant advantage
(p<0.0001) for ibrutinib over TEM (HR = 0.43, 95% CI: 0.32; 0.58), corresponding to a 57%
reduction in the risk of disease progression or death with ibrutinib. Median PFS was 14.6
months for the ibrutinib arm versus 6.2 months for the TEM arm. The results for the two
treatment arms in terms of PFS outcomes are summarised in Table 19. The Kaplan-Meier
(KM) plot for PES at the primary analysis is presented in Figure 9.
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Table 19: Summary of primary analysis PFS results in RAY (MCL3001), ITT analysis set

Ibrutinib (n=139) TEM (n=141)
PFS rate at 2 years, % 41% 7%
Median (95% CI) PFS, months 14.6 (10.4; NE) 6.2 (4.2;7.9)
HR (95% CI) .
ibrutinib versus TEM 0.43 (0.32; 0.58), p<0.0001

ITT: intention-to-treat, Cl: Confidence interval, HR: Hazard ratio, NE: Not estimable, PFS: Progression-free

survival, TEM: temsirolimus
Source: Dreyling et al., 2015° RAY (MCL3001)

Figure 9: KM plot of PFS by IRC assessment in RAY (MCL3001); ITT analysis set
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4.7.2 Results of relevant secondary analyses of the primary outcome and

analyses of relevant secondary outcomes

4.7.2.1 Secondary analyses of PFS

Sensitivity analyses on PFES

A sensitivity analysis on the PFS outcome was performed in which the investigator-
determined PFS was considered (as opposed to PFS determined by IRC). The results of this
sensitivity analysis were consistent with the primary analysis results presented in Table 19,
with ibrutinib found to be associated with a HR (95% CI) versus TEM of 0.43 (95% CI: 0.32,
0.58, p<0.0001)*. Other sensitivity analyses on the PFS outcome investigating the influence
of subsequent therapy on PFS estimates and considering the use of an unstratified (rather
than stratified) log-rank test also demonstrated robustness of the results of the primary
analysis .

Subgroup analyses on PFES
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Pre-planned subgroup analyses of the PFS outcome showed internal consistency of the
primary end-point across all subgroups. In addition to these pre-specified subgroup
analyses, a post-hoc analysis of PFS by number of prior LOTs (1 versus =2) was conducted.
Results of these subgroup analyses are presented in detail in Section 4.8.

PES2

In addition to the primary analysis of PFS, an exploratory analysis of progression or death
was also conducted. This was an analysis of PFS2, defined as the time interval between the
date of randomisation to the date of an event, where the event was defined as progressive
disease as assessed by the investigator after the next line of subsequent therapy, death
from any cause, or start of the second line of subsequent therapy if no disease progression
was noted (definitions of PFS and PFS2 can be compared in Table 14).

PFS2 aims to capture the potential impact of the therapy in question on the risk of
progression or death (i.e. the PFS achieved) on subsequent-line therapy. PFS2 therefore
recognises that treatment with a therapy has the potential to exert a selection pressure for
the development of tumour mutations that confer resistance to subsequent anticancer
therapy, thereby influencing the potential for patients to derive clinical benefit further down
the treatment pathway. As a result, PFS2 is a useful measure in providing an indication of
the overall benefit of the therapy under investigation in terms of risk or progression or death
in the context of the treatment pathway. The European Medicines Agency Guideline on the
Evaluation of Anticancer Medicinal Products in Man defines PFS2 as the time from
randomisation to objective tumour progression on next-line treatment or death from any
cause (a similar definition to that employed in the RAY (MCL3001) study), and discusses this
measure as a proxy for OS where OS cannot be measured® . Although RAY (MCL3001)
did also assess OS, the study was not statistically powered to show OS difference and
median OS has not yet been reached in the ibrutinib arm (also due to crossover
confounding). Results of the PFS2 analysis are considered useful to present here in order to
provide an indication of how treatment with ibrutinib or TEM might differentially impact
clinical benefit of subsequent-line therapy, thereby providing an additional measure of overall
treatment effect with regards to risk of progression or death.

A summary of the anticancer therapies received subsequent to ibrutinib or TEM,
respectively, is provided in Table 20, in order to aid in interpretation of the PFS2 analysis. A
full list of the subsequent anticancer therapies used in at least 2% of patients is provided in
Appendix 7.

Table 20: Summary of subsequent anticancer therapy in RAY (MCL3001), ITT analysis set

Ibrutinib (n=139) TEM (n=141)
Number progressed or died 73 111
Overall number of patients 44 (32%/60%) 82 (58%/74%)
receiving subsequent anticancer
therapy (as percentage of overall
population/as percentage of those
who progressed or died)
Most common subsequent Rituximab: 21 (15%) Rituximab: 36 (26%)
arcl)tlﬁzlagtci:oerr])t*herap|es, n (% of ITT Bendamustine: 15 (11%) Ibrutinib: 32 (23%)
pop Cyclophosphamide: 12 (9%) | Bendamustine: 22 (16%)
Cyclophosphamide: 19 (13%)

*Note: Some patients received multiple subsequent therapies (also as part of combination therapies) and hence n
numbers in this row may total more than the number of patients who received subsequent anticancer therapy.
Percentages given in this row use the intention-to-treat population as the denominator.
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TEM: temsirolimus, ITT: intention-to-treat
Source: Dreyling et al. 2015 Appendix69

The results of the analysis found PFS2 to be statistically significantly longer for ibrutinib than
for TEM, as detailed in Table 21 and in the KM plot presented in Figure 10. These PFS2
results provide supportive evidence to the OS results presented in Section 4.7.2.2, indicating
that the overall benefit of ibrutinib is maintained on patients receiving subsequent line
anticancer therapy.

Table 21: Summary of PFS2 results in RAY (MCL3001), ITT analysis set

Ibrutinib (n=139) TEM (n=141)
Median PFS2, months 19.1 11.3
HR (95% ClI) 0.49 (0.36; 0.69), p<0.0001
ibrutinib versus TEM

ClI: Confidence interval, HR: Hazard ratio, PFS: Progression-free survival, TEM: temsirolimus
Source: Dreyling et al. 2015°°

Figure 10: KM plot of PFS2 in RAY (MCL3001), ITT analysis set

100 4
—o— |brutinib

90 { : =A= Temsirolimus
80 '
70 -
60
50 -
a0 -

% without event

30 -
20 -

10 -

0 -

T T T T T

0 3 6 9 12 15 18 21 24 27 30

Months
Patients at risk

Ibrutinib 139 123 110 98 88 54 38 10 5 0 0
Temsirolimus 141 109 ga 60 a9 28 16 3 1 0 0
Source: Dreyling et al., 2015 Appendix69

4.7.2.2 Overall survival

After a median follow-up of 20.0 months, the HR for the stratified analysis of OS was 0.76
(95% CI: 0.53; 1.09, p=0.1324), which represents a 24% reduction in the risk of death with
ibrutinib. Median OS was not reached in the ibrutinib arm, indicating that more than 50% of
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patients remained alive at study cut-off. In contrast, median OS was reached at 21.3 months
in the TEM arm. The KM plot for OS is presented in Figure 11.

Survival rates at 12 months for the ibrutinib and TEM treatment groups were 68% (95% CI:
59%, 75%) and 61% (95% CI: 52%, 69%), respectively.

Figure 11 KM plot of OS by IRC assessment in RAY (MCL3001); ITT analysis set
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The OS data showed a tendency towards survival improvement with ibrutinib. Although the
HR for OS was not statistically significant, Janssen would not expect to see a statistically
significant difference at this stage in the trial for a number of reasons. Firstly, following a
protocol amendment (30" July 2014), formal crossover of patients from the TEM group to
the ibrutinib group was permitted within the study; indeed, 22.3% of patients in the TEM arm
crossed over to ibrutinib in RAY (MCL3001). Inclusion of crossover into clinical study design
has become a necessary condition to recruit patients into clinical trials, but has the effect of
confounding estimates of survival. Furthermore, R/R MCL is an extremely rare disease and
the study size necessary to show a statistically significant difference in OS after 20 months
would have meant an extremely prolonged recruitment period with the attendant risk that the
results would be outdated, even if it was possible to recruit and retain patients in the study;
therefore the study was not powered to detect an OS difference.

It should be noted that OS might be influenced by the clinical benefit of subsequent
anticancer therapies received following progression on ibrutinib or TEM, as these therapies
may affect PPS. More patients in the TEM arm received subsequent anticancer systemic
treatment compared to ibrutinib (see Table 20). Given the significant benefit in terms of PFS
observed for ibrutinib over TEM, the lack of a significant difference in the OS benefit might
be interpreted as representing a lower PPS for ibrutinib-treated patients due to compromised
efficacy of subsequent line anticancer therapy. However, the results of the PFS2 analysis
presented in 4.7.2.1 indicate that efficacy of subsequent-line anticancer therapy following
ibrutinib is not compromised, and support the overall benefit of ibrutinib. The non-significant
OS estimates may be a result of the fact that some TEM patients crossed over to effective
salvage therapy with ibrutinib and the fact that TEM patients who crossed over had a
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substantially poorer prognosis compared the ones who did not. In addition, a substantial
proportion of patients receiving ibrutinib have not yet progressed at the current data cut-off
for the RAY (MCL3001) study. Therefore, it may be that the death events observed to date in
the ibrutinib arm represent the deaths of those patients with a poorer prognosis (i.e. “rapid
progressors”) and for whom treatment is unlikely to be able to offer a survival benefit. It is
conceivable that, in the next data cut for OS (expected in early 2017), a statistical OS benefit
might be observed as a result of the longer follow-up time capturing events that have
occurred at later time points in those patients receiving ibrutinib who have better prognosis.

Recent retrospective studies conducted by Martin et al. (2016) and Cheah et al. (2015)
report quick progression following ibrutinib failure™ . Martin et al. also stress that this is not
a unique situation to lymphoma patients, the same having been observed when rituximab
was added to CHOP in diffuse large B-cell ymphoma. These patients are heavily pre-
treated, likely refractory to their last treatment and will have exhausted most standard
therapies. The prognosis of patients included in this study was poor, with almost half of
patients (46%) classified as having a high MIPI score at baseline. It is therefore not
surprising that the PPS is short in this study. Martin et al. also report that patients with less
aggressive disease or a better response (duration) to ibrutinib experienced better outcomes
following ibrutinib failure. In the literature (Martin et al. (2016) and Tucker and Rule (2015)) it
is acknowledged that mechanisms of resistance to ibrutinib are presently poorly understood
3271 Proposed mechanisms have included mutations of the BTK binding site such that
ibrutinib inhibition is reversible and not irreversible, and known and novel mutations of
signalling molecules downstream of BTK, such as Nuclear Factor (NF) kappa B; however,
further research is required® ™,

4.7.2.3 Response rates

Overall response rate

The IRC-determined ORR was significantly higher (p<0.0001) for the ibrutinib arm (71.9%)
than the TEM arm (40.4%). The ORR determined by the investigator was also significantly
higher (p<0.0001) in the ibrutinib arm (77.0% versus 46.1%, respectively).

Table 22: ORR by IRC assessment in RAY (MCL3001), ITT analysis set

Ibrutinib (n=139) TEM (n=141)
ORR (CR or PR), n (%) 100 (71.9%) 57 (40.4%)
Difference in ORR (95% CIl), p-value 31.5% (20.5, 42.5), p<0.0001
Odds ratio (95% CI) 3.98 (2.38, 6.65)
Best response
CR 26 (18.7%) 2 (1.4%)
PR 74 (53.2%) 55 (39.0%)
SD 15 (10.8%) 43 (30.5%)
PD 15 (10.8%) 23 (16.3%)
Not evaluable (NE) [ ] [
No evidence of disease (NED) [ [

ORR: overall response rate, CR: complete response, PR: partial response, SD: stable disease, PD: progressive
disease, NE: not evaluable, NED: no evidence of disease.
Source: Dreyling et al. 2015°° and RAY (MCL3001) CSR®" %
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Duration of response

The median DOR for patients in the TEM arm was 7.0 months (95% CI: 4.2, 9.9) and was
not reached, at the time of the clinical cut-off, for patients who received ibrutinib. Median
DORs at the 25% quartile were longer for the ibrutinib group than the TEM group (Table 23).

Table 23: Duration of response by IRC assessment in RAY (MCL3001), ITT analysis set

lbrutinib (n=100)* TEM (n=57)%
Duration of response
25% quantile (95% CI) 7.9 (4.7,12.4) 4.0 (2.1,5.1)
Median (95% CI) NE (16.2, NE) 7.0 (4.2,9.9)
75% quantile (95% Cl) NE (NE, NE) 14.9 (9.5, 23.5)
6-month DOR rate (95% Cl) 0.83 (0.74-0.89) 0.60 (0.46-0.72)
12-month DOR rate (95% CI) 0.69 (0.59-0.77) 0.26 (0.15-0.38)
18-month DOR rate (95% CI) 0.58 (0.46-0.68) 0.20 (0.09-0.35)
24-month DOR rate (95% CI) 0.51 (0.35-0.65) 0.00 (NE-NE)

& Duration of response was derived for patients who achieved complete response or partial response.
Source: Dreyling et al., 2015, Appendix®

Median time to next treatment

At the time of the clinical cut-off, the median time to next treatment was not reached with
ibrutinib, compared to 11.6 months with TEM (p<0.0001), perhaps reflecting the

4.7.2.4 Quality of life assessment

QoL was assessed using FACT-Lym, a cancer-specific, non-preference based measure of
QoL with a lymphoma-specific subscale, and EQ-5D-5L, a generic preference-based
measure (see Table 14).

Both scales demonstrated a significant improvement in QoL with ibrutinib versus TEM. QoL
results from RAY (MCL3001) were presented at the ASH 2015 conference in the form of a
poster®.

FACT-Lym

FACT-Lym comprises the four general cancer-related QoL sub-scales of the original
Functional Assessment of Cancer Therapy outcome measure (FACT-G: physical,
social/family, emotional and functional well-being) and a lymphoma-specific sub-scale which
measures lymphoma symptoms. The FACT-Lym total score combines scores across all sub-
scales. Higher scores indicate better QoL and fewer lymphoma-specific symptoms. Scores
on the 15-item lymphoma subscale range from 0 to 60. Scores on the FACT-Lym lymphoma
sub-scale were assessed in terms of the proportion of patients achieving a clinically
meaningful (=5-point change from baseline) increase or decrease in lymphoma symptoms,
and in terms of the median time to a clinically meaningful improvement/worsening of
lymphoma symptoms™.
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Of 280 randomised patients, 253 completed the FACT-Lym at baseline (ibrutinib, n=130/139;
TEM, n=123/141). PRO compliance rates were generally acceptable, with less than 20%
missing at most time points®.

Significantly more patients treated with ibrutinib achieved a clinically meaningful
improvement in lymphoma symptoms compared with TEM (61.9% versus 35.5%, p<0.0001).
Median time to improvement was reached in 6.3 weeks (95 % CI: 3.6, 9.7 weeks) with
ibrutinib versus 57.3 weeks (95% CI: 15.3, 107.7 weeks) with TEM (HR 2.19; 95% CI: 1.52,
3.14, p<0.0001) as presented in Figure 12°°.

Conversely, significantly fewer patients treated with ibrutinib experienced a clinically
meaningful worsening of lymphoma symptoms compared with TEM (26.6% versus 51.8%,
p<0.0001). Symptom worsening occurred significantly more slowly with ibrutinib than TEM
(median time to worsening not reached versus 9.7 weeks, respectively (HR 0.27; 95% CI:
0.18, 0.41, p<0.0001), as presented in Figure 12°3°.
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Figure 12: Time to clinically meaningful improvement (A) and worsening (B) on the FACT-Lym
lymphoma subscale in RAY (MCL3001), ITT analysis set
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The FACT-Lym total score also showed clinically meaningful improvement from baseline in
patients treated with ibrutinib in RAY (MCL3001), whilst patients treated with TEM showed
clinically meaningful worsening (mean change from baseline 5.13 vs -5.32, mixed model
repeated measures (MMRM) estimate of mean difference in change from baseline 10.44,
p<0.0001).

Across the broader HRQoL domains that contribute to the FACT-Lym total score, patients
treated with ibrutinib showed improvement in physical, functional and emotional well-being
that was significantly better than change in HRQoL from baseline in patients treated with
TEM (MMRM mean difference in change from baseline 2.68 (p<0.0001), 1.64 (0.0009), 0.95
(p=0.0009) respectively).
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EQ-5D-5L

The EQ-5D-5L, a generic, preference-based measure, assesses QoL across 5 domains
(mobility, self-care, usual activities, pain/discomfort and anxiety/depression) and overall
current health with the EQ-5D-5L Visual Analogue Scale (VAS). Preference-weighted utility
values are calculated from the EQ-5D-5L domain scores and the VAS ranges from 0 (worst
imaginable health) to 100 (best imaginable health). At baseline, EQ-5D-5L mean utility
values were 0.73 (SD: 0.2) for both treatment arms and VAS mean values were 66.6 (SD:
19.3) and 64.5 (SD: 21.9) for patients in the ibrutinib group and TEM group, respectively.
Improvements from baseline over time in VAS scores were observed in the ibrutinib arm,
while patients treated with TEM experienced reduced QoL relative to baseline.

A statistically significant difference in EQ-5D-5L utility score favouring ibrutinib over TEM
was observed within 4 weeks and maintained through to week 49 (Table 24). EQ-5D-5L
utility values for ibrutinib did not return to baseline level (i.e. change from baseline remained
positive) at all time points up to week 40; in contrast mean change from baseline values with
TEM were negative at all time points up to week 106, the longest available time point at the
clinical data cut-off.

Table 24: Least square mean (95% CI) change from baseline in EQ-5D-5L utility score over time
in RAY (MCL3001), ITT analysis set

Ibrutinib TEM TEM vs Ibrutinib P value
SAgta('?’ng 139 141 - -
Baseline
score, 130 0.73(0.2) 120 0.73(0.2) - -
mean (SD)

LS mean change LS mean change
n from baseline n from baseline
(95% CI) (95% CI)

Week 4 108 | 0.03 (-0.00, 0.05) | 84 | -0.07 (-0.10,-0.05) | -0.09 (-0.13,-0.05) | <0.0001
Week 7 101 | 0.02 (-0.00, 0.05) 71 | -0.07 (-0.09, -0.04) | -0.09 (-0.13, -0.05) | <0.0001
Week 10 94 | 0.02(-0.00,0.05) | 59 |-0.06(-0.09,-0.03) |-0.09(-0.12,-0.05) | <0.0001
Week 13 93 | 0.02(-0.01,0.05) | 48 | -0.06 (-0.09, -0.03) | -0.08 (-0.12,-0.05) | <0.0001
Week 16 88 | 0.02(-0.01,0.05) | 41 | -0.06(-0.09,-0.03) | -0.08(-0.12,-0.04) | <0.0001
Week 19 79 | 0.02(-0.01,0.04) | 40 | -0.06 (-0.09, -0.03) | -0.08(-0.11, -0.04) | <0.0001
Week 22 78 | 0.02(-0.01,0.04) | 30 |-0.06(-0.09,-0.03) |-0.07(-0.11,-0.04) | 0.0001
Week 31 64 | 0.01(-0.01, 0.04) 23 | -0.05 (-0.08, -0.02) | -0.06 (-0.10, -0.03) | 0.0010
Week 40 53 | 0.01 (-0.02, 0.04) 21 | -0.05(-0.08,-0.02) | -0.05 (-0.09, -0.01) | 0.0073
Week 49 52 | 0.00 (-0.03, 0.03) 17 | -0.04 (-0.08, -0.01) | -0.05 (-0.09, -0.00) | 0.0387
Week 58 45 | -0.00 (-0.03,0.03) | 13 | -0.04 (-0.07, 0.00) -0.04 (-0.08, 0.01) 0.1327
Week 82 12 | -0.01 (-0.05, 0.03) 1 |-0.02(-0.07, 0.03) -0.01 (-0.07, 0.05) 0.7340
Week 106 3 |-0.02(-0.07,0.02) | 2 |-0.01(-0.07,0.05) 0.02 (-0.06, 0.09) 0.6857

LS: least squares, Cl: confidence interval, TEM: temsirolimus.
Source: RAY (MCL3001) CSR®™
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With regards to EQ-5D-5L VAS, statistically significant improvements in least square mean
changes from baseline were observed for ibrutinib versus TEM at each assessment point for
VAS scores (see Figure 13). This is due to an improvement in QoL in patients receiving
ibrutinib (positive mean change from baseline) versus a worsening of QoL (negative mean
change from baseline) in patients receiving TEM. Overall improvement in the EQ-5L-VAS in

atients receiving ibrutinib compared to TEM was clinically and statistically significant
I /D o EQ-VAS scores

in cancer >7 points considered to be clinically meaningful)™®.

Figure 13: Least square mean (95% CI) change from baseline in EQ-5D-5L VAS over time in
RAY (MCL3001), ITT analysis set
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Source: Hess, 2015 ASH Conference Poster®

4.7.3 Conclusion of RAY (MCL3001)

RAY (MCL3001) provides high quality evidence confirming the unprecedented benefit of
ibrutinib in terms of response rates, PFS and QoL of ibrutinib compared to TEM. In addition,
it provides initial evidence of an OS improvement (median OS has not yet been reached in
the ibrutinib arm at the end of the final data cut [study ongoing]).

e This study demonstrated a highly significant reduction in the risk of disease
progression of ibrutinib compared to TEM (PFS 14.6 months versus 6.2 months,
p<0.0001, HR=0.43, 95% CI 0.32 to 0.58, p<0.0001) with benefits maintained across
all patient types. ORR (IRC-determined) was significantly higher (p<0.0001) for the
ibrutinib arm (71.9%) than the TEM arm (40.4%). PFS and response rates observed
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in RAY (MCL3001) are unparalleled and (at least) twice as higher compared to any
other intervention in R/R MCL

e The QoL improvement while receiving ibrutinib is extraordinary. Whilst on treatment,
patients receiving ibrutinib showed significant improvements in QoL and in symptom
control compared with TEM. This was maintained throughout treatment; indeed, a
significant difference in EQ-5D-5L favouring ibrutinib was observed within 4 weeks
and maintained through to week 106, p<0.0001

o After a median follow-up of 20.0 months, median OS has not yet been reached
(study ongoing) in the ibrutinib arm versus 21.3 months in the TEM arm®®. More
mature OS ibrutinib data are expected at final data cut in early 2017

When considering the results from RAY (MCL3001), Janssen assert that the immediate
benefit of improvement in QoL and symptom control in patients receiving ibrutinib, in addition
to the ORR, CR, DOR, PFS and PFS2 results, provide supporting evidence for longer-term
benefits. The value of this improvement in QoL and symptom control with ibrutinib should not
be underestimated given the detrimental effect on QoL that R/R MCL has as a result of its
impact on physical health, mobility, fatigue and loss of vitality and the fact that standard
practice in the UK is comprised of combinations of chemotherapy agents with associated
toxicities. However, the pattern and magnitude of QoL impact captured by the EQ-5D-5L
compared to that observed with the QoL subscales of the FACT-Lym and reported
anecdotally by clinical experts raises concern that reliance on EQ-5D-5L for economic
modelling risks underestimating the utility gain associated with the meaningful and valuable
positive impact of ibrutinib on patients’ QoL.

4.8 Subgroup analysis

4.8.1 Pre-planned subgroup analysis of PFS

Pre-planned subgroup analysis of the primary end-point of PFS by IRC was conducted
across subgroups defined based upon potential prognostic variables at baseline or
screening.

Results of these pre-planned subgroup analyses (Figure 14) showed consistency with the
primary analysis across almost all subgroups. Patients with blastoid histology appeared to
have derived no statistically significant benefit to PFS; however, the small number of patients
with blastoid histology (n=33) means that this result should be interpreted with caution.
Similarly, although no statistically significant benefit to PFS was observed for patients
treated with prior bortezomib, this should be interpreted in light of the small patient numbers
in this subgroup (n=30). The efficacy of ibrutinib in the post-bortezomib setting is supported
by the SPARK (MCL2001) study presented in Section 4.11.2, which only enrolled patients
who had progressed after bortezomib therapy, and demonstrated a median PFS of 10.5
months (95% Cl: 4.4; 15)*°.

Imbalances in important prognostic factors may affect the estimate of the treatment effect.
Therefore, a multivariate cox regression analysis was conducted to evaluate the treatment
effect when controlling for pre-specified potential prognostic factors. The HR for the
treatment effect of ibrutinib versus TEM, after adjustment for important prognostic factors,
was 0.41 (95% CI: 0.30, 0.57). The model also identified significant prognostic factors
(p<0.05) as baseline ECOG performance status, sMIPI, blastoid histology and previous
LOTs (see Appendix 8).
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Figure 14: Subgroup analysis of PFS in RAY (MCL3001) by IRC assessment

HR (95% CI) Ibrutinib Temsirolimus
EVT/N Median EVT/M Median
{months) {months)
All patients 0-43 (0-32-0-58) b 73/139 146  111/141 6.2
Sex :
Female 036 (0-19-0-66) e | 18/39 NE 28/33 62
Male 0-46 (0:33-0-65) fof 55/100 143 83108 62
Race '
White 0-49 (0-36-0-67) o £5/115 124  103/129 62
Mot white 0-21(0-07-0-59) e ! Bj24 NE 81z 22
Region :
Europe 0-46 (0-33-0-64) o 59/108 143  94/119 62
Not Europe 0-33(0-16-0-68) e— 14/31 ME 17/22 54
Age (years)
<65 0-41 (0-24-0-70) b 24/53 207 4o0/54  BS
=65 0-43 (0-30-0-62) b 49/86 121 7187 4.8
Baseline extranodal disease E
Yes 050 (0-34~0-72) Fod 47183 121 67/85 62
Nao 0.35(0:21-0:57) [T 26/56 18.5 44/56 641
Baseline ECOG !
0 0-33 (0-21-0-53) P 28/67 ME 51/67 82
1 0-50(0:33-0-74) e 44/71 93 5872 42
sMIPI i
Low risk 0-29 (0-16~0-53) e 16/46 ME 37/48 Ba
Intermediate risk 0-50 (0-32-0.78) e 34/62 12.2 46/62 6.8
High risk 0-44 (0-25-0-78) fo—i ! 2331 66 2831 21
Previous lines of therapy :
lor2 0-39 (0-26-0-59) [ 36/85 NE 62/85 62
=3 0-50 (0+32-077) o 37/54 10:5 49/56 44
Stage of disease E
(=] 033 (0-15-0-72) e—oi ! 11/27 NE 17/21 72
v 046 (0-33-0-63) fodf 62/112 143  94/120 61
Previous bortezomib i
Yes 0.68 (0.36-1.30) e 20/30 79 18/20 8.0
No 0-39 (0-27-0-54) PUR 53/109 185 93121 6.0
Tumour bulk i
<San 0-42 (0-27-0-67) b | 29/64 NE 50/66 81
=5 cm 0-43 (0-29-0-64) Fed 43174 143 6175 42
Histology :
Blastoid 0-91(0-44-1-87) —e—f  15/16 41 1577 33
Non-blastoid 0-38 (0-27-0-53) (PUR 58/123 207  96/124 62
Refractory disease :
Yes 0-45 (0-26-0-76) o 21/36 125 40/47 41
No 0-44 (0-31-0-63) bt 52/103 156  71/94 65
I i 1
0 1 2
| >
Favours ibrutinib - Favours temsirolimus

EVT: event (progressed or died), ECOG: Eastern Cooperative Oncology Group, HR: hazard ratio, NE: not
estimable, sMIPI: simplified mantle cell lymphoma international prognostic index, IWRS: interactive web response
system.

Source: Dreyling, 2015
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4.8.2 Analysis of PFS and ORR by number of prior lines of therapy

In addition to the pre-planned subgroup analyses described in Section 4.8.1, a post-hoc
analysis of PFS and ORR by number of prior LOTs was also conducted for the RAY
(MCL3001) study.

The results of the analysis of PFS are presented in the KM plot in Figure 15. This analysis
demonstrates that, whilst the KM plots for patients with TEM are similar for patients treated
with 1 or 2 prior LOTS, there is a substantial PFS benefit for patients who receive ibrutinib
following 1 prior therapy, as opposed to 2.

Figure 15: KM plots for post-hoc subgroup analysis of PFS by number of prior LOTs in RAY
(MCL3001)
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Source: Rule et al., 2015%

This benefit of earlier treatment with ibrutinib is further supported by the analysis of response
rates of patients who received 1, 2 or 23 LOTs. Table 25 shows that the proportion of
patients achieving a CR as opposed to a PR with ibrutinib is markedly higher the earlier the
line of treatment at which ibrutinib is used.
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Table 25: Results of post-hoc subgroup analysis of ORR by number of prior LOTs in RAY
(MCL3001)

Ibrutinib TEM
ORR (%) 71.9% 48.0%
. CR (%) 24.6% 2.0%
1 prior LOT
PR (%) 47.4% 46.0%
CR as a proportion of ORR (%) 34.2% 4.2%
ORR (%) 68.4% 39.5%
. CR (%) 18.4% 2.3%
2 prior LOTs
PR (%) 50.0% 37.2%
CR as a proportion of ORR (%) 26.9% 5.8%
ORR (%) 75.0% 33.3%
. CR (%) 11.4% 0.0%
23 prior LOTs
PR (%) 63.6% 33.3%
CR as a proportion of ORR (%) 15.2% 0.0%

LOT: line of therapy, ORR: overall response rate, CR: complete response, PR: partial response, TEM:
temsirolimus.

Source: Rule et al., 2015%

Results of this post-hoc analysis were presented at the ASH 2015 congress®. Following
presentation of these results at this congress, feedback from clinical experts at a recent
advisory board held by Janssen was that these results were considered compelling, and
provided clear evidence that ibrutinib should not be left for later LOTs.

4.9 Meta-analysis

A pooled analysis of the ibrutinib RCT (RAY [MCL3001]) and non-RCTs (PCYC1104;
SPARK [MCL2001]) was performed. The methodology and results of this pooled analysis
are logically presented after consideration of the non-RCTSs, in Section 4.12.

4.10 Indirect and mixed treatment comparisons

As noted in Section 4.1, no direct head-to-head trial evidence for ibrutinib against a
comparator reflective of current UK clinical practice was identified and therefore an ITC
approach was considered. The only study identified by the SLR that contained a potentially
relevant comparator and permitted an ITC to ibrutinib via a shared TEM comparator with the
RAY (MCL3001) trial was the Hess, 2009 study. As previously noted, the Hess, 2009 study
contained a PC arm in which patients received a range of single-agent chemotherapy
regimens (primarily gemcitabine 1V [42%] and fludarabine 1V [23%]) that do not reflect
current UK clinical practice.

Since this limitation was highlighted by clinicians during the advisory board, extensive efforts
were undertaken to identify any other potential sources of evidence that might yield a
comparison of ibrutinib to current SOC in UK clinical practice. The steps taken included:

1. Reconsider those studies that were identified by the SLR but had been subsequently
dismissed as not relevant to the decision problem (see Section 4.2).

2. Returning to review studies (RCTs and single-arm studies) that had been excluded
from the clinical SLR described in Section 4.1 at the full text-stage on the basis of:
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o Not assessing a relevant treatment (n=143)

o Not being of sufficient study size (n=59)

o Representing a mixed population (n=34)

o Not being in a R/R population (i.e. studies in a 1* line population)

3. Reviewing the literature review performed as part of the draft NICE clinical guideline
on NHL and assessing the 22 included studies and 90 articles excluded at full text
review

4. Attempting to receive further data from HMRN.

Following this process, a total of four studies were identified that merited consideration for
providing an estimate of the efficacy of current SOC in UK clinical practice. However, upon
further assessment, all four studies were considered less suitable than the Hess, 2009 study
for a number of reasons. The criteria applied to identify these four studies, a summary
description and the reason for their inappropriateness as a source of effectiveness for R-
chemo are summarised in Appendix 9.

Therefore, following this process, the Hess, 2009 study remained the most appropriate
option for generating an estimate of the comparative effectiveness of ibrutinib versus R-
chemo. The notable paucity of clinical evidence for R-chemo such as R-CHOP in R/R MCL
reflects the fact that current SOC in UK clinical practice is mostly based upon the off-label
use of therapies.

In an effort to address the limitation of Hess, 2009 in terms of not fully reflecting UK clinical
practice, the results of the ITC were adjusted to take into account an estimated “rituximab
effect” — that is, additional efficacy resulting from the addition of rituximab to the therapies
used in the PC arm of Hess, 2009. The results of the ITC between RAY (MCL3001) and
Hess, 2009 are presented in this section; the details of the application of the “rituximab
effect” and the results following this are reserved for the write-up of the cost-effectiveness
model (CEM) (see Section 5.3.2).

4.10.1 ITC methods

The ITC was conducted using the Bucher, 1997 method’®. As with other methods of indirect
comparison, Bucher ITCs adjust estimates according to the results of direct comparisons
with a common comparator (e.g. placebo). For example, studies A vs C and B vs C can be
used to obtain the adjusted indirect comparison of A vs B with a common intervention C.
ITCs rely on an underlying assumption that the relative effectiveness of a treatment is the
same across all trials used in the comparison.

Traditional indirect comparisons, based on the comparison of relative treatment effects
across trials, are considered to generate unbiased estimates of the relative treatment effect,
under the assumption of relative treatment effects being similar across heterogeneity of trial
characteristics. Differences in trial populations may impact relative treatment efficacy
estimates, which could introduce bias. Therefore, Bucher analyses require comparable
populations where common treatment techniques were applied.

4.10.2 Data inputs and results

Two phase lll, RCTs included TEM 175/75 mg as a treatment arm, which presented the
opportunity to conduct an ITC:

e RAY (MCL3001) study: Phase lll, open-label, RCT comparing ibrutinib with TEM in
patients with R/R MCL who received at least one prior therapy
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o Hess, 2009 (OPTIMAL study, NCT00117598): Phase Ill, open-label, RCT comparing
TEM with single agent treatment as per Physician’s choice (PC) in patients with R/R
MCL after two to seven prior therapies. The single-agent treatment in the PC therapy
group was chosen based on an extensive review of the literature and discussions
with a large number of investigators, comprised of: gemcitabine IV (42%), fludarabine
IV (23%), fludarabine oral (4%), chlorambucil oral (6%), cladribine 1V (6%), etoposide
IV (6%), cyclophosphamide oral (4%), thalidomide oral (4%), vinblastine 1V (4%),
alemtuzumab IV (2%), and lenalidomide oral (2%).

The RAY (MCL3001) study has been described in detail in Section 4.7. The Hess, 2009
study has been referred to previously but a fuller description is presented below.

Hess, 2009 was a multicentre, phase Il RCT (in Canada, France, Germany, Sweden and
the US) evaluating two dose regimens of TEM monotherapy in comparison with a single-
agent therapy chosen by the investigator for patients with R/R MCL (PC)®. The study
included two TEM treatment arms with different dosing (175/75 mg and 175/25 mg). PC in
Hess, 2009 was defined as a single-agent treatment that had to be widely available for R/R
MCL at the time of the study. The most commonly used single-agent treatments as part of
the PC arm were gemcitabine IV (42%) and fludarabine IV (23%). A study overview is
provided below in Table 26. A comparison of the RAY (MCL3001) and Hess, 2009 studies
under PICOS criteria is provided in Appendix 11.

Table 26: Summary of the Hess, 2009 study

e To compare the efficacy and safety of TEM with established treatment options

Alm (PC) in patients with R/R MCL

e Multicentre, open-label, phase Ill study of 162 patients 218 years of age with
R/R MCL

o Eligible patients with R/R MCL after two to seven prior therapies. Pre-treatment
must have included an alkylating agent, an anthracycline and rituximab, and
could have included haematopoietic stem cell transplantation

e Patients were randomised to TEM 175/75 mg (n=54), TEM 175/25 mg (n=54)
and PC (n=53)

e The PC therapy group received single-agent treatment as chosen by the
investigator — the most common treatments were gemcitabine (42%),
fludarabine (IV) (23%)

Trial design

e Median age: 67 years (range 39-88 years), time from diagnosis to
randomisation: 48.5 months (range 5-216 months), stage IlI-1V disease at

Patient baseline: 97%

characteristics | ¢ Median number of prior therapies: 3 in the TEM arms and 4 in the PC arm,

median number of prior rituximab and other anti-CD20 immunotherapy

regimens: 2 in all arms, prior haematopoietic stem cell transplantation: 32%

e Primary end-point IRC assessed median PFS was 4.8 months, 3.4 months and
1.9 months for TEM 175/75 mg arm, TEM 175/25 mg and PC

e Patients treated with TEM 175/75-mg had significantly longer PFS than those

Primary end- treated with PC (p<0.0009).

point results ¢ No significant differences in efficacy with respect to PFS with TEM 175/75-mg

or 175/25-mg and PC therapies were observed based on age, sex, baseline

Karnofsky performance score, stage of disease at diagnosis, bone marrow

involvement, number of extranodal sites and number of prior regimens of

anticancer therapy

e ORR:22%, 6% and 2% for TEM 175/75 mg arm, TEM 175/25 mg and PC

esr?g?pnodiﬁ;y e Duration of response: 5 months, 6 months and 0 months
results e OS (at July 19 2007): 11.1 months, 8.8 months and 9.5 months

e OS (at February 1 2008): 12.8 months, 10.0 months and 9.7 months

Company evidence submission template for ibrutinib Page 81 of 339




e The most common AEs in all three arms were thrombocytopenia, asthenia,
anaemia, diarrhoea, fever, chills, nausea, neutropenia, dyspnoea, weight loss,
peripheral oedema

e The most common AEs that occurred in the TEM groups were
thrombocytopenia, asthenia, anaemia, diarrhoea, and fever

e Leukopenia occurred more commonly in the PC arm

e Grade 3 or 4 AEs occurred in 89% of patients in the TEM175/75 mg group,
80% of patients in the 175/25 mg group and 68% of patients in the PC group

Safety findings

PC: Physician’s choice, RR: relapsed or refractory, MCL: mantle cell ymphoma, IRC: independent review
committee, PFS: progression free survival, ORR: overall response rate, OS: overall survival, AE: adverse event

The data presented in Hess, 2009 was used in the ITC: i.e. IRC-assessed ORR odds ratio
(OR), IRC-assessed PFS HR, and OS HR. For OS, two HRs were available for TEM 175/75
mg vs PC, representing the HRs at a 2007 data cut and a later 2008 data cut, respectively®.
Both HRs were analysed as part of the ITC. The results of the TEM 175/25 mg arm from the
Hess, 2009 study were not considered as the TEM dose used in RAY (MCL3001) was
different (175/75 mg, see Section 4.3.1). The IRC-assessed ORR OR, IRC-assessed PFS
HR, and OS HR of ibrutinib compared to TEM from the CSR were used®’. A diagram
showing how the ITC was conducted is presented in Figure 16.

Figure 16: Diagram of the ITC between ibrutinib (RAY [MCL3001]) and PC (Hess, 2009) via TEM

Ibrutinib PC

RAY (MCL3001) Hess, 2009

Temsirolimus vs
PC

Temsirolimus
175/75 mg

Ibrutinib vs
temsirolimus

Ibrutinib vs PC

Table 27 presents the ORs and HRs comparing ibrutinib vs TEM and TEM vs PC which
were used in the ITC without adjustment for baseline characteristics.

Table 27: ORs and HRs used in ITC analyses

Ibrutinib vs TEM 175/75 mg Temsirolimus 175/75 mg vs PC
Outcome ORR PFS (OK] ORR PFS oS+
Assessor | IRC IRC N/A IRC IRC N/A
Source CSR®™ Hess, 2009°
ITC inputs | 3.98 0.43 0.76 15.14 0.44 July 19th
[2.38, 6.65] | [0.32, 0.58] | [0.53; 1.09]** [1-8A9,121- [0.25,0.78] | 2007:0.77
19] [0.46, 1.28]
February 1st
2008: 0.80
[0.50, 1.28]

PC: Physician’s choice, ORR: overall response rate, PFS: progression-free survival, OS: overall survival, IRC:
independent review committee, N/A: not applicable, ITC: indirect treatment comparison
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Binary outcomes are presented as odds ratios (95% confidence intervals); Continuous outcomes presented as
hazard ratios (95% confidence intervals)

* Two estimates for median OS are available for the Hess, 2009 study, representing analyses at different data

cuts

** Cox regression model with MIPI and prior lines of therapy from IWRS as stratification factors. ITT population
censored at Initiation of Subsequent Ibrutinib Therapy

A The OR is calculated with # of patients per arm and % of patients achieved ORR: TEM 175/75 mg 22% ORR;
PC: 2% ORR from Table 3 in the Hess, 2009 publication.

Table 28 presents the results of the ITC. The ITC found a HR for ibrutinib vs. PC of 0.19
(95% CI: 0.1, 0.36). The ITC HRs for ibrutinib vs. PC for the OS outcome were similar when
using the two time points for OS presented in the Hess, 2009 study: 0.59 and 0.61,
respectively.

Table 28: ITC results

Ibrutinib vs PC
Outcome ORR PFS oS
Result 60.26 [7.07, 513.4] 0.19 0.1, 0.36] July 19th 2007: 0.59 [0.31,
1.09]
February 1st 2008: 0.61
[0.34, 1.1]

PC: Physician’s choice, ORR: overall response rate, PFS: progression-free survival, OS: overall survival
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4.11 Non-randomised and non-controlled evidence

Table 29: List of relevant non-RCTs

Trial no. Objective | Intervention | Population Primary study ref. | Justification for
(acronym) inclusion
Efficacy R/R MCL who . Phase Il studies
- i Wang, 2013 -
PCYC1104 | and Ibrutinib have received g - have longer follow
at least one Wang, 2015* up than the phase
safety . g,
prior treatment 1l study.
6 Phase Il studies
, R/R MCL who | CSR are in a wider
SPARK Efficac . :
(MCL2001) | and | tbrutinib have received | Wang, 2014. ASH | Population (for
safet prior 2014 Congress example: ECOG O-
y bortezomib Poster ¥ 2 versus 0-1 in the

phase Il study)

R/R MCL: relapsed or refractory mantle cell ymphoma, ASH: American Society of Hematology, ECOG: Eastern
Cooperative Oncology Group, CSR: clinical study report
* Wang, 2015 was not identified by the SLR as it was published after the search date

4.11.1 PCYC1104

PCYC1104 is the registration, pivotal trial of ibrutinib in R/R MCL.

Data in this section are drawn from two published manuscripts (Wang, 2013%* and Wang,
2015%") which presented data with a median follow-up time of 15.3 months (interim analysis)
and 26.7 months (final analysis), respectively. The published studies are used wherever
possible, with additional information drawn from the PCYC1104 CSR"’.
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PCYC1104: methodology

The methodology of the PCYC1104 study is summarised in Table 30.

Table 30: Methodology of PCYC1104

Study type PCYC1104 was an international open label phase Il study conducted in the US
(nine sites), Germany (two sites), Poland (three sites) and UK (four sites).
UK patients 21 patients from four sites

Eligible patients

Confirmed diagnosis of MCL with cyclin D1 overexpression or translocation
breakpoints at t(11:14) and measurable disease and had received at least one
prior treatment for MCL with a poor response or disease progression after the
most recent regimen.

Inclusion criteria

e Men and women aged 218 years

e Confirmed diagnosis of MCL with cyclin D1 overexpression or translocation
breakpoints at t(11:14) and measurable disease

e Had received at least one prior treatment for MCL, but no more than five
previous lines of treatment

e Poor response (defined as no partial or better) or disease progression after
the most recent regimen

e ECOG performance status score of 2 or less
e Adequate organ function

e Absolute neutrophil count of at least 0.75 x 10° per litre and platelet count of
at least 50 x 10° per litre, unless the patient had bone marrow involvement
by lymphoma

e Use of contraception for patients of child-bearing age.

Exclusion criteria

e Prior chemotherapy within 3 weeks, prior anticancer antibodies within 4
weeks, radiotherapy within 3 weeks, radio- or toxin-immunoconjugates
within 10 weeks or major surgery within 2 weeks of the first dose of study
drug

e History of malignancies within 1 year (except for treated basal cell or
squamous skin cancer or in situ cervical cancer)

e Clinically significant cardiovascular disease or ECG abnormalities
e Any condition which would impact on absorption of ibrutinib

o [nfection with HIV, hepatitis C or hepatitis B or any uncontrolled active
systemic infection

e Pregnant or breast feeding women
e Serum aspartate transaminase or alanine transaminase =3-times the ULN
e Creatinine 22-time ULN.

Study design

Patients were enrolled without randomisation and were classified as either
receiving prior bortezomib treatment (=2 cycles) or not receiving bortezomib
treatment (<2 complete cycles or no treatment).

Treatment Patients received 560 mg oral ibrutinib od continuously on a 21 day cycle until
disease progression or unacceptable toxicity

Number of 111

patients

Primary end-point

ORR, defined as either a PR or a CR, according to the Revised International
Working Group Criteria for NHL as assessed by the investigator. In addition, a
response evaluation was also carried out by an IRC (CT and PET scans, bone
marrow biopsy, Gl biopsy, if required, and clinical data).

Secondary end-

Secondary end-points included DOR (measured from the day when criteria for
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points response were met to the first date on which progressive or recurrent disease
was documented), PFS and OS.

Safety end-points were also assessed.

The study also measured peripheral blood lymphocytes after treatment with
ibrutinib, as there is evidence in the related indication of CLL that ibrutinib can
cause a transient increase in blood lymphocytes.

Assessments Tumour assessment was carried out at screening, and CT scans were
repeated at cycles 3, 5 and 7 and then every three cycles until disease
progression. A PET scan was required to confirm a CR.

MCL: mantle cell ymphoma, ECOG: Eastern Cooperative Oncology Group, HIV: human immunodeficiency
virus, ULN: upper limit of normal, od: once daily, od: once daily, ORR: overall response rate, PR: partial
response, CR: complete response, NHL: non-Hodgkin lymphoma, IRC: Independent Review Committee, CT:
computed tomography, PET: positron emission tomography, CR: complete response, Gl: gastro-intestinal, DOR:
duration of response, PFS: progression-free survival, OS: overall survival, CLL: chronic lymphocytic leukaemia
Source: Wang, 2013;* Wang, 2015;* PCYC1104 CSR’

4.11.1.2 PCYC1104: statistical analysis

The study was designed to assess the efficacy of ibrutinib in a small group of patients before
enrolling the entire planned study population. Enrolment would only continue if an
appropriate number of patients had a response in the first stage. All enrolled patients who
received at least one dose of the study drug were used for primary analysis of the primary
outcome. The last known data assessment was used in the case of missing data.

The response rate was provided and the corresponding 95% 2-sided CI was calculated
using normal approximation to the binomial distribution. Response was assessed in pre-
specified subgroups of patients, that is, those who had received prior bortezomib therapy
and those who had not, by baseline characteristics and the presence of risk factors
associated with chemotherapy failure.

For the cohort of patients without prior treatment with bortezomib, a two-stage design was
planned to test the null hypothesis that the response rate would be < 20%. It was estimated
that a sample of 65 patients would provide 91% power to test a difference in the response
rate of 20% versus 40% at a one-sided alpha level of 0.01. For the cohort of patients with
prior bortezomib treatment, a two-stage design was also planned to test the null hypothesis
that the response rate would be 15% or less. It was calculated that a sample of 50 patients
would provide 80% power to test a difference in the response rate of 15% versus 35% at a
one-sided alpha level of 0.01.

The final analysis was planned to be carried out eight months after the last patient was
enrolled in the study. KM curves were used to estimate distribution of time to event end-
points (DOR, PFS and OS). All statistical tests were based on a two-sided alpha level of
0.05.
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4.11.1.3 PCYC1104: participant flow

From February 2011 to March 2012, 115 patients were enrolled (50 with prior bortezomib
treatment and 65 without, Figure 17). Of the 115 patients, four did not receive the study drug
due to rapid disease progression (n=3) or administrative reasons (n=1).

Figure 17: Randomisation of patients to treatment arms

115 Subjects enrolled
81 (US) and 34 (EU)

Bortezomib-naive Bortezomib-exposed
65 Subjects enrolled: 50 Subjects enrolled:

63 Subjects recelved treatment 48 Subjects recelved treatment
Reason not treated: Reason not treated :
Physician's decision (2} Physician’s decision (2)

: Discontinued - Discontinued
Ni”f{“;”?%,n] treatment Nf;"'zg?ﬂg%] treatment
MN=39 (60%) N=26 (52%)

Source: PCYC1104 CSR’!

The median number of cycles administered was nine (range 1-24). With an estimated
median follow-up of 15.3 months (range 19.9-23.3), 46 (41%) of patients were still receiving
treatment.

After a median follow-up of 26.7 months, 46% of patients remained on treatment for >1 year
and 20% for >2 years.*’.

411.1.4 PCYC1104: baseline characteristics

Patients were elderly (median age 68 years) and had received a median of three prior
therapies. The majority (86%) had intermediate or high-risk disease, as presented in Table
31 below.

In PCYC1104, the subgroup of patients with prior treatment with bortezomib was slightly
older and had undergone a slightly higher median number of previous lines of therapy than
those patients who had not received prior bortezomib. Additionally, more patients in the no
prior treatment with bortezomib subgroup had advanced disease than in the prior treatment
subgroup. However, the subgroups of patients with and without prior treatment with
bortezomib were well matched with regards to prognosis and prior rituximab-containing
regimens and overall there were no major differences between the subgroups. A pre-
specified analysis revealed that response did not vary according to baseline characteristics
(see Section 4.11.1.7).
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Table 31: Patient characteristics at baseline in PCYC1104

Characteristic No prior Prior treatment
treatment ; . All patients
with bortezomib with bortezomib (n=111)
(n=63) (n=48)
Age, year, median (range) 66 (46-83) 69 (40-84) 68 (40-84)
Male sex, no (%) 46 (73%) 39 (81%) 85 (77%)
ECOG performance status, no (%)
Oorl 53 (84%) 46 (96%) 99 (89%)
2 9 (14%) 2 (4%) 11 (10%)
>2 1 (2%) 0 1 (1%)
Number of prior regimens
Median (range) 2 (1-5) 3 (1-5) 3 (1-5)
23, no (%) 31 (49%) 30 (62%) 61 (55%)
Previous therapy, no (%)
Hyper-CVAD 18 (29%) 15 (31%) 33 (30%)
Stem-cell transplantation 8 (13%) 4 (8%) 12 (11%)
Lenalidomide 9 (14%) 18 (38%) 27 (24%)
Rituxi_m_ab or ri_tuximab— 56 (89%) 43 (90%) 99 (89%)
containing regimen
Simplified MIPI, no (%)
Low risk 9 (14%) 6 (12%) 15 (14%)
Intermediate risk 24 (38%) 18 (38%) 42 (38%)
High risk 30 (48%) 24 (50%) 54 (49%)
Bulky mass, no (%) 6 (10%) 3 (6%) 9 (8%)
At least one node =5 cm, no 26 (41%) 17 (35%) 43 (39%)
(%)
Refractory disease, no (%) 27 (43%) 23 (48%) 50 (45%)
Advanced disease, no (%) 49 (78%) 31 (65%) 80 (72%)

ECOG: Eastern Cooperative Oncology Group, CVAD: Cyclophosphamide. Vincristine. Doxorubicin,
Dexamethasone, MIPI: Mantle Cell Lymphoma International Prognostic Index.

Source: Wang, 2015%

4.11.1.5

A quality assessment of PCYC1104 has been performed based on the Downs and Black
checklist for the methodological quality of randomised and non-randomised studies of health

PCYC1104: quality assessment

care interventions’®. This quality assessment is presented in Appendix 6.

4.11.1.6

At the interim analysis with median follow-up of 15.3 months, the investigator assessed ORR

PCYC1104: primary end-point

was 68% in the total patient cohort (67% in prior bortezomib patients and 68% in

bortezomib-naive patients). Results of the response assessment are presented in Table

32%,
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Table 32: PCYC1104 Best responses to therapy at median follow-up of 15.3 months

Variable No prior treatment | Prior treatment All patients
with bortezomib with bortezomib (n=111)
(n=63) (n=48)

Response, no (%)

ORR 43 (68%) 32 (67%) 75 (68%)

CR 12 (19%) 11 (23%) 23 (21%)

PR 31 (49%) 21 (44%) 52 (47%)

None 20 (32%) 15 (31%) 35 (32%)

ORR: overall response rate, CR: complete response, PR: partial response
Source: Wang, 2013%

At the final analysis performed at median follow-up of 26.7 months, the response rates were
maintained, with an ORR of 67% (95% ClI: 57.1%, 75.3%) and a CR of 23% (95% CI: 15.1%,
31.4%)%.

4.11.1.7 PCYC1104: secondary analyses of the primary outcome

Response rates were also assessed by the IRC and rates were very similar to those
observed by the investigators, ORR of 69%, CR 21% and PR 48% at 15.3 months of follow-
up. Indeed, for 95% of patients with an investigator-assessed response, the response was
confirmed by the IRC.

A pre-specified analysis revealed that response did not vary according to baseline
characteristics or the presence of risk factors associated with chemotherapy failure (Figure
18). Response rates were also similar across patients who had received prior bortezomib
and bortezomib-naive patients.

Company evidence submission template for ibrutinib Page 89 of 339




Figure 18: Subgroup analyses of ORR in PCYC1104

Subgroup No. of Patients Overall Response Rate [95% Cl)
All patients 111 —e— 67.6 (58.9-76.3)
Age !

<65 yr 41 H—| 68.3 (54.1-82.5)

=65 yr 70 —ea— 67.1 (56.1-78.2)
Bortezomib exposure E

Mo 63 —e— 63.3 (56.8-79.8)

Yes 43 —e— 66.7 (53.3-20.0)
Sex |

Male 85 —e— 70.6 (60.9-80.3)

Female 26 ——— 57.7 (38.7-76.7)
Race i

White 102 —a— 66.7 (57.5-75.8)

Monwhite 9 } —o |  77.8(50.6-100.0)
Mo. of previous regimens '

<3 50 F—e— 76.0 (64.2-37.8)

=3 61 —e— 60.7 (48.4-72.9)
Simplified MIPI score i

Low risk (0-3) 15 | & | 73.3 (51.0-95.7)

Intermediate risk (4 or 5) 47 H—| 66.7 (52.4-20.9)

High risk (6-11) 54 —a— 6.7 (54.1-79.2)
Baseline ECOG performance status E

) 51 —eo— 72.6 (60.3-24.8)

1 48 —e— 64.6 (51.1-78.1)

=2 12 | — | 58.3 (30.4-36.2)
Advanced disease i

Yes 20 —e— 65.0 (54.6-75.5)

Mo 31 ——e— 74.2 (58.8-29.6)
Tumaor bulk {largest diameter) !

=5 cm 43 —e— 62.5 (48.3-77.3)

=10 cm g I & | 66.7 [15.9-97.5)
History of blastoid i

Yes 17 } o | 70.6 (48.8-92.3)

Mo 04 —e— 67.0 (57.5-76.5)
Refractory disease '

Yes 50 —e— 64.0 (50.7-77.3)

Mo 61 —e— 70.5 (59.1-81.9)
Previous high-intensity therapy i

Yes 39 H—e— 76.9 (63.7-80.2)

No 72 —e— 62.5 (51.3-73.7)
Previous lenalidomide therapy '

Yes 27 —e— 63.0 (44.8-81.2)

Mo 84 —a— £9.1 (59.2-78.9)

(IJ IICI 4ID IEID EID 1IIIJD
Percent

Source: Wang, 2013%
4.11.1.8 PCYC1104: secondary end-points

The results of the secondary outcomes for the interim analysis (15.3 months follow-up) and
the final analysis (26.7 months follow-up) are reported in Table 33. PFS KM plots for the two
analyses of ibrutinib are shown in Figure 19. The KM OS plot for the final analysis of ibrutinib
is shown in Figure 20.

The results observed correspond to a long follow-up period and demonstrate the impressive

sustained response, prolonged PFS and extended OS that can be achieved with ibrutinib.
Median PFS is consistent with that observed in RAY (MCL3001) and the long-term follow-up
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of PCYC1104 means that this study can provide an estimate of median OS, which is just
below 2 years.

Table 33: PCYC1104 secondary end-points

No prior treatment | Prior treatment :
Variable with bortezomib with bortezomib All patients
(n=63) (n=48) (n=111)
Median DOR (95% CI), months
At 15.3 month follow-up 15.8 (5.6, NE) NE 17.5 (15.8, NE)
At 26.7 month follow-up NR NR 17.5 (14.9, NE)
Median PFS (95% CI), months
At 15.3 month follow-up 7.4 (5.3, 19.2) 16.6 (8.3, NE) 13.9 (7.0, NE)
At 26.7 month follow-up NR NR 13.0 (7.0, 17.5)
Median OS (95% CI), months
At 15.3 month follow-up NE (10.0-NE) NE (11.9-NE) NE (13.2, NE)
At 26.7 month follow-up NR NR 22.5(13.7, NE)

NE: Non evaluable, PFS: progression-free survival, OS: overall survival, NR: not reported.
Source: Wang, 2013%; Wang 2015%

Figure 19: KM plot of PFS for ibrutinib in PCYC1104 after 15.3 months follow-up (top) and after
26.7 months of follow-up (bottom)
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Figure 20: KM plot for ibrutinib of OS in PCYC1104, 26.7 months of follow-up
100

90
80
70+
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50
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40 Ibrutinib
30

20

109 + censored

0 T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33

Months since first dose

Number at risk 111 103 88 71 64 59 55 49 33 25 3 0
Source: Wang, 2015’

4.11.2 SPARK (MCL2001)

SPARK was a phase Il, multicentre single-arm study evaluating the efficacy and safety of
ibrutinib in patients with R/R MCL who progressed after bortezomib therapy. Given that this
trial only included patients receiving prior bortezomib and therefore reflects a subset of the
ibrutinib licensed indication, the study might be considered less relevant than that of RAY
(MCL3001) and PCYC1104. Nonetheless, this study is presented in full here.

Data to inform this section were derived from the SPARK (MCL2001) CSR™ and a poster
presented at the ASH 2014 conference, 2014°°.

41121 SPARK (MCL2001): methodology

The methodology of the SPARK (MCL2001) study is summarised in Table 34.
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Table 34: Methodology of SPARK (MCL2001)

Study type SPARK (MCL2001) was an international phase Il single-arm study conducted
at 38 sites in 7 countries (Belgium, France, Israel, Poland, Russia, UK and US)
UK patients 6 patients from 2 centres in the UK

Eligible patients

Patients with MCL who had received at least one prior rituximab-containing
chemotherapy regimen and who progressed after bortezomib therapy were
enrolled without randomisation.

Inclusion criteria

¢ Men and women aged 218 years
e Confirmed diagnosis of MCL and measurable disease
e Had received at least one prior rituximab-containing treatment for MCL

e Had received at least two cycles of bortezomib treatment (monotherapy or
combination) and had documented PD during or after bortezomib

e Absolute neutrophil count of 2750/mm? and platelet count of 250,000/mm?®

Exclusion criteria

e Prior treatment with ibrutinib or other BTK inhibitor
e More than 5 prior lines of therapy

Permitted and
disallowed
concomitant
medicines

Standard supportive care therapies (e.g. anti-emetics, loperamide) required for
the management of symptoms were permitted, as clinically indicated, other
than anticancer treatment. Hematopoietic growth factors were allowed.

Prohibited medications included: any chemotherapy, anticancer
immunotherapy, experimental therapy and radiotherapy. Systemic use of
corticosteroids (i.e. any systemic corticosteroids 220 mg/day prednisone or its
equivalent per day) was prohibited.

Patients were excluded if it was known that they would require concomitant
treatment with strong CYP3A4/5 inhibitors or anticoagulation with warfarin or
equivalent vitamin K antagonists.

Study design

Single-arm.

Treatment Patients received 560 mg oral ibrutinib od continuously on a 21 day cycle until
disease progression or unacceptable toxicity.

Number of 120

patients

Primary end-point

ORR, defined as either a PR or a CR, according to the Revised International
Working Group Criteria for NHL as assessed by the investigator.

Secondary end-
points

Secondary end-points included time to initial response, DOR, PFS and OS.

PROs measured were the mean change from baseline in FACT-Lym and mean
change from baseline in EQ-5D-5L for each post-baseline assessment.

Assessments

Response assessment was carried out every 9 weeks for the first 15 months
and then every 24 weeks until disease progression.

Tumour assessment was performed during screening with the use of CT scans
of the chest, abdomen, pelvis and any other disease sites (e.g. neck); PET
scans; and bone marrow biopsy. A PET scan was mandatory for confirmation
of a CR. For those patients with PET-negative tumours at baseline response
was based on the CT scan.

Od: once daily, CR: complete response, NHL: Non-Hodgkin's lymphoma, DOR: duration of response, EQ-5D-
5L:EuroQoL 5 dimensions, FACT-Lym: Functional Assessment of Cancer Therapy-Lymphoma, ORR: overall
response rate, MCL: mantle cell ymphoma, OS: overall survival, PFS: progression-free survival, PRO: patient-

reported outcome

Source: Wang, 2014%*°, SPARK (MCL2001) CSR"®

Company evidence submission template for ibrutinib

Page 93 of 339




4.11.2.2 SPARK (MCL2001): statistical analysis

The primary analysis of ORR was carried out using the response-evaluable population
(n=110), which included all enrolled subjects who received at least one dose of study drug,
had measurable disease at baseline and underwent at least one post-baseline
tumour/response assessment.

The last known data assessment was used in the case of missing data.

The response rate was provided and the corresponding 95% 2-sided Cl was calculated
using normal approximation to the binomial distribution. The null hypothesis was tested at
the overall significance level of 0.025 and rejected if the lower bound of the Cl exceeded
40%.

The sample size was based on the assumption that the ORR for ibrutinib would be 56% in
the study population, which gives a sample size of 101 patients. With 101 evaluable patients,
the study was designed to have 90% power to declare the ORR is 40% or higher at the 1-
sided significance level of 0.025.

The end of the study was planned to occur 2 years after enrolment of the last patient. The
study was initiated on the 17th July 2012; clinical cut-off was the 29th April 2014 and
database lock was the 20th June 2014.

4.11.2.3 SPARK (MCL2001): participant flow

The flow of participants in the SPARK (MCL2001) study is shown in Figure 21 below.

A total of 120 patients were enrolled at 38 centres worldwide. All 120 patients received one
or more dose of ibrutinib and 39 (32.5%) continued treatment. Eighty-one (67.5%) patients
discontinued treatment, with the main reasons for discontinuation being progressive disease
or relapse (44.2%) or AEs (6.7%). The response evaluable (RE) population was 110 patients
(91.7%).

The median number of 21-day cycles of ibrutinib administered was 12 (range 1-31) over a
median treatment duration of 8.0 months (range 0.5-20.9).
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Figure 21: Participant flow in SPARK (MCL2001)

Subjects Enrolled
N=120

h J
Received Study Drug
n=120

.| Response Evaluable
n=110 (91.7%)

| |

Discontinued Treatment Treatment Ongoing
n=81 (67.5%) n=39 (32.5%)

k.

Discontinued Study
n= 155 (45.8%)

Source: SPARK (MCL2001) CSR™®

41124 SPARK (MCL2001): baseline characteristics

Patients had a median age of 67.5 years and had received a median of two prior therapies;
the majority (72%) had intermediate or high-risk disease, as presented in Table 35.

Table 35: Patient demographic and baseline disease characteristics in SPARK (MCL2001)

Characteristic

SPARK (MCL2001) (n=120)

Age, year, median (range)

67.5 (35-85)

< 65 no (%)

45 (37.5)

Male sex, no (%)

104 (86.7%)

Time from initial diagnosis to first dose, median (range), months

43.9 (6.8-189.6)

Stage of MCL at entry, no (%)

land II 7 (9.2)

1l 16 (13.3)
\Y; 93 (77.5)

Histology, no (%)

Blastoid 11 (9.2)
Diffuse 62 (51.7)
Nodular 29 (24.2)
Other 18 (15.0)

Simplified MIPI, no (%)
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Characteristic SPARK (MCL2001) (n=120)

Low risk (1-3) 28 (23.7)
Intermediate risk (4-5) 57 (48.3)
High risk (6-11) 33 (28.0)
Extent of disease
Number of lesions, median (range) 5.0 (1.0-24.0)
Bulky disease: LD = 5cm, n (%) 63 (52.5)
Bulky disease: LD = 10cm, n (%) 17 (14.2)
Extranodal disease, no (%) 72 (60.0)
Bone marrow involvement, no (%) 50 (41.7)

ECOG performance status, no (%)

0 42 (35.0)

1 67 (55.8)

2 11 (9.2)
Prior lines of therapy, median (range) 2.0 (1.0-8.0)

1, no (%) 20 (16.7)

2, no (%) 43 (35.8)

3-5, no (%) 56 (46.7)
Prior systemic therapy, no (%) 120 (100)
Prior stem cell transplantation, no (%) 40 (33.3)

ECOG: Eastern Cooperative Oncology Group, CVAD: Cyclophosphamide. Vincristine. Doxorubicin,
Dexamethasone, MIPI: Mantle Cell Lymphoma International Prognostic Index.
Source: Wang, 2014%

4.11.25 SPARK (MCL2001): quality assessment

A quality assessment of SPARK (MCL2001) has been performed based on the Downs and
Black checklist for the methodological quality of randomised and non-randomised studies of
health care interventions’. This quality assessment is presented in Appendix 6.

4.11.2.6 SPARK (MCL2001): primary end-point

The ORR was 62.7% in the RE population, which included a CR of 20.9% (see Table 36)
and [l in the treated population (n=120).
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Table 36: SPARK (MCL2001) best responses to therapy by IRC

Variable RE population
(n=110)

Response, no (%)

ORR 69 (62.7%, 95%CI: 53.7; 71.8)
CR 23 (20.9%, 95% ClI: 13.3; 28.5)
PR 46 (41.8%, 95% CI: 32.6; 51.0)
SD 16 (14.5%, 95%CI: 8.0; 21.1)
PD 25 (22.7%, 95% ClI: 14.9; 30.6)

ORR: overall response rate, CR: complete response, PR: partial response, SD: stable disease, PD: progressive
disease.

Source: Wang, 2014%

4.11.2.7 SPARK (MCL2001): secondary analyses of the primary outcome

Efficacy rates were assessed by the investigators and rates were very similar to those
observed by the IRC, ORR of 66.4% for the RE patients and il for all treated patients.

A pre-specified analysis revealed that response did not vary according to baseline
characteristics or the presence of risk factors associated with chemotherapy failure, see
Figure 22. Although three subgroups with very few patients (non-Caucasian race, ECOG
score of 2 and blastoid histology) did show a lower ORR, given the small patient numbers
these findings should be interpreted with caution.

|
4.11.2.8 SPARK (MCL2001): secondary end-points

Table 37, Figure 23 and Figure 24 show results of the secondary end-points of SPARK
(MCL2001).

The median time to initial response by IRC was 2.1 months (1.3-6.3 months) and the median
time to a best response (CR or PR) was 2.1 months (1.3-10.6 months). The median DOR by
IRC was 14.9 months.

The median PFS was 10.5 months and median OS was not reached at median follow-up of

14.9 months. |

This is again impressive, given the poor life expectancy of this patient population.

Table 37: SPARK (MCL2001) secondary end-points

Patients (n=120)
Time to initial response, months
Median (95% ClI) 2.1(1.3-6.3)
DOR, months
Median (95% ClI) 149 EEN
PFS, months
Median (95% ClI) 10.5 (4.4-15)
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OS, months

Median (95% CI)

Ny

ClI: confidence interval, NE: non evaluable, DOR: duration of response, PFS: progression-free survival, OS:

overall survival
Source: Wang, 2014%

Figure 23: KM curve of PFS by IRC (all treated population) in SPARK (MCL2001)
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Figure 24: KM plot of OS (all treated population) in SPARK (MCL2001)
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EQ-5D-5L

4.11.3 Compassionate Use Programme (CUP)

A global, open-label, multicentre CUP was run allowing patients with R/R MCL access to
ibrutinib prior to approval®® **.

Eligible patients received 560 mg oral ibrutinib once daily until progression, occurrence of
unacceptable toxicity, no longer achieving clinical benefit, or the end of the programme.
Disease evaluations were conducted according to local standard of care as clinically
indicated.
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The primary endpoint of the study was patient TOT. The inclusion and exclusion criteria for
the CUP were similar to those in RAY (MCL3001), see Section 4.5.2. A total of 715 R/R MCL
patients from 26 countries enrolled in the CUP were analysed (median age 69 years; 77.1%
male). Of these, 154 patients were from the UK and the programme ran from August 2014 to
March 2015 in the UK.

Throughout the CUP, ibrutinib was resupplied every 1-3 months depending upon the stage
of the programme. Analysis of the ordering and reordering of ibrutinib supply was then used
to estimate patient TOT and provide a conservative approximation of PFS using KM analysis
and Cox proportional hazard regression. Reordering data were censored at the date of last
ibrutinib supply and patients transferring to commercial ibrutinib after approval were
censored at the time of CUP closure in their country.

The baseline characteristics of the patients analysed from the CUP are presented in Table
38.

Table 38: Baseline characteristics of the 715 patients in the CUP

Patients (n=715)

I ||
Sex (male) 77.1%
> prior lines of therapy 61.5%
Diagnosed in the last 2 years 43.1%
Progressing on prior therapy in the last 3 months 66.0%
Last response a PR or CR 63.5%
Relapsed disease 75.1%
Refractory disease (lack of PR or better to last therapy) 79.9%
Advanced disease (involvement of bone marrow, extranodal sites, or 50.9%
both)

CR: complete response, PR: partial response, SD: standard deviation
Source: Rule et al. 2016°> **

Results

At 12 months, 52.3% (95% CI: 43.5%-60.4%) of the global CUP population were still on
treatment. In the UK, the highest enrolling country (n=154), 58.7% (95% CI: 44.5%-70.4%)
of patients remained on treatment. These estimates were highly consistent with the 12-
month TOT and PFS rates observed with ibrutinib in RAY (MCL3001) which were 57.6%
(95% CI: 48.9%-65.3%) and 58.0% (95% ClI: 49.3%-65.7%) respectively. In addition, KM
curves for TOT (which can be considered a proxy for PFS given the ‘treat-to-progression’
administration of ibrutinib) for the global or UK CUP population and the RAY (MCL3001) trial
population were not statistically different, with HRs of 1.14 (95% CI: 0.83-1.54), and 0.83
(95% CI: 0.56-1.23), see Figure 25 and Figure 26, respectively.
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Figure 25: Time-on-treatment for global CUP population versus RAY (MCL3001)
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Figure 26: Time-on-treatment for UK CUP population versus RAY (MCL3001)
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Time-on-treatment was further explored via multivariate analysis from the limited baseline
information collected at CUP enrolment. Results from this analysis found that timing of MCL
diagnosis was the only independently significant variable, with time-on-treatment longer in
patients diagnosed with MCL in the previous two years (see Figure 27). Neither age,
refractory disease, defined as no response (stable disease or progression) to prior therapy,
advanced disease (involvement of the bone marrow, extranodal sites, or both), relapsed
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disease, nor prior response with previous therapy were found to be prognostic for a
significant difference in time-on-treatment.
Figure 27: Multivariate analysis of time-on-treatment

Age (years) HR ¢95% Ch P Value

< 50 i 00 (1.00-1.0C

50-54 —a— 1.41(0.49-4.04) 0Q.519

55-59 —— 133 (0.53-3.34) 0.549

60-64 ——] 0.93 (0.39-2.23) 0.867

65-69 |—E—l—| 1.27 (0.55-2.92) 0.581

70-74 F—— 0.92 (0.40-21) 0.842

75-79 |—l—§—| 074 (0.32-1.76) 0.501

80-84 —— 0.91(0.35-2.38) 0.848

= 85 —— 1.59 (0.59-4.29) 0.364
Sex i

MALE ¥ D0 (1.00-1.0C

Female H— 1.06 (0.73-155) 0.764
= 3 lines of therapy i

YES \ D0 (1.00-1.0C

No e+ 116 (0.81-1.66) 0.429
MCL diagnosis > 2 years i

YES } D0 (1.00-1.0C

No i 0.65 (0.46-0.92) 0.015
PD within 3 months prior to ibrutinib i

YES } D0 (1.00-1.0C

No = 0.81(0.55-119)  0.277
Last response CR/FPR :

YES * 00 (1.00-1.0C

Mo I—:rl—| 114 (0.71-1.87) 0.592
Relapse ;

YES * 00 (1.00-1.0C

Mo I—h—| 11 (0.70-1.75) 0.661
Advanced disease !

YES * 00 (1.00-1.0C

Mo I—i—| 095 (0.63-1.42y 0794
Refractory disease !

YES ] 00 (1.00-1.0C

Mo —— .88 (0.54-1.45) 0.627

1

10
— Estimated HR by Cox model
—— Reference category

oy

MCL: mantle cell ymphoma, PD: progressive disease, CR: complete response, PR: partial response, HR: hazard
ratio, Cl: confidence interval
Source: Rule et al. 2016*

In the CUP, a total of 168 patients (23.5%) discontinued treatment during the observation
period, with the most common reasons for treatment discontinuation being death (10.8%),
disease progression (7.3%), or AEs (1.3%).

Although the CUP data were based on physician declarations and were unmonitored, this

analysis provides a “real-world” estimate of time-on-treatment, which can be considered a
conservative proxy for PFS. As such, since estimates from this analysis were similar to RAY
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(MCL3001), this suggests that the results observed in clinical trials with ibrutinib in R/R MCL
are reproducible in clinical practice.

4.12 Pooled analysis of RAY (MCL3001), PCYC1104 and SPARK
(MCL2001)

A pooled analysis was performed using patient level data from the three clinical trials for
ibrutinib in R/R MCL: RAY (MCL3001) and the two phase Il clinical trials, PCYC1104 and
SPARK (MCL2001)°. A total of 370 patients were included in the analysis with the aim to
assess the impact of baseline factors on OS.

4.12.1 Methodology

Patient-level data from all three studies were combined into one database and exploratory
analyses were conducted using KM estimates for PFS and OS. Univariate and multivariate
analyses were also conducted with HRs to allow for comparisons of variables®.

The pooling of data from all three clinical trials was considered clinically appropriate when
presented at the Advisory Board'. This was on the basis that these three trials all evaluate
patients with R/R MCL, inclusion and exclusion criteria were similar across all three trials,
and that exposure or not to bortezomib prior to ibrutinib therapy (the key difference between
the SPARK (MCL2001) study and the other two studies) was found not to be prognostic (see
Appendix 10). Pooling of data means that the longer-term data from the PCYC1104 study
can be used to inform estimates of long-term survival, which is of benefit due to the fact that
median OS was not yet reached in the RAY (MCL3001) study at clinical cut-off.

4.12.2 Results

A total of 370 patients were included in this analysis (RAY (MCL3001), n=139; PCYC1104,
n=111; SPARK (MCL2001), n=120). Key patient demographics and baseline characteristics
can be found in Table 39 below®. Full details of the baseline characteristics of the pooled
dataset can be found in Appendix 10.
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Table 39: Key baseline demographics and patient characteristics from the pooled dataset

(SIVITCALRZ%OD |(?Iv'lbgL3001) Seveilos ) el
Demographics
Analysis set: intention-to-treat 120 139 111 370
Age
Mean (SD) | 66.69(9.98) | 66.73(8.68) | 67.14(8.56) | 66.84(9.07)
Sex
Male 104 (86.67%) | 100 (71.94%) | 85 (76.58%) | 289 (78.11%)
Female 16 (13.33%) | 39 (28.06%) | 26 (23.42%) | 81 (21.89%)

ECOG performance status

0 42 (35.00%) | 67 (48.20%) | 51 (45.95%) | 160 (43.24%)
1 67 (55.83%) | 71 (51.08%) | 48 (43.24%) | 186 (50.27%)
2 11 (9.17%) 1 (0.72%) 11 (9.91%) 23 (6.22%)

3 0 0 1 (0.90%) 1 (0.27%)

Baseline characteristics

Simplified MCL international prognostic index

Low risk (1-3)

28 (23.73%)

44 (31.65%)

15 (13.51%)

87 (23.64%)

Intermediate risk (4-5)

57 (48.31%)

65 (46.76%)

42 (37.84%)

164 (44.57%)

High risk (6-11)

33 (27.97%)

30 (21.58%)

54 (48.65%)

117 (31.79%)

Prior lines of therapy

1 20 (16.67%) 57 (41.01%) 22 (19.82%) 99 (26.76%)
2 43 (35.83%) 38 (27.34%) 28 (25.23%) 109 (29.46%)
3 29 (24.17%) 28 (20.14%) 24 (21.62%) 81 (21.89%)
4 17 (14.17%) 8 (5.76%) 15 (13.51%) 40 (10.81%)
5 10 (8.33%) 5 (3.6%) 22 (19.82%) 37 (10%)

7 0 2 (1.44%) 0 2 (0.54%)

8 1 (0.83%) 0 0 1 (0.27%)

9 0 1 (0.72%) 0 1 (0.27%)
>=3 57 (47.5%) 44 (31.65%) 61 (54.95%) 162 (43.78%)
Median 2 2 3 2

Blastoid history

Non-blastoid

109 (90.83%)

123 (88.49%)

94 (84.68%)

326 (88.11%)

Blastoid

11 (9.17%)

16 (11.51%)

17 (15.32%)

44 (11.89%)

ECOG: Eastern Cooperative Oncology Group, MCL: mantle cell ymphoma, SD: standard deviation
Source: Ibrutinib pooled analysis of three trials (data on file), March 2016°

The results of the pooled analysis with regards to PFS and OS are shown in Table 40.
These results are presented both for the overall population, the subgroups of patients with 1
prior LOT vs >1 prior LOT, and a further breakdown for patients who received >1 prior LOT.

Results of the pooled dataset demonstrate similar estimates of median PFS and OS to the
individual trials informing the analysis. The median OS estimate of 25.00 (95% CI 21.59, NE)
months is similar to the median OS of 22.5 months reported in PCYC1104 (see Section
4.11.1.8). Median PFS results across the RAY (MCL3001), PCYC1104 and SPARK
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(MCL2001) studies were 14.6 months (95% CI: 10.4, NE), 13.0 months (95% CI: 7.0, 17.5)
(at longest available follow-up) and 10.5 months (95% CI: 4.4, 15.0), respectively. The
pooled median PFS of 12.81 (8.48, 16.56) (by IRC) is therefore consistent with these results.

In addition, results from the pooled analysis in terms of number of prior LOTs reinforce the
findings of the post-hoc analysis of RAY (MCL3001) presented in Section 4.8.2, clearly
demonstrating that an increased benefit is observed when ibrutinib is used early in the
treatment pathway for R/R MCL. For all three outcomes, PFS, OS and ORR, the results are
improved the fewer prior LOTs the patient has received.

IRC-assessed PFS was used in the CEA (median PFS in overall population = 12.81
months). As no IRC-assessed PFS was available for PCYC1104, the investigator-assessed
PFS from PCYC1104 was used in this analysis, where PFS estimates from SPARK
(MCL2001) and RAY (MCL3001) were based on IRC. The choice of IRC-assessed PFS for
the base case analysis of the CEA was based on the fact that only IRC-assessed PFS was
available for the primary comparator source (Hess, 2009) and IRC-assessed PFS was the
primary endpoint in the RAY (MCL3001) study, which was used as source of TEM (used as
an alternative source of comparative efficacy).

Pooled ORRs are reported in Table 41 for IRC and investigator assessments. Pooled results
for CR and PR are presented in Table 42, again by both IRC and investigator assessment.
These tables show that the IRC response rates used in the CEA are conservative.

Table 40: Pooled analysis PFS and OS

PFS IRC * PFS INV oS
Median (95% Cl) Median (95% CI) Median (95% Cl)
Overall population (n=370) 12.81 (8.48, 16.56) ] 25.00 (21.59, NA)
1 LOT (n=99) ] ] ]
>1 LOT (n=271) I I

LOTs: lines of treatment, PFS: progression-free survival, Cl: confidence interval, OS: overall survival, ORR:
overall response rate, NE: not evaluable, IRC Independent Review Committee, INV: Investigator.
* No IRC-assessed PFS available for PCYC-1104, therefore for INV-assessed PFS | used for PCYC-1104
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Table 41: Pooled analysis ORRs (based on updated datacut of PCYC1104 and SPARK
(MCL2001))

IRC ORR INV ORR
Overall population (n=370) 245 (66.22%) [ ]
1LOT (n=99) I I
>1 LOT (n=271) ] I

LOTs: lines of treatment, ORR: overall response rate, IRC Independent Review Committee, INV: Investigator.
Based on updated datacut of PCYC1104 and SPARK (MCL2001)

Table 42: Pooled analysis CR and PR (based on updated datacut of PCYC1104 and SPARK
(MCL2001))

IRC CR IRC PR INV CR INV PR

Overall population (n=370)

B I I | .
1LOT (n=99) I — —
I B I | ..

>1 LOT (n=271)

LOTs: lines of treatment, IRC Independent Review Committee, INV: Investigator, CR: complete response, PR:
partial response.
Based on updated datacut of PCYC1104 and SPARK (MCL2001)
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4.13 Adverse reactions

4.13.1 Summary of the safety profile of ibrutinib in the three clinical trials

Table 43: Summary of the safety profile of ibrutinib in the three clinical trials

e Although median duration of treatment exposure was nearly 5-fold higher for ibrutinib
compared to TEM, ibrutinib was better tolerated than TEM, with grade 3 or higher
treatment-emergent AEs reported for 94 (68%) patients on ibrutinib versus 121 (87%)
patients on TEM

e In the ibrutinib arm, 6.5% of patients discontinued due to AEs versus 25.5% in the TEM
arm

e The most frequently reported AEs (=20%) of any grade in the ibrutinib arm were diarrhoea
(29%), cough (22%), and fatigue (22%). The most commonly occurring AEs (220%) in the

RAY TEM arm were thrombocytopenia (56%), anaemia (43%), diarrhoea (31%), fatigue (29%),
(MC neutropenia (26%), epistaxis (24%), cough (22%), peripheral oedema (22%), nausea
|6]?-’03 (22%), pyrexia (21%), and stomatitis (21%)
6 ) e The most common grade =3 haematological AEs (210%) were neutropenia (13%) in the
ibrutinib arm and, thrombocﬁoEenia i42%i, anaemia (20%), neutropenia (17%),
e The most common grade =3 non-haematological AEs (=5%) were
in the ibrutinib arm and
in the TEM arm
o At the time of cut off for the primary end-point (26 of December 2012), the most common
grade 3 or 4 non-haematological AEs (=5%) were pneumonia (7%), abdominal pain (5%),
atrial fibrillation (AF) (5%), diarrhoea (5%), fatigue (5%) and skin infections (5%)
pcy | ® Inlong-term follow-up of 26.7 months, the most commonly occurring AEs (230%) were
C11 diarrhoea (54%), fatigue (50%), nausea (33%) and dyspnoea (32%)
98437' e The most common grade =3 haematological AEs were neutropenia (17%),
thrombocytopenia (14%) and anaemia (11%)
e Only 7% of patients discontinued ibrutinib treatment due to AEs at the time of cut off for the
primary end-point, and only 11% total discontinued due to AEs in the long-term extension
¢ Infection grade =3 occurred in 28% of patients with MCL
SPA
RK e The most commonly occurring AEs (220%) were fatigue (43%), diarrhoea (43%),
MC
L203
91) e Only 6.7% of patients discontinued due to AEs

AE: adverse event, MCL: mantle cell ymphoma, AF: atrial fibrillation, TEM: temsirolimus

4.13.2 Adverse reactions in RAY (MCL3001)

Median treatment duration was nearly 5-fold in the ibrutinib arm (14.4 months [IQR 15.1]) vs
TEM (3.0 months [7.6]). Despite the time difference in exposure between the treatment
groups, overall frequencies of most cumulative treatment emergent AEs were lower in the
ibrutinib group relative to the TEM group®
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Ibrutinib has a manageable safety profile. Although nearly all patients experienced an AE
(99.3% in both arms), patients in the TEM arm were nearly four times more likely to
discontinue treatment due to AEs (25.5% versus 6.5% with ibrutinib). Patients in the TEM
arm were also more likely to experience AEs of greater severity (87.1% grade =3 versus
67.6% with ibrutinib, and have dose reduction due

to AEs (43.2% versus 3.6%) as presented in Table 44.

Table 44: Summary of AEs in RAY (MCL3001)

Ibrutinib (n=139)

TEM (n=139)

Any AE 138 (99.3%) 138 (99.3%)
Grade 23 94 (67.6%) 121 (87.1%)
Drug related ] [
Any serious AE [ [ ]
Grade >3 I I
Drug related [ [
AEs leading to treatment discontinuation 9 (6.5%) 36 (25.5%)
Dose reduction due to AEs 5 (3.6%) 60 (43.2%)
AEs with outcome death [ [ ]

AE: adverse event, TEM: temsirolimus.
Source: Dreyling et al., 2015%, RAY (MCL3001) CSR®*

Overall, the most common AEs in the ibrutinib arm (= 20% of patients) were diarrhoea
(29%), cough (22%) and fatigue (22%). The most common AEs in the TEM arm (= 20% of
patients) were thrombocytopenia (56%), anaemia (43%), diarrhoea (31%), fatigue (29%),
neutropenia (26%), epistaxis (24%), cough (22%), peripheral oedema (22%), nausea (22%),
pyrexia (21%) and stomatitis (21%), as shown in Table 45%
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Table 45: Incidence of AEs occurring in >10% of patients in either arm, RAY (MCL3001), safety

analysis set

System organ class
Preferred term

Ibrutinib

—~
=]
1
=
w
O
~

—
m
<
~—~
I
=
w
©
~—

Relative risk
(95% CI)

Infections and infestations

Upper respiratory tract infection

Conjunctivitis

Nasopharyngitis

Pneumonia

Respiratory tract infection

Oral herpes

Gastrointestinal disorders

Diarrhoea 40 (28.8%) 43 (30.9%)
Nausea 20 (14.4%) 30 (21.6%)
Vomiting I I
Constipation [ ] [
Stomatitis 4 (2.9%) 29 (20.9%)
General disorders and administration site I I

conditions

Fatigue

31 (22.3%)

40 (28.8%)

Pyrexia

23 (16.5%)

29 (20.9%)

Oedema peripheral

18 (12.9%)

31 (22.3%)

Asthenia

Mucosal inflammation

Respiratory, thoracic and mediastinal
disorders

Cough 31 (22.3%) 31 (22.3%)
Dyspnoea _ _
Epistaxis 12 (8.6%) 33 (23.7%)

Skin and subcutaneous tissue disorders

Rash

Pruritus

Blood and lymphatic system disorders

Anaemia

60 (43.2%)

Thrombocytopenia

78 (56.1%)

Neutropenia

36 (25.9%)

Investigations

Blood creatinine increased

Platelet count decreased

Weight decreased

N NN
N | o] o
~_~~ |~~~ |~~~
== |
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gi/:fteerTegr?eal}nmclass I(tr)ll;ult;gl)b TEM (n=139) (F;eSI;:(\;(Ia)rlsk
I(\j/ilggfduel;r)sskeletal and connective tissue I I I
Muscle spasms I [ ]
Back pain I I I
Metabolism and nutrition disorders [ [ I
Decreased appetite [ [ I
Hypokalaemia I I ]
Hyperglycaemia I I I
Hypercholesterolaemia [ ] [ I
Hypertriglyceridaemia [ | I |

Nervous system disorders [ [ ] I
Headache I I I
Psychiatric disorders ] [ ]
Insomnia I I I

Source: RAY (MCL3001) CSR®

Grade 3 or higher AEs were reported in 67.6% of ibrutinib patients and 87.1% of TEM
patients®. The most frequently occurring grade 3 or higher AEs (= 10% of patients in any
treatment arm) were neutropenia (ibrutinib: 12.9%, TEM: 16.5%), thrombocytopenia

iibrutinib: 9.4%, TEM: 42.4%i, anaemia iibrutinib: 7.9%, TEM: 20.1%), KGN
61

-61

AEs with ibrutinib are manageable and infrequently result in discontinuation. Discontinuation
rates due to AEs with ibrutinib were nearly a quarter of those observed with TEM (6.5%
versus 25.5%)%.

Grade 3 or higher AF reported for 5 (3.6%) patients in the ibrutinib arm and 2 (1.4%) patients
in the TEM arm. Major bleeding was reported in 14 (10%) patients in the ibrutinib arm and in
9 (6%) in the TEM arm. When adjusted for exposure, the event rate for any major bleeding
treatment-emergent AE was 0.8 events per 100 patient-months in the ibrutinib arm and 1.1
events per 100 patient-months in the TEM arm®.

With regards to malignancy, new diagnoses of other malignancies were observed in 5 (4%)
patients in the ibrutinib group and 4 (3%) in the TEM group. Most malignancies were non-
melanomatous skin cancers. When adjusted for exposure, frequencies were found to be
similar in both treatment groups®.
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4.13.3 Adverse reactions in the non-randomised studies (PCYC1104 and
SPARK[MCL2001])

Additional information on safety are derived from the two phase Il studies, PCYC1104 and
SPARK (MCL2001).

The long-term follow-up of PCYC1104 provides data for a median of 26.7 months®’. Data are
provided from the published paper®’and two posters presented at EHA and ASH, 2014 %,
No new safety signals were observed and frequency and severity of AEs were similar to
those in the ibrutinib arm of RAY (MCL3001). Infection, diarrhoea and bleeding were
reported more commonly in the first 6 months of therapy than later in treatment (Table 46).

Table 46: PCYC1104 prevalence of select AEs at 6 monthly intervals

Select AEs, 1-6 months mZ)-nltzhs mlsr-]%r?s mlt?rﬁﬁs >24 months
n (%) (= (n=72) (n=51) (n=41) (n=22)
Any diarrhoea 49 (44) 21 (29) 15 (29) 8 (20) 6 (27)
Grade 3* 5(5) 0 0 1(2) 0
SAE 1(1) 0 0 0 0
Any infection 76 (69) 43 (60) 30 (59) 22 (54) 9 (41)
Grade =3 20 (18) 11 (15) 6 (12) 5(12) 1(5)
SAE 16 (14) 9 (13) 4 (8) 5 (12) 1 (5)
Any bleeding 46 (41) 17 (24) 17 (33) 14 (34) 5(23)
Major bleeding 6 (5) 1) 3 (6) 2 (5) 2(9)

AE: adverse event, SAE: serious adverse event.
Source: Wang, 2014*

Rates of diarrhoea decreased after the first 6 months of treatment and the majority were
grade 1 in severity. The median time to onset was 8 days and resolution of diarrhoea was 5
days. A similar picture was observed with infection, with a decrease in prevalence over time.
The prevalence of grade 3 or higher infections was 27% (n=30), with only one grade 4
infection and three grade 5 infections. The most common grade 3 or above infection was
pneumonia (n=8)**. AEs occurring in at least 20% of patients are reported in Table 47 for
both the interim and final analysis of the PCYC1104 study.
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Table 47: Most common AEs (220%) for ibrutinib in PCYC1104 for the interim and final analysis

AE, % Final analysis (26.7 months) Interim analysis (15.3 months)
Diarrhoea 54.1 50.5
Fatigue 49.5 41.4
Nausea 33.3 30.6
Dyspnoea 324 27.0
Constipation [ 25.2
URTI [ ] 23.4
Peripheral oedema [ 27.9
Vomiting [ 225
Decreased appetite [ 20.7
Cough [ 18.0
Thrombocytopenia 21.6 18.0

AE: adverse event, URTI: upper resgiratory tract infection
Source: Wang, 2013%; Wang 2015°

Safety data from SPARK (MCL2001) are provided from the published poster presented at
ASH, 2014*. In SPARK (MCL2001), the majority of AEs were grade 1 or 2 and self-limiting.
Very few (6.7%) of patients discontinued treatment due to AEs. The most common AEs were
fatigue and diarrhoea, with the vast majority of these being grade 1. Diarrhoea, when
observed, generally occurred early after initial treatment but resolved quickly and was not
treatment limiting. The most common grade 3 or above AEs were neutropenia (20.8%),
thrombocytopenia (13.3%) and pneumonia (12.5%). AEs occurring in at least 20% of
patients in SPARK (MCL2001) are reported in Table 48.

AF was reported in 13 patients (10.8%). Six patients (5%) experienced grade 3 or 4 AF
which resolved in 1 to 4 days and 5 of these 6 patients had a history of AF/atrial flutter. No
patients discontinued treatment due to AF.

Treatment-related lymphocytosis (absolute lymphocyte count increased = 50% from baseline
and = 5 x 109/L) was observed in 27.5% of patients. The median time to onset was 3.14
weeks and resolution occurred for most patients (26 of 33) after a median duration of 6.14
(95% CI: 3.14-10.29) weeks. The percentage of patients with = grade 3 infections in the first
six months was 19.2%, and after six months was 15.5%.
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Table 48: Most common AEs (220%) for ibrutinib in SPARK (MCL2001)

AE, % Percentage of patients
Fatigue 43.3%
Diarrhoea 42.5%
Cough 25.0%
Thrombocytopenia 24.2%
Neutropenia 23.3%
Peripheral oedema 23.3%
Nausea 21.7%
Muscle spasms 20.8%
Pyrexia 20.8%

AE: adverse event.
Source: Wang, 2014

4.13.4 Adverse reactions in the pooled dataset of RAY (MCL3001), PCYC1104
and SPARK (MCL2001)

Pooled rates of Grade 3 or higher AEs across the three clinical studies of ibrutinib presented
in this submission are shown below in Table 49.

Table 49: Grade 3+ AEs pooled data rate

Term

RAY
(MCL3001)
(N=139)

SPARK
(MCL2001)
(N=120)

PCYC-1104
(N=111)

Pooled
(N=370)

Neutropenia

18 (12.9%)

25 (20.8%)

19 (17.1%)

62 (16.8%)

Thrombocytopenia 13 (9.4%) 17 (14.2%) 14 (12.6%) 44 (11.9%)
Anaemia 11 (7.9%) 10 (8.3%) 12 (10.8%) 33 (8.9%)
Pneumonia 11 (7.9%) 11 (9.2%) 8 (7.2%) 30 (8.1%)
Hypokalaemia 8 (5.8%) 5 (4.2%) 2 (1.8%) 15 (4.1%)
Hyperglycaemia 1 (0.7%) 1 (0.8%) 1 (0.9%) 3 (0.8%)

Sepsis 2 (1.4%) 3 (2.5%) 1 (0.9%) 6 (1.6%)

Neutrophil count decreased 7 (5.0%) 2 (1.7%) 0 (0.0%) 9 (2.4%)

Platelet count decreased 2 (1.4%) 0 (0.0%) 0 (0.0%) 2 (0.5%)

Fatigue 6 (4.3%) 4 (3.3%) 5 (4.5%) 15 (4.1%)
Abdominal pain 5 (3.6%) 3 (2.5%) 6 (5.4%) 14 (3.8%)
Atrial fibrillation 5 (3.6%) 7 (5.8%) 7 (6.3%) 19 (5.1%)
Diarrhoea 4 (2.9%) 3 (2.5%) 6 (5.4%) 13 (3.5%)
Hypertension 4 (2.9%) 5 (4.2%) 5 (4.5%) 14 (3.8%)
Major Bleeding 10 (7.2%) 1 (0.8%) 5 (4.5%) 16 (4.3%)
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Tumour lysis syndrome 1 (0.7%) 0 (0.0%) 1 (0.9%) 2 (0.5%)

Leukostasis 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
Lymphocytosis 2 (1.4%) 0 (0.0%) 1 (0.9%) 3 (0.8%)
Renal failure 2 (1.4%) 0 (0.0%) 2 (1.8%) 4 (1.1%)
Cytomegalovirus (CMV) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
reactivation

Abnormal liver function test 0 (0.0%) 1 (0.8%) 1 (0.9%) 2 (0.5%)

Based on updated datacut of PCYC1104 and SPARK (MCL2001)

4.13.5 Adverse reactions in the real-world studies (EAP and CUP)

Low rates of treatment discontinuation due to AEs were reported in the CUP (1.3%) and no
new safety signals were identified*> **. The AEs observed in the clinical studies were
confirmed in an EAP in the USA which provided access to ibrutinib prior to market
authorisation to patients ineligible for recruitment into clinical trials. A total of 38 US sites
enrolled 149 patients into the EAP between May 2013 and April 2014. The results of the US
cohort were presented as a poster at ASH in 2014%. The safety profile observed in the US
cohort was consistent with that observed during the clinical trials for ibrutinib, and no new
safety signals were noted. The majority of patients (99/149 [66.4%]) discontinued treatment
when ibrutinib received FDA approval and therefore left the programme. Only 4 patients
(2.7%) discontinued treatment due to AEs and no new safety signals for ibrutinib were
observed throughout the programme. Grade 3 and above AEs were reported in 59 patients
(39.6%) and any SAEs were reported in 46 patients (30.9%). Serious non-fatal AE of AF was
reported in 3 (2.0%) patients and a serious non-fatal AE of atrial flutter was reported in 1
(0.7%) patient. Two cases of major haemorrhage were reported occurring without precedent
trauma or anticoagulation exposure. One patient had an intracranial haemorrhage and one
patient had anaemia (grade 3) that resulted from major haemorrhage, which subsequently
required two units of packed red blood cells.

4.13.6 Safety overview in relation to the decision problem

The CHMP assessed the safety profile of ibrutinib* based on the data presented as part of
the regulatory submission and concluded in the EPAR:

“The most frequent adverse reactions related to the use of ibrutinib are infections,
neutropenia, and diarrhoea. However, discontinuation due to toxicity was infrequent and
overall the toxicity was considered manageable”.

“The safety profile was similar across clinical trials and indications with diarrhoea and
infections as predominant events and most common grade 3/4 adverse reactions (= 5%)
were anaemia, neutropenia, pneumonia and thrombocytopenia”.

Ibrutinib is well tolerated, with a low rate of treatment discontinuation. Specifically:

¢ Inthe phase Il RAY (MCL3001) study, although median duration of treatment
exposure was nearly 5-fold higher for ibrutinib compared to TEM, ibrutinib was better
tolerated than TEM, with grade 3 or higher treatment-emergent AEs reported for 94
(68%) patients on ibrutinib versus 121 (87%) patients on TEM. At the end of the
study, 87.9% of patients in the TEM arm discontinued treatment compared to 53.2%
in the ibrutinib arm. Considering reasons for discontinuation, 25.5% of patients in the
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TEM arm compared to 6.5% in the ibrutinib arm (4-times more) discontinued because
of AEs and 11.3% of patients who received TEM refused further treatment compared
to only 2.9% of patients who received ibrutinib®.

¢ Discontinuation rates were similarly low in PCYC1104 (11% in the long-term
extension)®.

e The incidence of AEs reported with ibrutinib decreases over time. In PCYC1104, AEs
(specifically infection, diarrhoea and bleeding) were reported more commonly in the
first 6 months of therapy than later in treatment*. Most cases of diarrhoea were
grade 1 in severity. The median time to onset was 8 days and resolution of diarrhoea
was 5 days**

e The safety profile of ibrutinib reported in the two real-world studies (EAP and CUP)
was consistent with those found in the pivotal trials, with low rates of treatment
discontinuation due to AEs.

In conclusion, single-agent ibrutinib is well tolerated in patients with R/R MCL, avoiding the
high rates of AEs commonly observed with conventional chemotherapy. Treatment
discontinuation is low and most patients are able continue on treatment.

4.14 Interpretation of clinical effectiveness and safety evidence

4.14.1 Clinical benefits and harms

Ibrutinib provides clear clinical benefit in a disease area in which patients currently
face poor outcomes.

Ibrutinib in R/R MCL is supported by data from three clinical trials, all of which show a
consistent efficacy profile in the overall population and across each subgroup analysed.

Patients treated with ibrutinib remain progression-free for around one year. This is consistent
across all three studies. Median PFS in the pooled dataset combining the three ibrutinib
trials was 12.81 months®. This compares to median PFS derived from different sources of
6.2 months for TEM in RAY (MCL3001)%*, 2.8 months from the Sk&ne University Hospital
dataset® and 1.9 months for the PC arm in Hess, 2009°, therefore demonstrating the
unprecedented benefit offered by ibrutinib in a disease area with a lack of viable treatment
options.

Median OS was 25.00 months in the pooled dataset including the three ibrutinib trials®, 22.5
months in PCYC1104 and was not reached in RAY (MCL3001) or SPARK (MCL2001).
Survival of approximately 2 years is considerably higher than the median OS of 10 months
or less observed in current clinical practice: 5.2 months from the Skane University Hospital
dataset®, 8.4 months in HMRN' and 9.7 months for the PC arm in Hess, 2009®. Given the
significant unmet need in the R/R MCL population and the orphan status granted to ibrutinib,
the level of uncertainty around OS at the time of regulatory submission (median OS was not
reached in PCYC1104 at 15.3 months follow-up*®) was accepted by the EMA, which granted
marketing authorisation based upon single-arm, phase Il clinical trial data. Median OS data
is now available from PCYC1104 and the pooled analysis, but has not yet been reached in
RAY (MCL3001) or SPARK (MCL2001). A new data cut for OS from the RAY (MCL3001)
study is scheduled for November 2016 and it is expected to provide a significant OS benefit
of ibrutinib compared to TEM. It should be remembered that RAY (MCL3001) was not
powered to show a statistical OS benefit at the main data cut and OS estimates have been
contaminated by a high proportion (23%) of TEM patients who crossed over to ibrutinib.
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Interestingly, the authors of the RAY (MCL3001) publication®® suggest that the overall
treatment effect might be better captured by PFS2 (defined as the time to disease
progression or death after the first subsequent therapy), which was longer for ibrutinib than
for TEM (median of 19.1 months versus 11.3 months respectively, HR 0.49 (95% CI 0.36-
0.69); p<0.0001; see Section 4.7.2.1)*® !, The extended PFS2 with ibrutinib demonstrates
that the outcomes of subsequent treatment were not adversely affected by prior ibrutinib
therapy.

Response rates achieved with ibrutinib are favourable to those observed with a number of
other therapies that may constitute current clinical practice. A recent review by Tucker and
Rule, published in 2016, highlighted response rates for a number of chemotherapy regimens
that ransge from 22% to 33%, compared to a pooled ORR of 66% across the three ibrutinib
studies”.

Ibrutinib has a positive impact on patients’ QoL

QoL is poor in patients with R/R MCL,; fatigue and loss of mobility are commonly observed.
Decrements are observed in all areas of QoL, including physical health (mobility and fatigue)
and psychological health (anxiety and depression). Older patients and those with active
disease have the poorest QoL of all. Patients’ ability to enjoy life — their pastimes/hobbies,
relationships, professional and social life — is also impaired, which has a considerable impact
on QoL and on their relationships with others®*.

QoL improvements on ibrutinib treatment are extraordinary; patients feel well on ibrutinib,
with a reduction in disease-related symptoms. In RAY (MCL3001), nearly twice as many
patients in the ibrutinib arm of RAY (MCL3001) achieved a clinically meaningful symptoms
improvement compared with TEM (61.9% versus 35.5%), with symptoms improvement
achieged significantly quicker with ibrutinib (median 6.3 weeks compared to 57.3 weeks with
TEM)".

Improvements in disease-related symptoms with ibrutinib are accompanied by substantial
improvement in HRQoL. In RAY (MCL3001), the FACT-Lym total score showed clinically
meaningful improvement from baseline in patients treated with ibrutinib compared to TEM.
Across the broader HRQoL domains that contribute to the FACT-Lym total score, patients
treated with ibrutinib showed improvement in physical, functional and emotional well-being
that was significantly better than change in HRQoL from baseline in patients treated with
TEMSs. An improvement in QoL with ibrutinib compared to TEM was also observed using the
EQ-5D-5L instrument; a significant difference in EQ-5D-5L utility values favouring ibrutinib
was observed within 4 weeks and maintained through to week 49 in RAY (MCL3001)%*. In
addition, overall improvement in perceived health captured by the EQ-VAS in patients
receiving ibrutinib vs TEM was clinically and statistically significant.

The results from the clinical evidence base demonstrating significant improvements in
symptoms and QoL scores with ibrutinib versus TEM would be expected to have a
meaningful and valuable positive impact on patients. The FACT-Lym measure of lymphoma
symptoms captures a wide range of physical, social emotional and functional aspects of the
condition, including lack of energy, pain, confinement to bed, depression, anxiety and ability
to enjoy life and work. The meaningful improvements in FACT-Lym and EQ-VAS observed
with ibrutinib are likely to reflect important changes to how patients: feel overall and their
ability to enjoy components of their lives such as carrying out hobbies, engaging in
relationships, returning to work and enjoying social activities. Feedback from clinicians at the
advisory board at which these data were presented was strong in supporting the value of the
QoL benefit of ibrutinib, and it was suggested that clinicians can visibly “see” which patients
are receiving ibrutinib because they are more likely to look healthy as opposed to appearing
visibly sick and suffering from hair loss as with rituximab-chemotherapy combination
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alternatives™. Furthermore, anecdotal evidence from the advisory board reported a rapid
response observed with ibrutinib, enabling patients to “go back to work or play golf within 3
weeks”. Although this latter evidence is anecdotal in nature, it provides helpful context for the
interpretation of the quantitative benefits to QoL of ibrutinib versus TEM demonstrated in the
RAY (MCL3001) trial. By contrast values captured by the EQ-5D-5L appear to under-
estimate the utility gain associated with this meaningful and valuable positive impact on MCL
patients’ HRQoL.

Ibrutinib has a manageable tolerability profile and most patients are able to remain on
treatment

AEs were consistent and predictable across all studies, with most being manageable with
standard supportive treatments. Ibrutinib does not require any routine pre-medication or
additional monitoring. The majority of patients are able to continue on treatment with
ibrutinib, with reported discontinuation rates due to AEs on ibrutinib at latest available data
cut-offs of 6.5%, 6.7% and 11% for the RAY (MCL3001), SPARK (MCL2001) and
PCYC1104 studies, respectively. In contrast, the discontinuation rate for TEM in RAY
(MCL3001) was 25.5%.

When assessing ibrutinib’s safety profile against its comparator in the pivotal phase Il trial
RAY (MCL3001), it must be borne in mind that median treatment duration was nearly 5-fold
higher in the ibrutinib arm (14.4 months versus 3.0 months with TEM). Despite the time
difference in exposure between the treatment groups, overall frequencies of most cumulative
treatment emergent AEs were lower in the ibrutinib group relative to the TEM group®.

The most common AEs in each study were infections, neutropenia, and diarrhoea;
importantly, the incidence of AEs reported with ibrutinib decreases over time. In PCYC1104,
AEs (specifically infection, diarrhoea and bleeding) were reported more commonly in the first
6 months of therapy than later in treatment*. Most cases of diarrhoea were grade 1 in
severity, the median time to onset was eight days and median time to resolution of diarrhoea
was five days*.

Grade 3 or higher AEs in RAY (MCL3001)*® were observed in 68% patients receiving
ibrutinib versus 87% patients receiving TEM. Serious AEs were reported in around one-half
of patients (57.6% for ibrutinib versus 48.2% for TEM); most were infection-related, and the
majority of serious AEs were not related to ibrutinib. As an AE of special clinical interest,
most cases of AF were in patients with risk factors or pre-existing disease and grade 3 or
highgeer AF was reported in 5 (4%) patients in the ibrutinib arm and 2 (1%) patients in the TEM
arm.

Finally, the safety profile of ibrutinib in MCL is consistent with what was observed in real life
(EAP) and the known safety profile of ibrutinib in the CLL indication™ *°.

4.14.2 Strengths and weaknesses of the clinical evidence base

Consistent evidence of treatment effect on progression or death

The evidence to support the benefit of ibrutinib in terms of PFS, response and OS is
consistent across all three clinical trials (one randomised study versus TEM and two
uncontrolled studies)®***. PFS results were similar between trials and the subgroup analyses
on PFES provide further evidence of a consistent benefit of ibrutinib on risk of progression or
death. ORR was also consistent across all three studies, ranging from 62.7% in SPARK
(MCL2001), 69% in PCYC1104 to 71.9% in RAY (MCL3001).

Robust evidence base for ibrutinib efficacy
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The clinical evidence base for ibrutinib consists of an extensive clinical trial program
comprising a phase Ill RCT and two phase Il single-arm studies. A pooled analysis across
the experimental trials considered a total of 370 patients who received ibrutinib. Pooling of
data meant that the longer-term data from the PCYC1104 study could be used to inform
estimates of long-term survival, which was of benefit due to the fact that median OS was not
yet reached in the RAY (MCL3001) study at clinical cut-off. The evidence base is further
enhanced by real-world evidence from a CUP (715 R/R MCL patients of which 154 in UK)
and an additional real-world study, the EAP, which provides further safety evidence for
ibrutinib. This is a substantial and robust dataset for a rare disease where few clinical trials
have previously been conducted.

All three clinical studies have robust internal validity as demonstrated by strong critical
appraisal scores. The comparative phase Ill study, RAY (MCL3001), is a high-quality study.
It is open label in design due to the different modes of drug administration; however,
outcomes were assessed by an IRC blinded to randomisation in order to avoid bias.
Investigator-assessed outcomes were robust and demonstrated a significant efficacy benefit
with ibrutinib over TEM®.

Considerations for potential limitations of the evidence base
Overall survival estimates

Although ibrutinib OS in RAY (MCL3001) showed a trend towards improvement, median OS
has not yet been reached at the time of clinical cut-off. A non-statistical difference was
observed, potentially due to two confounders: 1) the crossover of 23% of patients from the
TEM arm to the ibrutinib arm during the study. Specifically, crossing over to an effective
salvage treatment might have affected PPS in the TEM group; 2) subsequent systemic
therapies were received more frequently in the TEM group than in the ibrutinib group (see
Table 20). Consequently, the benefit of ibrutinib compared to TEM in RAY (MCL3001) could
be better captured by PFS2°®. Furthermore, the study was not powered to show a statistical
OS benefit at the time of clinical data cut-off. A more mature data cut for OS from RAY
(MCL3001) is anticipated in November 2016 where a significant OS benefit for ibrutinib
compared to TEM is expected.

Comparative evidence versus current clinical practice

The pivotal comparative phase Il study, RAY (MCL3001), compares ibrutinib to TEM. TEM
is not recommended by NICE for R/R MCL>® and expert opinion from clinicians experienced
in the treatment of MCL in the UK wit