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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Premeeting briefing

Ibrutinib for treating chronic lymphocytic
leukaemia

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 |Is the company’s assumption of physician choice in line with UK clinical practice?

e The clinical evidence of the efficacy of ibrutinib in people with CLL with the 17p
deletion mutation data who have not received treatment before is very limited.
Although there limited data from a single arm study, the company has used the
17p deletion population who have previously received treatment from the
RESONATE trial as a proxy for those who have never received treatment before.
Is this a reasonable assumption? Is the overall evidence base for the subgroup
sufficient?

e People with the TP53 mutation were not included in the RESONATE trial. Is it
possible for the data from the17p deletion population to be generalisable to

people with the TP53 mutation?
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The company has not provided any comparisons with fludarabine in combination

with cyclophosphamide and rituximab (FCR). NICE technology appraisal 174

recommends FCR as first line treatment for patients who are able to take
fludarabine-containing regimens. For people with relapsed or refractory CLL NICE

technology appraisal 193 recommends FCR, unless the disease is has not

responded to fludarabine or has relapsed within 6 months of treatment with
fludarabine, or has previously been treated with rituximab. Does the exclusion of
FCR as a comparator restrict decision-making to people who cannot have FCR?
The ERG consider that given that the data inputs from the other trials in the
network were not adjusted for crossover, it would be more consistent
methodology to use the ITT estimates from all studies, including RESONATE. The
ERG presented revised estimates — are these more appropriate?

The ERG notes that there is some uncertainty in the magnitude of the indirect
treatment comparison and matching-adjusted indirect comparison results

calculated by the company.

Cost effectiveness

The company chose a Weibull parametric curve to extrapolate the progression-
free survival for ibrutinib compared with ofatumumab. To extrapolate overall
survival data, the company used a lognormal parametric curve for the first 3 years
of the model and an exponential fit thereafter. The company did a sensitivity
analysis using an exponential fit in both arms for the extrapolation of progression-
free survival and overall survival. The ERG suggested that the Weibull function
models too low a proportion of patients remaining in progression-free survival for
the overall survival curve to be credible. Which parametric function is most
appropriate to use for extrapolating progression-free and overall survival?

The company treated the drug and administration costs differently in its model
(which resulted in reduced costs in the ibrutinib arm). The company did this
because ibrutinib is the only oral monotherapy in the model and so it believed that
the costs should be reduced compared to other treatments. Is this a plausible
assumption?

Is it appropriate for the company to assume that patients will receive biopsies as
part of routine follow-up, and that routine follow-up will be differentiated by

response status.
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e Are the end of life criteria met? Are the estimates presented by the company

robust?

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 licensed

indication for chronic lymphocytic leukaemia.
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Table 1 Decision problem
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Final scope issued by NICE Decision problem addressed in the Comments | Comments
submission from the from the
company |ERG
Population e  Adults with chronic lymphocytic leukaemia who have received at least 1 therapy As per
e Adults with untreated chronic lymphocytic leukaemia associated with 17p deletion or TP53 mutation for whom chemo- scope
immunotherapy is not suitable
Intervention | Ibrutinib
Comparator | For adults with CLL who have received at least 1 prior For adults with CLL who have received at least 1 “Physician’s choice”
therapy: prior therapy: aims to accurately reflect
e Fludarabine in combination with cyclophosphamide e Physician’s choice that there is currently no
and rituximab e Bendamustine (with or without rituximab) | clear standard of care for
e Bendamustine (with or without rituximab) e Idelalisib in combination with rituximab patients with relapsed or
e Chlorambucil (with or without rituximab) e Ofatumumab refractory CLL
e Corticosteroids (with or without rituximab) Clinical opinion strongly
e Idelalisib in combination with rituximab For adults with untreated CLL associated with 17p | suggests that
e Rituximab alone (for refractory disease) deletion or TP53 mutation for whom chemo- ofatumumab, despite no
e Best supportive care immunotherapy is not suitable: longer being funded by
e Alemtuzumab with or without the Cancer Drugs Fund,
For adults with untreated CLL associated with 17p deletion or corticosteroids remains a relevant
TP53 mutation for whom chemo-immunotherapy is not e Idelalisib in combination with rituximab comparator in the UK
suitable: e Best supportive care
e Alemtuzumab with or without corticosteroids
e |delalisib in combination with rituximab
e Best supportive care
Outcomes | Overall survival, progression-free survival, response rates, adverse effects of treatment, health-related quality of life
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2 The technology and the treatment pathway

* Bendamustine +/-
o Rituximab + anti-CD20
= fludarabine + « Chlorambucil +/- :
< cyclophosphamide anti-CD20 S:rs(: slpporive
= (FCR) « Ofatumumab
L Idelalisib+rituximab «  Obinutuzumab
(if 17pdel or TP53) « lbrutinib? (if 17pdel \
or TP53)
! v
3| | - Rituximab+ T oedamustine +i-ant- " rtodmeb
@ fludarabine +
= .||+ Chlorambucil +/- anti- * Best
< cyclophosphami CD20 supportive
14 de (FCR) . L
. Ibrutinib? * |delalisib + rituximab care
' » |delalisib + ofatumumab
* |brutinib?

Figure 1 Treatment pathway adapted from the British Committee for Standards in Haematology interim guideline on CLL
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Ibrutinib

Ofatumumab

Idelalisib in combination with
rituximab

Bendamustine in
combination with
rituximab

It is indicated for the
treatment of 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.

Marketing
authorisation

Previously untreated CLL:

Ofatumumab in combination with
chlorambucil or bendamustine is
indicated for the treatment of patients
with CLL who have not received prior
therapy and who are not eligible for
fludarabine-based therapy.

Refractory CLL:
Ofatumumab is indicated for the
treatment of CLL in patients who are

refractory to fludarabine and
alemtuzumab.

Idelalisib is indicated in
combination with rituximab for the
treatment of adult patients with
CLL:

» who have received at least one
prior therapy, or

* as first line treatment in the
presence of 17p deletion or TP53
mutation in patients unsuitable for
chemo-immunotherapy.

First-line treatment of
CLL (Binet stage B or
C) in patients for whom
fludarabine combination
chemotherapy is not
appropriate.

3 capsules, once a
day

Administration
method

Intravenous infusion with monitoring
for AEs

150 mg, taken orally, twice daily

intravenous infusion
over 30 - 60 minutes

BNF price £51.10 per capsule

)

(I

£182.00 per vial

£51.91 per capsule and £174.63
(rituximab)

£69.45 and £174.63
(rituximab)

See summary of product characteristics for details on adverse reactions and contraindications.

For details of all comparators, see company submission, page 144, table 59.
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Comments from consultees

Consultees stated that CLL is a heterogeneous disease and there will be
a small number of patients who have high risk, poor prognosis disease
which is unlikely to respond to available therapies. Moreover, following
relapse any further responses to treatment courses tend to provide

shorter remission periods with increasing complications and side effects.

Consultees stated that in the absence of a cure, patients living with CLL
want treatments that provide a lengthy remission with minimum side
effects and long term toxicity. It was noted that ibrutinib produces durable
remissions using an easily administered oral drug which offers
convenience, reduced travel to hospital, no need for infusions with the
potential for infusion reactions, less hospital time and most importantly,
promotes patient independence. All these benefits lead to improvements
in quality of life including less anxiety, in addition to the physiological
benefits induced by the drug itself. It was highlighted that this was
particularly a step change for treatment-naive patients with 17p- or TP53
mutation/deletion who have no approved treatment options. It was
highlighted that ibrutinib was innovative as it is the first in class
compound, targeting Bruton’s Tyrosine Kinase (BTK) and can be

delivered orally.

One patient organisation was concerned about the long duration of
treatment, as ibrutinib is administered until progression. Consultees
expressed concern about higher frequency of certain adverse events (as
per the clinical trial data) — including bleeding-related adverse events and
atrial fibrillation. The clinical expert also stated that there is evidence from
several patients that arthralgia and myalgia are areas of significant
concern, particularly in the first year of treatment. Also, neutropenia has
been an issue especially in patients who have been treated with several
chemo immunotherapy regimens, and complication from infection is the

most frequent cause of death in CLL.
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Clinical-effectiveness evidence

Overview of the clinical trials

4.1

4.2

4.3

The company conducted a systematic literature review and identified 1
randomised controlled trial including ibrutinib. The RESONATE trial
(n=391) was an open label multicentre trial (including the UK) comparing
ibrutinib with ofatumumab in people with relapsing or refractory CLL, with
ibrutinib administered orally and ofatumumab is administered using IV
injection. The trial included 109 people with 17p deletion, 63 of whom
received ibrutinib and 46 received ofatumumab. The trial was terminated
early, at 146 progression free survival events, due to a positive interim
analysis, with a median time on study of 9.4 months. All 195 patients in
the ibrutinib group and 191 of the 196 people in the ofatumumab group

received the assigned treatment (4 withdrew consent and 1 patient died).

The primary outcome of RESONATE was progression free survival
according to the criteria of the International Workshop on Chronic
Lymphocytic Leukaemia (IWCLL), which require CT scans to evaluate
response. It was defined as the time from the date of randomisation to the
date of first documentation of disease progression or death due to any
cause, whichever occurred first. Secondary outcomes included overall
survival and overall response rate. Overall response rate was based on
IWCLL criteria and included complete response, complete response with
incomplete haematopoietic recovery, partial response with and without

lymphocytosis, stable disease and progressive disease.

The company stated that the despite being an open label trial, the risk of
bias was low because assessment of progressive disease for the primary
end-point and responses were assessed by the independent research
committee, members of which were blinded to both study treatment and
absolute lymphocyte count. The ERG noted that after 9.4 months
outcomes were only investigator assessed (and therefore not blinded) but

stated that the trial protocol was rigorous and reduced risk of bias.
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Of the 191 patients who received ofatumumab, 116 patients with
documented disease progression crossed over to ibrutinib at the time of
the September 2014 data cut and extraction. The primary analysis was
adjusted for crossover in the ofatumumab arm at the date of first dose of
crossover to ibrutinib using RPSFT method. A sensitivity analysis was
conducted in which crossover was not censored at the date of first dose of
ibrutinib.

RESONATE included patients with the 17p deletion but not TP53
mutation. However, the company stated that these mutations have the
same impact on cell biology, disease prognosis and treatment outcomes.
Therefore, the company has stated that the results in patients with 17p
deletion were generalisable to patients with the TP53 mutation. The
company has also suggested that although RESONATE only included
patients with the 17p deletion who had previously received treatment, the
results for this population could be generalised to the 17p deletion

population who had not been treated before.

Clinical trial results

4.6

4.7

The results of the RESONATE trial in the overall population showed that
at 6 months, 88% of people in the ibrutinib group had no disease
progression compared with 65% in the ofatumumab group. At a median
follow-up of 16 months, investigator-assessed progression-free survival
was longer for ibrutinib compared with ofatumumab - median progression-
free survival had not been reached with ibrutinib whereas the median
progression-free survival was 8.1 months for ofatumumab (hazard ratio
0.106, 95% confidence interval | 0.073 to 0.153, p<0.0001). The 12-month
investigator-assessed progression-free survival rates were 84% for
ibrutinib and 19% for ofatumumab. Full details of the outcomes from the
RESONATE study are included in table 1table 3.

The results of the RESONATE trial in patients with the 17p deletion
showed that at 6 months, 83% of people in the ibrutinib group had no

disease progression compared with 49% in the ofatumumab group. At a
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median follow up of 16-months, 79% of people with 17p deletion had no
disease progression for 12 months compared with 17% of people

receiving ofatumumab (hazard ratio not reported, p<0.001).

The company presented the results of the secondary outcomes analyses
from RESONATE which were censored at the time of crossover. The
overall survival rate at 12 months was 90% for ibrutinib and 81% for
ofatumumab (hazard ratio 0.43, 95% confidence interval 0.24 to -0.79;
p=0.005). When uncensored, the analysis showed similar results: hazard
ratio 0.39 (p=0.001) and an overall survival rate at 12 months of 90% for
ibrutinib and 79% for ofatumumab. The censored overall survival rate at
18 months was 85% for ibrutinib and 78% for ofatumumab, despite
crossover of 120 patients (61%) from ofatumumab to ibrutinib, who were
censored at crossover. The proportion of patients with lymphocytosis (an
elevated level of lymphocytes in the blood) was observed in 69% of
patients treated with ibrutinib. It was not considered to be disease
progression according to the study protocol and resolved in 77% of these
patients during follow-up. According to the company, lymphocytosis does
not have an impact on clinical outcomes and resolves completely once
treatment with ibrutinib is stopped. Further details of secondary outcomes

results are given on pages 88-93 of the company submission.

Table 3 Outcomes from RESONATE study (for the overall population)

Outcome RESONATE
Ibrutinib (n=195) | Ofatumumab (n=196)
Progression-Free Survival (ITT analysis)
Median: months (95% CI) | not reached 8.1; (4.0, 7.3)
Follow-up of 0.22 (I?S%CII Ot._15 to 0.32; p=<0.001) for
9.4 months | HR (95% Cl) overa’ popuiation

(Independent

0.25 (95%CI 0.15 to 0.45; p value not reported)
for 17 p deletion population

reviewer 88% for overall 65% for overall
assessed) . . . .
Progression-free survival | population population
rate (at 6 mo) 83% for 17p deletion | 49% for 17p deletion
population population
National Institute for Health and Care Excellence 10 of 33
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Outcome RESONATE
Ibrutinib (n=195) | Ofatumumab (n=196)
HR (95% CI) 0.106 (95%CI Q.O73 to 0.153; p<0.0001) for
Follow-up of overall population
16 months
(Investigator- 84% for overall 19% for overall
assessed) Progression-free survival | population population
rate 79% for 17p deletion 17% for 17p deletion
population population

Overall Survival [ITT analysis] data censored for crossover

Follow-up at HR (95% CI) 0.43 (95% CI: 0.24 to 0.79; p=0.005) for overall
12 months population
Overall survival rate at 12 | 90% for overall 81% for overall
months population population

Follow-up of Crossover-adjusted HR for overall population
16 months (95% CIl) using RPSFT for 17 p deletion

subgroup
Overall survival rate at 18 | 85% for overall 78% for overall
months population population

Key: Cl, confidence interval; HR. Hazard Ratio; ITT, intention to treat, RPSFT, rank preserving
structural failure time.

Non RCT evidence

4.9

The company included the results from 4 non randomised controlled
studies. PCYC1102 (n=85) was a multicentre, open label, dose ranging
study of ibrutinib (420 mg or 840 mgq) in patients with relapsed or
refractory CLL or small lymphocytic leukaemia with safety as its primary
outcome and progression-free survival, overall response rate as
secondary outcomes. There were 36 patients with 17p deletion in
PCYC1102 (2 of whom had not previously received treatment). Of the 85
patients enrolled, 54 patients remained on treatment at median follow-up
of 20.9 months. The 26-month progression-free survival rate for the
overall population and 17p deletion population as estimated by the
company was 75% and 57 %, respectively for the 420 mg and 840 mg
doses combined. The estimated overall survival rate for the overall
population and 17p deletion population was 83% and 70%, respectively

for the 420 mg and 840 mg doses combined.
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PCYC1103 (n=57) was the long-term extension study to PCYC1102 with
a follow-up to 45 months. Of the 57 patients in the study, 23 had the 17p
deletion mutation. Median progression-free and overall survival had not
been reached for the overall population, but the 30-month progression-
free survival rate as estimated by the company for patients receiving 420
mg of ibrutinib was 76% (95% CI1 62.5 to 85.1). The median progression-
free survival for the 17p deletion mutation population was reached at 32.4
months. The 30-month overall survival rate was estimated by the
company for the overall population and the 17p deletion population at
87% (95% CI 75.8 to 93.3) and 81%, respectively.

PCYC1117 (n=144) was an open-label, single arm, multicentre study of
ibrutinib in patients with relapsed or refractory CLL with the 17p deletion
mutation. Patients in this study had a median of 2 previous treatments
(range 1-7), and 39% of patients had 3 or more previous treatments.
Median progression-free and overall survival had not been reached, but
the 12-month progression-free and overall survival rates as estimated by

the company were 79% and 84%, respectively.

A single-arm, investigator-initiated study (n=51) in patients with untreated
(n=35) or relapsed or refractory CLL (n=16) and 17p deletions (n=47) and
TP53 mutations (n=4) by Farooqui et al. (2014) was also included in the
company’s submission. As with most of the PCYC studies, median
progression-free and overall survival were not reached, but the estimated
progression-free survival at 24-months as estimated by the company was
82% for all patients included in the study. The estimated overall survival
rate at 24 months as estimated by the company was 84% for patients who
had not received treatment before, and 74% for patients who had received

treatment previously.

ERG comments

4.13 The ERG stated that the baseline characteristics in the trials were well
balanced and that the population was representative of the UK population.
The ERG considered that the company’s approach to censoring was
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appropriate though noting that the risk of bias associated with
unmeasured confounders would remain. The ERG commented that the
overall survival and progression-free survival results suggest a marked,
statistically significant improvement for patients receiving ibrutinib

compared with ofatumumab whether crossover was adjusted for or not.

414 The ERG commented that the non-randomised studies showed similar
efficacy profile for progression-free survival, overall survival and response
rates as the ibrutinib treatment arm in the RESONATE study.

4.15 The ERG agreed with the company that the results in patients with 17p

deletion were generalisable to patients with the TP53 mutation.

Indirect comparisons

Figure 2 Network diagram of studies used by the company (ERG report, figure 20,
page 104)

Matched Adjusting
Indirect Comparison

---------------------------- Ibrutinib

Bendamustine
+

Rituximah

3 0,
&@e“ RESONATE trial %,

Idelalisib
Physician’s Osterborg lones
4 2014 Ofatumumab 2015 +

Choice
Ofatumumab

4.16 The company presented pairwise indirect treatment comparisons based
on Bucher et al. comparing ibrutinib with physician choice (Osterborg,
2014) and idelalisib and ofatumumab (Jones 2015). The company also
conducted a matched-adjusted indirect comparison (MAIC) using

methodology published by Signorovitch to compare a single arm study
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(Fischer, 2011) of bendamustine in combination with rituximab in people
with relapsing or refractory CLL with the patient level data from
RESONATE. See figure 2.

The indirect analyses show significant effects in favour of ibrutinib
compared with physician’s choice and compared with bendamustine in
combination with rituximab, for objective response rate, progression free
survival and overall survival. Compared with idelalisib in combination with
ofatumumab, ibrutinib showed a statistically significant improvement only
in progression free survival (see table 4, which also includes the ERG’s
revised ITT estimates from all studies including RESONATE [see section
4.24)).

Table 4 Summary of results of company's indirect treatment comparison and
matching-adjusted treatment comparison for the overall population of the studies
(company submission, table 33, page 72 and table 28 from ERG report, page 103)

Comparison Analysis Data sources OR ORR HR HR overall ERG
type (95% CI) progression- survival HR overall
free survival (95% ClI) survival
(95% CI) (95% CI)
Ibrutinib ITC, Bucher | RESONATE vs. *—*—*—*
vs. physician’s method Osterborg, 2014
choice
Ibrutinib ITC, Bucher | RESONATE vs. 1.65 0.39 0.50 0.58
vs. idelalisib +/- method Jones, 2015 (0.66, 4.10) (0.23, 0.66) (0.24, 1.04) (0.26-1.30)
ofatumumab
Ibrutinib MAIC | RESONATE vs. _***
Vs. Fischer, 2011
bendamustine
+/- rituximab

4.18

National Institute for Health and Care Excellence

The company noted that indirect comparisons are assumed to generate
unbiased results as long as no differences across trials exist that act as a
treatment effect modifier. The company stated that the Osterborg study
enrolled patients with more severe disease. When the company
calculated the HR estimates in a subgroup from the RESONATE study
similar to those in the Osterborg study, the progression-free and overall

survival HRs
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I 1o =ccount for this potential bias, the company recalculated
the HRs for RESONATE as input in the Bucher method which resulted in

HR estimates for progression-free and overall survival were

The company validated the outputs of the indirect treatment comparisons
and MAIC using an indirect comparison based on a multivariate Cox
model of pooled patient-level trial data. This methodology uses 2 sets of
patient-level data which are adjusted for patient population difference
using pooled patient level data from both RESONATE and the comparator
study. The comparator studies included:

e aretrospective observational study conducted in Sweden by the
Karolinska Institute which allows for an alternative comparison to be
made for ibrutinib compared with physicians choice.

¢ the bendamustine with rituximab arm of the HELIOS study.

No indirect comparison was conducted for patients with the 17p deletion
mutation who had not received treatment previously due to a lack of data.
As a result, the company used the efficacy estimates from RESONATE
from the 17p deletion mutation population who have previously received

treatment as a proxy for those who have not been treated previously.

ERG comments

4.21

As noted by the company, the patients in the Osterborg study (comparing
ofatumumab with physician’s choice) appeared to include patients with a
poorer prognosis than those in RESONATE. The ERG noted that the
company’s analysis restricting the RESONATE population to a similar
population to Osterborg resulted in HR estimates which the ERG stated
were more relevant for the comparison between ibrutinib and physician’s
choice (see section 4.17). The ERG commented although the indirect

treatment comparisons suggest that ibrutinib is more clinically effective
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than physician’s choice and bendamustine and rituximab, the sensitivity
analyses undertaken by the company shows that there is significant
uncertainty over the magnitude of the difference between ibrutinib and its

comparators.

The ERG noted that the company did not adjust the indirect comparison of
RESONATE and Jones et al. for patient characteristics because they
enrolled similar patient populations. The ERG noted, however, that there
were some differences, particularly in the proportion of patients with the
17p deletion in each trial (32.3% of people receiving ibrutinib and 32.7%
receiving ofatumumab in RESONATE, compared with 26.4% of people
receiving idelalisib and 21.8% of people receiving ofatumumab in Jones et
al.). According to the ERG, this indicates that the RESONATE study
recruited people with a poorer prognosis, therefore, the effect of ibrutinib
might appear greater in an indirect comparison with the population in the
Jones study. Additionally, the ERG noted that no adjustment for crossover

was conducted on the data from the Jones study.

The ERG stated that the company provided abstract and poster details on
2 ofatumumab trials which were used to form a network for indirect
treatment comparisons and a single arm study of bendamustine and
rituximab. The ERG stated that abstracts and poster details are generally
insufficient information for it to fully assess these studies and the risk of

bias.

The ERG commented on the sensitivity analysis presented by the
company using an alternative indirect comparison approach (see section
4.18). The ERG were unable to identify a clear reason for the selection of
the 2 studies used in the sensitivity analyses and therefore whether other
studies may have been available. The ERG also noted that if the
multivariate Cox model or the MAIC was the preferred approach, then it
may have been possible for the company to have performed an MAIC
analysis using the idelalisib plus rituximab compared with rituximab plus

placebo trial. Such an analysis could have provided reassurance that the
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current estimate of benefit of ibrutinib compared to idelalisib in the
network is robust. The ERG also noted that the HELIOS study included
less severe patients than RESONATE and so may have been biased in

favour of bendamustine and rituximab.

The ERG question whether the adjusted-for-crossover hazard ratio of
overall survival from the RESONATE trial should be used as the data
input in the indirect treatment comparisons. Given that the data inputs
from the other trials in the network were not adjusted for crossover, the
ERG stated that it would be more consistent methodology to use the ITT
estimates from all studies, including RESONATE. The ERG’s revised
estimates are shown in table 4 above. All data inputs are the same as the
company estimates except for ibrutinib compared with ofatumumab where
the ITT hazard ratio for overall survival (ITT) of 0.43 (95%CI 0.24-0.79)
was used instead of ||l The ERG was unable to make any
amendments to the ibrutinib versus bendamustine and rituximab estimate

as it did not have access to the individual patient data from RESONATE.

The ERG also commented that the data provided on treatment-naive
patients with the 17p deletion mutation comes from 33 patients in a single
non-RCT (see section 4.12) although a benefit with ibrutinib had been

demonstrated within that study.

Adverse effects of treatment

4.27

The most common adverse event in RESONATE was diarrhoea,
occurring in approximately half of the patients. They were generally grade
1 or 2 in severity, managed with standard treatment and resulted in very
few discontinuations (<15% across the studies). In comparison with
ofatumumab in the RESONATE trial, infection rates were higher with
ibrutinib (70% v 54%), but rates of grade 3 or above infections was
similar. Serious adverse events were reported in 40-61% of patients, most
were infection-related although there were a small number of cases of
atrial fibrillation. The majority of serious adverse events were described as

not related to ibrutinib.
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Cost-effectiveness evidence

Model structure

5.1

5.2

5.3

The company submitted a de novo economic model for people with
chronic lymphocytic leukaemia who have received at least 1 prior therapy.

The base case analysis modelled the following:

Ibrutinib compared with idelalisib and rituximab

Ibrutinib compared with ofatumumab

Ibrutinib compared with physician choice

Ibrutinib compared with bendamustine and rituximab

‘Physician choice’ was composed of the following treatments: rituximab
plus cyclophosphamide, doxorubicin, and prednisolone (also known as
R-CHOP, ]l bendamustine and rituximab i), fludarabine and
cyclophosphamide and rituximab [JJij Rituximab plus high dose
methylprednisolone i} and chlorambucil il This composition
reflects the therapies in the physician choice arm of the Osterborg (2014)
study, but the cost of the therapies were adjusted by the company so that

only treatments relevant to UK clinical practice are included in the model.

The company used a Markov model with time-dependent transition
probabilities. It used 4-week cycle lengths (with half-cycle corrections)
with a time horizon of 20 years. The mean age of patients entering the
model was 71. A discount rate of 3.5% was applied to costs and health
benefits and the analysis was conducted from an NHS and personal

social services perspective.

The model consisted of 3 health states, ‘progression free’, ‘post
progression’, and ‘death’, (see figure 3). The progression free health state
was directly informed by the progression free survival curves projected
based on parametric fitting to RESONATE trial data. The post-progression
state was defined as all patients surviving (overall survival) less those who

remain progression free. Overall survival was informed by overall survival
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curves projected based on parametric fitting to RESONATE trial data and
the hazard ratios for the comparators which were calculated using indirect
comparisons. The mortality state was calculated as 1 minus overall
survival. The area under the progression-free and overall survival curve
was used to calculate the proportion of patients in health states at given
time points. A constant mortality hazard was applied for each 4-week
model cycle for patients in the progression-free health states. The
company used the Weibull parametric function in its base case, and used
the exponential function in a sensitivity analysis. Age-dependent general
population mortality was incorporated into the model. Within each model
cycle, the probability of death experienced by people with CLL could not
be less than the general population.

In the post-progression health state, a proportion of patients were
modelled to receive a subsequent line of active treatment following
progression. The remainder were modelled to receive best supportive
care (symptom management without active intervention) immediately
upon entering the post-progression health state. Once patients on their
subsequent line of therapy progressed, they then received best supportive
care until death or model end. Costs in progression-free survival were

assigned according to the distribution of patients’ best eventual response.
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Figure 3 Company's model diagram (CS, figure 27, page 105)

5.5
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BSC- best supportive care.

The quality of life value for progression-free survival was based on post
baseline EQ-5D-5L data collected during the RESONATE trial. The quality
of life value for post progression survival and best supportive care was
estimated by applying a percentage quality of life reduction associated
with progression, drawn from the literature, to the baseline EQ-5D-5L
average of the RESONATE trial. Serious adverse events were modelled
as having cost and quality of life impacts, and are assumed to last for 14

days.

Ibrutinib and idelalisib are assumed to be taken for the entire period of
progression free survival. The other first line treatments were
administered to a given schedule for a maximum of up to 5 model cycles.
The company applied a half cycle correction and discounting from the first
cycle to the ibrutinib arm which resulted in a reduction in treatment costs

for ibrutinib.

Drug costs were based on the British National Formulary (online). See
CS, table 59, page 144. Because not all patients in the RESONATE trial
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and other clinical trials received full doses of treatment throughout the
duration of the trial, the company calculated the relative dose ‘intensity’
from the clinical trials to determine the cost for ibrutinib and its
comparators. The company used these values to ensure that the doses in
the model match the trials. See CS, table 60, page 145.

The company has proposed a confidential patient access scheme for
ibrutinib, which|| . Gi'<n 2 daily dose
requirement of 420mg, this reduces its annual cost from £55,955
I -ssuming 100% dosing. The companies who hold the marketing
authorisation for idelalisib and ofatumumab have agreed a patient access

scheme with the Department of Health.

No drug administration costs were included for ibrutinib whereas these
were included for all comparators. The routine follow-up costs while in
progression free survival are determined by treatment specific proportions
of patients achieving complete response, partial response and being in

stable disease. Terminal care costs are applied when patients die.

The company was unable to conduct an economic evaluation of ibrutinib
in the subgroup of people with the 17p deletion who have not received
treatment before due to a lack of robust clinical trial data. The company
was able to conduct a scenario analysis based on the 17p deletion
mutation subgroup data from RESONATE as it provided the best available
estimate of efficacy associated with ibrutinib in CLL patients with 17p
deletion who have not been treated before. In the scenario, ibrutinib was
compared with ofatumumab, using the same assumptions that were used

in the company’s base case analysis.

The company used the results of the RESONATE study to inform its
model for the comparison of ibrutinib with ofatumumab in people with CLL.

The results of the indirect treatment comparisons were used to inform the
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model for the comparison of ibrutinib and physician’s choice (the
company’s base case comparator) and idelalisib with ofatumumab (as a
proxy for idelalisib with rituximab). The company used the results of the
matched-adjusted indirect comparison for ibrutinib compared with

bendamustine with rituximab (see section 4.15-4.16).

For the comparison of ibrutinib with ofatumumab in the overall population,
the company used parametric curves to project the progression-free and
overall survival Kaplan-Meier trial data beyond the trial period. The
ofatumumab overall survival curve was estimated by applying a
crossover-adjusted hazard ratio to the ibrutinib overall survival, as a large
proportion of patients in the ofatumumab arm of the RESONATE trial
crossed over to the ibrutinib arm (n=116, 56%). The curves were then
used as a reference to which hazard ratios were applied to derive the
progression-free and overall survival for the comparators. The indirect
treatment comparison using ofatumumab as the common arm and
Osterborg et al. and Jones et al. were used to derive the relative
treatment effect of ibrutinib compared with physician’s choice (used in the
company’s base case) and idelalisib with ofatumumab (used as a proxy
for idelalisib with rituximab), respectively, on progression-free and overall
survival. The company used the results of the matched-adjusted indirect
comparison using Fischer et al. to derive the relative treatment effect of
ibrutinib compared with bendamustine with rituximab on progression-free
and overall survival. EQ-5D trial data from RESONATE informed baseline
utility and utility during PFS.

The baseline utility for patients in the progression-free survival state (JJii})
was informed by an analysis of EQ-5D-5L data collected in RESONATE
and represents the weighted average EQ-5D-5L score for patients who
remained in the progression-free survival health state from weeks 4 to 60.
The utility value was not age-adjusted as it was collected from the
RESONATE trial directly, representing the median age of a relapsing or
refractory CLL patient population. After progressing and entering the post-

progression health state, patients in the model were assigned a utility
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value informed by the baseline EQ-5D-5L score of patients entering the
RESONATE trial (JJlif) minus a utility decrement associated with
progression (0.098), resulting in a utility value of [ for the post-
progression health state. Utility decrements associated with adverse
effects of treatment (ranging from 0.123 to 0.195) were applied to patients
as they experienced adverse events in the model. The utility decrements
associated with progression and adverse events were based on published
literature, as analysis of RESONATE EQ-5D-5L data did not identify
differences for these events. In the base case, utility increments
associated with response were not incorporated, but instead the weighted
average utility score of patients remaining in progression-free survival
informed utility for the progression-free survival health state, which the
company considers some benefit of response. Published utility increments

associated with response were tested in a sensitivity analysis.

ERG comments

5.14

5.15

The ERG noted that the company appear to treat the drug and
administration costs in the model asymmetrically and this reduces costs in
the ibrutinib arm. In its factual accuracy response to the ERG report, the
company stated that the differences in costs applied in the model were
justified primarily because ibrutinib is the only oral monotherapy treatment

in the model.

The ERG stated that it noted there were uncertainties around the
response rates, their definitions across the trials of the indirect treatment
comparison and how the rates were derived for the comparator
treatments. The ERG noted that it appeared that the response rates which
were used for differentiating ongoing resource use were the peak
response rates for ibrutinib and ofatumumab, while no data on time to
response or response duration was included in the company’s submission
In response to NICE’s clarification questions, the company provided the
mean times to initial response and to best response from the PCYC1102

trial which were [} months and ] months, respectively. The company
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also stated that the || NN < the PCYC1103
trix |,

was unclear to the ERG whether the company had defined the duration of
response data presented as the duration of peak response or duration of
overall response. The ERG expert opinion also suggested that patients
would not receive ongoing biopsies as part of routine follow-up, and that
routine follow-up would not be differentiated by response status. In the
light of this, the ERG considered that it was not appropriate to differentiate

non-drug routine follow up costs by treatment.

The ERG commented on the subgroup analysis conducted by the
company on people with CLL who have the 17p deletion. As stated in
section 5.10, the company used the subgroup results from the
RESONATE study which were conducted on people with CLL with the 17p
deletion who had been treated for CLL. The company stated that the cost
effectiveness estimate in the previously treated 17p deletion mutation
subgroup should provide a plausible and conservative estimate of
ibrutinib’s value in the subgroup population who has never received
treatment before. It was unclear to the ERG why this estimate would be
conservative assuming that people with the 17p deletion who have not
been treated before may live longer (and receive ibrutinib longer possibly
leading to higher costs) compared to the17p deletion mutation subgroup
of the RESONATE trial who had been treated before. The ERG noted that
there was considerable uncertainty with respect to the results of the

scenario analysis presented by the company for this subgroup.

The ERG noted that the results from the indirect comparison were
included in the model and reiterated its concerns with these analyses (see
sections 4.20-25)

The ERG stated that, based on advice from its clinical experts, the
company’s assumption of proportions of treatments within physician
choice were unlikely to reflect clinical practice in the UK. In particular,

idelalisib plus rituximab was not included whereas it is used in
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approximately 30% of patients. Additionally, usage of R-CHOP |Jjjij and
rituximab plus high dose methylprednisolone i} is likely to be

overestimated.

The ERG noted that the company model suggests that by 20 years a little
over [} of patients in the ibrutinib arm would be alive, but only around ||}
in the idelalisib plus rituximab arm and effectively none in the other
comparator arms. The ERG’s clinical experts did not find the estimate of
[ for ibrutinib to be unreasonable, but they considered the [J] estimate for
idelalisib plus rituximab unreasonably low. The ERG considered the
overall survival estimate for idelalisib plus rituximab (JJj years) and
bendamustine plus rituximab (. years) to be too low when compared
with the estimate for ibrutinib (] years). The ERG stated that
bendamustine plus rituximab was likely to have a similar life expectancy

as ofatumumab (JJij years).

The ERG stated that of 2 parametric functions applied to the RESONATE
overall survival Kaplan-Meier data, the more plausible of the 2 is the
exponential function. The ERG stated that the Weibull function projects
too low a proportion of patients remaining in progression-free survival for
the overall survival curve to be credible. The ERG commented that the
reasonableness of the progression-free survival curve can only be judged
against the associated overall survival curve. Therefore, the ERG use the

exponential function in their exploratory base case.

Company's base-case results and sensitivity analysis

5.21

The company’s base case results are presented in tables 5 to 7 below.
The ICERs presented have been calculated by the ERG using the
company’s base case assumptions but using prices based on the
confidential patient access schemes for ibrutinib, idelalisib and

ofatumumab. All results are commercial-in-confidence.
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Table 5 Company's base case deterministic modelling results: all patients (ERG
report, table 44, page 134 and ERG confidential appendix, table 1, page 2)

L, L. Benda-
Ibrutinib Phgﬁlc_lan S | Ofatumumab Id_elal_|5|b+ mustine +
oice Rituximab Rituximab
Total Costs - - - -
Incremental cost . £149,589 £120,487 £86,718 £151,595
Total undiscounted - - - -
LY
Incremental
undiscounted LY 5.783 4.693 3.561 6.350
Total QALYs | ] | | |
Incremental QALY's . 3.289 2.647 1.934 3.608
ICER . £45,486 £45,525 £44 836 £42,016
ICER including all | ] | ] || |
PASes (Calculated
by the ERG)

Table 6 Company’s probabilistic modelling mean estimates: all patients (ERG
confidential appendix, table 2, page 2)

Physician’s Idelalisib+ Bend.+
Ibrutinib choice Ofatumumab | Rituximab | Rituximab
Including all patient access schemes (calculated by the ERG

Total Costs
Total QALYs
ICER

Table 7 Company’s deterministic modelling results: scenario for 17p deletion
mutation subgroup (ERG report, table 49, page 155 and ERG confidential appendix,
table 4, page 4)

Bendamu
stine+
Physician’ | Ofatumuma | Idelalisib+ | Rituxima
Ibrutinib s choice b Rituximab
Total Costs | ]
Incremental cost £128,939 £102,596
Total undiscounted -
LY
Incremental
undiscounted LY 4.727
Total QALYs | | ]
Incremental QALY's 2.800 2.690 1. .
ICER £46,045 £38,145 £42 967 £43,028
ICER with all | ] | | ] | ]
patient access
schemes
(Calculated by the
ERG)
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Probabilistic modelling results were not calculated for the 17p deletion

mutation subgroup.

Results of the one-way sensitivity analysis demonstrated time horizon was
the biggest driver of results. When the time horizon was reduced from 20
to 10 years, the ICER for ibrutinib compared with physician’s choice
increased from £45,486 per QALY gained (company’s base case ICER) to
£57,630 per QALY gained without any of the patient access schemes
applied. The remainder of the sensitivity analyses have minimal impact on
the ICER (+/- 2% of base case ICER).

Company scenarios

5.24

5.25

The company conducted a scenario analysis varying the parametric
distribution used for progression-free survival projection. When the
company used an exponential distribution, it led to a higher ICER (for
example, £62,296 per QALY gained for ibrutinib compared with
physician’s choice) without any of the patient access schemes applied.
The company explained that this is because an exponential fit leads to a
longer projection of progression-free survival, which results in longer time
accruing the cost of ibrutinib treatment. The company stated that based
on the AIC and BIC, it considered the Weibull distribution used in the

analysis to be the best fit.

The company explored a scenario in which ibrutinib’s treatment benefit is
limited to 5 years; this resulted in an increased ICER (£62,128 per QALY
gained for ibrutinib compared with physician’s choice) without any of the
patient access schemes applied. The company also explored a scenario
assuming that the follow up cost for the progression-free survival health
state is the same as the follow up cost of stable disease for all
comparators, and removing the cost benefit associated with a high
response rate. This resulted in an ICER of approximately £50,000 per
QALY gained.

National Institute for Health and Care Excellence 27 of 33

Premeeting briefing — chronic lymphocytic leukaemia: ibrutinib

Issue date: January 2016



CONFIDENTIAL UNTIL PUBLICATION

ERG exploratory analyses

5.26

The ERG present a fully incremental analysis using the company’s base
case assumptions comparing ibrutinib with each of the comparators and
taking all the patient access schemes into account. The resulting ICER for
ibrutinib compared with idelalisib plus rituximab for the overall population
was [l per QALY gained and il per QALY gained for the 17p

deletion mutation subgroup. See table 8.

Table 8 Incremental cost effectiveness analysis using company’s base-case
assumption including all PASes (calculated by ERG) (see ERG confidential

addendum)
Incremental | Incremental
Cost QALYs Cost QALYs ICER
All comparators: All patients
Bendamustine + - - - - -
Rituximab
Physician’s Choice | [l [ ] [ ] [ ] [ ]
Ofatumumab ] ] N ] ]
Idelalisib + I ] | | I
Rituximab
Ibrutinib [ | | | I
All comparators: 17p deletion mutation subgroup
Bendamustine + R - - - - -
Phys. Choice - - - - -
Ofatumumab - - - - -
Idelalisib + R ] ] ] | ] [
Ibrutinib | I ] I -
5.27 The ERG considered that the only relevant comparators that should be

included in the incremental analysis are bendamustine with rituximab and
idelalisib with rituximab, as ofatumumab is no longer available through the
Cancer Drugs Fund and physician’s choice is problematic as a blended
comparator. As a result, it also calculated the incremental cost

effectiveness analysis results using only these comparators. However, the
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ICERs remain the same for both the overall group and the 17p deletion

mutation subgroup.

The ERG conducted exploratory analyses. The main changes applied by

the ERG’s in its preferred analyses were:

e Apply the ITT overall survival hazard ratios for physician choice and
idelalisib plus rituximab (see section 4.25).

e Apply exponential overall survival and exponential progression-free
survival curves (see section 5.18).

e Remove the asymmetries in the treatment of ibrutinib drug and
administration costs (see section 5.10).

¢ Not differentiate the non-drug routine costs of care by treatment (see
section 5.11).

¢ Remove the costs of ongoing biopsies from the non-drug routine costs

of care (see section 5.11).

Using these adjustments, the ICER for ibrutinib compared with idelalisib
plus rituximab for the overall population is - per QALY gained taking
into account all the patient access schemes. The results of the ERG’s
preferred analysis is shown below in with all applicable patient access

schemes applied.

The ERG calculated the ICERSs for the subgroup with the 17p deletion for
ibrutinib compared with physician choice, idelalisib plus rituximab and
bendamustine plus rituximab by applying ‘all patient’ hazard ratios for
ibrutinib to the 17p deletion mutation subgroup progression free and
overall survival and progression free survival curves. Using these
adjustments, the ICER for ibrutinib compared with idelalisib plus rituximab
for the overall population is [JJl] per QALY gained including all patient
access schemes.The ERG’s results are shown below in table 9 with all

applicable patient access schemes applied.
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Table 9 ERG’s exploratory incremental cost effectiveness analysis including all
PASes (see ERG confidential addendum)

Incremental | Incremental
Cost QALYs Cost QALYs ICER
All comparators: All patients
Bendamustine + | | [ ] | [ ]
Rituximab
Physician’s Choice | [l [ ] [ ] [ ] [ ]
Ofatumumab [ [ [ ] [ ] [ ]
Idelalisib + ] ] I ] I
Rituximab
Ibrutinib N ] [ ] [ ] [ ]
All comparators: 17p deletion mutation subgroup
Bendamustine + | | | ] | | ]
Rituximab
Physician’s Choice | [l | [ ] | [ ]
Ofatumumab [ ] [ ] | ] [ ] ||
Idelalisib + [ [ || [ |
Rituximab
Ibrutinib I N I H I
Innovation
5.30 The company stated that ibrutinib is innovative because:

of its mode of administration (monotherapy, oral tablets, once daily)
and mechanism of action (first in class Bruton’s tyrosine kinase
inhibitor).

¢ it has a well-tolerated safety profile
¢ it has a high level of efficacy compared with existing treatments

¢ it fulfils an unmet need, in particular for people with a 17p deletion or
TP53 mutation. There is currently no standard of care available for

patients with the 17p deletion or TP53 mutations.
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Additionally, the company stated that some benefits of ibrutinib may not

be fully captured in the modelling, such as the impact on carers and the

wider society as a result of patients with CLL and their carers taking time

off work. The impact is likely to increase as the disease progresses.

6 End-of-life considerations

Table 10 End-of-life considerations

Criterion

Company’s comment

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

For patients with relapsing or refractory CLL, life
expectancy is less than 24 months.

The company presents a

as indicated by real-world retrospective data collected
from 2009 to 2014 from a Swedish population
(unpublished data from Karolinska Institute)

For patients with the 17p deletion mutation, median life
expectancy is less than 2 to 3 years from the time of
initial diagnosis (Dohner et al., 2000)

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 RESONATE data show a statistically significant
improvement in overall survival for ibrutinib compared to
ofatumumab based on 16 months of median follow-up.
As median survival had not been reached in either arm
and there was a high degree of crossover from the
ofatumumab to the ibrutinib arm, precise incremental
benefit has not been shown, but extrapolation suggests
that this is in excess of 3 months.

The company’s base case modelling estimates for
median survival in the overall population are

for
ibrutinib, physician choice, ofatumumab, idelalisib plus
rituximab and bendamustine plus rituximab respectively.
The mean survival estimates are

The median survival estimates for the 17p deletion
mutation subgroup were not calculated.

The treatment is licensed or
otherwise indicated for small
patient populations

The estimated incidence for CLL in England is 7 per
100,000 people giving a total of 3,843 cases per year
assuming an NHS England population of 54.9 million.

One third of CLL patients never require treatment,
another third have an indolent phase followed by disease
progression; the remaining third exhibit aggressive
disease at onset and require immediate treatment.
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Therefore, 2,562 with CLL will require active treatment
(page 97 of company submission, Dighiero, 2003).

7.1

8

Equality issues

The company stated that ibrutinib may alleviate a potential equality issue
within the current CLL treatment pathway. The company state that the
current, most effective therapies available for treatment of CLL are most
suited to young and fit patients (BresMed, unpublished summary report
from Advisory Board, 2015), whereas ibrutinib is suitable for a wider
population, including older and high-risk patients. The company, therefore,
states that the addition of ibrutinib into the treatment pathway would
address equality issues regarding the availability of suitable treatments for
an older, frailer population. The ERG believes there are currently other
combinations of treatments available in the UK for older, frailer

populations such as idelalisib in combination with rituximab.

Authors

Richard Diaz

Technical Lead

Raisa Sidhu

Technical Adviser

with input from the Lead Team (Amanda |. Adler, Ray Armstrong, Dani Preedy and
Ken Stein).

National Institute for Health and Care Excellence 32 of 33

Premeeting briefing — chronic lymphocytic leukaemia: ibrutinib

Issue date: January 2016




CONFIDENTIAL UNTIL PUBLICATION

Appendix A: Clinical efficacy section of the draft European

public assessment report

2.8.4. Conclusions on the clinical efficacy

Initially the MAH (marketing authorisation holder) requested a conditional MA as on
the basis on the available data at the time of the submission. However with the
availability of the updates of trial 1104 where a consistent effect in terms of
responses and duration of response is noted in MCL and the data made available
during the procedure from the interim analysis of study 1112 in CLL, the CHMP
agreed that enough reassurance was provided to support the clinical efficacy of
ibrutinib in the CLL and MCL indications as described in the SmPC.

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Public_assessment_report/human/003791/WC500177777 .pdf
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal
Ibrutinib for treating chronic lymphocytic leukaemia

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of ibrutinib within its licensed
indication for chronic lymphocytic leukaemia.

Background

Chronic lymphocytic leukaemia (CLL) is a malignant disorder of white blood
cells (lymphocytes). It causes anaemia, swollen lymph nodes, spleen
enlargement, weight loss and increased susceptibility to infection. CLL is the
most common form of leukaemia.

In England around 2,700 people were diagnosed with CLL in 2011." The risk
of developing CLL increases with age and it is more common in men. Median
survival ranges from about 3 to over 10 years depending on the genetic
subtype and the stage at which the disease is diagnosed.?

Approximately 5% to 10% of people diagnosed with CLL are considered to
have ‘high-risk’ disease characterised by the presence of cytogenetic
mutations or abnormalities (that is, 17p deletion or TP53 mutation).® The
presence of 17p deletion or TP53 mutation influences the rate of cell growth
as well as the resistance of the disease to treatment. People with the 17p
deletion or TP53 mutation have a median survival of 2 to 3 years.?

Treatment options vary depending on factors such as stage of CLL,
performance status and co-morbidities. The appraisal includes 2 groups of
people with CLL:

e People who have received at least 1 therapy; and

e People with untreated CLL associated with 17p deletion or TP53
mutation for whom chemo-immunotherapy is not suitable.

Chemo-immunotherapy is a combination of chemotherapy medicines and
treatments that stimulate the immune system to kill cancer cells.

For people who have received at least 1 therapy, treatment options include
fludarabine in combination with cyclophosphamide and rituximab (FCR),
bendamustine with or without rituximab, chlorambucil with or without rituximab
and idelalisib.

e NICE technology appraisal guidance 193 recommends FCR as an
option for people with relapsed or refractory CLL unless the disease is
refractory to fludarabine or has been previously treated with rituximab.
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Bendamustine does not have a UK marketing authorisation for
previously treated CLL, but it is currently used with or without rituximab
in clinical practice in England through the Cancer Drugs Fund.

Chlorambucil has a UK marketing authorisation for CLL and is used in
clinical practice, with or without rituximab, in relapsed or refractory CLL
where FCR is unsuitable.

Idelalisib in combination with rituximab is the subject of an ongoing
NICE technology appraisal, and is currently funded by the Cancer
Drugs Fund for relapsed or refractory CLL.

Rituximab alone may be used for refractory disease.

Other options may include corticosteroids (with or without rituximab) or
best supportive care (including but not limited to regular monitoring,
blood transfusions, infection control and psychological support).

There are limited treatment options for people with untreated CLL
associated with 17p deletion or TP53 mutation for whom chemo-
immunotherapy is not suitable.

Alemtuzumab does not have a marketing authorisation for CLL in the
European Union because its marketing authorisation for this indication
was withdrawn at the request of the company for commercial reasons.
However alemtuzumab is currently available in England through a
patient access programme agreed by the company and the European
Medicines Agency.

Idelalisib in combination with rituximab has a UK marketing
authorisation for this indication and is the subject of an ongoing NICE
technology appraisal. Idelalisib is not currently funded by the Cancer
Drugs Fund for untreated CLL.

Other options may include best supportive care.

The technology

Ibrutinib (Imbruvica, Janssen) is an oral 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 treating 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’.
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Intervention(s)

Ibrutinib

Population(s)

e Adults with chronic lymphocytic leukaemia who
have received at least 1 therapy

e Adults with untreated chronic lymphocytic
leukaemia associated with 17p deletion or TP53
mutation for whom chemo-immunotherapy is not
suitable

Comparators

For adults with chronic lymphocytic leukaemia who have
received at least 1 prior therapy:

e Fludarabine in combination with
cyclophosphamide and rituximab

e Bendamustine (with or without rituximab) [not
licensed in the UK for this indication, funded by
the CDF]

e Chlorambucil (with or without rituximab)
e Corticosteroids (with or without rituximab)

e |delalisib in combination with rituximab (NICE
guidance is in development, funded by the CDF
in the interim)

¢ Rituximab alone (for refractory disease)

e Best supportive care (including but not limited to
regular monitoring, blood transfusions, infection
control and psychological support).

For adults with untreated chronic lymphocytic leukaemia
associated with 17p deletion or TP53 mutation for whom
chemo-immunotherapy is not suitable:

e Alemtuzumab with or without corticosteroids

e |delalisib in combination with rituximab (subject to
ongoing NICE technology appraisal, not funded
by the CDF in the interim)

e Best supportive care (including but not limited to
regular monitoring, blood transfusions, infection
control and psychological support).
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Outcomes

The outcome measures to be considered include:
e overall survival
e progression-free survival
e response rates
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.

If appropriate, the appraisal should include consideration
of the costs and implications of additional testing for
genetic markers, but will not make recommendations on
specific diagnostic tests or devices.

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

Other
considerations

If the evidence allows, the following subgroups will be
considered for adults with untreated chronic lymphocytic
leukaemia:

e Presence or absence of 17p deletion.
e Presence or absence of TP53 mutation.

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 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:

Technology Appraisal No. 202, October 2010,
‘Ofatumumab for the treatment of chronic lymphocytic
leukaemia refractory to fludarabine and alemtuzumab’.
Review Proposal Date TBC.

Technology Appraisal No. 193, July 2010, ‘Rituximab for
the treatment of relapsed chronic lymphocytic leukamia’.
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Moved to the static list, March 2014.
Appraisals in development:

Idelalisib for treating chronic lymphocytic leukaemia.
NICE technology appraisals guidance. ID764.
Publication expected October 2015.

Proposed appraisal: Idelalisib in combination with
ofatumumab for chronic lymphocytic leukaemia.
Proposed NICE technology appraisal ID 817. Publication
date to be confirmed.

Related Guidelines:

NICE cancer service guidance (2003). Improving
outcomes in haematological cancers.

Related NICE Pathways:

NICE pathway on blood and bone marrow cancers,
available at:
http://pathways.nice.org.uk/pathways/blood-and-bone-
marrow-cancers

Related National
Policy

National service framework: ‘Improving outcomes: a
strategy for cancer’, Jan 2011.
https://www.gov.uk/government/uploads/system/uploads
[attachment_data/file/135516/dh_123394.pdf.pdf

NHS England Manual for prescribed specialised
services 2013/2014. Specialist cancer services (adults)
[section 105, page 234]:
http://www.england.nhs.uk/wp-
content/uploads/2014/01/pss-manual.pdf

NHS England 2013/14 NHS standard contract for
cancer: chemotherapy (adult). Section B part 1- service
specifications:

http://www.england.nhs.uk/wp-
content/uploads/2013/06/b15-cancr-chemoth.pdf

Department of Health, NHS Outcomes Framework
2014-2015, Nov 2013. Domains 1-5.
https://www.gov.uk/government/uploads/system/uploads
[attachment _data/file/256456/NHS outcomes.pdf
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Appendix C

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal

Ibrutinib for treating chronic lymphocytic leukaemia [ID749]

Final matrix of consultees and commentators

Consultees

Commentators (no right to submit or
appeal)

Manufacturers/sponsors

Janssen (ibrutinib)

Patient/carer groups

Afiya Trust

African Caribbean Leukaemia Trust
Anthony Nolan

Black Health Agency

Cancer Black Care

Cancer Equality

Cancer52

Chronic Lymphocytic Leukaemia
Support Association

Chronic Myeloid Leukaemia Support
Group

Equalities National Council

HAWC

Helen Rollason Cancer Charity
Independent Cancer Patients Voice
Leukaemia Cancer Society
Leukaemia CARE

Lymphoma AssociationMacmillan
Cancer Support

Maggie’s Centres

Marie Curie Cancer CareMuslim
Council of Britain

Myeloma UK

Muslim Health Network

National Council for Palliative Care
Rarer Cancers Foundation

South Asian Health Foundation
Specialised Healthcare Alliance
Tenovus

United Kingdom Chronic Lymphocytic
Leukaemia Forum

General

¢ Allied Health Professionals Federation

e Board of Community Health Councils in
Wales

e British National Formulary

e Care Quality Commission

e Department of Health, Social Services
and Public Safety for Northern Ireland

e Healthcare Improvement Scotland

Medicines and Healthcare products

Regulatory Agency

National Association of Primary Care

National Pharmacy Association

NHS Alliance

NHS Commercial Medicines Unit

NHS Confederation

Scottish Medicines Consortium

Possible comparator manufacturers

Accord Healthcare (fludarabine)
Actavis UK (fludarabine

Aspen Pharma (chlorambucil)

Baxter Healthcare (cyclophosphamide)
Genzyme (alemtuzumab, fludarabine)
Gilead Sciences (idelalisib)
GlaxoSmithKline (chlorambucil,
ofatumumab)

Hospira UK (fludarabine

Napp Pharmaceuticals (bendamustine)
Pfizer (cyclophosphamide)

Roche Products (rituximab)

Sandoz (cyclophosphamide)

Sanofi (fludarabine)

Teva UK (fludarabine)
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Appendix C

Consultees

Commentators (no right to submit or
appeal)

Professional groups

Association of Cancer Physicians
British Blood Transfusion Society
British Committee for Standards in
Haematology

British Geriatrics Society

British Institute of Radiology

British Psychosocial Oncology Society
British Society for Haematology
British Transplantation Society
Cancer Network Pharmacists Forum
Cancer Research UK

National Blood Service

NHS Blood & Transplant

Royal College of General Practitioners
Royal College of Nursing

Royal College of Pathologists

Royal College of Physicians

Royal College of Radiologists

Royal Pharmaceutical Society
Royal Society of Medicine

Society and College of Radiography
United Kingdom Clinical Pharmacy
Association

UK Health Forum

United Kingdom Oncology Nursing
Society

Others

Department of Health
NHS England
Welsh Government

Relevant research groups

e Clinical Trials Research Unit

e Cochrane Haematological Malignancies
Group

Institute of Cancer Research

Leuka

Leukaemia Busters

Leukaemia & Lymphoma Research
MRC Clinical Trials Unit

National Cancer Research Institute
National Cancer Research Network
National Institute for Health Research

Evidence Review Group

e Aberdeen Health Technology
Assessment Group

¢ National Institute for Health Research
Health Technology Assessment
Programme

Associated Guideline Groups
e National Collaborating Centre for
Cancer

Associated Public Health Groups
e Public Health England
e Public Health Wales NHS Trust

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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Appendix C

Definitions:
Consultees

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

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

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

Commentators

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

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

Evidence Review Group (ERG)

An independent academic group commissioned by the National Institute for Health
Research (NIHR) Health Technology Assessment Programme (HTA Programme) to
assist the Appraisal Committee in reviewing the manufacturer/sponsor evidence
submission to the Institute.

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

1.1 Statement of decision problem

Table 1 presents the decision problem associated with this submission and includes the final
scope provided by the National Institute for Health and Care Excellence (NICE), the scope of
this submission dossier and the rationale for any differences between the two. In summary,
the scope of the current submission is a Single Technology Appraisal (STA) of ibrutinib in
two patient populations:

e Adults with chronic lymphocytic leukaemia (CLL) who have received at least one
therapy;

e Adults with untreated CLL associated with 17p deletion or TP53 mutation for whom
chemo-immunotherapy is not suitable.
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Table 1: The decision problem

Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE
scope

Population

As per the final scope:

e Adults with CLL who have received at least one therapy
e Adults with untreated CLL associated with 17p deletion or TP53 mutation for whom chemo-immunotherapy is not suitable

Intervention

As per the final scope:
e |brutinib

Comparator

(s)

For adults with CLL who have received at
least one prior therapy:

e Fludarabine in combination with
cyclophosphamide and rituximab
(FCR)

e Bendamustine with or without
rituximab (BR or B)

e  Chlorambucil with or without
rituximab

e Corticosteroids with or without
rituximab

e |delalisib in combination with
rituximab (IR)

e Rituximab alone for refractory
disease

e Best supportive care (BSC)

For adults with untreated CLL associated with

17p deletion or TP53 mutation for whom

For adults with CLL who have
received at least one prior therapy:

For adults with CLL who have received at least
one prior therapy:

¢ Physician’s Choice (PC)
e BR

e |R

e Ofatumumab

For adults with untreated CLL
associated with 17p deletion or
TP53 mutation for whom chemo-

PC aims to accurately reflect the fact that there
is currently no clear standard of care for
patients with R/R CLL. It is comprised of the
comparators listed within the final NICE scope
except for (a) IR which is compared to
independently and (b) rituximab monotherapy
which is not licensed and not widely used in
UK clinical practice.

Ofatumumab is an important comparator as it
is licensed for use in Europe for R/R CLL
(while rituximab is not), it is the comparator
within the pivotal phase Ill trial for ibrutinib
(RESONATE), as it was the only licensed
treatment within R/R CLL at the time of trial
initiation, and most importantly, clinical opinion
strongly suggests that it remains a relevant
comparator in the UK for R/R CLL (1).

For adults with untreated CLL associated with
17p deletion or TP53 mutation for whom
chemo-immunotherapy is not suitable:
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chemo-immunotherapy is not suitable: immunotherapy is not suitable: As scope.
e Alemtuzumab with or without e Alemtuzumab with or
corticosteroids without corticosteroids
. IR e IR
e BSC e BSC
Outcomes As per the final scope: Overall survival (OS), progression-free survival (PFS), response rates, adverse effects (AE) of treatment,
health-related quality of life (HRQOL)
Economic As per the final scope: the reference case stipulates that the cost effectiveness of treatments should be expressed in terms of
analysis incremental cost per quality-adjusted life year (QALY); 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 (PSS) perspective; if appropriate, the appraisal should include consideration of the costs
and implications of additional testing for genetic markers, but will not make recommendations on specific diagnostic tests or devices;
and the availability of any patient access schemes (PAS) for the intervention or comparator technologies should be taken into

account.
Subgroups to | If the evidence allows, the following Presence or absence of 17p Clinical data are limited and disparate for these
be considered | subgroups will be considered for adults with deletion in untreated CLL. subgroups. The ibrutinib pivotal trial collected
untreated CLL: 17p deletion but not TP53 mutation status and
Presence or absence of 17p deletion. thus analyses can be performed for 17p
p Presence or absence of 17p deletion only.

Presence or absence of TP53 mutation. deletion in R/R CLL. )
However, as these mutations have the same

impact on the cell biology, disease prognosis
and treatment outcomes, ibrutinib data in
patients with 17p deletion are used as a proxy
for ibrutinib’s efficacy in TP53 mutation.
Where cost-effectiveness is demonstrated in
the 17p deletion subgroup, it can be assumed
to apply equally to the patient subgroup with
TP53 mutation. This assumption is reflected in
the BCSH interim guidelines which make no
distinction in treatment recommendations
between the two cytogenetic abnormalities,
and use the encompassing term ‘TP53
disruption’ (2)
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Data for other comparators as above are
limited and thus subgroup comparisons
against PC, BR and IR are not feasible.
Special The current, most effective therapies available for the treatment of CLL are most Introduction of ibrutinib may alleviate a
considerations | suited to young and fit patients (1). However, ibrutinib is suitable for a wider patient | potential equality issue within the current
including population, including high-risk and older patients. The addition of ibrutinib into the treatment pathway of CLL.
issues related | treatment pathway will likely address equality issues regarding the availability of
to equity or suitable treatments for an older, frailer population.
equality

Key: CLL, chronic lymphocytic leukaemia; FCR, fludarabine, cyclophosphamide and rituximab; BR, bendamustine plus rituximab; IR, Idelalisib in combination with
rituximab; BSC, best supportive care; PC, physicians’ choice; R+HDMP, rituximab plus high dose methylprednisolone; R-CHOP, rituximab plus cyclophosphamide,
vincristine, doxorubicin and prednisolone; PFS, progression free survival; OS, overall survival; AE, adverse event; HRQOL, health related quality of life; QALY, quality
adjusted life year.
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1.2 Description of the technology being appraised

Table 2: Technology being appraised

UK approved name and brand UK approved name: lbrutinib

name ;
Brand name: Imbruvica®

Marketing authorisation/CE mark | Committee for Medicinal Products for Human Use
status (CHMP) positive opinion for Imbruvica® (ibrutinib) was
granted on 24" July 2014 and a final European
Commission decision was granted on 21* October

2014.
Indications and any restriction(s) | Ibrutinib is indicated for the treatment of adult patients
as described in the summary of with CLL who have received at least one prior therapy,
product characteristics or in first line in the presence of 17p deletion or TP53
mutation in patients unsuitable for chemo-
immunotherapy.

Ibrutinib is contraindicated in patients with
hypersensitivity to the active substance or to any of
the excipients. Use of preparations containing St.
John’s Wort is contraindicated in patients treated with

ibrutinib.
Method of administration and The dose is three 140 mg capsules (420 mg in total)
dosage once daily (od).

Ibrutinib is administered as a monotherapy.

Key: CLL, chronic lymphocytic leukaemia; od, once daily

1.3 Summary of the clinical effectiveness analysis

Disease overview and burden

CLL is a cancer of the blood and results from monoclonal expansion of mature malignant B
lymphocytes in bone marrow, which eventually stream into the blood and lymphatic system
and other organs in the body (3). Malignant lymphocytes accumulate in the lymphatic system
and bone marrow and prevent the development of normal white blood cells, red blood cells
and platelets.

CLL is an incurable disease and is extremely variable in its clinical course (4). Symptoms of
the disease include anaemia, bleeding, a tendency to prolonged and recurrent infections,
enlarged lymph nodes, and the so called “B symptoms” (night sweats, fever, rapid and
unexplained weight loss). It is a debilitating condition which has a major negative impact on
patients’ quality of life, particularly affecting patients’ emotional wellbeing and fatigue (5).

Despite being the most common B-cell malignancy in adults, the annual incidence of CLL is
only 3.7 to 7 new cases per 100,000 (6-8), with 2,712 new cases reported in England in
2011 (7). Although not exclusively a disease of the elderly, disease incidence increases with
age. Following diagnosis, one third of patients with CLL will never require treatment
because they remain asymptomatic (9), therefore the population of patients within the scope
of this appraisal is relatively small, and thus ibrutinib has been granted “orphan” designation
by the European Medicines Agency (EMA) in this patient population (10).

Company evidence submission template for Ibrutinib for treating relapsed or
refractory chronic lymphocytic leukaemia and small lymphocytic leukaemia

Page 13 of 208



CLL is genetically heterogeneous within each affected patient. As mutations accumulate
over the course of the disease, CLL becomes more difficult to treat with time (11). Patients
with R/R disease and/or adverse cytogenetics (for example 17p deletion or TP53 mutation)
are the most difficult to treat and have particularly poor outcomes (12).

There is no current standard of care for the treatment of CLL, particularly relapsed or
refractory (R/R) CLL (2, 13). Patients with R/R disease are treated based on their disease
biology, fithess status, comorbidities and previous treatment. OQutcomes are very poor in the
sub-group of R/R CLL patients who relapse early (up to 36 months) following treatment (and
are therefore ineligible for further treatment with fludarabine), and for those with 17p deletion
or TP53 mutation. The median OS in these patients is less than 2 years with the current
standard of treatment (14). Consistent with this, recent real-world retrospective data
collected from 2009 to 2014 from a Swedish population of CLL patients for whom
fludarabine-based regimens were inappropriate showed median OS of || GcNNG
, Figure 1 below (15).

Of note, patients with 17p deletion or TP53 mutation are unsuitable for chemo-
immunotherapy regardless of line of therapy, as both those cytogenetic alterations affect a
gene whose mutation confers resistance to chemotherapy agents (12) and as a result no
standard of care exist for these sub-groups.
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Ibrutinib

Ibrutinib is a potent, non-chemotherapy agent and first-in-class inhibitor of Bruton's tyrosine
kinase (BTK). This is a novel therapeutic target and critical signalling kinase in the B cell
receptor (BCR) pathway and its activity is essential for tumour cell survival and proliferation.
BTK’s inhibition therefore represents a step-change in the therapeutic armamentarium of
clinicians treating CLL (16) (17).

Ibrutinib is administered as monotherapy and does not require associated intravenous (1V)
monoclonal antibody administration. It also does not require pre-medication or prophylactic
treatments to prevent side effects. The mechanism of action of ibrutinib is independent from
the integrity of the TP53 gene and other cytogenetic alterations commonly found in patients
with CLL; this translates into a highly consistent efficacy profile across patient subgroups,
including those carrying cytogenetic abnormalities (18).

Ibrutinib’s potency and pharmacologic properties (i.e., specificity to BTK with very little off-
target binding, oral bioavailability, irreversible binding to BTK (19) (20) (16)) make it an
extremely attractive therapeutic option in CLL. This is reflected in its unprecedented
efficacy, generally well tolerated safety profile and convenience to patients across all
subgroups.

Place in therapy

The treatment decision for R/R CLL patients can be considered according to fitness and
cytogenetic risk factors. Figure 2 below illustrates how the current treatment regimens used
will differ by quadrant. It is proposed that ibrutinib is suitable for use in all quadrants, with
the exception of those patients (being the fit, low cytogenetic risk) for whom treatment with
fludarabine-containing chemoimmunotherapy is appropriate.

Figure 2: Place in therapy for ibrutinib

Unfit, low risk

IR,
Ofatumumab,

IR, Chlorambucil,

PC, BR BSC

Fit, low risk Fit, high risk

risk D

Chemoimmunotherapy,
e.g. FCR

= SSaull}

Key: FCR, fludarabine, cyclophosphamide + rituximab; IR, idelalisib + rituximab; PC, Physicians’ choice; BR, bendamustine + rituximab
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EFFICACY
R/R population

Ibrutinib has demonstrated a consistent and unprecedented survival benefit across all R/R
patient subgroups, with more than 50% of patients still alive and free of progression at the
end of all published clinical trials, including one with a follow-up of up to 44 months (18, 21-
25). As a result of this unprecedented efficacy, ibrutinib was granted FDA breakthrough
status and accelerated approval in February 2014, closely followed by the European
Medicines Agency (EMA) in October 2014. It is worth noting a few of the quotes taken
directly from the European Public Assessment Report (EPAR) that characterise the
importance of the clinical trial results:

“The results from studies conducted in CLL indication are of high clinical relevance. Of
major importance in the assessment of benefit is the consistently shown dramatic activity
of ibrutinib irrespective of refractoriness to prior therapy or unfavourable prognostic factors in
patients with MCL and CLL.”

“In patients with del17p/TP53 mutations limited options such as fludarabine or alemtuzumab
combination regimens may be available; however these regimens are too toxic for large
proportions of patients, therefore benefit-risk is considered clearly favourable for patients
non-suitable for immuno-chemotherapy in case of mutations del17p/TP53, regardless of
prior treatment experience.”

“The positive results in the high risk patients with 17p deletion/TP53 mutations are of
particular importance and support indication in first line for those patients who are
unsuitable for chemoimmunotherapy.”

In the R/R setting, ibrutinib is listed in the American National Comprehensive Cancer
Network (NCCN) guidelines as the first treatment option in order of preference, based on a
level of evidence of 1 (this being defined as “Based upon high-level evidence, there is
uniform NCCN consensus that the intervention is appropriate”) (26) (27). Ibrutinib is also
recommended in the British Committee for Standards in Haematology (BCSH) guidelines as
a treatment option in relapsed patients inappropriate for fludarabine (2).

PROGRESSION FREE SURVIVAL

In the pivotal phase Il randomised controlled trial (RCT; RESONATE), with 16 months
median follow-up, more than 70% of patients in the ibrutinib arm were still alive and free of
progression, compared to less than 20% in the ofatumumab arm, which reached median
PFS at 8.1 months (Figure 3) (28).
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Figure 3: Progression free survival of ibrutinib vs. ofatumumab(28)
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Ibrutinib is also effective in the more difficult to treat patient population with 17p deletion or
p53 mutation. In the R/R setting, 50% of patients were still alive and free of progression at
32.4 months (22) (23); as a measure of comparison, the median PFS for patients with 17p
deletion treated with ofatumumab was 5.8 months in RESONATE (18).

OVERALL SURVIVAL

The unprecedented efficacy profile of ibrutinib has also translated into an advantage in OS in
all patient subgroups, with more than 70% of patients still alive in all published clinical trials.
In a phase |l trial, 87% of patients were still alive at a median duration of follow up of 30
months (22, 23).

In RESONATE, a highly statistically significant difference in OS was also observed between
the two arms, despite the fact that 61% of patients had crossed over from the ofatumumab
arm on to ibrutinib. This crossover was recommended by the steering committee based on
highly promising data from the phase Il study. A protocol amendment allowed patients in the
ofatumumab group who had disease progression to receive ibrutinib.

ADDITIONAL EVIDENCE

Indirect treatment comparisons (ITC) were performed across available clinical trials.
Although very few comparative studies in R/R CLL have been conducted, a side by side
comparison of PFS shows the step-change in efficacy that ibrutinib offers (Table 3). Despite
being a naive comparison, this conveys the superiority of ibrutinib versus its main
comparators. (21-24).

Table 3: Summary of available data of PFS in R/R CLL trials

Treatment Median PFS (months) | Source
Ofatumumab 8.1 RESONATE (18)
Bendamustine+rituximab (BR) 14.7 Fischer et al. (29).
Idelalisib+rituximab (IR) 194 Study 116 (30)
Ibrutinib >30 Coutre et al.(22, 23)
It should be noted that PFS data above are not adjusted for trial characteristics.
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Treatment-naive 17p deletion population

The use of ibrutinib was tested in a population of previously untreated patients with 17p
deletion. In this population with high unmet need, ibrutinib demonstrated a strong efficacy
profile, with 84% of patients alive at 24 months (25). Formal comparison with other
treatments is not feasible because idelalisib plus rituximab (IR) has a very limited dataset in
this patient group and the only other effective treatment (alemtuzumab) was withdrawn from
the UK market for CLL in 2012 and has only been available since then on a compassionate
basis. However, efficacy of current treatments in treatment-naive 17p deletion patients,
ranging from 2.2 to 18.3 months median PFS, is clearly exceeded by the 32.4 months
median PFS observed with ibrutinib in R/R 17p deletion patients (22, 31). It can be inferred
that the efficacy of ibrutinib in treatment-naive 17p deletion patients will at least be
equivalent to that observed in R/R 17p deletion patients and thus represents a major step
change in the treatment of treatment-naive 17p deletion CLL.

In this population, ibrutinib is listed in the NCCN guidelines (26) (27) as the first treatment
option in order of preference, based on a level of evidence of 2A (this being defined as
“Based upon lower-level evidence, there is uniform NCCN consensus that the intervention is
appropriate”). BCSH guidelines also recommend ibrutinib as a treatment option in treatment-
naive 17p deletion patients (2).

SAFETY

The safety profile of ibrutinib has been well characterised in the clinical programme, and can
be safely administered even in a heavily pre-treated and elderly population with baseline
coexisting conditions (18, 21-25, 32).

AEs are usually predictable, of low grade and can be effectively managed with supportive
therapy; their incidence decreases over time and rarely results in need for discontinuation
(7% in RESONATE in the 16 months follow up (28)) or dose reduction. This is in contrast to
agents commonly used in this setting, e.g. chemotherapy agents with a known poor
tolerability profile or even newer targeted agents (33).

1.4 Summary of the cost-effectiveness analysis
Methods and inputs

The cost-effectiveness of ibrutinib was assessed in the R/R CLL population and in the high-
risk subgroup of R/R 17p deletion patients. The economic analysis was based on a three-
health state (PFS, post-progression and death) partition survival model designed to best
capture the unique aspects of the disease and treatment pathway, and to make the best use
of clinical trial data available. The structure of the model is consistent with previous
published models in this disease area, which have been previously accepted by NICE (34-
36).

The comparators included in the analysis are detailed in Table 1 above. Clinical data inputs
were informed by the most rigorous available data, using direct comparative trial data where
possible (ibrutinib vs. ofatumumab). Indirect treatment comparisons (ITCs) were conducted
where a common comparator was available (ibrutinib vs. PC and vs. IR) and, where no
common comparator was found (ibrutinib vs. BR), matching-adjusted indirect comparisons
(MAICs) were conducted, triangulating multiple data sources to demonstrate a consistent
trend in comparative efficacy, Table 4 below. Utility values were informed by the analysis of
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EQ-5D data from the RESONATE trial and published literature. Medical resource use was
elicited from clinical experts.

Table 4: Summary of results of ITCs and MAICs

Comparison Analysis type Data sources HR PFS HR OS
(95% ClI) (95% CI)
Ibrutinib ITC, Bucher RESONATE (28) . .
vs. PC method vs. Osterborg,
2014 (37, 38)
ITC, multivariate | RESONATE (28) . .
Cox model vs. Karolinksa
Institute (15)
Ibrutinib MAIC RESONATE (28) . .
vs. BR vs. Fischer, 2011
(29)
Ibrutinib ITC, Bucher RESONATE (28) . .
vs. IR method vs. Jones, 2015
(39)
lbrutinib vs. RCT RESONATE (28) 0.11 .
ofatumumab (0.07-0.15)
Key: ITC, indirect treatment comparison; MAIC, matched adjusted treatment comparison; HR,
hazard ratio; PFS, progression free survival; OS, overall survival; PC, physicians’ choice; BR,
bendamustine+rituximab; IR, idelalisib+rituximab

Base case results for CLL patients who have received at least one therapy

Ibrutinib was consistently associated with substantially longer PFS and OS versus all
comparators and across all sensitivity analyses. The demonstrated effect of ibrutinib on
prolonging PFS represents a major clinical breakthrough and consequently, the drug
remains cost-effective (with ICERS/QALY below £50,000) in the base case at list price
(Table 5 to Table 8) and across all plausible one-way sensitivity and scenario analyses.

Table 5: Incremental cost-effectiveness results, base case results vs. PC without PAS

Technology and Incremental Incremental

comparator Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
PC | | ||

Ibrutinib [ ] [ ] 149,589 3.29 45,486

Key: PC, physicians’ choice; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years

Table 6: Incremental cost-effectiveness results, base case results vs. BR without PAS

Technology and Incremental Incremental

comparator Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
BR

Ibrutinib 151,595 3.61 42,016

ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; BR, bendamustine plus rituximab
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Table 7: Incremental cost-effectiveness results, base case results vs. IR without PAS

Technology and Incremental Incremental

comparator Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
IR N ||

Ibrutinib ] | ] 86,718 1.93 44,836

ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; idelalisib plus rituximab

Table 8: Incremental cost-effectiveness results, base case results vs. ofatumumab without

PAS

Technology and Total cost, £ | Total QALYs Incremental Incremental ICER, £/QALY
comparator ’ cost, £ QALYs '
Ofatumumab

Ibrutinib 120,487 2.65 34,345

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

Subgroup analysis results for CLL patients with 17p deletion or TP53 mutation who
have received at least one therapy

The cost-effectiveness of ibrutinib vs. ofatumumab was tested in a R/R CLL 17p deletion
subgroup for which there was comparative efficacy data from the phase Ill RESONATE
study (18). Ibrutinib is cost-effective in this sub-population (Table 9).

Cost-effectiveness analysis against other comparators in this subgroup is not feasible due to
lack of data. However, few treatments in current practice are effective for patients with 17p.
deletion; the ICERSs of ibrutinib vs. other comparators, especially PC and BR, in this
subgroup are therefore likely to be lower than the ICERs associated with the full R/R patient

population.

Clinical expert opinion indicates that cost-effectiveness results in the R/R 17p deletion
population should provide a plausible, although conservative, estimate of ibrutinib’s value for
money in a first-line 17p deletion subgroup (1). In addition, IR has a similar license to
ibrutinib and has recently gained a positive Final Appraisal Determination (FAD) from NICE
for the use in frontline 17p deletion and TP53 patients due to the acknowledged high level of
clinical need in this patient population (40, 41)

Table 9: Incremental cost-effectiveness results, subgroup results vs. ofatumumab without PAS

Technology (and Incremental Incremental

comparator) Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
Ofatumumab

Ibrutinib 102,596 2.69 38,145

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

Patient Access Scheme

A PAS has been submitted to the Department of Health. || GcGcNNEEEEEE

S

The results with the PAS are presented in Table 10 to

Table 14 below.
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Table 10: Incremental cost-effectiveness results, base case results vs. PC with PAS

Technology and Incremental | Incremental

comparator Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
PC | ] |

TR — - I |

Key: PC, physicians’ choice; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years

Table 11: Incremental cost-effectiveness results, base case results vs. BR with PAS

Technology and Incremental | Incremental

comparator Total cost, £ | Total QALYs cost, £ QALY ICER, £/QALY
o - -

Ibrutinib . | || 3.61 |

ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; BR, bendamustine plus rituximab

Table 12: Incremental cost-effectiveness results, base case results vs. IR with PAS

Technology and Incremental Incremental

comparator Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
IR

Ibrutinib . 1.93 ]

ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years; idelalisib plus rituximab

Table 13: Incremental cost-effectiveness results, base case results vs. ofatumumab with PAS

Technology and Incremental Incremental

comparator Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
Ofatumumab [ [ ]

brutinib . 265 NN

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

Table 14: Incremental cost-effectiveness results, subgroup results vs. ofatumumab with PAS

Technology (and Incremental Incremental

comparator) Total cost, £ | Total QALYs cost, £ QALYs ICER, £/QALY
Ofatumumab

Ibrutinib 2.69 ]

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

Conclusion

Ibrutinib is highly cost-effective as an end of life therapy in patients who have received at
least one therapy and for whom fludarabine is inappropriate. Base case ICERs with the PAS

incorporated vs. PC, IR, BR and ofatumumab are

. B - B

per QALY, respectively. lbrutinib is also highly cost-effective in the subgroup of R/R CLL

patients with 17p deletion, with an ICER vs. ofatumumab of

I QALY. Although no

formal analysis was possible in the treatment naive 17p deletion population, clinical data for
ibrutinib are compelling and it can be inferred that the clinical and cost-effectiveness will be

at least equivalent to that of ibrutinib in the R/R 17p deletion patient population.
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2 The technology

2.1 Description of the technology

Ibrutinib is a first-in-class inhibitor of Bruton’s tyrosine kinase (BTK), a critical signalling
kinase in the B cell receptor (BCR) pathway for tumour cell survival and proliferation.

Table 15: Details of ibrutinib

Approved name Ibrutinib

Brand name Imbruvica®

Therapeutic class Anti-neoplastic agents, protein kinase inhibitors
ATC code LO1XEZ27

Pharmaceutical form(s) Capsule

Strengths available 140 mg

Route of administration Oral

Pack/Package size (‘;gohﬁ;dr dcigf):ljzs

Manufacturer Janssen

Mechanism of action

Since its identification, BTK has represented an attractive therapeutic target for B-cell
malignancies, for its proven, prominent role in B-cell development and function, cytoplasmic
expression and selective expression in B-cells (42) (17) (43).

BTK belongs to the “Tec kinase family”, which are involved in pathogenesis of several B-cell
malignancies, including chronic lymphocytic leukaemia (CLL), and is a key component of the
BCR signalling pathway (16) (17).

The BCR plays an important role in normal B cell development. The BCR regulates 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 (17)
(16) (42) (44) (45) (46).

BTK also regulates B cell migration and homing independently of BCR signalling, affecting
chemokine-controlled mechanisms of adhesion and migration as well as integrin expression
(see Figure 4). Constant migration of mature lymphocytes between blood and tissues is a
physiological occurrence but also provides malignant lymphocytes such as CLL cells with
protective niches in the bone marrow and lymph nodes. Whilst in the protective niches, CLL
cells receive survival and proliferation signals from the microenvironment (47). BTK protein
and mRNA are significantly over expressed in CLL compared with normal B cells (48).
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Ibrutinib is a potent, orally bioavailable, highly specific inhibitor of BTK, with which it forms a
stable covalent bond within BTK’s active site Cys-48,1producing a sustained inhibition of its
enzymatic activity. By blocking BTK, ibrutinib disrupts the BCR signalling pathway and
prevents proliferation and survival of B cells.

Figure 4: Mechanism of action of ibrutinib in CLL (49)

CLL cell Lymph node Peripheral blood
BCR
Chemokine N\ IBRUTINIB
receptor l
——
IBRUTINIB

Adhesion + Migration Survival + Proliferation

Pharmacodynamic data from the phase Ib-Il study (21) revealed that once daily (od) ibrutinib
provided effective and complete occupancy of BTK. The median occupancy of BTK was
96% to 99%. Full occupancy was observed as early as 4 hours after the dose was given and
was maintained for 24 hours.

As discussed, treatment with ibrutinib impairs the adhesion of CLL cells within the protective
niches in the bone marrow and lymph nodes and migration of CLL cells to the protective
niches. This results in egress of CLL cells into the circulation where the cells eventually die
(49). This movement of lymphocytes into the circulation results in lymphocytosis, an increase
in the number or proportion of lymphocytes in the blood. This observed lymphocytosis is a
pharmacodynamic effect and is not a sign of progressive disease in the absence of other
clinical findings.

Lymphocytosis is observed in the majority of patients receiving ibrutinib. It tends to resolve
within 8 months of treatment; however, a minority of patients have lymphocytosis lasting >12
months (50). Lymphocytosis does not have an impact on clinical outcomes and resolves
completely once treatment with ibrutinib is stopped (51).

Ibrutinib is not a cytotoxic agent; it exerts an anti-neoplastic effect by modest induction of
apoptosis, inhibition of cell proliferation, and blockage of survival pathways in CLL cells (48).
As a consequence of this, the majority of adverse events (AE) observed with ibrutinib are
transient and manageable, decreasing over time and rarely results in the need for
discontinuation (7% in the 16-months follow-up RESONATE trial) or dose reduction (28).
Treatment with ibrutinib allows the majority of patients with CLL, even those with adverse
cytogenetic features, to enter remission for many months with minimal toxicities (47).
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2.2 Marketing authorisation and health technology assessment

Ibrutinib is indicated for the treatment of 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.

Ibrutinib is also indicated for the treatment of adult patients with relapsed/refractory (R/R)
mantle cell lymphoma (MCL) and for the treatment of 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.

The Summary of Product Characteristics is provided in Appendix 1.

In the US, in February 2014, the FDA granted breakthrough status and accelerated approval
for ibrutinib to treat CLL based on the demonstrable effect of ibrutinib on overall response
rate (ORR). In July 2014, new labelling was issued which reflected that clinical benefit had
been verified and expanded the approval to include patients with 17p deletion. Ibrutinib is
also approved outside the UK and Europe, including the US, Canada, Australia, Switzerland
and Israel. The marketing authorisation application (MAA) was submitted to the European
Medicines Agency (EMA) on 30" October 2013. Positive Committee for Medicinal Products
for Human Use (CHMP) opinion for Imbruvica® (ibrutinib) was obtained on 24™ July 2014,
and a final European Commission decision was obtained on 21 October 2014.

The ibrutinib EMA approval was achieved earlier than expected following initial submission
of single arm phase Il data because of the recognition by the EMA of the promise shown by
ibrutinib in a disease area of considerable unmet need.

It is noteworthy to highlight the most significant extracts from the CHMP report related to the
CLL submission, as it reflects the regulators’ opinion on the clinical value of ibrutinib.

“The results from studies conducted in CLL indication are of high clinical relevance. Of major
importance in the assessment of benefit is the consistently shown dramatic activity of
ibrutinib irrespective of refractoriness to prior therapy or unfavourable prognostic factors in
patients with MCL and CLL.”

“In patients with del17p/TP53 mutations limited options such as fludarabine or alemtuzumab
combination regimens may be available; however these regimens are too toxic for large
proportions of patients, therefore benefit-risk is considered CLEARLY FAVOURABLE for
patients non-suitable for immuno-chemotherapy in case of mutations del17p/TP53,
regardless of prior treatment experience.”

“The positive results in the high risk patients with 17p deletion/TP53 mutations are of
particular importance and support indication in first line for those patients who are unsuitable
for chemo-immunotherapy.”

“The study is considered WELL-CONDUCTED but was TERMINATED EARLY, at 146 PFS
events, due to a positive interim analysis, with a median time on study at 9.6 and 9.2 months
for the ibrutinib and ofatumumab arms, respectively. The primary PFS analysis, based on
IRC assessment, shows a LARGE AND STATISTICALLY HIGHLY SIGNIFICANT
SUPERIORITY for the ibrutinib arm, p <0.0001, HR = 0.215, 95% CI: 0.146, 0.317.”
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“These results are ROBUST AND CONVINCING, with a p-value of 0.0049 and a HR of
0.434 (95% CI: 0.238, 0.789) in the primary analysis, and supportive sensitivity analyses and
a relatively consistent result across subgroups...”

The European public assessment report (EPAR) was therefore extremely positive for
ibrutinib. The full EPAR is provided in Appendix 1.

It should be noted that the current submission only focuses on the use of ibrutinib for the
licenced indications in CLL as per the scope (6).

Ibrutinib will be assessed by NICE for MCL. The submission date for the MCL assessment is
April 2016, with a decision anticipated by January 2017.

Ibrutinib will be assessed by SMC for CLL and MCL. The submission date for both
appraisals is December 2015 with decisions anticipated by April 2016.

Ibrutinib will be assessed by AWMSG for both MCL and CLL. The submission date for both

appraisals is December 2015 with decisions anticipated by June 2016.

2.3 Administration and costs of the technology

Ibrutinib is administered orally once daily at the patient's home, does not require any pre-
medication or associated treatment administration, and therefore has no administration
costs. Table 16 summarises the anticipated costs of treatment with ibrutinib.

With respect to the acquisition cost of ibrutinib, Janssen have proposed a confidential

Patient Access Scheme (PAS) to the Patient Access Scheme Liaison Unit (PASLU) and the
Department of Health (DH). Details of this scheme and the related cost-effectiveness results
incorporating the scheme are provided in Appendix 14.

Table 16: Costs of the technology being appraised

Cost

Source

Pharmaceutical
formulation

140 mg capsule, administered as monotherapy

SmPC (52)

Acquisition cost

£51.10 per capsule

British National

(excluding VAT) * Formulary (53)
Method of Oral SmPC (52)
administration

Doses Three 140 mg capsules per day for CLL SmPC (52)
Dosing frequency Once daily (od) SmPC (52)
Average length of a Treatment is until disease progression or SmPC (52)

course of treatment

unacceptable toxicity.

As median PFS has not yet been reached in R/R
CLL patients treated with ibrutinib, it is difficult to
estimate the average length of treatment;
however, in the phase Il extension study
(PCYC1103), median duration of treatment was
30.4 months and 21.9 months in the treatment-
naive and R/R populations, respectively (22,
23).

Median PFS has been reached in patients with
17p deletion in the PCYC1103 study and was

Coutre 2015 (22, 23)
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32.4 months (23).

Average cost of a
course of treatment

The cost per year of treatment is £55,954.50.

Calculated based on
list price and dosing
regimen.

Anticipated average
interval between
courses of treatments

Ibrutinib is administered continuously until
disease progression or unacceptable toxicity.
Patients may discontinue treatment briefly in
specific circumstances; for example, treatment
should be held for at least 3 to 7 days pre- and
post-surgery depending upon the type of surgery
and the risk of bleeding.

SmPC (52)

Anticipated number of
repeat courses of
treatments

Ibrutinib is administered continuously until
disease progression or unacceptable toxicity.

SmPC (52)

Dose adjustments

Ibrutinib dose should be lowered to 140 mg od
(one capsule) when used concomitantly with
moderate CYP3A4 inhibitors.

Ibrutinib dose should be reduced to 140 mg od
(one capsule) or withheld for up to 7 days when
it is used concomitantly with strong CYP3A4
inhibitors.

Ibrutinib therapy should be withheld for any new
onset or worsening grade = 3 non-
haematological toxicity, = grade 3 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 starting dose.
If the toxicity reoccurs, the od dose should be
reduced by one capsule (140 mg). A second
reduction of dose by 140 mg may be considered
as needed.

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

SmPC (52)

Anticipated care setting

The anticipated setting of care would be
secondary care as CLL, a haematological
malignancy, is managed in this care setting.

Treatment with ibrutinib should be initiated and
supervised by a physician experienced in the
use of anticancer medicinal products.

SmPC (52)

* Indicate whether this acquisition cost is list price or includes an approved patient access scheme.
When the marketing authorisation or anticipated marketing authorisation recommends the
intervention in combination with other treatments, the acquisition cost of each intervention should be

presented.
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2.4 Changes in service provision and management

Ibrutinib’s pharmacological properties, together with its efficacy and its safety profile will
have a noticeable positive impact on the changes in service provision and management.
Ibrutinib is self-administered by the patient at home as it is an oral monotherapy. Ibrutinib
has no further administration requirements and does not require any premedication, unlike
the majority of existing treatments for CLL 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 on ibrutinib.

Ibrutinib’s licence in treatment-naive patients is restricted to those with 17p deletion or TP53
mutation not eligible for chemo-immunotherapy; however, testing for both these common
genetic abnormalities is current practice and no additional testing will be required for
ibrutinib. No additional infrastructure, no change to the current standard of care testing and
no further monitoring over and above current clinical practice is anticipated with this
application. There are no concomitant therapies specified in the marketing authorisation or
used in the key clinical trials.

A full evaluation of the resource use and costs associated with treatment can be found in
Section 6.

2.5 Innovation

Ibrutinib is a first-in-class, oral, highly selective BTK inhibitor that offers a substantial step-
change in the management of CLL. This is corroborated through five key considerations:

Ibrutinib’s mode and mechanism of action ease the patient and NHS burden
associated with current CLL treatments

Ibrutinib is a potent, novel therapeutic target and a critical signalling kinase in the BCR
pathway for tumour cell survival and proliferation (16) (17).

Ibrutinib is administered orally, once daily which provides an ease of administration to
patients and has the added benefit of avoidance of chemotherapy. This translates to
reduced time burden for patients and carers related to infusions, avoids the side-effects and
psychological impact of chemotherapy for patients and frees up NHS resources otherwise
associated with chemotherapy administration and management.

Ibrutinib’s mechanism of action is independent from the integrity of the TP53 gene and other
cytogenetic alteration commonly found in patients with CLL; this translates into a consistent
efficacy profile across patient sub-groups carrying cytogenetic abnormalities (18) (28).

Unlike other targeted agents, ibrutinib is administered as monotherapy and does not require
an associated intravenous (IV) monoclonal antibody administration. It also does not require
premedication or prophylactic treatment to prevent side effects. No other oral monotherapies
are currently recommended by NICE for CLL patients, whether in the R/R setting or
otherwise.

As discussed throughout this section, ibrutinib’s pharmacologic properties (e.g. oral
bioavailability, potency, high specificity with little off target effect, ideal elimination kinetic,
etc.) leads to an unprecedented efficacy and safety profile, representing a true step-change
in the treatment of B-cell malignancies, and CLL in particular.
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Ibrutinib has a robust evidence base demonstrating unprecedented clinical efficacy

The efficacy of ibrutinib in CLL has been investigated in a number of clinical studies, in both
the R/R population and in the treatment-naive population who have 17p deletion or TP53
mutation.

In the phase Il pivotal trial, ibrutinib reduced the risk of death by 57% compared to
ofatumumab and reduced the risk of death or progression by 88%. These results are highly
statistically significant and were not affected by subgroup analyses (18) (28).

In a phase Il trial of ibrutinib with a follow-up of up to 45 months (median time on study 22
months) 87% of patients with R/R CLL treated with ibrutinib remain alive while an
unprecedented 76% remain alive and free of progression (22, 23). These data substantiate
the long-term efficacy of ibrutinib. Furthermore, a summary of the median PFS for common
treatments used in R/R CLL as listed in Table 17 demonstrates the step-change in efficacy
that ibrutinib offers.

Table 17: Summary of available data of PFS in R/R CLL trials

Treatment Median PFS (months) Source
Bendamustine+rituximab (BR) 14.7 Fischer et al (29)
Idelalisib+rituximab (IR) 19.4 Study 116 (30)
Ofatumumab 8.1 RESONATE (18)
Ibrutinib >30 Coutre et al (22, 23)
Note that PFS above is not adjusted for trial characteristics

In a population of treatment-naive patients with 17p deletion, ibrutinib continued to
demonstrate a strong efficacy profile with 84% of patients remaining alive at 24 months (25).
Ibrutinib has proved to be effective across all patient subgroups, including those with
unfavourable cytogenetic and other negative prognostic factors, frail patients and those with
comorbidities and patients with advanced disease (18) (28).

Sustained disease remission with a good tolerability profile has also been demonstrated in
these patient when on treatment with ibrutinib (47).

Section 4 provides further details supporting the substantial clinical efficacy of ibrutinib.
Ibrutinib demonstrates a well-tolerated safety profile which keeps patients 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 decrease over time and rarely results in need for
discontinuation (7% in the 16-months follow-up RESONATE trial) or dose reduction (28).
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Ibrutinib’s manageable and predictable safety profile allows patients to remain on therapy
which consequently ensures that treatment remains uninterrupted and efficacy is not
impacted by tolerability. This is in contrast to agents commonly used in this setting (e.g.
chemotherapy agents with a known poor tolerability profile or even newer targeted agents)
(33).

Section 4 reports the detailed safety data associated with ibrutinib.

Ibrutinib significantly and substantially addresses unmet need within the CLL
treatment pathway

There is currently no standard of care for the R/R CLL population or treatment-naive CLL
patients with 17p deletion or TP53 mutation as indicated by the list of relevant comparators
included within the Final Scope and CLL treatment guidelines (13) (54) (26, 27) (55). CLL
remains incurable (4) and despite the current relatively efficacious regimens available for
treatment-naive patients with no adverse cytogenetics, all patients will eventually relapse. At
relapse, outcomes of patients who relapse within 36 months from frontline intensive chemo-
immunotherapy are poor, with a median overall survival (OS) of less than 2 years (14) (15).

In addition to being administered orally and as a monotherapy, ibrutinib further overcomes
the limitations of current cytotoxic therapy and newer targeted agents by inhibiting a
molecule specific to B-cells which are an ideal candidate for targeted therapy (52). The
treatment of patients with adverse cytogenetics (mainly 17p deletion and TP53 mutation)
was, up until recently, largely ineffective with the only recommended agent (alemtuzumab)
now withdrawn from the market for the CLL indication and only available on a named patient
compassionate basis (4).

The National Comprehensive Cancer Network (NCCN) and Swedish CLL guidelines have
recently been updated and recognise the innovative nature of ibrutinib as both guidelines
now recommend this step-change therapy (26) (27) (55). The NCCN recommend ibrutinib as
a first line option for both the R/R CLL population as well as for the treatment-naive 17p
deletion/TP53 mutation population and consider the respective level of evidence associated
with ibrutinib to be level 1 (high-level evidence; uniform NCCN consensus that the
intervention is appropriate) and Level 2A (lower-level evidence; uniform NCCN consensus
that the intervention is appropriate). The Swedish guidelines recommend ibrutinib as a first
option and differentiate it as the preferred option compared to other targeted therapies and
anti CD-20 antibodies (e.g. idelalisib in combination with rituximab, alemtuzumab,
ofatumumab) (55).

The British Committee for Standards in Haematology (BCSH) produce UK-specific guidance
with respect to the management of CLL (13). An update to the current guideline is expected
before the end of 2015; however, an interim statement was issued in July 2015
recommending ibrutinib in treatment-naive patients with TP53 abnormality and in high risk
patients (i.e. those with TP53 mutation/17p deletion or those who fail fludarabine
combination therapy within 2 years).

Section 3 describes the current treatment landscape and demonstrates in further detail the
significant impact that ibrutinib will make.

Benefits of ibrutinib may not be fully captured by the quality adjusted life year
(QALY) metric

CLL is a debilitating condition and has been associated with more sick leave in affected
patients as compared with the general population (56). It is therefore assumed that CLL will
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also impact on carers and the wider society as a result of patients with CLL and their carers
taking time off work. The impact is likely to increase as the disease progresses. Such
impacts will not be captured in the QALY calculation.

Oral administration means that patients are able to return to work and normal activities.
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3 Health condition and position of the technology in

the treatment pathway

3.1 Disease overview
Clinical condition

CLL results from clonal proliferation and accumulation of mature CD5+, CD23+ B
lymphocytes in the blood, lymph nodes and bone marrow, which prevent the development of
normal white blood cells, red blood cells and platelets (3). Historically, CLL was classified
separately from small lymphocytic lymphoma (SLL), but both are now considered the same
entity with a different clinical presentation (4) and BCSH guidance recommend that SLL is
managed in the same way as CLL (13).

CLL is a life-threatening disease due to development of cytopenias and impaired production
of normal immunoglobulin. Current treatment options for patients with R/R CLL are poor,
particularly for high-risk groups for whom no standard of care exists, such as patients with
short initial duration of remission or certain cytogenetic aberrations (e.g. TP53 mutations +
17p deletion, 11q deletion, or complex karyotypes).

Risk factors identified as poor prognostic factors include advanced stage at diagnosis,
advanced age, male sex, diffuse pattern of bone marrow infiltration, poor response to
therapy or short duration of response and short lymphocyte doubling time (4).

17p deletion and TP53 mutation

CLL is genetically heterogeneous and contains subclonal populations with diverse
cytogenetics. Genetic abnormalities and mutations develop over the course of disease which
makes CLL difficult to treat (11).

The TP53 tumour suppressor gene plays a critical role in cancer development and in
response to chemotherapy. The TP53 tumour suppressor gene is located at 17p13.1 on
chromosome 17 (57). Disruption of TP53 can occur when part of the gene sequence is
mutated (TP53 mutation) or when 17p deletion (deletion of the area of the chromosome 17
where TP53 is located) is missing or deleted.

The clinical impact of TP53 mutation or 17p deletion is significant. Patients present with
more advanced disease at diagnosis (58) and have a poor prognosis with short survival and
resistance to conventional DNA-damaging chemotherapy (12).

Diagnosis

CLL often remains undiagnosed either until it is well advanced, or until a chance test shows
abnormally high levels of lymphocytes in the blood. More than 80% of early-stage diagnoses
occur in patients following an incidental finding on a routine full blood count (59).

CLL is diagnosed by the detection of a clonal population of small B cells and mature
lymphocytes in a biopsy of a lymph node, tissue or bone marrow. The diagnosis of CLL
requires the presence of =5 x 10° B lymphocytes/L (5,000/uL) for =23 months in the peripheral
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blood (60). The clonality of the circulating B lymphocytes needs to be confirmed by flow
cytometry.

Additional investigations, including cytogenetic analysis and histology, may be required to
obtain a definitive diagnosis (61). Fluorescence in situ hybridisation (FISH) can identify
cytogenetic lesions in approximately 80% of CLL cases (58). The FISH technique uses
fluorescently-labelled deoxyribonucleic acid (DNA) probes to detect chromosomal
aberrations where TP53 or the 17p arm is missing; however, it is unable to detect cases
where the TP53 gene is mutated but 17p remains intact. A FISH analysis is recommended in
both international and UK guidelines (13) (54).

Staging

Staging systems based on the results of physical examination and blood tests are used to
evaluate a patient at diagnosis to determine prognosis and decide on therapy (54). There
are two staging systems: the Binet system is most commonly used in Europe and the Rai
system which is used in the US and Japan (54) (13).

Symptoms and clinical consequences of disease

CLL has a highly variable disease course ranging from no treatment to early death due to
development of cytopenias and impaired production of normal immunoglobulin (62) (63).

The clinical characteristics of CLL patients are shown in Table 18.

Table 18: Clinical characteristics of CLL patients (60) (64) (13)

Non-specific symptoms Clinical signs may In advanced disease

may include: include: patients may experience:

Weakness Abnormal enlargement of Weight loss

Fatigue lymph nodes Recurrent infections
(lymphadenopathy)

Abdominal discomfort
Night sweats

Bleeding secondary to
Abnormal enlargement of thrombocytopenia

organs (organomegaly),
Fever e.g. spleen (splenomegaly)
or liver enlargement
(hepatomegaly)

Ecchymoses (bruising)

Swelling and redness of
joints

Symptomatic anaemia

Natural history

CLL is preceded by a premalignant B-cell proliferative disorder known as monoclonal B-cell
lymphocytosis. The accumulation of genetic lesions and interactions of leukemic cells with
antigen through the B-cell receptor and the microenvironment are believed to promote cell
proliferation and inhibit apoptosis (65).

The prognosis of patients with CLL depends on a variety of patient-related (age, gender,
comorbidities, performance status), disease-related (disease stage, cytogenetics, marrow

Company evidence submission template for Ibrutinib for treating relapsed or
refractory chronic lymphocytic leukaemia and small lymphocytic leukaemia

Page 32 of 208



failure, immunodeficiency, lymphomatous transformation, biomarkers), and treatment-related
(type of treatment, response, toxicity, minimal residual disease [MRD] status) factors (13).

CLL is considered generally incurable, with limited treatment options. Progression-free
survival (PFS) and OS have been shown to be significantly shorter in patients with R/R CLL
with poor-risk features. The predominant poor-risk feature in CLL is the presence of the 17p
deletion cytogenetic abnormality which increases among patients with relapsed CLL (13)
and has been statistically linked to be the strongest predictor of death with a hazard ratio of
8.08 (58).

Life expectancy for patients with R/R CLL is less than 24 months as indicated by recent real-
world retrospective data collected from 2009 to 2014 from a Swedish population

Furthermore, 17p deletion is associated with a median life expectancy of less than 2 to 3
years from the time of initial diagnosis (58). Recent NICE Final Appraisal Determination
documentation pertaining to R/R CLL have also concluded that the disease meets NICE’s
short life expectancy criteria in determining whether new therapies are considered as end-of-
life treatments (40).

Epidemiology
Relapsed and refractory CLL

CLL is relatively rare, with an incidence of 4 to 7.5 per 100,000 persons per year (66) (7).
Incidence increases with age and is higher in men than in women (13).
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CLL is incurable and is extremely heterogeneous in its clinical course (4). Approximately
one-third of CLL patients live for decades without treatment, one-third have an indolent
phase followed by disease progression and one-third have extremely aggressive disease at
onset with a poor response to treatment and a relapsing/remitting course of disease (4, 9).

Treatment-naive CLL with 17p deletion

In most cases (approximately 80%), 17p deletion is also associated with concomitant TP53
mutations (12). 17p deletion is present in 7% to 10% of patients with newly diagnosed CLL
(58, 67) and the prevalence rises to one-third in patients with R/R disease.

3.2 Effect on patients, carers and society

The clinical sequelae of CLL can have substantial negative impacts on patients’ QOL as a
result of disease-related symptoms, treatment-related AEs, and the psychological,
socioeconomic and functional effects of living with the disease.

In patients with progressive disease, CLL can be chronically debilitating with symptoms
including enlargement of the lymph nodes, liver and spleen; weight loss; night sweats;
fatigue; cytopenias (anaemia, thrombocytopenia); and infection (68). Approximately 20% of
patients present with advanced disease and have anaemia and thrombocytopenia at
presentation (4) with symptoms worsening as the disease progresses.

The emotional well-being of patients with CLL has been shown to be significantly lower than
that of the general population, as well as that of patients with other types of cancer
(p=0.001), due to the emotional distress of the incurable and uncertain nature of the disease
and the fatigue associated with it (5). In the same study, patients with CLL reported
statistically significantly higher rates of fatigue than the general population; patient-reported
fatigue increased with disease stage (5).

Recent progress has been made in understanding the effect of treatment on the QOL of
patients with CLL. In a recently published study of 777 previously untreated patients
randomised to receive different first-line treatments, the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC-QLQ-C30) was
used to assess the impact of CLL on patients over a 5-year period (69). Results of the study
indicated that patients aged over 70 years reported statistically significantly worse scores in
physical functioning compared with younger patients (69). Older patients also reported
significantly lower scores in the role functioning domain (mean 63 points vs 73 points; 95%
Cl: 69, 77; p=0.006) and in the global health-related quality of life (HRQOL) score (mean 54
points vs 67 points; 95% CI: 48, 59; p=0.00001) (69). Research further suggests that the
negative impact of CLL on QOL is greater during active treatment (5, 70).

Patients and their carers can find it difficult to accept a diagnosis of an incurable condition,
particularly as patients may be asymptomatic with uncertainty around timing and impact of
disease progression and subsequent treatments. This uncertainty is likely to have a
considerable impact on QOL (71).

The impact of CLL on society was investigated in a study carried out in Germany which

reported that patients with CLL who were still within working age took significantly more sick
days than those without the disease, impacting on work productivity (56). In addition, as the
disease progresses, the impact on carers’ QOL will consequentially increase as they will be
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required to take more time off work or be unable to work at all having a further impact from
the societal perspective.

3.3 Current treatment landscape and anticipated positioning of ibrutinib

This submission addresses the following two patient populations which are included within
ibrutinib’s marketing authorisation:

e Adult patients with CLL who have received at least one prior therapy and for whom
fludarabine-based regimens are inappropriate: This patient population is highly
heterogeneous and includes relatively unfit patients who do not have numerous
treatment options, as well as much frailer patients who are refractory to, or have a rapid
relapse following cytotoxic agents, with/without rituximab, with multiple comorbidities,
and who have few, if any, active treatment options remaining.

e Adult patients with CLL who are treatment-naive and have 17p deletion or TP53
mutation: This patient population with poor prognostic markers do not respond well to
chemo-immunotherapy as these high-risk cells are resistant to this treatment regimen.

CLL remains incurable with chemo-immunotherapy and it is a disease of repeated relapse.
Some patients follow an aggressive course from the outset, which is associated with poor
treatment outcomes. Throughout treatment, the primary aim remains improved survival and
patient QOL. However, at times these aims are driven by individual patient characteristics;
for physically fit patients, the goal may be increased OS while for patients with reduced
physical fitness, the time to progression or improved HRQOL may be more suitable goals
(60).

Treatment options range from chemo-immunotherapy using single agents and combination
regimens consisting of chemotherapy (e.g. purine analogues, alkylating agents), monoclonal
antibodies, and more recently, targeted therapies (see Table 19) (26) (27).

Table 19: Therapies for CLL

Drug class Drug therapy Mechanism of action
Cytotoxic therapies Chlorambucil Alkylating agent
Fludarabine Purine analogue
Bendamustine Alkylating agent, purine analogue
quoclpnal Rituximab Anti-CD20 monoclonal antibody
antibodies Ofatumumab Anti-CD20 monoclonal antibody
Obinutuzumab Anti-CD20 monoclonal antibody
Alemtuzumab Anti-CD52 monoclonal antibody
Targeted therapies Ibrutinib BTK inhibitor
Idelalisib PI3K3 inhibitor
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NICE guidance

NICE have carried out a series of technology appraisals in CLL. These are detailed in Table
20 and have also been summarised in a pathway issued by NICE (72).

For CLL patients who are treatment-naive, as initial therapy NICE recommends fludarabine,
cyclophosphamide and rituximab (FCR) for patients who are able to take fludarabine-
containing regimens. For patients who are unsuitable for fludarabine-containing regimens,
bendamustine is the current recommended option (73).

For patients with R/R CLL, guidance as to the choice of NICE-recommended treatments is
limited. NICE recommends repeat administration of FCR unless the patient is refractory to
fludarabine or has been previously treated with rituximab outside of the context of a clinical
trial. As an alternative, NICE recommends oral fludarabine for patients who have failed on or
are intolerant to first-line chemotherapy who would otherwise have received standard
combination chemotherapy (i.e. cyclophosphamide, doxorubicin, vincristine and
prednisolone [CHOP], cyclophosphamide, doxorubicin and prednisolone [CAP] or
cyclophosphamide vincristine and prednisolone [CVP]).

NICE currently does not provide any specific treatment pathways for patients with a 17p
deletion or TP53 mutation; therefore, these patients are treated using the same guidance as
the wider CLL patient population. This highlights a poorly-addressed patient population and
a high unmet need. It is important to note that as per the final scope of this appraisal, NICE
recognises the need to specifically address this patient population (6).

Table 20: Treatments considered in the NICE CLL pathway and their technology appraisals

Agent | NICE Guidance

Initial treatment

Rituximab (given as FCR) Rituximab in combination with fludarabine and cyclophosphamide is
recommended as an option for the first-line treatment of CLL in

TAL174, July 2009 people for whom fludarabine in combination with cyclophosphamide

(34) is considered appropriate.
Rituximab in combination with chemotherapy agents other than
fludarabine and cyclophosphamide is not recommended for the first-
line treatment of CLL.

Bendamustine Bendamustine is recommended as an option for the first-line
treatment of CLL (Binet stage B or C) in patients for whom

TA216 February 2011 fludarabine combination chemotherapy is not appropriate.

(73)

Obinutuzumab, in Obinutuzumab, in combination with chlorambucil, is recommended as

combination with an option for adults with untreated CLL who have comorbidities that

chlorambucil make full-dose fludarabine-based therapy unsuitable for them, only if

e Bendamustine-based therapy is not suitable and

TA343 June 2015 e the company provides obinutuzumab with the discount

(74). agreed in the patient access scheme

Ofatumumab, in combination | Ofatumumab in combination with chlorambucil is recommended as an

with chlorambucil option for untreated CLL only if:

e the person is ineligible for fludarabine-based therapy and
TA344 June 2015 e bendamustine is not suitable and
(75) e the company provides ofatumumab with the discount agreed
in the patient access scheme

Fludarabine monotherapy Fludarabine monotherapy, within its licensed indication, is not

recommended for the first-line treatment of CLL.
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TA119 February 2007
(76)
R/R treatment
Rituximab (given as FCR) Rituximab in combination with fludarabine and cyclophosphamide is
recommended as a treatment option for people with R/R CLL except
TA193 July193 when the condition:
(34) e isrefractory to fludarabine (that is, it has not responded to
fludarabine or has relapsed within 6 months of treatment) or
e has previously been treated with rituximab, unless:
o inthe context of a clinical trial, at a dose lower than
the dose currently licensed for CLL or
o inthe context of a clinical trial, in combination with
chemotherapy other than fludarabine and
cyclophosphamide.
Fludarabine monotherapy Oral fludarabine is recommended as second line therapy for B-cell
CLL for patients who have either failed, or are intolerant of, first line
TA29 September 2001 chemotherapy, and who would otherwise have received combination
(77) chemotherapy of either:
e CHOP
e CAP
e CVP
Ofatumumab Ofatumumab is not recommended for the treatment of CLL that is
refractory to fludarabine and alemtuzumab.
TA202 October 2010 (35)
Idelalisib, in combination Idelalisib, in combination with rituximab, is recommended for
with rituximab untreated CLL in adults with a 17p deletion or TP53 mutation or for
CLL in adults when the disease has been treated but has relapsed
FAD September 2015 (TAG | within 24 months.
pending)
(40) Idelalisib is recommended only if the company provides the drug with
the discount agreed in the simple discount agreement.

Clinical guidelines

The BCSH has issued UK-specific guidance with respect to the management of CLL (13). A
wide range of treatment options are suggested based on fitness to tolerate FCR chemo-
immunotherapy and whether patients are previously untreated or have relapsed or high-risk
disease but there is no clear standard of care for the treatment of CLL, particularly R/R CLL.
The recommendation that R/R patients should be offered entry into clinical trials wherever
possible is indicative of the poor efficacy of existing treatment options.

The BCSH guidance is summarised by patient population in Table 21. A recent interim
statement aims to update the guidance in response to the advances in CLL treatments which
have become available (2). The additions include a recommendation to use ibrutinib in
treatment-naive patients with TP53 abnormality and in high risk patients (i.e. those with
TP53 mutation/17p deletion or those who fail fludarabine combination therapy within 2
years). The revised BCSH CLL guidelines are expected before the end of 2015.
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Table 21: Summary of BCSH guidelines updated with the interim 2015 statement (2) (13)

Patient population Summary of guidance

First-line treatment of patients without e FCRis recommended

TP53 abnormality who are fit enough to e Bendamustine plus rituximab is an alternative
receive fludarabine option in patients in whom FCR is contraindicated
First-line treatment of patients without e Chlorambucil in combination with ofatumumab or
TP53 abnormality who are not fit obinutuzumab

enough to receive fludarabine e Chlorambucil in combination with rituximab is an

alternative treatment if access to ofatumumab or
obinutuzumab is restricted.

e In particularly frail patients, chlorambucil is the
treatment of choice for palliating frail patients, but
bendamustine monotherapy is an option

First-line treatment of patients with e |brutinib monotherapy or IR.

TP53 abnormality e If not available, alemtuzumab with or without
corticosteroids are preferable to chemotherapy

R/R CLL e Patients relapsing 22 years after fludarabine-

containing regimens who remain fit enough to
receive fludarabine, should receive FCR.

e Bendamustine plus rituximab is an alternative
option

e Patients relapsing after chlorambucil who are fit
enough to receive fludarabine-based therapy
should be considered for FCR.

o Patients relapsing after chlorambucil can be
retreated with chlorambucil, with/without an anti-
CD20 antibody.

e For patients refractory to chlorambucil and unable
to tolerate myelosuppressive therapy, options
include high-dose steroids, alone or in combination
with rituximab and alemtuzumab.

High risk (TP53 mutation/17p deletion e |brutinib monotherapy or IR.

or failing fludarabine combination e If not available, alemtuzumab with or without
therapy within 2 years) patients corticosteroids are preferable to chemotherapy
CLL with autoimmune cytopenias as a e Steroids as first-line treatment

complication e cyclosporine, intravenous immunoglobulin,

thrombopoietin mimetic agents, low-dose
cyclophosphamide, rituximab, alemtuzumab and
splenectomy for patients unable to take steroids

CLL with infections as a complication e Anti-microbial prophylaxis in patients at high risk of
infection

e Immunoglobulin replacement therapy may be
considered to reduce bacterial infections in
patients with a low serum IgG level with previous
infection despite prophylaxis

With respect to infections, it is important to note that these are common and 50% of all CLL-
related deaths are associated with infection-related complications (13).

The guidelines issued by the European Society of Medical Oncology (ESMO) for the
management of CLL in Europe also recommend a wide range of strategies for managing
relapsed CLL (54). In line with the BCSH guidelines, ESMO recommends that first-line
treatment of patients with a 17p deletion or TP53 mutation should be offered alemtuzumab
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followed by autologous stem cell transplantation (ASCT). However, alemtuzumab does not
have a marketing authorisation in the EU and is only available via a PAS agreed between
EMA and the manufacturer; therefore, it is unclear how long alemtuzumab will be available
to patients in this indication and it is important to note that alemtuzumab tolerability can be
challenging (78).

The Swedish Association of Haematology guidelines (55) recommend ibrutinib as a first
option and differentiate it as the preferred option compared to other targeted therapies and
anti CD-20 antibodies (e.g. IR, alemtuzumab, ofatumumab).

Guidelines issued by the NCCN for the management of CLL in the US are similar to the
BSCH guidance in that there are no clear standards for treatment of R/R CLL (27). While a
range of treatment options have been previously recommended for this group of patients,
dependent on the fitness and age of patients and the length of time to relapse, the guidelines
were recently updated to recommend ibrutinib as the first option in patients with R/R CLL
(with or without 17p deletion) and as initial treatment in patients with untreated CLL with 17p
deletion (27) (26).

In summary, although the treatment recommendations for first-line CLL patients are fairly
clear and consistent across the various guidelines, the advice for R/R CLL patients remains
unclear with a range of treatment regimens being recommended and an even wider range
being used in clinical practice. In acknowledgement of the wide range of unique treatment
regimens being used in clinical practice, it can be concluded that there is no existing
standard of care for patients with R/R CLL in England.

With respect to patients with 17p deletion or TP53 mutation, response to chemo-
immunotherapy remains poor and as such, current treatment options are very limited for this
patient population. Alemtuzumab tolerability can be challenging (78) and the majority of CLL
patients are not suitable for ASCT. Management of these patients remains an area of high
unmet need.

Issues relating to current clinical practice

Despite the existence of UK recommendations for the management of CLL, these are not
entirely reflective of current clinical practice. Guidelines from the BCSH were published in
2012 (13) and clinical practice in this area has since advanced. Table 22 and Table 23
summarise the treatments listed in the Final Scope of this submission, the patient population
in whom these treatments are used, the extent of use of these treatments in the UK, and any
issues associated with them.
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Table 22: Therapies in NICE final scope and

use in clinical practice: Relapsed CLL

Drug class

Treatment in scope

Patients who receive treatment

Use in clinical practice

Issues

Cytotoxic therapies
for patients fit
enough to receive
fludarabine

FCR

Patients relapsing after
fludarabine or chlorambucil within
2 years who are fit enough to
receive fludarabine

Most commonly used regimen in
England, over all lines of
treatment combined, as reported
in the Systemic Anti-Cancer
Therapy Dataset (79)

Clinical experts suggested that
FCR would not be used to treat
patients who relapse early and it
is not an option in older patients
and those with significant
comorbidities.

Experts agreed that chemo-
immunotherapy regimens such
as this would not be suitable for
relapsed patients with a 17p
deletion or TP53 mutation (1).

Cytotoxic therapies
for patients unable
to receive
fludarabine

Chlorambucil (with
or without rituximab)

Patients relapsing after
chlorambucil treatment, with or
without an anti-CD20 antibody

Chlorambucil monotherapy is the
third most commonly used
regimen in England, over all lines
of treatment combined, as
reported in the Systemic Anti-
Cancer Therapy Dataset (79).
Chlorambucil in combination with
rituximab is also used.

Clinical experts agreed that
chlorambuciltR is used
sparingly in R/R CLL.
Furthermore, data are limited in
the R/R setting making it difficult
to estimate relative efficacy. The
experts also noted that using
chlorambuciltR in relapsed
patients with a 17p deletion or
TP53 mutation would be unlikely

(1).
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Bendamustine (with
or without rituximab)

Patients relapsing after
chlorambucil treatment, with or
without an anti-CD20 antibody

BR is the second most commonly
used regimen in England, over all
lines of treatment combined, as
reported in the Systemic Anti-
Cancer Therapy Dataset (79).

Bendamustine monotherapy is
also used.

Clinical experts agreed that BxR
is an appropriate option in R/R
CLL. However, data are limited
in the R/R setting making it
difficult to estimate relative
efficacy. The experts also noted
that using BxR in relapsed
patients with a 17p deletion or
TP53 mutation would be unlikely

(D).

Anti-CD20
antibodies

Rituximab
monotherapy

Not recommended as
monotherapy

Clinical advice suggests this is
not used as single agent in
current practice (1).

Clinical advice further suggests
rituximab would be expected to
have a similar efficacy to
ofatumumab, the seventh most
commonly used regimen in
England as reported in the
Systemic Anti-Cancer Therapy
Dataset (79)

Not assessed by NICE in this
population and not licensed for
use as monotherapy in this
population.

Targeted therapies

Idelalisib in
combination with
rituximab (IR)

Patients relapsed within 24
months

Based on the therapies available
through the Cancer Drug Fund
(CDF) for CLL in the R/R setting,
IR is the second most commonly
used regimen (49 or 17% of
notifications) behind ibrutinib (178
or 62%) as reported by the CDF
for the first quarter of 2015. The
other funded CLL therapies are
bendamustine (48; 17%) and
ofatumumab (13; 5%) (80)

NICE have recently completed
appraisal of this therapy and
issued a FAD recommending
use in untreated CLL in adults
with a 17p deletion or TP53
mutation or for CLL in adults
when the disease has been
treated but has relapsed within
24 months. The final TAG
expected in November 2015 at
the earliest.
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Supportive therapies

Corticosteroids (with
or without rituximab)

Patients refractory to chlorambucil
and unable to tolerate
myelosuppressive therapy

Steroid use is not certain and not
captured in the Systemic Anti-
Cancer Therapy Dataset (79)

Not assessed by NICE in this
population.

Best supportive care
(BSC)

(including but not
limited to regular
monitoring, blood
transfusions,
infection control and
psychological
support)

In patients not fit enough to
receive any of the above
treatments, or where all other
treatment options have been
exhausted.

BSC consists of a wide range of
therapies. Recent NICE appraisal
documents reported that BSC
would be comprised of outpatient
review, blood/red cell transfusion
for anaemia, inpatient stays,
platelet transfusion for
thrombocytopenia,
immunoglobulin replacement, and
plasmaphoresis. Additionally,
there would be high use of anti-
infective agents (e.g.
antimicrobial, antifungals, and
antivirals) (40).

Not assessed by NICE in this
population.
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Table 23: Therapies in NICE final scope and use in clinical practice: Treatment-naive patients with 17p deletion or TP53 mutation

Drug class Treatment in scope | Patients who receive treatment | Use in clinical practice Issues

Anti-CD20 Alemtuzumab Patients for whom chemo- No data available in this patient Clinical experts recognise

antibodies immunotherapy is not an option, group. alemtuzumab as a relevant
but who are able to receive comparator but it does not have
ASCT, used in combination with a marketing authorisation in the
pulsed high-dose glucocorticoids EU and is only available via a

compassionate use scheme
agreed between EMA and the
manufacturer. It is unclear how
long alemtuzumab will be
available in this manner (1).

Alemtuzumab is associated with
considerable toxicity as a result
of immunosuppression such as
reactivation of cytomegalovirus
and is not suitable for unfit
patients (78).

Targeted therapies | Idelalisib in Untreated patients with a 17p Data specific to this patient group | NICE have recently completed
combination with deletion or TP53 mutation is not available. However, based appraisal of this therapy and
rituximab on the therapies available through | issued a FAD recommending

the CDF for CLL in the R/R use in untreated CLL in adults
setting, IR is the second most with a 17p deletion or TP53
commonly used regimen (49 or mutation or for CLL in adults
17% of notifications) behind when the disease has been

ibrutinib (178 or 62%) as reported | treated but has relapsed within
by the CDF for the first quarter of | 24 months. The final TAG
2015. The other funded CLL expected in November 2015 at
therapies are bendamustine (48; the earliest.

17%) and ofatumumab (13; 5%)
(80).
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Supportive BSC (including but In patients not fit enough to BSC consists of a wide range of Not assessed by NICE in this

therapies not limited to regular | receive any of the above therapies. Recent NICE appraisal | population.
monitoring, blood treatments, or where all other documents reported that BSC
transfusions, treatment options have been would be comprised of outpatient
infection control and | exhausted. review, blood/red cell transfusion
psychological for anaemia, inpatient stays,
support) platelet transfusion for

thrombocytopenia,
immunoglobulin replacement, and
plasmaphoresis. Additionally,
there would be high use of anti-
infective agents (e.g.
antimicrobial, antifungals, and
antivirals) (40).
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The treatment decision for R/R CLL patients can be considered according to fithness and
cytogenetic risk factors. Figure 6 below illustrates how the current treatment regimens used
will differ by quadrant. It is proposed that ibrutinib is suitable for use in all quadrants, with
the exception of those patients (being the fit, low cytogenetic risk) for whom treatment with
fludarabine-containing chemoimmunotherapy is appropriate.

Figure 6: Place in therapy for ibrutinib

Unfit, low risk

(Cora )

IR,
Ofatumumab,
BSC

IR, Chlorambucil,
PC, BR

Chemoimmunotherapy,
e.g. FCR

&&= SSaull}

[ ibrutinib ]

Fit, low risk Fit, high risk

risk D

Key: FCR, fludarabine, cyclophosphamide + rituximab; IR, idelalisib + rituximab; PC, Physicians’ choice; BR, bendamustine + rituximab

The BCSH guidelines and interim statement (2, 13) recognise that the clinical heterogeneity
of CLL means that there is no standard approach to treatment. This is echoed by the ESMO
(54) and NCCN guidelines (26) (27) which include recommendations for enrolment into
clinical trials for difficult to treat patients. The lack of a standard of care and a remaining
unmet need in this disease is further supported by the comprehensive list of comparators
included in the Final Scope of this appraisal (6).

Consequently, as a result of the lack of clear standard of care, and in discussion with clinical
experts (1) we have considered four comparators to be relevant to this appraisal: Physician’s
Choice (PC), idelalisib in combination with rituximab (IR), bendamustine with rituximab (BR)

and ofatumumab.
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Physician’s choice

PC aims to accurately reflect the fact that there is currently no clear standard of care for
patients with R/R CLL. It is the main comparator within this appraisal and is comprised of the
relevant comparators listed within the final NICE scope: BR; rituximab in combination with
high-dose steroids (R+HDMP); chlorambucil and rituximab plus cyclophosphamide,
doxorubicin, and prednisolone (R-CHOP); and chlorambucil with rituximab and FCR (1).
Clinical evidence leveraged in order to estimate relative efficacy vs ibrutinib in R/R CLL is
based on a phase Ill randomised controlled trial (RCT) comparing PC with ofatumumab (37,
81). Details of this analysis are presented in Section 4.10.

Idelalisib plus rituximab

IR is a new combination therapy which has recently received positive NICE Final Appraisal
Determination (FAD) for untreated CLL in adults with a 17p deletion or TP53 mutation or for
CLL in adults when the disease has been treated but has relapsed within 24 months (40).

Clinical evidence for idelalisib in combination with anti-CD20 antibody therapy in R/R CLL is
available from three studies:

e Study 116 (30) compares IR to placebo with rituximab in patients with clinically
significant coexisting medical conditions (decreased renal function, previous therapy-
induced myelosuppression, or major coexisting illnesses)

e Study 117 (82) which was an open-label extension study to 116

e Study 119 (NCT 01659021) (39) which was an open-label, randomised phase Il trial,
which compared idelalisib plus ofatumumab (I0) with ofatumumab

Median PFS was reached within Study 116/117 (5.5 months for placebo with rituximab; 19.4
months for IR). The extension study, Study 117, randomised patients to either the standard
dose (150 mg bd) or a double dose (300 mg bd) of idelalisib monotherapy (following
completion of the rituximab treatment regimen); therefore, it is difficult to interpret the long-
term data since the licenced dose of idelalisib 150 mg bd plus rituximab was not used.

Median PFS was reached within Study 119 (8.0 months with ofatumumab; 16.3 months for
10, p<0.0001) (39).

Further to the efficacy data, safety data on IR suggests that the combination is not only
associated with late onset of grade =3 diarrhoea or colitis but also, the events increase over
time (83). Furthermore, a high overall discontinuation rate of 20% is reported within
idelalisib’s EPAR (33).

Bendamustine with rituximab (BR)

BR is not recommended for R/R CLL by NICE; however, clinical experts indicated that this
combination is used in clinical practice in this patient population as limited alternatives are
available (1). Data to support a comparison to BR were leveraged from a phase Il study (29)
in 78 patients with R/R disease.
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Ofatumumab

Although ofatumumab does not appear as a comparator within the final scope (note that it
appeared in the previous version of the scope) and is not recommended by NICE for the
treatment of R/R CLL (35), Janssen strongly feel it is a relevant comparator for the following
reasons:

¢ Ofatumumab is the comparator within the pivotal phase Ill trial for ibrutinib
(RESONATE), as it was the only licensed treatment for R/R CLL at the time of trial
initiation (18).

e Ofatumumab remains licensed for use in Europe for R/R CLL.

¢ Rituximab monotherapy is not licensed and not widely used in UK clinical practice;
however, it remains within the final scope. Given NICE has accepted that ofatumumab
and rituximab are equivalent in terms of efficacy (40, 41) ofatumumab should be
considered an appropriate comparator.

¢ Most importantly, clinical opinion strongly suggests that it remains a relevant comparator
in the UK for R/R CLL (1).

3.4 Equality issues

The current, most effective treatments for CLL are generally more suitable for young and fit
patients as these treatments are myelosuppressive and/or immunosuppressive which are
unsuitable for patients with a poor performance status and/or significant comorbidities. Poor
performance status and comorbidities increase with age and an age threshold of
approximately 70 years is often set as an upper limit for administering FCR, since few
patients above this age have adequate renal function to allow for FCR and many have
comorbidities (84).

In contrast, ibrutinib is suitable for patients regardless of their performance status or
comorbidities. It is not a cytotoxic agent and is well tolerated with a consistent survival
benefit demonstrated across all patient groups (18, 21-25, 32).

Furthermore, data from the clinical trials report that most AEs are grade 1 or 2 in severity,
are clinically manageable, and reduce over time.

Ibrutinib provides an effective treatment option for all R/R CLL patients including those who
cannot receive cytotoxic therapies due to their advanced age, performance status,
comorbidities, fitness, or mutation status. Equality issues which may currently exist for older,
frailer patients would be alleviated with the addition of ibrutinib to the current treatment
landscape.

Company evidence submission template for Ibrutinib for treating relapsed or
refractory chronic lymphocytic leukaemia and small lymphocytic leukaemia

Page 47 of 208



4 Clinical effectiveness

4.1 Identification and selection of relevant studies

A clinical systematic literature review (SLR) was conducted in order to identify and select
studies relevant for consideration within this submission.

Search strategy

The search strategy was developed and tested as part of the a priori protocol to identify
relevant studies. The search algorithms used were generated under the PICOS framework
(Population, Intervention, Comparators, Outcomes, Study design) and in line with the
research question. A summary of the search strings and the rationale for their design is in
Appendix 2.

The literature search for the review of clinical evidence was conducted in May 2014 and
updated on 03 June 2015. The precise syntax and search settings used for the update
search conducted in June 2015 differed slightly from those used in the original May 2014
searches to take into account additional efficiencies possible in the search interfaces that
improved the specificity of searches without negatively impacting their sensitivity (especially
for the search of relevant in-process citations via Embase.com). The actual search terms
(i.e., keywords, text strings, indexing terms, etc.) remained the same. The search strategies
used for the electronic literature database searches for the May 2014 search and the June
2015 update are shown in Appendix 2.

The databases searched without date limits were as follow:

e MEDLINE (via PubMed) and MEDLINE In-Process (via PubMed)

e Embase (via Embase.com) and Embase In-Process (via Embase.com)

e Cochrane Collaboration Central Register of Clinical Trials (CENTRAL, via the Cochrane
Library).

To capture new trials that were not yet indexed, PubMed and Embase.com searches were
run without limitations (i.e. no limitations such as title-abstract designations, Medical Subject
Headings [MeSH] terminology, etc.) to identify new publications from December 2014
through June 2015.

Searches were also performed via the Cochrane Library and the other databases noted
above to identify any high-quality, recently conducted SLRs (published from 2011 to 2015) to
serve as supplemental data sources. Bibliographies of relevant systematic review articles
published since 2011 and the bibliographies of accepted studies were also reviewed to
identify any additional, relevant publications.

In addition to the databases listed 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 conference posters presenting any
relevant information on the outcomes of interest. Proceedings from the past 3 years (if
available) for the following key conferences were screened for relevant abstracts:

e American Society of Clinical Oncology (ASCO) 2013-2015: http://am.asco.org/
e ASH 2012-2014: http://www.hematology.org/Annual-Meeting/
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e European Hematology Association (EHA) 2013-2015: http://www.ehaweb.org/
ESMO 2012-2013: http://www.esmo.org/Conferences/ESMO-2014-Congress

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

Study selection

The SLR focused on trials of R/R CLL patients reporting efficacy outcomes (OS, PFS,
response to treatment, response duration, time to first response, event-free survival [EFS],
time to treatment failure [TTF], time to progression [TTP]), and safety outcomes (AES,
discontinuations of interest). The search was not limited by date or language; however, all
non-English-language publications with English abstracts were reviewed at the abstract
level, and those that met the abstract inclusion criteria were noted separately (rejected as
“Language other than English”) and were not assessed further in the review. Publications
without titles and abstracts in English were title screened and categorised according to the
available information. All publications identified provided English-translated titles.

All randomised trials and non-randomised trials reporting on a comparator of interest were
assessed for their study design, patient population (in order to be sufficiently comparable to
the ibrutinib trial), and how the outcome of interest was reported.

The pre-specific inclusion and exclusion criteria used to identify studies relevant for inclusion
in this review (along with their rationale) are described in Appendix 2.

After the initial removal of duplicate citations, abstracts were screened by two independent
investigators using the pre-specified inclusion and exclusion criteria. Any discrepancies
between the two investigators were reviewed and resolved by a third investigator before
proceeding to full-text article retrieval. In this initial screening phase, studies were not
excluded based on intervention/comparators of interest.

Full-text articles were reviewed by a single investigator, and all articles rejected at the full-
text screening level were independently verified by a second, senior-level investigator based
on the reason for rejection and whether the rejection was correct. Accepted full-text articles
were further validated for inclusion during data extraction. The inclusion/exclusion criteria for
the interventions/comparators of interest were applied during full-text screening.
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Flow diagram

After the initial removal of duplicate citations, 3,961 abstracts were screened according to
the pre-specified inclusion and exclusion criteria. A table presenting the number of
references yielded from each database search conducted on 03 June 2015 is provided in
Appendix 2.

Of the 3,961 abstracts screened, 3,110 were excluded at the title/abstract screening level.
Among the 851 publications for which full texts were retrieved and screened, 641 were
rejected and 210 publications reporting on 121 trials were accepted.

The SLR was initially designed to have a greater scope than just to identify evidence to
support the clinical effectiveness of ibrutinib in line with the final scope issued by NICE.
Consequently the following studies initially included in the review are not considered further
in the current assessment of the clinical effectiveness of ibrutinib (i.e., are not relevant to
subsections 4.2—-4.9, 4.11, and/or 4.12 of this submission):

e ASCT was evaluated in 11 unique studies (presented in 14 publications). Publications on
ASCT were unlike other accepted publications both in terms of the population (i.e.,
younger, fit patients) and outcome reporting (response to consolidated induction
treatment followed by ASCT for patients responding to induction treatment). Given the
clinical differences compared to the ibrutinib and other non-ASCT trials, these studies
were not included in the current report.

o Studies reporting CLL as subgroups presented lower-quality data that were not accurately
reflected in associated descriptions of methods. Studies were not powered for these
types of subgroup analyses and lacked the delineation of baseline patient characteristics
that is necessary for trial population comparability estimation. Subsequently, studies with
CLL as a subgroup of Non-Hodgkin’s lymphoma (NHL), where the publication focused on
the NHL population as a whole, were not assessed along with the CLL publications, and
were excluded from further review.

o Of the remaining 97 studies (presented in 175 publications), 31 studies were only
available in abstract form without accompanying full-text publications. The conference
proceedings often represented interim data and lack sufficient evidence to adequately
assess trial and population comparability.

¢ Of the remaining studies, 62 did not investigate treatment with ibrutinib within its licensed
indication (i.e., monotherapy) and so were not considered further in subsections 4.2—4.9,
4.11, and 4.12 of this submission. (These studies were initially included in the review as
the review was initially designed to also identify studies which can contribute relevant
clinical data to indirect analyses for the comparison of ibrutinib to relevant comparators).

Figure 7 illustrates the process of eliminating references based on the systematic review
protocol and the subsequent exclusion of studies from the present consideration of clinical
evidence for ibrutinib (Figure 7 is presented in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses flow diagram template) (85).
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Figure 7: PRISMA flow diagram for the review
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Multiple publications from one study

When any particular study or trial had multiple publications associated with it, this was
identified during study linking/related-publication identification and taken into account in the
review trial flow (as shown in Figure 7, where a clear distinction has been made between
numbers of included studies and numbers of included publications at the relevant stages).
In order to avoid double-counting of data, when data from a single study presented in this
clinical effectiveness section were drawn from more than one source/publications, or when
studies were linked, the relevant publications associated with the actual study itself are
shown (i.e. are listed in Sections 4.2 and 4.11 of this submission).

4.2 List of relevant randomised controlled trials

Table 24: List of relevant RCTs

Trial no. Intervention Comparator Population Primary study ref.
(acronym)
PCYC1112 Ibrutinib Ofatumumab Patients with Published paper
RESONATE R/R CLL Byrd, 2014

(18)

The RESONATE study compares ibrutinib (n=195) with ofatumumab (n=196) in patients with
CLL who have received at least one prior treatment. The study also includes a subgroup of
patients with the 17p deletion, 63 of whom received ibrutinib and 64 of whom received
ofatumumab.

Trial
RESONATE - Study of lbrutinib vs. Ofatumumab in Patients with Relapsed or Refractory
Chronic Lymphocytic Leukemia

Publication

Byrd JC, Brown JR, O'Brien S et al for the RESONATE Investigators. Ibrutinib vs.
ofatumumab in previously treated chronic lymphoid leukemia. N Engl J Med
2014;371(3):213-223 (18)

Data sources

The data presented in this section are drawn from the published paper (18) and from the
CSR (86).Wherever possible, the published paper is referenced and any additional relevant
information is drawn from the CSR. Updated data available from a poster and abstract
presented at ASH in December 2014 (28) are also presented to further supplement the data
related to RESONATE.
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4.3

Summary of methodology of the relevant randomised controlled trials

Table 25: Summary of methodology of RESONATE

RESONATE
Location Europe (UK, France, Ireland, Italy, Poland, Spain, Austria), the US and Australia US,
Germany, Denmark, The Netherlands
UK patients | 73 patients from the UK from 12 units; 34 patients were randomised to ibrutinib and
39 were randomised to ofatumumab.
Trial design Multicentre open label controlled study
Enrolment From June 2012 to April 2013, 391 patients were enrolled at 67 sites
Randomisati | Randomisation was via an interactive web response system (IWRS). Two
on and randomisation schemes were generated: one for each geographical region (US vs.
blinding non-US). Under each scheme, patients were stratified according to resistance to
purine analogue chemo-immunotherapy within 12 months of the last dose of a
purine analogue and the presence/absence of 17p13.1. Given that the study was
open-label in design, neither the subjects nor the investigators were blinded to
treatment. However, it is important to note that progressive disease for the primary
end-point and responses were assessed by the Independent Review Committee
(IRC), members of which were blinded to both study treatment and absolute
lymphocyte count. In addition, access to data was controlled so that the sponsor did
not have access to aggregated efficacy data by treatment arm until unblinding (86).
Eligibility e Patients with CLL or SLL with R/R disease
criteria e Patients with CLL or SLL who had received at least one prior therapy and were
considered inappropriate candidates for purine analogue treatment (e.g.
fludarabine), due to a short PFS after inmunochemotherapy, were aged 70
years or more or with a chromosome 17p13.1 deletion.
e ECOG performance score of less than 2 (ECOG scores from 0 for least disability
to 5 for greatest disability).
e Absolute neutrophil count of at least 750 cells/ul.
o Platelet count of at least 3,000 cells/pl.
e Adequate liver and kidney function.
Exclusion e Patients receiving warfarin or strong CYP3A4/5 inhibitors
criteria
Trial drugs Patients were randomised in a 1:1 ratio to receive oral ibrutinib (420 mg od) until
disease progression or unacceptable toxicity (n=195) or IV ofatumumab for up to 24
weeks at an initial dose of 300 mg at week 1, followed by 2,000 mg weekly for 7
weeks, and then every 4 weeks for 16 weeks (n=196).
Promising data from a phase Il study (21) resulted in a revision in the study protocol
which allowed patients on ofatumumab with disease progression to crossover to the
ibrutinib arm see Accounting for crossover in RESONATE later in this section.
Monitoring Patients were monitored each week for the first 8 weeks, then every 4 weeks until
month 6 and then every 12 weeks.
Primary Duration of PFS, as assessed by the IRC
outcome
Secondary Duration of OS
outcomes

Overall response rate (defined as the proportion of patients achieving a best overall
response of either CR, CRi (CR with incomplete haematopoietic recovery), nPR or
PR (86).). CT scans were used to evaluate response and persistent improvement for
at least 2 months to confirm response.
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PRO Functional Assessment of Chronic lliness Therapy Fatigue (FACIT-Fatigue)
outcomes EORTC QIQ-C30
EQ-5D

Adherence Adherence to ibrutinib was assessed by the site pharmacist or designee at each visit
using direct questioning, examination of patient diaries and capsule counts.
Ofatumumab was administered at the clinical site, and adherence was checked by
the site pharmacist or designee.

Pre-planned Age (<65 vs. 265)
subgroups Gender (Male, Female)
for PFS

Race (White, Non-White)

Geographical region (US, Other)

Rai Stage at screening (Stage 0-11, 111-1V)

ECOG at randomisation (0, 1)

Bulky disease (<5 cm, 25 cm)

Number of prior treatment lines ( <3, 23)

Refractory disease to purine analogues as recorded in IWRS (Yes, No)
17p deletion as recorded in IWRS (Yes, No)

11q deletion (Yes, No)

e B2-microglobulin at baseline (3.5 mg/l, >3.5 mg/l)

Pre-planned | Age, gender, race, region, 17p deletion, and disease refractory to purine analogues
subgroups (86).
for PFS

The primary end-point was the duration of PFS, as assessed by the IRC according to the
criteria of the International Workshop on Chronic Lymphocytic Leukaemia (IWCLL), which
require CT scans to evaluate response. It should be noted that treatment-related
lymphocytosis was not considered to be progressive disease. PFS was defined as the time
from the date of randomisation to the date of first documentation of disease progression or
death due to any cause, whichever occurred first (86)(60).

Secondary end-points included duration of OS and ORR. Further details on the end-points
are discussed below.

PFS was assessed by both IRC and investigators for the first 9.4 months (interim analysis);
after that PFS was only assessed by the investigators.

OS was defined as the time from the date of randomisation to the date of death from any
cause (86). CT scans were used to evaluate response and persistent improvement for at
least 2 months to confirm response.

ORR comprises of complete response (CR) and partial response (PR). The protocol criteria
for response were based on the criteria from IWCLL 2008 (60); the definitions of the various
levels of response are shown in Table 26 and the criteria are shown in Table 27.

Table 26: Explanation of the various levels of response

Level of Explanation

response

CR All of the criteria need to be met and patients have to lack disease related
constitutional symptoms. Bone marrow aspiration is required to confirm CR
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CRi

Defined as CR with incomplete hematopoietic recovery (patients who fulfil all
the criteria for a CR but who have persistent anaemia or thrombocytopenia or
neutropenia apparently unrelated to CLL but related to drug toxicity)

PR

Requires two criteria from Group A, if abnormal at baseline to respond plus 1 of
the criteria from Group B must be met. Improvement in Group B criteria must be
in absence of growth factor or transfusion support. If all group B criteria normal

at baseline, criteria must continue to remain within these limits. Note if all PR
criteria with the exception of ALC are met this is consistent with a PR with

lymphocytosis.

SD

The absence of PD and the failure to achieve a CR, CRi, nPR, PR, or PR with

lymphocytosis.

PD

At least one of the above criteria from Group A or B are met or development of
transformation to a more aggressive histology

Table 27: Protocol criteria for response were based on the criteria from the International
Workshop on Chronic Lymphocytic Leukemia (IWCLL) 2008 (18, 60, 87)

Parameter

CR

‘PR

‘PD

Group A - defines the tumour load

baseline

Lymphadenopathy® | None; <1.5cm Decrease 250% Increase 250% or any
new lesion >1.5 cm

Hepatomegaly None Decrease 250% Increase 250% or new
hepatomegaly

Splenomegaly None Decrease 250% Increase =250% or new
splenomegaly

Blood lymphocytes | <4,000/ul Decrease 250% from Increase 250% over

baseline® or > 5000/ul

Marrow”

Normocellular, <30%
lymphocytes, no B
lymphoid nodules, no
clonal infiltrate.
Hypocellular defines Cri

Group B - defines the function of the haematopoietic system

>50% over baseline

Platelet count >100,000/ul >100,000/ul or increase | Decrease of 250% from
250% over baseline baseline secondary to
CLL
Haemoglobin >110 g/l >110 g/l or increase Decrease of >20 g/l
>50% over baseline from baseline
secondary to CLL
Neutrophils >1500/pl 1500/l or increase N/A

a) Sum of the products of multiple lymph nodes (as evaluated by CT scans) or the longest diameter of
one target lymph node
b) This parameter is not relevant for the PD category unless confirming cytopaenic progression.

c) Patients with treatment-related lymphocytosis should remain on study treatment in the absence of
other criteria for progressive disease
d) Patients meeting all criteria for a CR with B-lymphocyte nodules on bone marrow exam will be

considered nPR
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Patient reported outcomes (PRO) were also explored as a secondary end-point using
Functional Assessment of Chronic lliness Therapy Fatigue (FACIT-Fatigue).

The FACIT measurement system is a comprehensive compilation of questions that measure
health-related quality of life in patients with cancer and other chronic diseases
(http://www.facit.org). The core of the FACIT system is the Functional Assessment of Cancer
Therapy-General, a 27-item general version of the questionnaire. Thirteen fatigue-related
guestions (FACIT fatigue) are added to the Functional Assessment of Cancer Therapy-
General to form the FACIT-F. The responses to the 13 items on the FACIT fatigue
guestionnaire are each measured on a 4-point Likert scale. Thus, the total score ranges from
0 to 52. High scores represent less fatigue.

EQ-5D is a 5-item questionnaire and a “thermometer” visual analogue scale ranging from O
(worst imaginable health state) to 100 (best imaginable health state). The scores for the five
separate items are used to compute a single utility score ranging from zero (0.0) to 1 (1.0)
representing the general health status of the individual. UK weights were used to generate
patient utilities from the five dimensions of the EQ-5D.

EORTC-QLQ-C30 includes 30 separate items resulting in five functional scales (physical
functioning, role functioning, emotional functioning, cognitive functioning, and social
functioning), one Global Health Status scale, three symptom scales (fatigue, nausea and
vomiting, and pain), and six single items (dyspnoea, insomnia, appetite loss, constipation,
diarrhoea and financial difficulties).

Table 28 lists the reliability, validity and current use in clinical practice of each outcome.

Table 28: Outcomes and reliability/validity/current use in clinical practice

Outcome Reliability/validity/current use in clinical practice
Primary end-point
PFS PFS is used in clinical practice and is a benefit in itself. Unlike OS, PFS is not

affected by crossover or by subsequent treatments. However, PFS is affected
by the timing of assessments and can be prone to investigator bias unless
strict criteria for response evaluation are used, which were implemented in
RESONATE

Secondary end-points

0S OS is the gold standard end-point for studies in cancer. Death is definitive, is
easily compared across disease sites and is not subject to investigator bias.
However, results may be diluted by crossover and contaminated by
subsequent agents.

Response rate Response rate provides an indication of the patients who will benefit from
treatment. Not all patients who respond to treatment will benefit from
treatment, but patients must have an initial response in order to benefit.

FACIT-Fatigue The FACIT-Fatigue score has been validated in patients with cancer and has
been shown to be a reliable and valid measure of fatigue (88).

Fatigue is a key concern for patients undergoing treatment for cancer,
including CLL.

EQ-5D QOL is an important measure in CLL, an incurable condition with a R/R

EORTC-QLQ-C30 | ature.
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4.4 Statistical analysis and definition of study groups in the relevant
randomised controlled trials

Table 29: Pre-specified statistical analysis in RESONATE

Primary hypothesis

Patients with R/R CLL treated with od ibrutinib would have improved PFS
compared to patients treated with ofatumumab.

Calculation of study
sample size

The number of required PFS events was based on a target hazard ratio for
progression or death of 0.60, as calculated with the use of a two-sided log-
rank test at an alpha level of 0.05, with a study power of at least 90%. The
efficacy boundary (two-sided p<0.028) was crossed at the pre-planned interim
analysis, and the results from that analysis are presented in the published
paper.

Primary analysis

Two-sided log-rank test stratified according to the presence or absence of 17p
deletion and the disease refractory status at randomisation. The type | error
was controlled through adjustment of the significance level with the use of the
O’Brien-Fleming boundary for the interim analysis and with the use of a
hierarchical closed-testing procedure for primary and ordered secondary end-
points.

The primary analysis censored crossover subjects in the ofatumumab arm at
the date of first dose of crossover to ibrutinib. A sensitivity analysis was
conducted in which crossover subjects were not censored at the date of first
dose of ibrutinib (86).

ITT population

The ITT population included all randomised patients; data were analysed
according to the treatment to which patients were randomised. The ITT
population was used for analysis of all efficacy and PRO end-points and
baseline characteristics. A per protocol analysis was not carried out. The
safety population was defined as all randomised patients who received at
least one dose of study drug and patients were analysed according to the
actual treatment received (86).

Accounting for crossover in RESONATE

The RESONATE trial allowed patients treated with ofatumumab to crossover or start

receiving treatment with ibrutinib after developing progressive disease. Figure 8 illustrates
the extent of crossover in RESONATE, detailing the number of patients who progressed,
crossed over, and died in both treatment arms. As illustrated, at the time of the data cut (7
September 2014 data cut and extraction), 59% (n=116) of ofatumumab patients had
progressed and crossed over to ibrutinib. It is important to note that the four patients who
had not progressed but crossed from the ofatumumab to ibrutinib arms were protocol
violations.
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Figure 8: Diagram of RESONATE crossover
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CO= crossover

While PFS outcomes are not impacted by crossover (given that progression precedes
crossover), crossover can cause bias in OS analyses because the survival observed in the
ofatumumab arm reflects the mixed effects of standard care after randomisation and after
crossover to treatment with ibrutinib. If ibrutinib is effective and truly prolongs survival,
crossover will lead to a gradual attenuation of differences in OS. For this reason, a traditional
ITT analysis, in which data are analysed according to the arms to which patients were
originally randomised, will underestimate ibrutinib’s relative treatment effect on OS.

Accordingly, methods to adjust for the impact of crossover were tested, including rank-
preserving structural failure time (RPSFT) models, inverse probability of censoring weights
(IPCW) method, the iterative parameter estimation (IPE) algorithm, and novel two-stage
methods. The RPSFT model was ultimately selected as the most robust method for
adjusting for crossover. RPSFT models were designed specifically in the context of RCTs,
and are often used when the data available are unlikely to capture all the factors that predict
both treatment changes and outcome. This approach can therefore be used in situations
where high rates of switching occur and may be associated with prognostic factors. This was
the same technique used for crossover adjustment in the recent IR NICE submission (41).
The resulting HR comparing ibrutinib vs. ofatumumab OS outcomes in the overall R/R CLL
RESONATE population was|| || | | | S JIEEEEEEEE. - the 17p deletion subgroup of the
RESONATE population, the OS HR comparing ibrutinib vs. ofatumumab adjusting for
crossover was _ Full details of the adjustment for crossover are in
Appendix 4.

4.5 Participant flow in the relevant randomised controlled trials

Participant flow

RESONATE enrolled 391 patients at 67 sites; 195 patients were randomised to ibrutinib and

196 to ofatumumab. All patients randomised to ibrutinib received treatment; however, five
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patients randomised to ofatumumab did not receive treatment. Of the 191 patients who
received ofatumumab, 57 patients with documented disease progression crossed over to
ibrutinib, see Figure 9.

Figure 9: CONSORT flow chart (18)

[ 391 randomised 1:1 ]

5 Did not receive study drug
Withdrew consent: 4

Death: 1
195 Received oral ibrutinib 420 mg 191 Received IV ofatumumab 300 mg
daily until disease progression or followed by 2,000 mg x 11 doses over
unacceptable toxicity approximately 6 months
27 Discontinued treatment 71 Discontinued treatment
Progressive disease: 9 Progressive disease: 38
Adverse event/unacceptable toxicity: 8 Adverse event/unacceptable toxicity: 7
Withdrawal from treatment by patient: 1 Withdrawal from treatment by patient: 6
Death: 8 < —»| Death: 9
Investigator decision: 1 Investigator decision: 11
Stem-cell transplant: 0 Stem-cell transplant: 1
Not stem-cell transplant: 0 Not stem-cell transplant: 3
Other: 1 Other: 7
119 Completed planned therapy
(12 doses)
A 4 A4
[ 168 Ongoing treatment ] [ 1 Ongoing treatment ]
[ 57 Initiated ibrutinib therapy on cross-over ]

Patient characteristics

The characteristics of the patients were generally well balanced between the two arms.
There were no significant differences between the two arms apart from the presence of bulky
disease (64% in ibrutinib arm vs. 52% in the ofatumumab arm, p=0.04) and median time
from last therapy (8 months vs. 12 months, p=0.02), both of which confer a poor prognosis.
Patients in the ibrutinib arm had received treatment with a median of three prior treatments
vs. two treatments in the ofatumumab arm.

Table 30 shows the patient characteristics at baseline.
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Table 30: Patient characteristics at baseline in RESONATE.

Characteristic Ibrutinib Ofatumumab
(n=195) (n=196)
Patients with SLL, number (%) 10 (5%) 8 (4%)
Median age (range), year 67 (30-86) 67 (37-88)
Male sex, number (%) 129 (66%) 137 (70%)
Cumulative lliness Rating Scale score >6, 38 (32%) 39 (32%)
number (%)
Creatinine clearance <60 ml/min, number 62 (32%) 61 (31%)

(%)

Median haemoglobin (range) g/l

110 (70-160)

110 (60-160)

Median platelet count (range), per mm® 116,500 122,000
(20,000-441,000) (23,000-345,000)
Median lymphocyte count (range), per mm® 29,470 29,930
(90-467,700) (290-551,030)
ECOG performance status 0, number (%) 79 (41%) 80 (41%)

ECOG performance status 1, number (%)

116 (59%)

116 (59%)

Bulky disease =5 cm, number (%)

124 (64%)

101 (52%)

Interphase cytogenetic abnormalities, number (%)

Chromosome 11g22.3 deletion

63 (32%)

59 (30%)

Chromosome 17p13.1 deletion

63 (32%)

64 (33%)

B2-microglobulin >3.5 mg/l, number (%)

153 (78%)

145 (74%)

Previous therapies

Median number (range)

3 (1-12)

2 (1-13)

23, number (%)

103 (53%)

90 (46%)

Type of therapy, number (%)

Alkylator

181 (93%)

173 (88%)

Bendamustine

84 (43%)

73 (37%)

Purine analogue

166 (85%)

151 (77%)

Anti-CD20

183 (94%)

176 (90%)

Alemtuzumab 40 (21%) 33 (17%)
Allogeneic transplantation 3(2 1(1)
Median time from last therapy (range), 8 (1-140) 12 (0-184)

months

Resistance to purine analogues, number 87 (45) 88 (45)
(%)

4.6 Quality assessment of the relevant randomised controlled trials

The quality assessment for RESONATE is provided in Table 31.
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Table 31: RCT quality assessment of RESONATE

Parameter

Comment

Was the randomisation
method adequate?

Yes, the randomisation method was adequate; patients were
randomised using a central IWRS

Was the allocation adequately
concealed?

Yes, allocation was adequately concealed; patients were
randomised using a central IWRS

Were the groups similar at the
outset of the study in terms of
prognostic factors, for
example severity of disease?

Yes, patients were generally well balanced between the two
arms. There were no significant differences between the two
arms apart from the presence of bulky disease (64% in
ibrutinib arm vs. 52% in the ofatumumab arm, p=0.04) and
median time from last therapy (8 months vs. 12 months,
p=0.02). Patients in the ibrutinib arm had received treatment
with a median of three prior treatments vs. two treatments in
the ofatumumab arm.

Were the care providers,
participants and outcome
assessors blind to treatment
allocation? If any of these
people were not blind to
treatment allocation, what
might be the likely impact on
the risk of bias (for each
outcome)?

Given that the study was open-label in design and treatment
was administered using two different methods (oral or IV);
neither the subjects nor the investigators were blinded to
treatment. However, the likely impact on the risk of bias is low
since assessment of progressive disease for the primary end-
point and responses were assessed by the IRC, members of
which were blinded to both study treatment and absolute
lymphocyte count.

Were there any unexpected
imbalances in drop-outs
between groups? If so, were
they explained or adjusted
for?

All patients randomised to ibrutinib received treatment;
however, five patients randomised to ofatumumab did not
receive treatment. Of the 191 patients who received
ofatumumab, 57 patients with documented disease
progression crossed over to ibrutinib. The primary analysis
censored crossover subjects in the ofatumumab arm at the
date of first dose of crossover to ibrutinib. A sensitivity analysis
was conducted in which crossover subjects were not censored
at the date of first dose of ibrutinib.

Is there any evidence to
suggest that the authors
measured more outcomes
than they reported?

None.

Did the analysis include an
intention-to-treat analysis? If
so, was this appropriate and
were appropriate methods
used to account for missing
data?

The ITT population included all randomised patients; data were
analysed according to the treatment to which patients were
randomised. The ITT population was used for analysis of all
efficacy and PRO end-points and baseline characteristics.

Consider how closely the
RCT(s) reflects routine clinical
practice in England.

RESONATE compares ibrutinib with ofatumumab.

Ofatumumab is not recommended by NICE for the treatment of
R/R CLL in England. However clinical opinion suggests that
ofatumumab is used in some patients and remains a relevant
comparator (1). Further details can be found in section 3.3
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4.7 Clinical effectiveness results of the relevant randomised controlled trials

RESONATE median follow-up was 9.4 months (range 0.1-16.6) and 86% of patients were
still receiving ibrutinib at the time of the published analysis (18). Updated data with median
follow-up of 16 months are presented in a poster at ASH 2014 (28).

RESONATE Primary end-point: PFS

Ibrutinib significantly extended the duration of PFS compared with ofatumumab. With
ibrutinib the median PFS was not reached after a median follow-up of 9.4 months vs. a
median duration of PFS of 8.1 months with ofatumumab, see Figure 10.

The HR for progression or death in the ibrutinib group was 0.22 (95% CI, 0.15 to 0.32;
p<0.001). This represents a 78% reduction in the risk of progression or death among
patients treated with ibrutinib vs. ofatumumab.

At 6 months, 88% of patients in the ibrutinib group were still alive with no disease
progression vs. 65% in the ofatumumab group.

These results demonstrate that ibrutinib provides an impressive and unprecedented benefit
on PFS.

Figure 10: KM curve of PFS in RESONATE, IRC assessment (ITT analysis).
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Updated data with a median follow-up of 16 months are available from a poster presented at
ASH, 2014 (28).

Investigator-assessed PFS was significantly longer for ibrutinib vs. ofatumumab; median
PFS had not been reached with ibrutinib vs. 8.1 months with ofatumumab, HR 0.106, 95%ClI
0.073-0.153, p<0.0001, see Figure 11.
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The 12-month investigator-assessed PFS rates were 84% for ibrutinib and 19% for
ofatumumab.

Figure 11: KM curve of PFS in RESONATE (ITT analysis): 16 month follow-up
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RESONATE Secondary end-points:
oS

At the time of the first published analysis, 57 patients in the ofatumumab group had crossed
over to receive ibrutinib after confirmed disease progression. The survival effect was based
on an analysis in which data were censored at the time of crossover.

OS was significantly prolonged with ibrutinib vs. ofatumumab: hazard ratio for death in the
ibrutinib group was 0.43 (95% CI: 0.24 to 0.79; p=0.005), with the risk of death reduced by
57%, see Figure 12.

These results provide further confirmation of the unprecedented survival benefit with
ibrutinib.
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At 12 months, the OS rate was 90% in the ibrutinib group vs. 81% in the ofatumumab group.

The uncensored sensitivity analysis showed similar results: hazard ratio for death of 0.39
(p=0.001), OS rate 90% vs. 79%.

After 16 months follow-up, OS remained significantly superior for ibrutinib vs. ofatumumab
with 18-month OS rates of 85% and 78% respectively, despite crossover of 120 patients
(61%) from ofatumumab to ibrutinib, who were censored at crossover (28). As crossover
leads to an overestimation of the survival benefit of ofatumumab, statistical methods were
employed to adjust for the impact of crossover (see Section 4.4 and Appendix 4). The
crossover adjusted OS HRs using the RPSFT approach are || GGG o the
overall R/R CLL population, and | | | I o the 17p deletion subgroup.
Figure 13 below presents the 16 month KM data for ibrutinib and ofatumumab for the overall
R/R CLL population, in which the ofatumumab curve has been adjusted for crossover using
an OS HR (ibrutinib vs. ofatumumab) of [l
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Response

Response rates were consistently higher in the ibrutinib arm compared to the ofatumumab
arm, regardless of whether they were independently assessed or investigator assessed, see
Table 32.

The ORR was significantly higher in the ibrutinib group vs. the ofatumumab group, 43% vs.
4% (odds ratio, 17.4; 95% CI, 8.1 to 37.3; p<0.0001). In addition, 20% of the patients
receiving ibrutinib had a PR with lymphocytosis (resulting in a 63% ORR with
lymphocytosis). The ORR by investigator assessment was significantly higher in the
ibrutinib group vs. the ofatumumab group, 70% vs. 21%, p<0.0001.

Lymphocytosis was observed in 69% of patients treated with ibrutinib and was not
considered to be disease progression according to the study protocol. Lymphocytosis
resolved in 77% of these patients during follow-up.

Lymphocytosis is observed in the majority of patients receiving ibrutinib. It tends to resolve
within 8 months of treatment; however, a minority of patients have lymphocytosis lasting >12
months (50). Lymphocytosis does not have an impact on clinical outcomes and resolves
completely once treatment with ibrutinib is stopped (51).

Table 32: Best response to treatment in RESONATE

Ibrutinib Ofatumumab Ibrutinib Ofatumumab
(n=195) (n=196) (n=195) (n=196)
Independent assessment, n(%) | Investigator assessment, n(%)
ORR 83 (43%) 8 (4%) 136 (70%) 42 (21%)
ORR with PR with 122 (63%) 8 (4%) 162 (83%) 46 (23%)
lymphocytosis
CR or CR with incomplete 4 (2%) 1 (1%)
haemopoietin recovery
PR 83 (43%) 8 (4%) 132 (68%) 41 (21%)
PR with lymphocytosis 39 (20%) 0 30 (15%) 4 (2%)
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Stable disease

63 (32%)

153 (78%)

22 (11%)

106 (54%)

Progressive disease

5 (3%)

20 (10%)

2 (1%)

27 (14%)

Patient reported outcomes (PROs)

A poster and abstract presented at ASH 2014 provides information on PROs (89, 90); data
on EQ-5D is sourced from the RESONATE CSR (86).

EORTC QLQ-C30

A clinically meaningful improvement in EORTC QLQ-C30 global health scores was observed
in both arms, although more patients had a clinically meaningful improvement in the ibrutinib

arm, 47% vs. 40%, OR:1.3, p=0.2049 (89, 90).

EQ-5D
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FACIT-Fatigue

More patients achieved a clinically meaningful improvement in FACIT-Fatigue score
(increase of 23 points) with ibrutinib than with ofatumumab (56% vs. 43%, OR: 1.69,
p=0.0101). Clinically meaningful deterioration was reported by 14% vs. 24% respectively,
p=0.08, see Figure 15 (89, 90).

A clinically meaningful improvement in fatigue (=10 points) was also observed on the
EORTC Fatigue Subscale Score from baseline to week 24: mean -11 vs. 0 observed.

Figure 15: Improvement in FACIT-Fatigue by treatment arm in RESONATE.
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4.8 Subgroup analysis

The subgroup analyses presented in this section were pre-planned to determine whether
baseline clinical characteristics or molecular features had an impact on the efficacy of
ibrutinib:

Pre-planned subgroups for PFS included the following potential prognostic variables at
screening or baseline:

Age (<65 vs. 265)

Gender (Male, Female)

Race (White, Non-White)

Geographical region (US, Other)

Rai Stage at screening (Stage O-l, 11I-1V)

ECOG at randomisation (0, 1)

Bulky disease (<5 cm, 25 cm)

Number of prior treatment lines ( <3, 23)

Refractory disease to purine analogues as recorded in IWRS (Yes, No)
17p deletion as recorded in IWRS (Yes, No)
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e 119 deletion (Yes, No)
e [(32-microglobulin at baseline (3.5 mg/l, >3.5 mg/l)

Subgroup analysis for OS and ORR included age, gender, race, region, 17p deletion, and
refractory disease to purine analogues (86).

Importantly, the effect of ibrutinib on PFS was consistent regardless of baseline clinical
characteristics or molecular features - see Figure 16.

The only significant test for heterogeneity was geographical region (p=0.02). In order to
address this, a multivariate Cox proportional hazard analysis was employed, using a
comprehensive list of baseline prognostic variables as covariates. After adjustment for the
baseline covariates, the HR was 0.22 (0.085, 0.564) for US and 0.20 (0.092, 0.451) for
Europe/other. The selected covariates were considered clinically appropriate and while
acknowledging the caveats of the presented post-hoc analysis there is no reason to
anticipate major differences between the regions (66).

The consistent benefit in all subgroups was maintained after 16 month follow-up, rates of 12-
month PFS were significantly better with ibrutinib than ofatumumab regardless of
lymphocytosis, number of prior lines of therapy, presence of 17p deletion or other adverse
cytogenetics (28).

In line with PFS, the difference in OS was preserved in all subgroups, see Figure 17 .
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Figure 16: Subgroup analyses of PFS in RESONATE
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Figure 17: Subgroup analyses of OS in RESONATE.
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Further data are available for patients with the 17p deletion; median PFS was not reached in
the ibrutinib arm vs. a median PFS of 5.8 months in the ofatumumab arm (HR for
progression or death, 0.25; 95% CI 0.14-0.45). At 6 months, 83% of patients in the ibrutinib
arm were alive with no disease progression vs. 49% of those in the ofatumumab arm.

Figure 18 shows the KM curves for PFS for patients with and without 17p deletion.

Figure 18: KM curves for PFS for patients with and without 17p13.1 deletion in RESONATE.
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Data from the 16-month median follow-up analysis revealed 12-month PFS of 79% for
patients with 17p deletion receiving ibrutinib vs. 17% in those receiving ofatumumab,
p<0.001 (28).

4.9 Meta-analysis

At the time of this application, only one ibrutinib monotherapy RCT was available (Section
4.2) and therefore, a meta-analysis was not possible.

4.10 Indirect and mixed treatment comparisons
4.10.1 Search strategy

An SLR was conducted to identify and select all clinical studies relevant for this appraisal,
including those for consideration in indirect comparison to ibrutinib. The methodology of the
SLR is detailed in Section 4.1; the search strategies and quality assessment conducted on
the included studies are provided in Appendix 2 and Appendix 5.

4.10.2 Study selection

The clinical SLR identified and reviewed 41 trials (15 RCTs and 26 single-arm trials) which
evaluated treatments listed as comparators within the final NICE Scope (Table 1). The
review evaluated whether these studies could be leveraged for an indirect or a mixed
treatment comparison. Consideration was given to the data reported (e.g. KM data for OS
and PFS, baseline characteristics, and study design) and a full assessment of their
comparability is provided in Appendix 3.

Once these trials were evaluated for data relevant to economic modelling and indirect
comparison analysis, only four trials (three RCTs and one single-arm trial) were included:

1. RESONATE: RCT of ibrutinib vs ofatumumab (18) (28)
2. Osterborg et al, 2015: RCT of PC vs. ofatumumab (37) (38)
3. Jones et al, 2015: RCT of 10 vs ofatumumab (39)
4. Fischer et al, 2011: Single-arm trial of BR (29)
4.10.3 Analysis and presentation of results - summary

With such limited RCT data available, all of which are further confounded by differences in
trial designs and patient populations, a network meta-analysis was not possible.

For the RCTs with a common arm to RESONATE, standard and widely accepted pair-wise
indirect treatment comparisons (ITCs) were conducted based on the Bucher methodology
(92) versus the key comparators to establish ibrutinib’s relative treatment efficacy. In
summary, two analyses were possible using ITC methodology:

e |TC of ibrutinib vs PC using the common ofatumumab treatment arm across the two trials
(18) (28) (37) (38).

e ITC of ibrutinib vs 10 using the common ofatumumab treatment arm across the two trials
(18) (28) (39).
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For a comparison vs the single-arm BR trial (29), a matched-adjusted indirect comparison
(MAIC) based on the methodology published by Signorovitch (93, 94) was used to compare
the patient level data from RESONATE to the aggregate KM data available from the
published BR trial. While an ITC would be the preferred analysis for indirect comparisons,
the lack of published data does not allow for it and the alternative of a naive comparison is
not acceptable. As such, the MAIC method was selected as it allows for relative efficacy to
be explored where no common comparator arms are available and a network cannot be
established. In summary, one analysis was possible using MAIC methodology:

e MAIC of ibrutinib vs BR by adjusting the RESONATE patient-level data in order to match
the ibrutinib population to the BR population as represented by the published aggregate
KM data (18) (28) (29).

The above summarizes the three main analyses conducted to support the three
comparisons presented in this appraisal. In order to further validate the outputs of these
analyses, a third indirect comparison methodology was explored. An indirect comparison
based on multivariate Cox model of pooled patient-level trial data is a methodology where
two sets of patient-level data are adjusted for patient population difference using pooled
patient level data from both RESONATE and the comparator study. Janssen have access to
patient-level data from a retrospective observational study conducted in the Stockholm area
in Sweden by the Karolinska Institute which allows for an alternative comparison to be made
vs PC (15). Furthermore, Janssen are able to leverage patient-level data from the BR arm of
the HELIOS trial (95), which is outside the scope of this decision problem and not yet
published but it allows for an alternative comparison to be made vs BR. In summary, two
analyses were possible using this methodology:

¢ Indirect comparison based on multivariate Cox model of pooled patient-level trial data of
ibrutinib vs PC using data from the Karolinska Institute (18) (28) (15).

¢ Indirect comparison based on multivariate Cox model of pooled patient-level trial data of
ibrutinib vs BR using data from the BR arm of HELIOS (18) (28) (95).

The final results of the three main analyses are summarised in Table 33 and show a
remarkable consistency in ibrutinib’s comparative efficacy versus key comparators,
triangulating different data sources for validation wherever possible.

All of the analyses were based on investigator-assessed PFS, OS and ORR outcomes from
the 16 month follow-up RESONATE data (28), representing the most mature, comparative
trial data available for ibrutinib, and based upon assessments that most closely reflect real
world clinical practice. Inputs for the non-comparative trials were based on available KM data
for PFS and OS.

Table 33: Summary of results of ITCs and MAICs

Comparison Analysis Data sources OR ORR HR PFS HR OS
type (95% ClI) (95% ClI) (95% ClI)

Ibrutinib ITC, Bucher | RESONATE (28)
vs. PC method vs. Osterborg,

2014 (37, 38)

Ibrutinib ITC, Bucher | RESONATE (28)
vs. 10 method vs. Jones, 2015

(39)

bk

Ibrutinib MAIC RESONATE (28)
vs. BR vs. Fischer, 2011

(29)
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Each of the five analyses introduced above (i.e. the three main and two alternatives carried
out for validation) are discussed further in the following sub-sections including details on the
methods and outcomes of the included studies, consideration of the risk of bias, and the
results. Full descriptions of the three statistical method of analysis (i.e. ITC, MAIC and the
multivariate pooled analysis) are provided in Appendix 6.

4.10.4 Analysis and presentation of results - details

Ibrutinib vs. PC (Bucher Method)

Overall methods: ibrutinib vs. PC

Osterborg, 2014 (37) (38), was an open-label, randomised, phase Il study, that compared
ofatumumab with PC. This made it possible to conduct an ITC using the Bucher
methodology (92), resulting in relative efficacy estimates of ibrutinib vs. PC (RESONATE vs.
Osterborg, 2014). The trial designs, patient characteristics, outcomes, and other details of
the two trials included in the ITC were compared using the PICOs (population, intervention,
comparator, outcomes, and study design) construct to evaluate comparability.

Data inputs: ibrutinib vs. PC

Table 34 presents the data inputs used in the ITC.

Table 34: Inputs used in ITC - Ibrutinib vs. PC

OR ORR (95% CI) PFS HR (95% Cl) OS HR (95% CI)
Ibrutinib vs. 26.25 0.106 I
ofatumumab (14.93-46.16) (0.07-0.15)*
p<0.0001
Ofatumumab vs. 3.15 0.56 0.68
PC (1.24-7.97)° (0.38-0.82)* (0.41-1.15)°
p=0.003 p =0.1295

N The OR was derived with the best overall response presented in Brown 2014 (28), i.e. including patients who
achieved response and subsequently lost it during the follow-up

1. Brown, 2014 (28)

2. OS HR adjusted for crossover (see Section 4.4)

3. Osterborg, 2014a (37)

4. Osterborg, 2014b (38)

5. Clinicaltrials.gov (96)

Results of PICOS: ibrutinib vs. PC

Results of the PICOS analysis (Table 35) identified key differences in trial eligibility criteria
and patient populations. The Osterborg 2014 trial enrolled a more severe patient population
compared to RESONATE. Specifically, Osterborg enrolled only fludarabine-refractory
patients with at least two lines of prior therapy and bulky disease (>5 cm). RESONATE
required that patients received at least prior therapy and only 45% of patients were refractory
to purine analogue treatments. RESONATE also enrolled more patients with 17p deletion
compared with Osterborg.
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Indirect comparisons are assumed to generate unbiased results, as long as no differences
across trials exist that act as a treatment effect modifier. This may not be the case here, as
Osterborg enrolled more severe patients. Results of the PICOS analysis (Table 34) identified
key differences in trial eligibility criteria and patient populations. Patients in Osterborg had
refractory status, bulky disease and at least two prior lines of therapy as trial inclusion
criteria while RESONATE also included non-refractory patients, patients without bulky
disease, and patients with one prior line of treatment. The relative treatment effects are
substantially higher in these more severe patients; HR-estimates in RESONATE on the
ubset of patients similar to those in Osterborg, were

N

, compared to the entire trial population. To account for

this potential bias due to this relative treatment effect modification, the indirect comparison

was rerun, usi
methodology.

nﬁ these re-estimated HRs for RESONATE as inﬁut in the Bucher

These additional results illustrate that the base case results were biased in favour of PC.

Table 35: PICOS results comparing Byrd (2014) and Osterborg (2014)

PICOS | Parameter RESONATE Byrd et al., 2014 Osterborg et al., 2014
Factor Brown, 2014
Ibrutinib Ofatumumab Ofatumumab Physuyan s
choice
'(\faer?éaer)‘ age 67 (30-86) 67(37-88) 61.5(46t082) | 63.0 (40 t076)
265, n (%) 118 (60.5%) 121 (61.7%) Not reported Not reported
Del 17p 63 (32.3%) 64 (32.7%) 15 (18.9%) 9 (20.9%)
Del 11q 63 (32.3%) 59 (30.1%) 21 (27%) 12 (28%)
Median # of
prior _
therapies 3(1-12) 3 (1to 13) 4 (2 to 16) 3(2to 11)
c (range)
% >3 103 (52.8%) 90 (45.9%) NR NR
S Bulky disease NR (assumed NR (assumed
2 (25cm) 100% according | 100% according
o 0, 0,
o 124 (63.6%) 101 (51.5%) to eligibility to eligibility
criteria) criteria)
Refractory NR (assumed NR (assumed
disease ok ok 100% according | 100% according
87 (45%) 88 (45%) to eligibility o eligibility
criteria)~ criteria)~
Rai Stage
0,,orll 86 (44.1%) 83 (42.3%) 33 (42%) 18 (42%)
Il or IV 109 (55.9%) 113 (57.7%) 43 (54%) 24 (56%)
2 Ofatumumab,
2 . 300 mg week 1;
= 'brr‘:]“”ggn“zo 2000 mg week
z g daly 2,3,4,5,6,7,8,12,
2 16,20,24
Ofatumumab,
2 300 mg at week Phvsician’s
2 1, followed by a lysiclan
. choice; dosing
& dose of 2000 detai
Q etails not
£ mg weekly for 7 reported
S weeks and then

every 4 weeks
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for 16 weeks

Absolute neutrophil count
=750 cells per microliter
Platelet count 230,000
cells per microliter
Adequate liver and kidney
function.

Exclusion criteria

Patients requiring warfarin
or strong CYP3A4/5
inhibitors

@ Median PFS Not reached 8.1 months 7.0 months 4.5 months
% Median OS Not reached Not reached
5 (90% at 12 (81% at 12 11.5 months 6.5 months
o months) months)
Sample size 195 196 79 43
Trial design RCT, phase I RCT, phase IlI
Eligibility Inclusion criteria Inclusion criteria
criteria e Active CLL e Active fludarabine-
e Atleast one previous refractory CLL requiring
therapy therapy
e Inappropriate for purine e Atleast 2 prior therapies
analogue therapy (due to e Bulky (>5 cm) lymph
short progression-free nodes
c interval after chemo- e ECOGPSO0-2
-% immunotherapy or
3 coexisting illnesses, age Exclusion criteria
> 270, or del 17p) e Prior allogeneic stem cell
3 e ECOG score PS <2 transplantation
n

Known Richter’'s
transformation
Prolymphocytic leukemia
Autoimmune haemolytic
anaemia unless with PD
Active infection

*Purine analogue-refractory
~Fludarabine-refractory

Results of ITC: ibrutinib vs. PC

Results of the ITC comparing ibrutinib vs. PC are presented in Table 33 and demonstrate

ibrutinib’s superiority to PC in terms of ORR, PFS, and OS. In the absence of direct, head-to-

head trial evidence, this ITC provides strong evidence of ibrutinib’s relative efficacy versus a
mix of treatments commonly used in the UK to treat R/R CLL.

Ibrutinib vs idelalisib + anti-CD20 monoclonal antibody (Bucher method)

Overall methods: ibrutinib vs. idelalisib + anti-CD20 monoclonal antibody

IR has received preliminary guidance by NICE to be recommended for use in the R/R CLL
setting and is included in ibrutinib’s Final Scope; however, it was not possible to create a
comparison of ibrutinib vs. IR using published trial data due to differences in trial design and

follow-up.
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The Jones, 2015 (39) publication of Study 119 (NCT 01659021), an open-label, randomised
phase Il trial, which compared 10 with ofatumumab, provided an opportunity to compare
ibrutinib to 10, using ofatumumab as a common comparator. An ITC using the Bucher
methodology (92) was therefore conducted to estimate the relative efficacy of ibrutinib vs. 10
(RESONATE vs. Jones, 2015). This ITC was considered to provide an estimate of ibrutinib’s
relative efficacy to idelalisib + an anti-CD20 monoclonal antibody. The trial designs, patient
characteristics, outcomes, and other details of the two trials included in the ITC were
compared using the PICOS construct to evaluate comparability.

Data inputs: ibrutinib vs. idelalisib + anti-CD20 monoclonal antibody

Table 36 presents the data inputs used in the ITC.

Table 36: Inputs used in ITC — Ibrutinib vs. Idelalisib + anti-CD20 monoclonal antibody

OR ORR (95% Cl)

PFS HR (95% Cl)

OS HR (95% CI)

Ibrutinib vs.
ofatumumab

26.25
(14.93-46.16)""

0.106
(0.07-0.15)"* p<0.0001

IO vs. ofatumumab

15.94
(7.80-32.58) %

0.27
(0.19-0.39)*
p<0.0001

0.74

(0.44-1.25)°
p=0.27

" The OR was derived with the best overall response presented in Brown 2014 (28), i.e. including patients who
achieved response and subsequently lost it during the follow-up.

+ Assessed by investigators

* Assessed by independent review committee (IRC)

1. Brown, 2014 (28)
2.  OS HR adjusted for crossover (see Section 4.4)
3. Jones, 2014 (39)

Results of PICOS: ibrutinib vs. idelalisib + anti-CD20 monoclonal antibody

The PICOS analysis indicated that RESONATE and Study 119 enrolled very similar patient
populations and that characteristics expected to modify treatment effect (such as age, 17p
deletion cytogenetic status, median prior lines of therapy) did not differ between the two trials
Table 37. Based on the strong similarities between these trial populations, it was concluded
that no adjustment for patient characteristics was necessary.

Table 37: PICOS results comparing RESONATE and Study 119 (39) (18) (28)

PICOS Parameter RESONATE Study 119
Factor Byrd et al., 2014 Jones etyal 2015
Brown, et al., 2014 ’
Ibrutinib Ofatumumab 10 Ofatumumab
?faegéaer)‘ age 67 (30-86) 67(37-88) 68 (40-85) 67 (36-84)
5 265, n (%) 118 (60.5%) 121 (61.7%) 107 (61.5%) 60 (69%)
s Del 17p 63 (32.3%) 64 (32.7%) 48 (26.4%) 19 (21.8%)
o
g Median # of
prior 3(1-12) 3 (Lto 13) 3 (1-11) 3 (1-11)
therapies
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(range)
IGVH 98 (73%) 83 (63%) 137 (78.7%) | 68 (78.2%)
unmutated ' '
% male 66% 70% 71.3 71.3
Refractory - - o o
disease 87 (45%) 88 (45%) 82 (47%) 47 (54%)
Rai Stage
Il 30 (15.4%) 39 (19.9%) 15% 24%
Il 23 (11.8%) 35 (17.9%) 14% 12%
\Y 86 (44.1%) 78 (39.8%) 53% 45%
Idelalisib: 150
mg bd
" Ofatumumab:
S 300 mg Week
2 Ibrutinib, 420 1; then 1,000
o mg daily mg weekly x7
g and then every
IS 4 weeks x 4
(total 12 doses;
finishing Week
24)
Ofatumumab:
Ofatumumab, 300 mg Week
n 300 mg at week i
2 1; then 2,000
o 1, followed by a
© mg weekly x 7
P dose of 2,000 mg
© and then every
o weekly for 7
1S 4 weeks x 4
S weeks and then .
(total 12 doses;
O every 4 weeks for o
finishing Week
16 weeks
24)
Median PFS Not reached+ 8.1 months+ 16.3 months® 8.0 months”
g Median OS
g Not reached Not reached
e (90% at 12 (81% at 12 20.9 months 19.4 months
3 months) months)
Sample size 195 196 174 87
Trial design RCT, phase llI RCT, phase llI
Eligibility Inclusion criteria Inclusion criteria
criteria e Active CLL requiring therapy e Diagnosis of B-cell CLL and
with at least one previous requiring treatment, per
therapy International
¢ Inappropriate for purine e Workshop on Chronic
analogue therapy (due to Lymphocytic Leukaemia
short progression-free interval (IWCLL) criteria2
after chemo-immunotherapy e CLL progression <24 months
or coexisting illnesses, age from completion of last
=70, or del 17p) therapy
e ECOG score PS <2 e Prior therapy: 22 cycles of a
=3 ¢ Absolute neutrophil count purine analogue or
D 2750 cells per microliter bendamustine
S e Platelet count 230,000 cells e Karnofsky score 260
2 per microliter e Complete blood count: any
= e Adequate liver and kidney values
@ function.
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Exclusion criteria e Estimated creatinine

e Patients requiring warfarin or clearance (eCrCl) >30
strong CYP3AA4/5 inhibitors mL/min (Cockcroft-Gault)

Exclusion criteria

e  Prior therapy with inhibitor of
AKT, BTK, JAK, mTOR,
PI3K, or SYK

e Prior allogeneic stem cell or
solid organ transplantation

e Progression within 6 months
of last ofatumumab dose

*Purine analogue-refractory

~del17p and/or TP53 mutation
+Investigator-assessed outcome

“Independent review committee-assessed outcome

Results of ITC: ibrutinib vs. idelalisib + anti-CD20 monoclonal antibody

Results of the ITC comparing ibrutinib vs. 10 are presented in Table 33 and demonstrate
ibrutinib’s superiority to 10 in ORR, PFS and OS. Close similarity in patient populations
between RESONATE and Study 119 is demonstrated, suggesting trial outcomes can be
compared without adjusting for differences in patient characteristics. The similarities can be
clearly observed when comparing the PFS and OS KM data from RESONATE and Jones,
2015. Figure 19 and Figure 20 clearly illustrate that the ofatumumab PFS KM curves are
very similar between the two trials (median of 8 months in both) as are ofatumumab OS KM
curves up to 9 months’ follow-up, after which point the curves separate due to crossover
from ofatumumab to ibrutinib in RESONATE.

A limitation of this ITC is that in Study 119, IRC assessed PFS is used while in RESONATE
investigator-assessed PFS is only available at the longer-term follow-up. However, the PFS
differences between the criteria used by investigators and IRC bodies may not be significant.
As shown in the Figure 19 and Figure 20, the ofatumumab arms between the two trials are
very similar. In addition, although full details of the IRC assessment are not available from
the Jones publication, the IRC criteria as described in Study 116 (the trial assessing IR vs
rituximab) indicate that there are likely to be important differences even in the IRC criteria
that is available from the first interim analysis for RESONATE and the idelalisib combination
therapy trials.

In the absence of direct, head-to-head trial evidence, this ITC provides strong evidence of
ibrutinib’s relative efficacy versus idelalisib + anti-CD20 monoclonal antibody.
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Ibrutinib vs BR (MAIC method)

Rationale for MAIC

No trial comparing BR to ofatumumab was identified in the SLR, which made it impossible to
use traditional ITC methods to compare ibrutinib to BR using the RESONATE data. The trial
with the most robust data identified by the SLR to inform efficacy of BR was Fischer, 2011
(29) (see Section 4.1). However, naive comparison of RESONATE and Fischer, 2011
outcomes would bias results against ibrutinib for a number of reasons given that the Fischer,
2011 trial enrolled a less severe population compared to RESONATE. This population
difference is demonstrated by the smaller proportion of patients with three or more prior
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therapies and a smaller proportion with 17p deletion (see Table 38). Therefore, MAIC was
used to derive estimates of ibrutinib’s treatment effect vs. BR.

Table 38: Comparison of Byrd (2014) (18) and Fischer, 2011(29)

Regimen Ibrutinib BR

Author (Year) Byrd, 2014 Fischer, 2011
Brown, 2014

Trial/Study Characteristics

Study Design RCT Single-arm

Phase Phase: I Phase: Il

Country Australia, US, 7 European Germany
countries

Primary endpoint PFS OR

Publication Type

Full Publication

Full Publication

Patient Characteristics

N Evaluated for Efficacy

195

78

Inclusion Criteria

Received at least one
previous therapy, and
inappropriate candidates
for purine analogue
treatment

Had received at least one
but not more than three
previous treatments

Age Median (Range)

67 (30 to 86)

66.5 (42 to 86)

Age strata, n (%)

>65 118 (60.5%)

> 65, 24 (30.8%)

17p Deletion n (%)

63 (32.3)

14 (17.9)

Number of Prior Tx Median (Range)

3(1to 12)

2 (1 to 5%

1/ 2 | 23 prior Tx (% of patients)

17.9/29.2/52.8

46.2/28.2/23.1

% of patients with other number of
prior therapies

193 (49%)

20 (25.6%)

Relapsed/ Refractory / Flud Sy R - ---[---128.2
Refractory (%)

Outcomes

ORR (%) 90%(INV) 59

Median PFS (months) Not reached 15.2
Median PFS 95%ClI N/A 12.5t017.9
% Achieving PFS (time point for
assessment (month))

Median OS (months) Not reached 33.9
Median OS 95%ClI N/A 25.5t042.1
% Survival (time point for 85% (18)

assessment (months))
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Regimen Ibrutinib BR

Author (Year) Byrd, 2014 Fischer, 2011
Brown, 2014

OS/PFS KM graph available Yes/Yes Yes/No

Median Follow-Up (months) 9.4 24

Outcome Criteria

IWCLL-NCI 2008 (Hallek

NCI-WG 1996 (Cheson

2008), and Cheson 2012 1996)

Overall methods: ibrutinib vs. BR

There is a precedent for the use of MAIC in HTA submissions. The approach has been
employed in a number of oncology technology assessments submitted to and accepted by
NICE, including those evaluating bortezomib for induction treatment of multiple myeloma
(97) and dasatinib, nilotinib, and standard-dose imatinib (NICE TA 70/251) for frontline
treatment of chronic myeloid leukaemia (98). It has also been used and accepted in other
disease areas where a lack of head-to-head data was demonstrated (99).

MAIC is a method developed by Signorovitch (93, 94) for indirect comparison of competing
treatments across trials. Frequently, indirect treatment comparisons rely on the aggregate
data (AD) reported in the trial publications, which may be biased by differences across trial
population characteristics. While individual patient-level data (IPD) for all trials is rarely
available, IPD for at least one comparator (in this case, for ibrutinib) may be available. MAIC
leverages the IPD to re-weight patients in the data set so that their average baseline
characteristics match those reported in the comparator trial, thereby reducing the bias of the
indirect comparison.

An MAIC approach was employed in order to compare ibrutinib to BR using the IPD from
RESONATE closely following the steps set forth by Signorovitch (93, 94).

The first step in the process was the alignment of the inclusion and exclusion criteria
between the two trials being compared. Patients that would have been excluded from the
Fischer study were also excluded from the RESONATE population.

In the next step, the remaining IPD data from RESONATE were matched to the Fischer trial
using all clinically relevant baseline characteristics that were available for both trials. This
process involved re-weighting patients in the RESONATE trial so that their baseline
characteristics match those reported for the comparator treatment. The actual weights
represent the inverse odds of being enrolled in RESONATE versus being enrolled in the
Fischer trial. After matching, the average (in case of continuous variable) or % (in case of
categorical variable) for a certain baseline characteristic will be similar between the two trials
and treatment outcomes can be compared across balanced trial populations. Clinical experts
reviewed the matching approach used in this analysis as well as the list of characteristics
included in matching and the results of the MAIC.
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Results of the matching process and MAIC: ibrutinib vs. BR

Results of the MAIC comparing ibrutinib vs. BR are presented in Table 33 and demonstrate
ibrutinib’s superiority to BR in ORR, PFS, and OS. Additional detail on the matching process
and results of the MAIC are presented in Appendix 6.

Validation of ITC and MAIC results

ITC and MAIC provide useful estimates of comparative efficacy; however, both techniques
have certain limitations. In an effort to validate the results of the ITCs and MAIC presented
above and to triangulate different data sources wherever possible, two additional analyses
were conducted. These analyses took the form of an ITCs using a multivariate Cox model to
compare two sets of patient-level data, adjusting for patient population differences using
pooled patient level data from both RESONATE and the comparator study.

Indirect comparison using multivariate Cox model of pooled patient-level data,
ibrutinib vs. BR

An ITC using a multivariate Cox model was conducted based on patient-level data from the
ibrutinib arm of RESONATE and the BR arm from HELIOS (HELIOS compares ibrutinib +
BR vs. BR and reports IRC-assessed PFS and OS). HELIOS enrolled a much healthier and
less heavily treated population compared to RESONATE (median of 2 versus 3 lines of prior
therapy; patients with 17p deletion excluded versus 32% of patients with 17p deletion in
RESONATE). Given the large differences between the RESONATE and HELIOS
populations, results of this ITC should be considered to represent ibrutinib’s comparative
efficacy in a fit, low risk population, and may not be as applicable to the current decision
problem. Details of the patient-level ITC methodology and the outputs of this analysis are
presented in Appendix 6 and impact of this alternative data is explored through scenario
analysis in Section 5.8.

Results of the comparison vs BR from HELIOS are presented in Table 39.

Table 39: Summary of results of Ibrutinib vs BR (multivariate cox method)

Comparison | Analysis type Data sources OR ORR HR PFS HR OS
(95% ClI) (95% ClI) (95% ClI)
Ibrutinib ITC, multivariate RESONATE Not available
vs. BR Cox model (28) vs. HELIOS
(95)

Indirect comparison using multivariate Cox model of pooled patient-level data,
ibrutinib vs. PC

An ITC using a multivariate Cox model was conducted based on patient-level data from
RESONATE compared with patient-level data from a retrospective observational study
conducted in the Stockholm area in Sweden by the Karolinska Institute (15). The
retrospective Swedish study collected efficacy and safety data from a detailed, in-depth
retrospective review of individual patient files from 148 consecutively identified patients with
R/R CLL initiated on second or later line treatment between 2009 and 2014 at the four CLL-
treating centres in Stockholm, Sweden, with complete follow-up. The data set was adjusted
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to include only treatment options relevant to the population appraised within this appraisal
(R/R patients who are inappropriate for fludarabine-based regimens) and therefore, patients
who received fludarabine-based regimens were removed from the data prior to the analysis.
Longitudinal follow-up by treatment line was available for patients in second line (n=86), third
(n=54), fourth (n=32), fifth (n=23), and sixth (n=10) line, and individual patients could
contribute information to the analysis for multiple lines of therapy, with baseline defined as
the date of initiation of the actual treatment line. A multivariate cox proportional hazards
model was generated to compare PFS and OS between treatments, including line of
therapy, age, gender, Binet stage, ECOG, and refractory disease as covariates.

Results of the comparison vs PC from the Swedish data set are summarized in Table 40.

Table 40. Summary of results of Ibrutinib vs PC (multivariate cox method)

Comparison | Analysis type Data sources OR ORR HR PFS HR OS
(95% ClI) (95% ClI) (95% ClI)
Ibrutinib ITC, multivariate | RESONATE (28) Not available
vs. PC Cox model vs. Karolinksa
Institute (15)

Details of this analysis are presented in Appendix 6 and impact of these alternative data on
cost effectiveness is explored through scenario analysis in Section 5.8.

411

Table 41: List of relevant non-RCTs

Non-randomised and non-controlled evidence

Trial no. Intervention | Population Objectives | Primary Justification for
(acronym) study ref. inclusion
PCYC1102 | Ibrutinib R/R CLL and Efficacy Published Phase Il studies
untreated and safety | paper have longer follow-up
patients Byrd, 2013 than the phase IlI
(1) study
PCYC1103 | Ibrutinib R/R CLL Efficacy Presentation | PCYC1103 provides
and safety | at AACR 2015 | 45 month follow up in
22) R/R patients
(23)
Published
paper
(32)
PCYC1117 | Ibrutinib R/R CLL with Efficacy CSR Provides additional
17p deletion and safety (24), evidence in patients
with 17p deletion
Farooqui, Ibrutinib R/R and Efficacy Published Provides additional
2014 untreated CLL | and safety | paper evidence in patients
and with TP53 Farooqui, with TP53 mutation
aberrations 2014 or 17p deletion
oo P = o
Provides evidence in
previously untreated
patients with 17p
deletion
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Data from the four non-RCT studies listed in Table 41 provide confirmatory evidence that:

e The survival benefit with ibrutinib is maintained over the long-term; R/R patients in the
PCYC1103 study receiving ibrutinib 420 mg have follow-up over a maximum of 45
months

e The survival benefit with ibrutinib is observed regardless of adverse cytogenetics (17p
deletion and/or TP53 mutation).

The Farooqui study demonstrates that the survival benefit is greater still in previously
untreated patients with the 17p deletion or TP53 mutation (25).

The study methodology, statistical analysis, assessment of study quality, patient baseline
characteristics, and additional results for each study can be found in Appendix 7.

R/R patients: PCYC1102/1103

The phase Ib-1l study, PCYC1102, of ibrutinib has been published: Byrd JC, Furman RR,
Coutre SE et al. Targeting BTK with ibrutinib in relapsed chronic lymphocytic leukemia. N
Engl J Med 2013;369(1):32-42 (21).

This study also included 31 patients with treatment-naive CLL, two of whom had 17p
deletion (100). Data on patients with treatment-naive CLL are not included in this submission
since it falls outside the scope, apart from the two patients with 17p deletion whose data is
presented amalgamated with the R/R patients.

Data in this section are predominantly drawn from the published paper (21), the CSR (101)
and the CSR Appendix (91).The published paper is used wherever possible, with additional
information drawn from the CSR.

Patients without disease progression in PCYC1102 were able to enrol into the long-term
extension study PCYC1103.

PCYC1102 was an open label phase Il study which enrolled 85 patients with R/R disease;
patients received either the licensed 420 mg dose (n=51) or 840 mg (n=34). Endpoint data
are not available for the two doses separately in PCYC1102; however, separate data for the
420 mg dose are available in PCYC1103.

PCYC1103 provides updated data on outcomes with follow-up out to 45 months for R/R
patients. Data for R/R patients receiving ibrutinib 420 mg (n=67) was presented at the AACR
annual meeting in 2015 (22, 23). Additional information is taken from the 3-year follow-up
which includes patients treated with ibrutinib at the 420 mg and 840 mg dose and has been
published: Byrd JC, Furman RR, Coutre SE et al. Three-year follow-up of treatment-naive
and previously treated patients with CLL and SLL receiving single-agent ibrutinib. Blood
2015;125(16):2497-2506 (32).

Of the 85 patients who entered PCYC1102, 54 patients remained on treatment at median
follow-up of 20.9 months. Eleven patients discontinued treatment due to disease progression
and 20 due to other reasons; AE (n=7), stem cell transplant (n=5), patient decision (n=5) and
investigator decision (n=3).
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Patients enrolled in PCYC1102 had high risk disease and had received a median of four
previous treatments, 65% had advanced stage disease, 33% had 17p13.1 deletions and
36% had 11g22.3 deletions. Given that PCYC1103 was a roll-over study, patient
characteristics were similar to PCYC1102.

The key results from PCYC1102/PCYC1103 are shown in Table 42 and demonstrate that
the survival benefit with ibrutinib observed in the pivotal phase Il trial, RESONATE is
maintained over the long-term.

Table 42: Key results from PCYC1102/PCYC1103

PCYC1102 (21) PCYC1103 (23)

Variable Ibrutinib 420 mg Ibrutinib 840 mg Ibrutinib 420 mg
(n=51) (n=34) (n=67)

Best response, no (%)

ORR (CR + PR) 36 (71%) 24 (71%) 61 (91%)

CR 2 (4%) 6 (9%)

PR 34 (67%) 24 (71%) 55 (82%)

PR with lymphocytosis 10 (20%) 5 (15%) 2 (3%)

PCYC1102 (all patients)

PFS

Median (months)

Not reached

Not reached

Estimated PFS

75% (26 months)

76% (30 months)

oS

Median (months)

Not reached

Not reached

Estimated OS

83% (26 months)

87% (30 months)

In PCYC1102, median PFS and OS was not reached. 26-month estimated PFS was 75%
and estimated OS was 83% for the 420 mg and 840 mg doses combined, see Figure 21 and
Figure 22.

Figure 21: KM curve of PFS in PCYC1102 (all patients) (21)
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Figure 22: KM curve of OS in PCYC1102 (all patients) (21)
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Median PFS or OS were not reached at 45 month follow-up for patients receiving either dose
(32). The 30-month PFS for patients receiving ibrutinib 420 mg was 76% (95% CIl 62.5%-
85.1%) and the 30-month OS was 87% (95% CI 75.8%-93.3%,see Figure 23. These data
are highly clinically relevant, given that not reaching median indicates that over 50% of the
patient population remain alive at the longest follow-up available.

Figure 23: KM curve of PFS in PCYC1103 (23)
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Patients with 17p deletion

Data are available on 262 patients with 17p deletion. There were 36 patients with 17p
deletion in PCYC1102 (two of whom had not previously received treatment) and 23 patients
in PCYC1103, the follow-up study to PCYC1102.

A phase Il study, PCYC1117, assessed ibrutinib in 144 patients with 17p deletion. These
data have not yet been published and data are drawn from the CSR (24), the protocol (102)
and data presented at ASH, 2014 which provides data with a median 13 month follow-up
(103) (104).

An investigator initiated study in patients with untreated or R/R CLL and TP53 mutation has
been published: Farooqui MZ, Valdez J, Martyr S, Aue G, Saba N, Niemann CU, et al.
Ibrutinib for previously untreated and relapsed or refractory chronic lymphocytic leukaemia
with TP53 aberrations: a phase 2, single-arm trial. Lancet Oncol 2014 (25). Data in this
section are drawn from the published paper and associated appendix. The study included 35
patients with untreated CLL and 16 with R/R disease.

Patients were high risk in both studies:

e InPCYC1117, patients had high risk disease, a median of two previous treatments
(range 1-7), and 39% of patients had three or more previous treatments.

¢ In Farooqui 2014, patients had high risk disease; patients with R/R disease had a
median of four previous treatments (range 1-7).

The results are shown in Table 43 and demonstrate a consistent survival benefit across all
four studies for R/R and previously untreated patients

Median PFS is yet to be reached in all but one study; median PFS was reached at 32.4
months in a small subgroup of PCYC1103 (n=23).

In patients with previously untreated disease in the Farooqui study (25), both ORR and
survival were greater than that observed in the studies in patients with R/R disease: ORR
was 82% and 84% of patients remained alive at 24 months. For comparison, the R/R
patients in this study had an ORR of ] and estimated OS of 74% at 24 months.
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Table 43: Key results from studies including patients with 17p deletion

Study PCYC1102* PCYC1103 PCYC1117 Farooqui** (25)
(subgroup) (91) (subgroup) (CSR) (24)
(105)
Patient group R/R R/R R/R R/R R/R Previously
untreated
n 25 11 34 144 15 35 (33 evaluable)
Dose Ibrutinib 420 mg Ibrutinib 840 mg Ibrutinib 420 mg Ibrutinib 420 mg Ibrutinib 420 mg Ibrutinib 420 mg
and 840 mg
Best response, no (%)
ORR (CR + PR) I | 24 (71%) 10 (67%) 27 (82%)
CR | ] | 2 (3%) 1 (7%) 4 (12%)
PR B | 22 (65%) 9 (60%) 23 (70%)
PR with lymphocytosis T | ] 3 (9%) 3 (20%) 14 (42%)
Ibrutinib 420 mg and 840 mg (21) Ibrutinib 420 mg (104)
(n=23)
(23)
PFS
Median (months) Not reached 32.4 months Not reached Not reached
Estimated PFS 57% (26 months) 79% (12 months) 82% (24 months)
oS
Median (months) Not reached Not reached Not reached Not reached Not reached
Estimated OS 70% (26 months) 81% (30 months) 84% (12 months) 74% (24 months) 84% (24 months)

*Includes 2 patients with 17p deletion and untreated prior to ibrutinib
** 17p deletion and TP53 mutation
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412 Adverse reactions
Adverse reactions in RESONATE

Data in this section are drawn from the RESONATE publication (18) and from the CSR
(86).The published paper is used wherever possible, with additional information drawn from
the CSR.

An updated analysis after a median of 16 months follow-up was presented at ASH 2014 (28)
and is included below.

Due to ibrutinib being taken until disease progression or unacceptable toxicity while
ofatumumab is administered for a set course, it should be noted that exposure to treatment
was longer in patients receiving ibrutinib than in patients receiving ofatumumab (8.6 months
vs. 5.3 months). Analysis of exposure-adjusted incidence rates (EAIR) of AE was performed
and showed that

Discontinuation of treatment due to AE occurred in 4% of patients in each arm, a low
discontinuation rate. Dose reduction due to AE occurred in 4% of ibrutinib patients and 0.5%
of ofatumumab patients.

The most common AEs in the ibrutinib group were diarrhoea, fatigue, pyrexia and anaemia.
The most common AEs in the ofatumumab group were fatigue, infusion site reactions and
cough, see Table 44.

Table 44: AE in the RESONATE study reported in at least 10% of patients in either arm of the
study.

AE Ibrutinib Ofatumumab Relative risk
(n=195) (n=191) (95% CI)

Any AE occurring during treatment 194 (99%) 187 (98%) 1.02 (0.99-1.04)
Diarrhoea 93 (48%) 34 (18%) 2.68 (1.91-3.76)
Fatigue 54 (28%) 57 (30%) 0.93 (0.68-1.27)
Nausea 51 (26%) 35 (18%) 1.43 (0.97-2.09)
Pyrexia 46 (24%) 28 (15%) 1.61 (1.05-2.46)
Anaemia 44 (23%) 33 (17%) 1.31 (0.87-1.96)
Neutropenia 42 (22%) 28 (15%) 1.47 (0.95-2.27)
Cough 38 (19%) 44 (23%) 0.85 (0.58-1.24)
Thrombocytopenia 33 (17%) 22 (12%) 1.47 (0.89-2.43)
Arthralgia 34 (17%) 13 (7%) 2.56 (1.40-4.70)
Upper respiratory tract infection 31 (16%) 20 (10%) 1.52 (0.90-2.57)
Constipation 30 (15%) 18 (9%) 1.63 (0.94-2.83)
Vomiting 28 (14%) 12 (6%) 2.29 (1.20-4.36)
Headache 27 (14%) 11 (6%) 2.40 (1.23-4.71)
Petechiae 27 (14%) 2 (1%) | 13.22(3.19-54.84)
Muscle spasm 25 (13%) 16 (8%) 1.53 (0.84-2.77)
Dysponea 23 (12%) 20 (10%) 1.13 (0.64-1.98)
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Peripheral oedema 22 (11%) 15 (8%) 1.44 (0.77-2.68)
Back pain 22 (11%) 12 (6%) 1.80 (0.91-3.53)
Sinusitis 21 (11%) 12 (6%) 1.71 (0.87-3.39)
Dizziness 22 (11%) 10 (5%) 2.15 (1.05-4.43)
Contusion 21 (11%) 6 (3%) 3.43(1.41-8.31)
Stomatitis 21 (11%) 4 (2%) 5.14 (1.80-14.70)
Pain in limb 20 (10%) 8 (4%) 2.45(1.11-5.42)
Pneumonia 19 (10%) 13 (7%) 1.43(0.73-2.82)
Urinary tract infection 19 (10%) 10 (5%) 1.86 (0.89-3.90)
Myalgia 19 (10%) 7 (4%) 2.66 (1.14-6.18)
Blurred vision 19 (10%) 6 (3%) 3.10 (1.27-7.60)
Night sweats 10 (5%) 24 (13%) 0.41 (0.20-0.83)
Peripheral sensory neuropathy 8 (4%) 24 (13%) 0.33 (0.15-0.71)
Infusion-related reaction 0 53 (28%) Not calculated

It should be noted that ofatumumab was only administered for 24 weeks and therefore AE
after 6 months in the ofatumumab arm were rare as patients were not receiving treatment at
that point. A similar picture was observed with AE = grade 3, the most common of which
were cytopenias and pneumonia in both arms. Data from long-term follow-up (90) reveal that
most AEs in patients treated with ibrutinib occurred early in treatment, mostly within the first
year, see Figure 24.

Figure 24: AE (all grades) by time to event onset in RESONATE (90)
M Ibrutinib Ofatumumab

>0-6 months >6-12 months* >12-18 months* >18-24 months*
Diarrhoea
Fatigue
Nausea
Anaemia
Cough
Neutropenia
Pyrexia
URTI
| | | | | I | | | | | | | | | | | | |
0 25 50 75 100 0 25 50 75 100 O 25 50 75 100 O 25 50 75 100
(%) (%) (%) (%)
Number
Ibrutinib 195 172 159 39
Ofatumumab 191

Serious AE were reported in 42% of ibrutinib patients and 30% of ofatumumab patients. The
majority were infection-related (56% of serious AE with ibrutinib and 67% of those with
ofatumumab). Other serious AE included febrile neutropenia, anaemia, cardiac disorders
and general disorders and administration site conditions.
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AE of grade 3 or higher severity were observed in 57% of ibrutinib patients and 47% of
ofatumumab patients. Rates of grade 3 or higher diarrhoea and atrial fibrillation (AF) were
higher with ibrutinib than with ofatumumab (4% vs. 2% and 3% vs. 0%).

AF was observed in 10 (5%) patients receiving ibrutinib vs. one (0.5%) patient receiving
ofatumumab. AF was severe or grade 3 or higher in seven patients. However, only one case
was considered to be treatment related and only one patient discontinued treatment due to
AF. Most of the patients who experienced AF were older (aged over 70 years) and all of
them had risk factors for AF (including a prior history in three patients). The ibrutinib SMPC
advises to periodically monitor all patients clinically for AF and to perform an ECG for those
who develop arrhythmic symptoms or new onset of dyspnoea (52).

In RESONATE, 50% of patients were receiving anticoagulants or antiplatelet agents in the
ibrutinib arm. While bleeding-related AE were more common in the ibrutinib arm (44% vs.
12%), major haemorrhage (defined as any haemorrhagic event grade 3 or higher requiring
hospitalisation or blood transfusion) was unusual and observed in two (1%) ibrutinib patients
and three (2%) ofatumumab patients. The frequency of both any bleeding and major
bleeding also decreases with time (107). The findings above suggest that, while care should
be exercised in patients treated with ibrutinib and concomitant anticoagulants/antiplatelet
agents, the overall rate of major bleeding is low and was not increased in the ibrutinib arm
compared to the ofatumumab arm.

Other AE which were more common with ibrutinib than ofatumumab were rash (8% vs. 4%),
pyrexia (24% vs. 15%) and blurred vision (10% vs. 3%). Most of these events were grade 1
or 2 in severity. The incidence of cataracts was 3% vs. 1%.

Infection of any grade was more common in the ibrutinib group (70% vs. 54%), however,
rates of grade 3 or above infection were similar (24% vs. 22%). Infusion site reactions,
peripheral sensory neuropathy, urticaria, night sweats and pruritus were all more common
with ofatumumab than ibrutinib.

Of the patients enrolled in the study, 63% had some form of cytopenia at baseline (45%
were anaemic, 35% had thrombocytopenia and 20% neutropenia). There was a sustained
improvement in cytopenia(s) in both arms, although the improvement was significantly
greater in the ibrutinib arm vs. the ofatumumab arm (69% of patients vs. 43%, p<0.0001)
(89).

There were eight deaths (4%) in the ibrutinib group and nine (5%) in the ofatumumab group.
Most deaths were due to infection (pneumonia or sepsis) or disease progression.

Data from the updated analysis (28) revealed that AEs were consistent with those reported
above. In an updated analysis with a median follow up period of 16 months, the majority of
patients were still receiving ibrutinib. Discontinuation rates remained relatively low, with 11%
of patients (n=47) discontinuing ibrutinib due to adverse events. There were two additional
deaths in the ibrutinib arm, making a total of ten deaths at median 16 month follow-up.

Adverse reactions in non-RCT

Data are presented for the long-term follow-up of PCYC1103, below. Specific AE results for
PCYC1102, PCYC1117 and Farooqui are detailed in Appendix 7.
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The most up to date data are from the 44 month follow-up abstract and presentation from the
American Association for Cancer Research Annual Meeting in 2015 (22, 23).

The presentation focused on AE of grade 3 and above in R/R patients receiving the 420 mg
dose of ibrutinib only; 82% (n=55) experienced AE of grade 3 or greater severity. Overall,
48% (n=32) patients experienced an infection of which 25 (78%) were deemed to be
ibrutinib-related by the investigators. Serious grade =23 AE occurred in 69% (n=46) patients,
of which eight (17%) were deemed to be ibrutinib-related by the investigators. Dose
reductions occurred in seven patients, all but one during the first year of treatment. There
were seven deaths on study.

Additional data are provided for both doses of ibrutinib used in the study with 3-years of
follow-up (32). Data are presented for treatment-naive and R/R patients unless specified
otherwise.

Most patients were able to continue treatment with ibrutinib. Most discontinuations due to
AEs were observed in the first year of treatment (11/132 patients, 8%), falling steeply in the
second (4/103, 4%) and third years (2/71, 2%).

AE led to dose reduction in 10% (n=13) of patients, and occurred primarily in the first year.

The most common AEs observed over the 3-year follow-up period were hypertension (20%
R/R), pneumonia (25% R/R), neutropenia (18% R/R), infection (13% R/R) and
thrombocytopenia (10% R/R). For AEs occurring in >5% of patients, during years 1, 2, 3,
and 4 on therapy, the frequency of infections (pneumonia and sepsis), cytopenias,
diarrhoea, and fatigue decreased over time, while the frequency of hypertension and atrial
fibrillation appeared constant.

For AEs requiring treatment discontinuation, only four were possibly related to ibrutinib
treatment (grade 3 haematoma in an R/R patient, grade 3 influenza in an R/R patient, grade
3 pruritic rash in a treatment-naive patient, and grade 3 fatigue in a treatment-naive patient),
and all resolved on discontinuation of ibrutinib.

Diarrhoea, which was observed in 55% of R/R patients was the most frequent any-grade AE.
Looking at both treatment-naive and R/R patients, the median number of diarrhoea events
per patient was one (range, 1-6). Eight patients experienced 12 events of grade 3 diarrhoea.
There were no grade 4 or 5 events. Most of the grade 3 events were of short duration, with
only five events lasting longer than 5 days. The majority of episodes resolved without
additional therapy, while symptomatic management was generally successful in treating
diarrhoea. One grade 3 diarrhoea event led to study treatment discontinuation.

Safety overview

In summary, ibrutinib has a predictable safety profile, AEs tend to be self-limiting and their
incidence decreases over time. Ibrutinib does not require prophylactic measures or
medication, and the number of discontinuation due to AEs remains low in the most up-to-
date follow up.
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4.13 Interpretation of clinical effectiveness and safety evidence

Clinical benefits and harms
Ibrutinib provides an unprecedented and consistent benefit in survival across all patients

Ibrutinib is supported by clinical trial data from five clinical trials, all of which show a
consistent efficacy profile in the overall population and across each subgroup analysed.
More than 50% of patients are still alive and progression free at the time of data cut in all
trials with follow up of up to 45 months in patients with R/R disease (18, 21-25).

When compared to ofatumumab, a licensed product that is recommended in clinical
guidelines, the incremental efficacy of ibrutinib in PFS and OS were remarkable and highly
statistically significant (28)

The survival benefit was observed regardless of cytogenetic status and across all
subgroups. Significant survival benefit was observed in older patients, those with poor
performance score, advanced disease and heavily pre-treated patients: all characteristics
which impact on fitness and/or risk and traditionally make treatment more challenging.

Of note, in the more difficult-to-treat patient population with 17p deletion, ibrutinib’s efficacy
profile remained ground-breaking and the PFS and OS benefit against ofatumumab was
maintained in a highly statistically significant manner (18).

The survival benefit in patients with 17p deletion is clarified in phase Il studies which report
32.4 months median PFS observed with ibrutinib in R/R 17p deletion patients (21-23, 25,
104).

In addition, data from the ITC demonstrate a consistent benefit with ibrutinib and improved
survival benefit against comparators including PC, BR and IO (as a proxy for IR), as
demonstrated by the hazard ratios derived from these analyses (Section 4.10).

Ibrutinib also demonstrates benefit in patients with previously untreated disease and TP53
mutation or 17p deletion (25). A cohort of patients within the Farooqui trial was untreated
(n=33) and showed benefit with ibrutinib. Indeed, previously untreated patients had improved
responses compared with R/R patients: ORR, 82% vs. 67% and estimated OS at 24 months
of 84% vs. 74%.

Efficacy of current treatments in treatment-naive 17p deletion patients, ranging from 2.2 to
18.3 months median PFS, is clearly exceeded by the 32.4 months median PFS observed
with ibrutinib in R/R 17p deletion patients (22, 31). It can be inferred that the efficacy of
ibrutinib in treatment-naive 17p deletion patients will at least be equivalent to that observed
in R/R 17p deletion patients and thus represents a step change in the treatment of
treatment-naive 17p deletion CLL.

There is currently no other oral single or combination agent whose efficacy results match
those shown by patients treated with ibrutinib in this patient population. Very few other
cancer treatments have been able to show a degree of improvement over a comparator of
this magnitude.
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Ibrutinib has a manageable tolerability profile and most patients remain on treatment

AE were consistent and predictable across all studies, most were grade 1 and 2, and were
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, as discontinuations
due to AE within the clinical study programme are low (<15%) with an incidence rate that
reduces over time.

When assessing ibrutinib’s safety profile against its comparator in the pivotal phase Il trial, it
must be borne in mind that patients in the ibrutinib arm had a >50% longer AE reporting
period than those on ofatumumab (8.6 vs. 5.3 months, respectively).

The most common AE in each study was diarrhoea, which occurred in around one-half of
patients. Almost all cases occurred early in treatment, were grade 1 or 2 in severity, were
managed with standard treatment and responsive to loperamide, and resulted in very few
discontinuations. Cases of diarrhoea were of short duration (<5 days) and most patients
experienced only one case. In RESONATE, infection rates were higher with ibrutinib (70%
vs. 54%); however, rates of grade 3 or above infection were similar with both agents (24%
vs. 22%). Grade 3 or above infection rates fell by approximated 50% with ibrutinib after 6
months of treatment.

Serious AE were reported in 40-61% of patients; most were infection-related although AF
was also reported. Most cases of AF were in patients with risk factors or pre-existing
disease. The majority of serious AEs were not related to ibrutinib.

Ibrutinib results in a transient and non-clinically significant (i.e. does not require treatment,
investigation, or drug discontinuation and does not affect the efficacy of the drug) increase in
blood lymphocyte levels, which usually resolves with continued treatment (18, 21).
Lymphocytosis has been observed with other agents that target B-cell receptor signalling
and is not a sign of progressive disease (108).

Ibrutinib has a measurable positive impact of patients’ HRQOL

Patients feel well on ibrutinib treatment, with a reduction in disease-related symptoms,
fatigue and disease bulk. In RESONATE, a reduction in disease-related symptoms (defined
as a change of at least one grade post-baseline reported for at least two consecutive
assessments) was observed more often with ibrutinib than with ofatumumab. Disease-
related symptoms included weight loss (reduction of 100% vs. 87%), fatigue (79% vs. 64%),
night sweats (89% vs. 77%), abdominal pain (96% vs. 75%) and anorexia (100% vs. 64%)
(90). There was also a reduction in disease bulk (90).
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Strengths and limitations
Consistent evidence of survival benefit

The clinical trial evidence to support the survival benefit with ibrutinib is consistent across
five clinical trials and in all patient subgroups.

The evidence supporting this appraisal for patients with R/R disease comes from one
randomised study vs. ofatumumab (RESONATE) and four open studies (PCYC1102,
PCYC1103, PCYC1117 and Farooqui, 2014 (18, 21-25)).

The evidence for this appraisal for first-line use of ibrutinib in patients with 17p deletion or TP
53 mutation comes from an open study which included 33 untreated patients (25). Two
additional patients in study PCYC1102 were treatment-naive with 17p deletion (100).
Clearly, this is a small patient population in an uncontrolled study; nevertheless, it
demonstrates that patients with 17p deletion or TP 53 mutation do benefit from treatment
with ibrutinib as first-line treatment. Clinical opinion from an advisory board convened by
Janssen suggests that addition to the current evidence base available for treatment-naive
patients with 17p deletion, the data for ibrutinib in R/R patients with 17p deletion provide a
strong argument to support first-line use of ibrutinib in the 17p deletion or TP 53 mutation
populations (1).

Comparative evidence to support ibrutinib comes from ITC, MAIC and pooled analyses,
which show a highly consistent survival benefit with ibrutinib over comparators, regardless of
the methods used or the comparator assessed.

Robust evidence base

All five clinical studies have robust internal validity as demonstrated by strong critical
appraisal scores.

A number of factors influence external validity and are listed below:

¢ Data from RESONATE demonstrate that the positive effect of ibrutinib on OS is robust
and highly statistically significant, despite the crossover of 57 patients to the ibrutinib arm
after disease progression on ofatumumab at the primary analysis time-point and
crossover of 122 patients at the 16-month follow-up point (28)

e Reduced clonal evolution of aggressive subclones, and patients maintaining health on
ibrutinib: recent work looking at subclonal populations of CLL cells suggests that
mutations increase over time and with conventional treatment with rituximab or
fludarabine, agents which are less active against cells with adverse cytogenetics (11).
Conventional chemotherapy typically leads to mass extinction of the incumbent clone
which allows the more aggressive (and difficult to treat) subclones to multiply. This may
explain why patients who relapse after first-line treatment do less well with each
subsequent treatment. Ibrutinib is active against all CLL cells, regardless of cytogenetics,
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therefore, we hypothesise that clonal evolution of aggressive subclones is less likely with
ibrutinib than with conventional therapy and benefit will be continued post-progression.
The manageable tolerability profile observed with ibrutinib also means that when patients
do eventually progress on treatment, they are physiologically fitter and well placed to
withstand progressive disease and further lines of treatment.

Few limitations to the evidence-base

e Instudy PCYC1102/1103, 34 (40%) patients received an unlicensed dose (840 mg).
There was no difference in efficacy; however AE rates were higher in patients receiving
the 840 mg dose. In this submission we have presented data for the licenced dose
wherever possible (21-23), although in some cases this has not been possible due to
study reporting.

e As expected in clinical trials, the study populations exclude patients with significant
cardiovascular disease, those taking warfarin, patients with prior malignancy, patients
with significant infection and those with a poor performance score.

¢ The studies were carried out around the world; 87 patients in the study programme were
from the UK (73 from RESONATE and 14 from PCYC1117). For the most part, patients
were recruited from countries with similar demographics to the UK (Europe, North
America and Australia/New Zealand). Clinical opinion from an advisory board convened
by Janssen is that that the only difference between UK patients in clinical practice and
those in RESONATE is that they are likely to be slightly older (mid/late-70s) than those
observed in the RESONATE trial (67 years) (1).

¢ While ibrutinib’s license covers patients with either 17p deletion or TP53 mutation,
RESONATE collected 17p deletion status but not TP53 mutation status and so analyses
can be made for 17p deletion but not the TP53 mutation subgroups. However, as these
mutations have the same impact on the cell biology, disease prognosis and treatment
outcomes, ibrutinib data in patients with 17p deletion are used as a proxy for ibrutinib’s
efficacy in TP53 mutation. This assumption is reflected in the BCSH interim guidelines
which make no distinction in treatment recommendations between the two cytogenetic
abnormalities, and use the encompassing term ‘TP53 disruption’ to address both
abnormalities (2).
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Table 45: End-of-life criteria

Criterion

Data available

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

A recent NICE appraisal of idelalisib with rituximab in CLL
patients who relapse within 24 months of prior therapy
concluded that this patient group met the end of life criteria,
which included a median OS of less than 24 months (40),

For the R/R patient population considered in this
submission, which is patients who have received one prior
treatment and for whom fludarabine is inappropriate, the
median OS based on a real world study was h
(15) (see Section 3, Figure 5). This low survival is confirmed
in the literature, where outcomes of patients who relapse
within 36 months from frontline intensive chemo-
immunotherapy are poor, with a median overall survival of
less than 2 years (14).

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 RESONATE data show a statistically significant
improvement in OS for ibrutinib compared to ofatumumab
based on 16 months of median follow-up (28). As median
survival has not been reached in either arm and there was a
high degree of crossover from the ofatumumab to the
ibrutinib arm, precise incremental benefit has not been
shown, but extrapolation suggests this to be well in excess
of 3 months.

The treatment is licensed or otherwise
indicated for small patient populations

The estimated incidence for CLL in England is 7 per 100,000
population giving a total of 3,843 cases per year assuming
an NHS England population of 54.9 million.

One third of CLL patients never require treatment and have
long survival, another third have an indolent phase followed
by disease progression; the remaining third exhibit
aggressive disease at onset and require immediate
treatment. Thus, two thirds of patients (2,562) with CLL will
require active treatment at some point (9).

4.14 Ongoing studies

There are currently no ongoing company-sponsored ibrutinib studies in R/R CLL or
treatment-naive CLL with 17p deletion or TP53 mutation.
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5 Cost effectiveness

51 Published cost-effectiveness studies

Identification of studies

5.1.1 Describe the strategies used to retrieve cost-effectiveness studies
relevant to decision-making in England from published NICE
technology appraisals, the published literature and from unpublished
data held by the company. Justify the methods used with reference to
the decision problem and the NICE reference case. Provide sufficient
detail to enable the methods to be reproduced, and the rationale for
any inclusion and exclusion criteria used. Provide the search strategy

used in an appendix.

A SLR was conducted based on a pre-approved protocol in literature databases (listed
below) to identify economic models, and studies reporting economic outcomes and data
related to the treatment of R/R CLL patients with any chemotherapeutic, biologic or
investigational pharmaceutical agents. The databases searched included:

MEDLINE (via PubMed) and MEDLINE (R) In-process (via PubMed),
Embase, and Embase In-process

CENTRAL

Database of Abstracts of Reviews of Effects (DARE)

National Health Service Economic Evaluation Database (NHS EED)
National Health Services Health Technology assessment (HTA) database,
EconLit

The search algorithms used in these databases were generated using the PICOS (109)
framework (Population, Intervention, Comparators, Outcomes, Study design) in line with the
research question. Search algorithms were tailored to identify studies published as of 03
June 2015. All searches were run without limitations (e.g. no date or language limits). Non-
relevant designs (i.e., comments or editorials) were removed from the search hits prior to
review of the abstracts.

Additional searches were conducted via the Cochrane Library and the above databases for
high-quality, recently conducted systematic reviews (published from 2011 to 2015) to serve
as supplemental data sources.

Finally, bibliographies of relevant systematic review articles published since 2011 and the

bibliographies of accepted studies were also reviewed to obtain any additional, relevant
references.
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In addition to the above searches within key databases, ‘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 relevant meeting abstracts or posters. Proceedings from the
past three years (as available) for the follow key conferences were reviewed:

ASCO (2013-2015): http://am.asco.org/

ASH (2012-2014): http://www.hematology.org/Annual-Meeting/

EHA (2013-2015): http://www.ehaweb.org/

ESMO (2012-2013): http://www.esmo.org/Conferences/[ESMO-2014-Congress
ISPOR (2013-2015): http://www.ispor.org/

Search strategies were developed in line with the NICE Methods Guide and are provided in
Appendix 8

Records identified from the searches underwent two rounds of screening according to pre-
specified inclusion/exclusion criteria shown in Appendix 8. In the first round, two independent
investigators evaluated the title/abstracts of all unique records. In the second round, full-
texts/publications of all records that met the inclusion criteria during the title/abstract
screening were retrieved and reviewed by two independent investigators. None of the
exclusion criteria and all of the protocol-specified inclusion criteria had to be met for a record
to have passed this level. During both rounds of the screening process, discrepancies were
resolved through consensus by a third investigator.

Relevant data elements were extracted by one investigator and validated by a second
independent investigator. All discrepancies were resolved in discussion with a third
investigator. A number of control measures were put in place to ensure the quality and
consistency of data extraction. These include pilot testing of the extraction form on several
included studies, resolution of potential ambiguities and differences in the interpretation of
findings, and written instructions on outcomes measures to be extracted from the full papers.
The results of this process are presented in the section that follows, Section 5.1.2.

Description of identified studies

5.1.2 Provide a brief overview of each cost-effectiveness study only if it is
relevant to decision-making in England. Describe the aims, methods and
results for each study. Each study’s results should be interpreted with
reference to a critical appraisal of its methodology. When studies have
been identified and not included, justification for this should be provided. If
more than 1 study is identified, please present the information in a table

as suggested below.

After the initial removal of duplicate citations, 673 citations were screened according to the
pre-specified inclusion and exclusion criteria. Of these, 531 citations were excluded at the
abstract level. Among the 142 citations remaining, 116 were rejected following further
application of the inclusion/exclusion criteria to full-text citations and 24 citations were finally
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accepted into the review: 11 cost studies (12 publications), 11 cost-effectiveness analyses,
and two cost-minimisation publications. Figure 25 below illustrates the process of eliminating
references based on the protocol.

Figure 25: PRISMA Economic Analyses Flow Diagram
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Of the 24 studies identified, there were 11 cost-effectiveness studies (110-120) and 11
resource identification studies (121-131). Additionally, two cost-minimisation studies (132,
133) and one health-state simulation model (19) were identified. The cost-minimisation
studies were excluded from this discussion due to the fact that no health or QOL outcomes
were analysed and the health-state simulation model study did not report any cost.

Four of the 11 cost-effectiveness analyses took the perspective of the UK. However, no full-
text publications were available for these 11 studies (only abstracts) with the exception of
Hoyle et al. 2010 (119); therefore, very limited information was available regarding the
studies’ methods and inputs. Details on the model, patient populations, and results of the
four studies relevant to the UK are presented in Table 46. The remaining seven cost-
effectiveness studies, three of which were only available as abstracts, took the perspectives
of Australia (110), Canada, (113, 115) the US (114, 117), Portugal (118), and Poland (116),
which limits their relevance to decision-making in England and Wales.
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Table 46: Summary list of published cost-effectiveness studies

Study Country Summary of model Patient QALYs Costs (currency) ICER (per
Reference population (intervention, (intervention, QALY gained)
comparator) comparator)
Almond et UK Cost-effectiveness model from TA202 (comparing NR NR NR ICER comparing
al. 2013 ofatumumab with BSC) was reproduced and populated ofatumumab vs.
(abstract with alternative survival data from the perspective of the BSC: £52,400
only) (111) UK NHS. Individual patient-level data were (compared to
reconstructed from KM curves using a published £49,252
algorithm. Plausible survivor functions were fitted to the reported in
data using Markov chain Monte-Carlo simulation. TA202).
Batty et al. UK Cost-effectiveness of ofatumumab vs. BSC was Not listed. BSC patients BSC: £4,876 Ofatumumab vs.
2010 evaluated in the UK national healthcare setting using a (approximated by non- | Ofatumumab: BSC:
(abstract partitioned survival analysis model. PFS and OS for responders): £43,828 £144,266.66/
only) (112) ofatumumab were estimated by fitting a Weibull curve to 0.50 QALYs QALY
trial data; no similar data could be identified for BSC,
therefore Cox regression models were fit to non- Ofatumumab patients:
responder data vs. all fludarabine-refractory patients. 0.77 QALYs
Costs and utilities were taken from published and
unpublished sources.
Hoyle et al. UK An ‘area under the curve’ or ‘partitioned-survival' model NR No QALYs reported NR £38,241 per
2010 (134) was used to project expected clinical and economic QALY
outcomes for patients with DR CLL who were assumed
to receive ofatumumab or BSC. The model had a three-
state structure: ‘alive pre-progression’, ‘alive post
progression’ and ‘dead’.
Dretzke et UK The objective of the model was to assess the cost per CLL (median No QALYs reported NR Base case -
al. 2010 QALY of R-FC compared to FC based on clinical age: 63 years) £15,593/QALY
(120) parameters taken from the REACH trial. The ERG report

comprised a critical review of the evidence for the clinical
effectiveness and cost-effectiveness of the technology
based upon the manufacturer’s/sponsor’s submission to
NICE as part of the STA process.

ICER, incremental cost-effectiveness ratio; QALY(s), quality-adjusted life year(s); BSC, BSC; DR, double refractory
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5.1.3 Provide a complete quality assessment for each relevant cost-effectiveness
study identified. Use an appropriate and validated instrument, such as those
of Drummond and Jefferson (1996)* or Philips et al. (2004)2. Please provide
these assessments in an appendix.

A complete quality assessment of the relevant cost-effectiveness studies is provided in
Appendix 9.

5.2 De novo analysis

Patient population

5.2.1 State which patient groups are included in the economic evaluation and how
they reflect the population defined in the scope and decision problem for the
NICE technology appraisal, marketing authorisation/CE marking, and the
population from the trials. If there are differences, please provide the
rationale. Explain the implications of this for the relevance of the evidence
base to the decision problem. For example, indicate if the population in the
economic model is different from that described in the (draft) summary of
product characteristics (SmPC) or information for use (IFU) and included in

the trials.

The licensed indication for ibrutinib is for the treatment of 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.

Figure 26 presents the current treatment paradigm as recommended in BCSH guidelines (13)
with ibrutinib added as indicated. Introduction of ibrutinib is anticipated to alter the treatment
paradigm in the following ways:

e Providing a much more effective treatment option for multiple CLL populations, including
hard-to-treat and high risk groups

! Drummond MF, Jefferson TO (1996) Guidelines for authors and peer reviewers of economic
submissions to the BMJ. The BMJ Economic Evaluation Working Party. British Medical Journal 313
(7052): 275-83

% Philips Z, Ginnelly L, Sculpher M, et al. (2004) Quality assessment in decision-analytic models: a
suggested checklist (Appendix 3). In: Review of guidelines for good practice in decision-analytic
modelling in health technology assessment. Health Technology Assessment 8: 36.
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e By prolonging the PFS period, use of ibrutinib delays the use of other more toxic treatments

Figure 26: CLL treatment paradigm including ibrutinib
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The patient population in the economic model reflects the population in which ibrutinib would be
used in UK clinical practice (described in Section 3.3). Baseline characteristics used in
modelling (e.g. age and % male) reflect the RESONATE trial population, to ensure alignment
with the most rigorous source of clinical evidence of ibrutinib’s efficacy.

Ibrutinib’s licence and scope also include treatment-naive patients with 17p deletion or TP53
mutation unsuitable for chemo-immunotherapy. Ibrutinib is currently being evaluated in
treatment-naive patients compared to chlorambucil (PCYC1115), but the trial excludes patients
with 17p deletion. Accordingly, only very limited data on treatment-naive CLL patients with 17p
deletion (n=2) are available from PCYC-1102/1103 (see Section 4.11). An analysis of the
RESONATE 17p deletion subgroup (n=127/391, 32.5%) is presented as a scenario. In the
absence of robust trial data of ibrutinib in treatment-naive 17p deletion population, this scenario
provides the best estimate of ibrutinib’s comparative efficacy in this population. Clinical experts
agreed that in the absence of data for first-line use of ibrutinib in patients with 17p deletion, data
for ibrutinib in R/R CLL patients with 17p deletion constitute a strong argument to support
treatment-naive use in the 17p deletion population (1). Outcomes in the R/R population with 17p
deletion are expected to be similar, if not better, to R/R patients without 17p deletion based on
Landau et al. (2012) (11). IR has a similar license to ibrutinib and has recently gained a positive
FAD from NICE for use in frontline 17p deletion and TP53 patients due to the acknowledged
high level of clinical need in this patient population (40) (41).
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Model structure

5.2.2 Describe the model structure and provide a diagram of the model submitted,

including the following:

e Type of de novo analysis (for example, decision tree, Markov model,
discrete event simulation model).

e Justification of the chosen structure in line with the clinical pathway of care
described in section 3.3.

e How the model structure and its health states capture the disease or
condition for patients identified in section 3.3.

e Where appropriate, state the cycle length and whether a half-cycle

correction has been applied.

PFS and OS are key clinical endpoints. After a median of 16-months follow-up in the
RESONATE trial, 91.8% of ibrutinib patients were still alive and 82.1% were still alive and
progression free (28); even with up to 45 months in PCY1102/1103, median PFS and OS still
has not been reached (23). PFS and OS outcomes in the hard-to-treat 17p deletion subgroup in
RESONATE were similarly prolonged. Therefore, it was critical to structure the model in a way
that could capture these outcomes.

Accordingly, a de novo survival partition model structure was developed with the following three
health states (see Figure 27 for model diagram):

e PFS
e PPS
o Death

This three health state model is a highly accepted structure within oncology and was considered
appropriate in multiple NICE submissions within CLL (34-36). The recent submissions
evaluating IR for treatment of R/R CLL (40) and obinutuzumab + chlorambucil for untreated CLL
(74) used similar health states, but with additional functionality to capture time spent “on” and
“off-treatment” within the PFS period, based on the dosing schedules of the interventions. The
model described in this submission also captures this distinction within the PFS health state.

In the PPS health state, a proportion of patients were modelled to receive a subsequent line of
active treatment following progression. The remainder were modelled to receive BSC (symptom
management without active intervention) immediately upon entering the PPS health state. Once
patients on their subsequent line of therapy progressed, they then received BSC until death or
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model end. Stratification of the PPS period by “subsequent line of treatment” and “BSC” was
included in the current analysis to add face validity in this disease area where patients will
experience multiple lines of therapy over the course of their treatment. Of note, NICE has
previously favoured inclusion of subsequent lines of treatment for similar indications (e.qg. first-
line CLL and follicular NHL) (135, 136).

Costs and health effects (i.e. utility values) were assigned to each health state. A 4-week model
cycle was used, based on the 4-week dosing schedule for most of the relevant comparators.
Costs in PFS were assigned according to the distribution of patients’ best eventual response. A
half-cycle correction was used to adjust for the distribution of costs and benefits accrued
throughout the cycle.

Figure 27: Model diagram
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Table 47: Features of the de novo analysis

Factor

Chosen values

Justification

Time horizon

20 years

Patients with relapsed or refractory CLL can live for many
years and may receive multiple lines of therapy. Median
survival for patients treated with ibrutinib in PCYC-
1102/1103 had not been reached after 44 months (30
month OS 87.1% in R/R CLL 420mg patients) (23) (23).
The projected median survival from the modelling of
ibrutinib was approximately 6.4 years, with an estimated
10% of patients remaining alive at 20 years.

A 20 year time horizon was considered to be sufficient to
fully capture the costs and benefits associated with ibrutinib
and to adequately simulate the treatment pathway of
patients with R/R CLL, while minimising the uncertainty of
projecting long-term health outcomes as per the NICE
methods guide.

Were health effects
measured in QALYS;
if not, what was
used?

Health effects were
measured in both
QALYs and Lys

OS is the ultimate outcome in late-stage oncology trials. As
a result, life-years gained by patients receiving one
treatment compared to another are a critical measurement.
In addition, we consider the possibility that HRQOL is
differs at different phases of disease and with different
treatment regimens. To measure this impact, time spent in
each treatment phase was adjusted by utility to determine
QALYs

Discount of 3.5% for
utilities and costs

Health and cost
outcomes were
discounted by 3.5%

The discount rate applied to both costs and outcomes in
the reference case was 3.5% per year as per the NICE
methods guide.

Perspective
(NHS/PSS)

The model took the
perspective of the
NHS and PSS

The model takes the perspective of the NHS in England
and Wales.

PSS, personal social services; QALYs, quality-adjusted life years

5.2.3 Intervention technology and comparators

5.2.3.1 Intervention

Ibrutinib was implemented in the economic model per its SmPC (52) and in accordance with its
usage in the RESONATE trial: 420 mg/day (3 capsules) administered until disease progression
or until no longer tolerated by the patient (18). A dose intensity of 94.8% based on usage of
ibrutinib in RESONATE was applied to the full cost of the drug to account for patients who
temporarily reduced the dose of ibrutinib or discontinued treatment due to tolerability issues.
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5.2.3.2 Selection of comparators

The selection of comparators for inclusion in the economic model was based upon
consideration of the following criteria, in accordance with the NICE Methods Guide, Section
5.1.6:

Relevance to UK clinical practice, based on NICE Final Scope input from UK clinical experts

As noted in Section 1.0, the NICE Final Scope for ibrutinib for treating R/R CLL (July 2015) (6)
recommended the following comparators: FCR; bendamustine (with or without rituximab);
chlorambucil (with or without rituximab); corticosteroids (with or without rituximab); IR; and BSC.
However, clinical guidelines (see Section 3.3) and an advisory board of UK haematologists (1)
confirm that there is no established standard of care for patients with R/R CLL in the UK.

Quiality and rigour of data for establishing relative treatment effects

The following hierarchy of data was considered. Wherever possible, multiple sources of data
were leveraged to validate estimates of relative treatment effect and to show consistency of the
superior treatment benefit of ibrutinib over comparators (see Section 4.10 and Appendix 6 for
details).

1. The most rigorous source of comparative efficacy is a head-to-head, comparative, RCT.

2. Inthe absence of RCT data, the NICE Methods Guide recommends establishing a NMA or,
if not all comparators can be included in one network, an ITC using common treatment
arms. Such methods 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.

3. When indirect comparisons cannot be conducted due to a lack of a common comparator,
alternative statistical methods, such as MAIC and pooled multivariate analysis, can be
employed to estimate relative treatment efficacy between two treatments, adjusting for
population differences between trials and therefore improving on naive, unadjusted
comparisons that can be introduce bias.

5.2.3.3 Comparators included in the economic model

PC is the most relevant comparator for ibrutinib, as demonstrated by the lack of a standard of
care in clinical guidelines (13) (2) and clinical expert opinion (1). Numerous treatment options
are used depending on a patient’s risk factors, age, and fitness levels; moreover, clinicians often
enrol patients in clinical trials if they see fit. BR, 10 (as a proxy for IR), and ofatumumab were
included as secondary comparators. Table 48 presents the comparators selected in the
economic model and an assessment of these key factors considered for inclusion (see Section
3.3 and Figure 6 for an overview of the disease and place in therapy for ibrutinib).

PC was composed of the following treatments: R-CHOP (10%), BR (35%), FCR (10%),
R+HDMP (25%), and chlorambucil (20%). This composition reflects the mix and proportion of
therapies that were used in the PC arm of Osterborg, 2014 (37) (38) but was adjusted further to
include only treatments relevant to UK clinical practice (1). Clinicians indicated that it would be
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appropriate to use the ITC results to inform relative treatment efficacy of ibrutinib vs. the current
practice in the UK (1).

As noted in Section 4.10, it was not possible to establish ibrutinib’s efficacy vs. IR based upon
the publication of the phase Il Study 116 (Furman, 2014) (30). Instead, ibrutinib’s efficacy vs. 10
was established through an ITC comparing RESONATE vs. Jones, 2015 (39). UK clinicians
supported that the efficacy of IR and 10 were interchangeable (1). Moreover, the recent
appraisal of IR employed the same assumption of interchangeability of efficacy for rituximab and
ofatumumab and this which was accepted by NICE (40).

When analysing ibrutinib in the R/R CLL 17p deletion subgroup, it was only possible to compare
ibrutinib against ofatumumab, as PFS and OS data specific to that subgroup were not published
for any of the other comparators relevant to the UK.

Table 48: Justification of comparators in economic model

Comparator Included | Relevance to UK clinical Rigour of data available for
in NICE practice? modelling
Scope”?
PC (primary No High; clinical guidelines (Section High
comparator) 3.3) and UK clinicians (1) indicated
there is no standard of care and Primary source: ITC based on
patients are treated with a wide RESONATE vs. Osterborg, 2014

variety of treatment options.
Validation source: ITC of
RESONATE vs. Karolinska real-
world evidence

(Section 4.10, Appendix 6)

BR (secondary | Yes High; UK clinicians indicated BR is | Medium
comparator) frequently used (1)
Primary source: MAIC of

RESONATE vs. Fischer, 2011

Validation source: ITC of
RESONATE and HELIOS
(Section 4.10, Appendix 6)

IO as proxy for | Yes High; recently recommended (FAD | Medium
IR (secondary stage) by NICE for the same
comparator) indication as ibrutinib (40) ITC based on RESONATE vs.

Jones (2015); requires assumption
that 10 has the same efficacy as IR

(Section 4.10, Appendix 6)

Ofatumumab No Medium; UK clinicians indicated High; RESONATE is a head-to-
that ofatumumab is relevant to UK | head RCT comparing ibrutinib vs.
clinical practice (1) ofatumumab

5.24 If the intervention and comparator(s) are not implemented in the model as

per their marketing authorisations/CE marking, describe how and why there
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are differences. Make it clear whether the intervention and comparator(s)
included in the model reflect the decision problem. If not, briefly describe how
and why, cross-referencing to the decision problem section in your

submission.

The dosing and continuation rules for ibrutinib have been implemented in accordance with the
market authorisation. Due to a lack of robust data of ibrutinib’s efficacy in a frontline 17p
deletion population, the cost-effectiveness of ibrutinib has instead been tested in a R/R CLL 17p
deletion subgroup. It is expected that results from this subgroup analysis would be indicative of
that of the treatment-naive 17p deletion population. This is consistent with the approach taken
and accepted by NICE in the recent IR NICE submission in the same patient population (41).

Comparators are implemented in the model as per their marketing authorisations. The dosing
regimen and continuation rules for ibrutinib and the relevant comparators are summarised in
Table 49. The intervention and comparators reflect the decision problem as they are the most
representative treatment options currently in use for the patient population under appraisal.
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Table 49: Dosing regimen and continuation rules

Treatment Dosing regimen Source Continuation rules as | Continuation rules Justification
per MA/SmPC implemented in the model implementation in the
model
Ibrutinib 420 mg/day (3 capsules) daily | Ibrutinib SmPC Treatment should Patients continue treatment Implemented as per
(52) continue until disease with ibrutinib until SmPC and RESONATE
progression or no progression; treatment trial observation
longer tolerated by the discontinuation is informed
patient. by treatment discontinuation
KM data from RESONATE,
which takes into account
dose reduction or
discontinuation due to
tolerability
Physician’s BR See BR below See BR below See BR below See BR below Based on Osterborg,
Choice 2014; customized by
clinical experts to fit UK
clinical practice
R-CHOP Rituximab: 375 mg/m®, Mabthera Treatment should Treatment should continue Implemented as per
administered on day 1 of (rituximab) EMA | continue until disease until disease progression, or | Rituximab SmPC
each chemotherapy cycle for | |5pe| (137) progression, or no maximum treatment

8 cycles after intravenous
infusion of the glucocorticoid
component of

CHOP

Cycloghosphamide: 750
mg/m
Doxorubicin: 50 mg/m2

Vincristine: 1.4 mg/m2 uptoa
maximum of 2 mg on day 1

Prednisone: 40 mg/mzlday on
days 1-5) every 3 weeks for
eight cycles

longer tolerated by the
patient or maximum
treatment duration.

duration.
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FCR Fludarabine: 25 mg/m2 on Badoux (2011) Treatment should Treatment should continue Implemented as per
days 2-4, every 4 weeks for 6 (138) continue until disease until disease progression, or | Badoux trial
cycles progression, or no maximum treatment
Cyclophosphamide: 250 Ionger tolerate_d by the duration.
mg/m2 on days 1-3, every 4 patient or maximum
weeks for 6 cycles treatment duration.
Rituximab: 375 mg/m? on day
0 of Cycle 1 followed by 500
mg/m* on day 1 of each
subsequent cycle, for 6 cycles
(per cycle = 28 days)
Chlorambucil | 12 mg/mf/day for7 Robak (2005) Treatment should Treatment should continue Implemented as per
consecutive days, every month | (139) continue until disease until disease progression, or | Robak trial
for 3 cycles (per cycle = 4 progression, or no maximum treatment
weeks) longer tolerated by the | duration.
patient or maximum
treatment duration.
R+HDMP Methylprednisolone: 1 g/m’ Pileckyte (2011) | Treatment should Treatment should continue Implemented as per
daily for day 1 to day 5 days of | (140) continue until disease until disease progression, or | Pileckyte trial
each 3 week treatment cycle progression, or no maximum treatment
o ) longer tolerated by the duration.
Rituximab: 375 mg/m” on day patient or maximum
1,500 mg/m’ on day 5, day 22 treatment duration.
and day 26. Then starting from
day 43, 500 mg/m? repeat
every 3 week cycles for 4
times.

BR

Bendamustine: 70 mg/lIV on
days 1 and 2 every 28 days,
for 6 cycles (per cycle=28 days

Rituximab: 375 mg/m? on day
0 of cgcle 1 followed by 500
mg/m*” on day 1 of each
subsequent cycle

Fischer (2011)
(29)

Bendamustine: on days
1 and 2 every 28 days,
for 6 cycles (per
cycle=28 days)
Rituximab: 375 mg/m2
on day O of cycle 1
followed by 500 mg/m?
on day 1 of each
subsequent cycle

Patients continue incurring
cost of BR treatment until 24
weeks, or until progression,
whichever occurs sooner.

Implemented as per
Fischer, 2011 trial
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10 (proxy for IR) Idelalisib: 150 mg orally, twice | Idelalisib SmPC | Idelalisib: Treatment Patients continue incurring The use of PFS as a
daily (141) should continue until the cost of rituximab until 24 | proxy for treatment
disease progression or | weeks, or until progression, discontinuation was
Rituximab: 375 mg/m2 on day unacceptable toxicity Whlf:hever oclcurs §oon§r. \(/f)tted by UK clinicians
0 of cycle 1 followed by 500 Rituximab: 375 mg/m? | Falients continue incurring '
mg/m? on day 1 of each on day 0 of cycle 1 the cost of |deIaI_|s;b Untl(; A
subsequent cycle 2 | progression, as informed by
a Y followed by 500 mg/m” | 5eg 't om Jones, 2014 (39).
on day 1 of each
subsequent cycle
Ofatumumab 300 mg on Day 1 of week 1, Ofatumumab Infusion schedule is 8 Patients continue incurring Implemented as per
2,000 mg weekly from week 2 | SmPC (142) consecutive weekly cost of ofatumumab SmPC
to week 8, 2,000 mg every 4 infusions followed 4-5 treatment until 24 weeks, or
weeks from week 12 to week weeks later by 4 until progression, whichever
24 consecutive monthly occurs sooner.
infusions
A ) 7
HDMP Methylprednisolone: 1 g/m Pileckyte (2011) | Treatment should Treatment should continue Implemented as per

(Subsequent treatment)

daily for day 1 to day 5 days of
each 3 week treatment cycle
up to 6 cycles

continue until disease
progression, or no
longer tolerated by the
patient or maximum
treatment duration.

until disease progression, or
maximum treatment
duration.

Pileckyte trial
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5.25

If a treatment continuation rule has been assumed for the intervention and
comparator(s), provide the rationale for the continuation rule and where it is
referenced (for example, [draft] SmPC, European public assessment report,
comparator use, clinical practice, or clinical trial protocols). Please note that
this refers to clinical continuation rules and not patient access schemes. If a
treatment continuation rule is included in the model that is not stated in the
(draft) SmPC or information for use (IFU), this should be presented as a
separate scenario by considering it as an additional treatment strategy
alongside the base case interventions and comparators. Consideration
should be given to the following:

the costs and health consequences of implementing the continuation rule
(for example, any additional monitoring required)

the robustness and plausibility of the end point on which the rule is based
whether the ‘response’ criteria defined in the rule can be reasonably
achieved

the appropriateness and robustness of the time at which response is
measured

whether the rule can be incorporated into routine clinical practice
whether the rule is likely to predict those people for whom the technology
is particularly cost effective

issues about withdrawal of treatment for people whose disease does not

respond and other equity considerations.

No continuation or stopping rules were applied to the intervention technology or comparators in
the economic model other than those described in Table 49 above.

5.3 Clinical parameters and variables

53.1

Describe how the clinical data were incorporated into the model, also

commenting on the following factors:
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e Whether intermediate outcome measures were linked to final outcomes

(for example, if a change in a surrogate outcome was linked to a final

clinical outcome). If so, explain how the relationship was estimated, what

sources of evidence were used, and what other evidence there is to

support it.

e Whether costs and clinical outcomes are extrapolated beyond the trial

follow-up period(s). If so, explain and justify the assumptions that underpin

this extrapolation, particularly the assumption that was used about the

longer-term difference in effectiveness between the intervention and its

comparator. For the extrapolation of clinical outcomes, present graphs of

any curve fittings to patient-level data or Kaplan—Meier plots and the

methods and results of any internal and external validation exercises. The

NICE Decision Support Unit® has published technical support document

14, which provides additional information on the implementation of

methods and reporting standards for extrapolation with patient level data.

Table 50 summarises the key sources of clinical evidence that were used to populate the model.

Table 50: Summary of clinical evidence and approach for modelling

Clinical Brief description Use in the model

evidence

RESONATE Pivotal Phase Ill, double- e Patient population baseline characteristics
(18) (28) blinded RCT in R/R CLL

investigating the efficacy of
ibrutinib (n=195) vs.
ofatumumab (n=196)

e PFS and OS KM data for all patients were projected beyond
the trial period to inform PFS and OS outcomes for ibrutinib;
projections were used as a reference curve to which HRs
were applied to derive the PFS and OS for comparators

e PFS KM data were projected beyond the trial period to
inform PFS for ofatumumab; a crossover-adjusted OS HR
was derived and applied to ibrutinib OS projection to
estimate OS of ofatumumab.

e Treatment discontinuation for ibrutinib was based on KM
data from RESONATE, which accounted for discontinuation
due to adverse events

e Proportion of patients receiving subsequent treatment based

® Although the Decision Support Unit is funded by NICE, technical support documents are not formal
NICE guidance or policy.
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on data reported for ofatumumab was used as proxy for all
comparators. The ofatumumab arm provides the best data
source, given that few patients in the ibrutinib arm had
progressed and started receiving subsequent treatment.
This assumption was validated by clinical experts (1).

e Death during the PFS health state was derived from the
entire RESONATE trial population and used as proxy for all
comparators.

e AE data for ibrutinib and ofatumumab

e EQ-5D trial data informed baseline utility and utility during
PFS

Study Phase Ill, open-label RCTin | § |T¢ conducted via common ofatumumab arm to derive relative
OMB114242 bulky fludarabine-refractory treatment effect of ibrutinib vs. PC on PFS and OS
(Osterborg,, CLL investigating the efficacy

2014) of ofatumumab (n=79) vs. PC | ¢ AE data for PC

(37) (38) (n=43)

CLL2M Phase Il, single-arm trial in e MAIC conducted to derive relative treatment effect of ibrutinib
GCLLSG patients with relapsed and/or

(Fischer, 2011)
(29)

refractory CLL investigating
the efficacy of BR (n=78)

vs. BR on PFS and OS
¢ AE data for BR and proxy for physician’s choice

HELIOS
(Akmal, 2015)
(95)

Phase Il RCT in patients with
R/R CLL or SLL investigating
the efficacy of ibrutinib + BR
(n=289) vs. BR + placebo
(n=289)

¢ Pooled analysis conducted to derive relative treatment effect
of ibrutinib vs. BR on PFS and OS

Study 119
(Jones, 2014)
(39)

Phase Ill RCT in R/R CLL
investigating the efficacy of
10 (N=174) vs. ofatumumab
(N=84)

¢ |TC conducted via common ofatumumab arm to derive relative
treatment effect of ibrutinib vs. IO on PFS and OS, used to
inform relative efficacy of ibrutinib vs. 1O (proxy for IR)

o AE data for idelalisib + ofatumumab (proxy for IR)

Study 116
(Furman, 2014)
(30)

Phase Ill RCT in R/R CLL
investigating the efficacy of IR
(N=110) vs. rituximab
(N=110)

¢ Rituximab PFS is used as proxy for the PFS of subsequent
treatment

Karolinksa
Institute (15)

Real world evidence from
Sweden

¢ Pooled analysis conducted to derive relative treatment effect
of ibrutinib vs. PC on PFS and OS; used as alternative efficacy
source to validate and triangulate results of comparison vs.
OMB114242.

Overview of clinical data used in the model

Clinical trials do not tend to fully capture PFS or OS in R/R CLL. This is especially true in the
case of ibrutinib, which was demonstrated to significantly prolong PFS and OS compared to
ofatumumab in the RESONATE trial (18). At a median of 16-months follow up, only 17.9% of
patients in the ibrutinib arm had progressed and only 8.2% had died (28). Outcomes for the 17p
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deletion subgroup were similar. Therefore, extrapolation of PFS and OS data beyond the trial
period was necessary.

To extrapolate patient-level data from RESONATE, the 16-month data were analysed and fitted
with commonly used distributions such as exponential, Weibull, log-normal, and log-logistic
(143) (144). Goodness of fit was tested using statistical criteria (Akaike information criteria [AIC]
and Bayesian information criteria [BIC]). Additionally, observed curves were visually compared
to the predicted distributions, and the long-term projections were assessed for clinical
plausibility. The resulting curve fittings were used to inform outcomes in the model (in place of
KM data).

Area under the PFS and OS curve were used to calculate the proportion of patients in health
states at given time points (see Section 5.3.2), which drove clinical and QALY outcomes in the
model.

For comparisons with non-trial comparators (PC, BR, and IR proxied by 10), projections of
ibrutinib PFS and OS curves were used as reference curves to which comparator HRs were
applied. Projection of the ofatumumab PFS curve was used to inform the ofatumumab PFS in
the model. However, due to the fact that a significant number of ofatumumab patients had
progressed and subsequently crossed over to the ibrutinib arm (n=116, 59%) the OS from the
ofatumumab arm was contaminated by crossover. Therefore, the ofatumumab OS was
estimated by applying a crossover-adjusted HR to the ibrutinib OS curve (see Section 4.4 for a
detailed description of the RESONATE crossover adjustment).

More details on the parametric fitting process and results are provided below.
Extrapolation of PFS (ibrutinib and ofatumumab)
All patients

The AIC/BIC from the parametric fittings for the PFS of ibrutinib and ofatumumab suggest that
Weibull is the best fit for both the joint fit with treatment as a covariate and the separate fit
(Table 51). It should be noted, however, that the AIC/BIC are very similar across the
distributions for thhe ibrutinib arm separate fit. A visual assessment of the long-term projection
of different parametric functions shows that a significant number of ibrutinib patients remain in
PFS at 5 years with exponential, log normal and log logistic distributions (Figure 28). For this
reason, a Weibull distribution may provide the most plausible projection.

Visual assessment indicated that the ofatumumab and ibrutinib arms had different progression
trends and, accordingly, when Weibull functions were fit separately to each arm (instead of
using a combined fit), the resulting shape parameters differed considerably (1.30 [SE 0.19] for
ibrutinib vs. 1.77 [SE 0.12] for ofatumumab). Therefore, Weibull with a separate fit for each
treatment arm was used for the projection of PFS as the base case, which provides a
conservative but reasonable long-term projection. Given that most patients had progressed in
the ofatumumab arm, the projection has a greater level of certainty. In the ibrutinib arm, an
exponential fit is used in a sensitivity analysis based on BIC, which provides a less conservative
long-term projection of the possible impact of ibrutinib on PFS.
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Table 51: AIC and BIC for PFS parametric fitting — all patients*

Ibrutinib (Separate) Ofatumumab (Separate) Joint Fit
AIC BIC AIC BIC AIC BIC
Weibull 267.64 274.19 411.93 418.49 681.51 693.42
Lognormal 269.31 275.86 447.36 453.92 738.56 750.46
Log logistic 267.85 274.39 434.04 440.6 711.43 723.34
Exponential 268.43 271.71 469.98 473.25 738.41 746.35

Abbreviations: AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion

*lower AIC or BIC value indicate better statistical fit

Figure 28: Comparison of PFS long-term projection with different parametric functions (separate
fit) — all patients
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17p deletion subgroup

For the 17p deletion subgroup, the AIC/BIC (Table 52) again are very similar across the
distributions for fit to the ibrutinib arm. A visual assessment of the long-term projection of
different parametric functions shows that a significant number of ibrutinib patients remain in PFS
at 5 years with exponential, log normal and log logistic distributions (Figure 29). For this reason,
a Weibull distribution provides the most clinically plausible projection.
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The AIC/BIC for the ofatumumab arm shows that Weibull is the best fit. Given that most patients
had progressed in the ofatumumab arm, the projection has a greater level of certainty.

Table 52: AIC and BIC for PFS parametric fitting — 17p deletion subgroup*

Ibrutinib Ofatumumab
AIC BIC AIC BIC
Weibull 268.78 278.60 409.99 419.82
Lognormal 269.09 278.91 441.88 451.72
Log logistic 268.70 278.52 427.69 437.53
Exponential 269.52 276.07 469.15 475.70

Abbreviations: AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion

*lower AIC or BIC value indicate better statistical fit

Figure 29: Comparison of PFS long-term projection with different parametric functions— Ibrutinib
17p deletion subgroup
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Figure 30: Comparison of PFS long-term projection with different parametric functions—
ofatumumab 17p deletion subgroup
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Goodness of fit was tested using AIC and BIC statistical criteria. Additionally, observed curves
were graphically compared to the predicted distributions, and the long-term projections were
assessed for clinical plausibility. As the AIC/BIC statistics of parametric functions fitted to the
observed OS of the ibrutinib arm showed small differences across distributions (Table 53),
visual inspection was also used to determine which functional forum best fit the observed data
during the trial period.

Given the uncertainty associated with the long-term projection of OS beyond the clinical trial
period, two different options for projecting OS were included in the model:

1. Lognormal fit for the first 3 years + exponential fit thereafter (base case)

OS data for R/R CLL patients from the ibrutinib 1102/1103 trial, which had a similar patient
population as RESONATE but provided longer follow up (44 months) (22) (23), were used to
help determine the appropriate parametric functions for the ibrutinib arm. The OS of ibrutinib
from the RESONATE trial is similar to the OS from the 1102/1103 trial (Figure 31) and the
lognormal prediction from RESONATE matches the KM curve of OS from the ibrutinib
1102/1103 trial. However, long-term projection of lognormal may not be clinically plausible,
given that this distribution has a decreasing hazard in the long-term. Therefore, lognormal was
used to inform outcomes only for 3 years based on observations from the 1102/1103 trial. After
that time point, the exponential distribution, which has the lowest AIC/BIC was used for the
remaining projection of OS. It is important to note that exponential and Weibull distributions
provide similar projection in both the short term and long term.
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2. Weibull (sensitivity scenario)

A Weibull function is commonly used in oncology for the projections of survival. Due to similar
AIC/BIC across different parametric functions, Weibull is tested in a scenario analysis.

Table 53: AIC and BIC for ibrutinib OS parametric fitting

AIC BIC
Weibull 214.63 221.18
Lognormal 214.21 220.76
Log logistic 214.46 221.01
Exponential 212.66 215.93

Abbreviations: AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion

Lower AIC or BIC value indicates better statistical fit

Figure 31: Comparison of OS projection with different parametric functions - ibrutinib
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Figure 32: Comparison of ibrutinib OS projection from RESONATE Trial with KM data from
1102/1103 trial
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17p deletion subgroup

For the ibrutinib 17p deletion subgroup survival, the AIC/BIC statistics of parametric functions
fitted to the observed OS of the ibrutinib arm again showed small differences across
distributions (Table 54). Visual inspection was also used to determine which functional form best
fit the observed data during the trial period. An exponential function is used in the model
analysis as it provides the lowest AIC/BIC and is a reasonable and conservative projection in
the long-term.

Table 54: AIC and BIC for Ibrutinib OS parametric fitting — 17p deletion subgroup

AIC BIC
Weibull 215.68 225.50
Lognormal 214.43 224.25
Log logistic 215.33 225.15
Exponential 213.70 220.25

Abbreviations: AIC, Akaike’s Information Criterion; BIC, Bayesian Information Criterion

Lower AIC or BIC value indicates better statistical fit
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Figure 33: Comparison of OS projection with different parametric functions ibrutinib — 17p

deletion subgroup
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Summary of clinical inputs

Table 55 summarises the clinical inputs and data sources used in the economic model. Further

80

Months

Exponential

= | 0glogistic

120

details regarding the implementation of each data input are provided in the text below.

Table 55: Summary of clinical input values

Value (95% CI) | Reference Reference in
submission (section
and page number)

PFS Ibrutinib, Weibull
Intercept - RESONATE Section 5.3.1
Scale RESONATE Section 5.3.1
PFS 17p deletion Ibrutinib,
Weibull
Intercept - RESONATE Section 5.3.1
Scale RESONATE Section 5.3.1
PFS ofatumumab Weibull
Intercept - RESONATE Section 5.3.1
Scale RESONATE Section 5.3.1
PFS 17p deletion ofatumumab
Weibull
Intercept - RESONATE Section 5.3.1
Scale RESONATE Section 5.3.1
PFS HRs (ibrutinib vs.
comparator)
PC r ITC based on Section 4.10

Osterborg, 2014
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BR MAIC based on Section 4.10
Fischer, 2011
10 (proxy for IR) ITC based on Jones, Section 4.10
I 2014
OS lbrutinib Lognormal
Intercept - RESONATE Section 5.3.1
Scale RESONATE Section 5.3.1
OS lbrutinib Exponential
Intercept | RESONATE Section 5.3.1
OS 17p deletion Ibrutinib
Lognormal
Intercept | ] RESONATE Section 5.3.1
Scale N RESONATE Section 5.3.1
OS 17p deletion Ibrutinib
Exponential
Intercept | RESONATE Section 5.3.1
OS HRs (ibrutinib vs.
comparator)
Ofatumumab F RESONATE, adjusted | Section 4.4
for crossover
PC F ITC based on Section 4.10
Osterborg, 2014
BR MAIC based on Section 4.10
Fischer, 2011
10 (proxy for IR) ITC based on Jones, Section 4.10
2014
OS HR Del 17p (ibrutinib vs RESONATE, adjusted | Section 5.3.1
ofatumumab for crossover
Subsequent Line of Treatment
% receiving subsequent 41.9% Ofatumumab arm of Section 5.3.1
treatment RESONATE (18)
Probability of death during 0.57% per 4 Estimated from Section 5.3.1
PFS weeks cycle RESONATE (28)

In addition to PFS and OS, the following clinical data were used in the model.

Probability of death during PFS

Probability of death was calculated based on data from the ibrutinio RESONATE trial (combined
ibrutinib and ofatumumab patients), resulting in a 0.57% probability of death for every 4 week
cycle for all patients in the model. The probabilities of death during the progression-free phase
for the comparators were assumed to be the same as those in the RESONATE patients. This
parameter was used only to track patients as they moved from PFS into the PPS (i.e. incident
progressed patients) in order to assign subsequent treatment, but did not impact overall survival
calculations (see section 5.3.2).

Subsequent line of treatment

The model allowed patients to receive a subsequent line of treatment after failure on initial
treatment. In UK clinical practice, not all patients will go on to receive subsequent treatment.
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The probability of receiving a subsequent line of treatment was based on evidence from the
RESONATE trial and validated by UK clinicians (1). Ibrutinib patients in RESONATE went on to
subsequent therapy at a lower rate compared with ofatumumab; however, the lower percentage
is likely due to fewer patients having progressed on ibrutinib at the time of the trial analysis.
More ofatumumab patients experienced PFS events and were thus eligible for subsequent
treatment. Nine-month data was used instead of 16-month data, because most ofatumumab
patients had crossed over in the 16 month data, which would bias the probability of receiving
subsequent treatment for the ofatumumab arm. The proportion of patients who were modelled
to receive a subsequent line of treatment is 41.9% (86).

Subsequent line of treatment was modelled to include R+HDMP (50%) and HDMP (50%),
informed by UK clinicians (1). Of note, UK clinicians indicated the IR was not likely to be used
as a subsequent line of treatment for patients entering PPS in the model.

Patients receiving a subsequent line of treatment were at risk of experiencing a progression
event (after which they were modelled to receive BSC). TTP while on subsequent line of
treatment was assumed to be the same as the PFS of rituximab from the Furman 2014 trial
(30). The Furman trial was selected because its patient population most closely resembles the
population included in the RESONATE trial. UK clinical experts indicated that the PFS of the
rituximab arm was a reasonable approximation of the duration of time in PFS for patients on
subsequent line of treatment (1).

Grade 3 and 4 AEs

AEs affect both costs associated with a drug regimen as well as the health-related quality of life
of patients receiving treatment. Grade 3 and 4 AEs were collected from published clinical trial
studies for each of the comparator treatment. The AEs that were reported in clinical trials as
occurring in 25% of patients in at least one of the comparator treatments were considered in the
model. UK clinical experts indicated that this inclusion rule was appropriate (1). AEs that were
not reported in some trial publications were conservatively assumed to be 0% for calculation
purposes.

An important factor to consider when comparing AEs across lines of treatment is time on
treatment. Patients treated with ofatumumab in RESONATE had a median duration of treatment
of 5.3 months. Accordingly, AEs rarely occurred in ofatumumab patients after this point as
patients were not exposed to active treatment. The percentage of patients experiencing AEs
while on treatment with ibrutinib is greater than for those receiving ofatumumab due to the fact
that ibrutinib’s treatment exposure was much longer. An analysis of EAIR of AE was performed
and showed that,

. Similar to ofatumumab, physician’s choice is
composed of regimens with fixed treatment duration, as is BR. The shorter periods of exposure
to drug for these regimens contribute to the relatively low percentage of patients who
experienced AEs in comparator trials.

Table 56 below presents the AE data used in the model, with AEs that were not reported
marked as “NR”.
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Table 56: Percentage of patients experiencing AEs by comparator

Ibrutinib Physician’s Choice 10 (proxy for IR) BR Ofatumumab
Anaemia 5.6% 3.7% 3.7% 12.0% 7.3%
Diarrhoea 4.6% NR NR 20.2% 1.6%
Preumonia 10.8% NR NR 12.7% 5.8%
Hypertension 6.2% NR NR NR 0.5%
Neutropenia 18.5% 8.2% 8.2% 34.1% 13.6%
Thrombocytopenia 5.6% 6.5% 6.5% 13.3% 4.2%
Sepsis 1.5% NR NR NR 1.0%
Reference: RESONATE trial Assumed to be the Jones, 2014 (39) Fischer, 2011 (29) RESONATE trial (18)

(18) (28) same as BR (Fischer, (28)

2011) (29)

Note: percentage of patients experiencing AEs are not adjusted to account for time on treatment or duration of exposure to drug.

Abbreviations: AE, adverse event; BR, bendamustine+rituximab; NR, not reported
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5.3.2 Demonstrate how the transition probabilities were calculated from the clinical
data. If appropriate, provide the transition matrix and describe the details of

the transformation of clinical outcomes or any other relevant details here.

The model uses a survival partition approach to assign patients to different health states;
therefore transition probabilities (TPs) were not necessary. The area under the survival curves
at each cycle was calculated and used to define the distribution of the patient cohort in each
health state.

The partition model approach has been used extensively in oncology since it is particularly
suited to conditions in which ongoing risks exist, although the size of these risks may vary over
time. Slightly different from the traditional three health-states survival partition model, the PPS
state is further stratified to account for the cost implication of subsequent treatment.

PFS state

The overall PFS health state was directly informed by the PFS curves. Incidence of progression
in each model cycle was tracked to allow for monitoring of subsequent line of treatment and
PFS with subsequent line of treatment. As patients could die directly from the PFS state, death
during PFS was incorporated to estimate the incidence of progression. The incidence of
progression was calculated as:

PFST(n.l) - PFST(n) - Death during PFS T(n-1)

In other words, incidence of progression was calculated by subtracting death events during PFS
from the PFS events. A constant hazard of death was applied for each 4-week model cycle for
patients in the progression-free health states. This calculation was used only to track patients as
they moved from the PFS state into the PPS state (i.e. incident progressed patients), but did not
impact OS calculations, given that OS was based directly upon OS data collected in trials which
would have already accounted for deaths during PFS.

PPS state

The post-progression state is defined by all patients surviving (OS) less those who remain
progression free (PFS); thus, the calculation to determine the patients in the progressed state is
OS-PFS. OS is informed directly by OS curves projected based on the parametric fitting to
RESONATE trial data and HRs for comparators.

During the post-progression stage, a proportion of patients who progress in the model would
receive a subsequent line of treatment. The PFS of subsequent treatment is tracked for each
incident progressed cohort. Subsequent treatment is included to impact on costs only and is
assumed not to impact survival, as survival is estimated based on OS projection using the
RESONATE trial and relative treatment effect through ITCs and MAIC.

Patients who did not receive a subsequent line of treatment received BSC immediately after
disease progression. The patients who received the subsequent line of treatment switched to
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BSC once they experienced further disease progression. The proportion of patients in this
health state is calculated with the following equation:

PPS — PFS of subsequent treatment
Death
Death was calculated as:
Death=1-0S

To ensure that the survival projected by the parametric function did not exceed that of the
general population, age-dependent general population mortality was incorporated into the
model. Within each model cycle, the probability of death experienced by CLL patients could not
be less than the probability of death of the general population. In cases where the survival
projection of the CLL population exceeded that of the general population (e.g., survival
extrapolations using functions with long tails), the general population’s estimates were used.

5.3.3 If there is evidence that (transition) probabilities may change over time for the
treatment effect, condition or disease, confirm whether this has been
included in the evaluation. If there is evidence that this is the case, but it has
not been included, provide an explanation of why it has been excluded.

TPs were not used in the economic model. Clinical outcomes were based on time-to-event data,

which takes into account changes over time in treatment effect, condition, or disease. See
Section 5.3.2 for further details.

5.34 If clinical experts have assessed the applicability of the clinical parameters or
approximated any of the clinical parameters, provide the following details:

¢ the criteria for selecting the experts

e the number of experts approached

e the number of experts who participated

¢ declaration of potential conflict(s) of interest from each expert whose
opinion was sought

¢ the background information provided and its consistency with all the
evidence provided in the submission

¢ the method used to collect the opinions
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e the medium used to collect opinions (for example, was information
gathered by direct interview, telephone interview or self-administered
questionnaire?)

e the questions asked

e whether iteration was used in the collation of opinions and if so, how it was

used (for example, the Delphi technique).

Clinical experts were consulted to validate a number of clinical assumptions including
extrapolation of the clinical parameters to ensure clinical plausibility from the UK clinical practice
perspective.

The expert opinions were obtained as follows:

e Eight clinicians were invited to participate; four were available and able to attend.

¢ Clinicians with no conflict of interest were approached to ask for their attendance at an
advisory board hosted by Janssen.

e One advisory board was held in September 2015 with the objective of validating (a) clinical
assumptions proposed for inclusion within the cost-effectiveness model presented in this
appraisal and (b) the strategy for a CLL treatment submission.

The Advisory Board was conducted in accordance with the ABPI guidelines (145). The clinical
experts declared that they had no conflict of interest but were contracted and paid for their time.
At the consensus meeting, the panel were presented with suggested approaches of addressing
uncertainties within the economic modelling to provide a foundation for discussion. This process
involved individuals voicing their opinion on each value sequentially, then if there was
discrepancy, a discussion followed. After discussion, the consensus panel was then asked to
state their opinion. This process continued until the panel agreed.

The advisory board sought opinion from the clinical experts on the following points:

e The CLL population

e |brutinib’s position within the CLL treatment landscape

¢ Validation of extrapolated clinical data

o Relevant comparators for assessment within this appraisal and the most robust clinical
evidence to demonstrate comparative efficacy

¢ Indirect comparisons

¢ Assumptions on subsequent therapy used in patients who may eventually fail ibrutinib

e AEs in CLL and their management within UK clinical practice
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5.4 Measurement and valuation of health effects

Health-related quality-of-life data from clinical trials

54.1 In a table, summarise the utility values chosen for the cost-effectiveness
analysis, referencing values obtained in sections 5.4.1-5.4.6. Justify the
choice of utility values, giving consideration to the reference case. For
continuous variables, mean values should be presented and used in the
analyses. For all variables, measures of precision should be detailed. See
below for a suggested table format.

Table 57 summarises all utility values used and provides justification for their selection and use
in the model.

The baseline utility for patients in the PFS state (JJjlf) was informed by an analysis of EQ-5D-
5L data collected in RESONATE and represents the weighted average EQ-5D-5L score for
patients who remained in the PFS health state from weeks 4 to 60. The utility value is not age-
adjusted as it was collected from the RESONATE trial directly, representing the median age of
an R/R CLL patient population. After progressing and entering the PPS health state, patients in
the model were assigned a utility value informed by the baseline EQ-5D-5L score of patients
entering the RESONATE ftrial (-st a utility decrement associated with progression
(0.098), resulting in a utility value of for the PPS health state. Utility decrements
associated with AEs (ranging from 0.123 to 0.195) were applied to patients as they experienced
adverse events in the model. The utility decrements associated with progression and adverse
events were based on published literature, as analysis of RESONATE EQ-5D-5L data did not
identify differences for these events.

A summary of the RESONATE EQ-5D-5L analysis is presented in Section 5.4.1, with further
details provided in Appendix 12. A summary of the SLR to identify utility data from clinical trials
and published studies is presented in Section 5.4.3 and Appendix 8 and Appendix 11, with
relevant results summarised in Section 5.4.4 and compared in Section 5.5.5.

In a sensitivity analysis, utility increments associated with CR and PR were assigned to patients
in PFS depending on their best eventual response to treatment. Utility increments for response
were based on published studies and discussed in Section 5.4.11.
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Table 57: Summary of utility inputs in economic model

State Utility increment, Utility value for Reference Reference in | Justification
decrement, or disutility health state: submission
from baseline: mean (SE) | mean (SE)
Health States
Baseline utility for . _ RESONATE . Based on RESONATE EQ-5D-5L, consistent with NICE reference
patients in PFS Not applicable (18) (86) Section 5:4.1 | --ce and reflective of RESONATE trial population
Beusterien Based on standard gamble, which is consistent with NICE reference
-0.098 2010 (1465 Section 5.4.9 | case; utilities elicited from UK general population with reference to
Baseline utility for CLL-specific health states
patients in PPS Decrement subtracted — - -
! - RESONATE Section 5.4.1 Based on RESONATE EQ-5D-5L, consistent with NICE reference
fromct))faseIHutlhvalue “** | case and reflective of RESONATE trial population
Adverse Events
Anaemia B . Based on standard gamble, which is consistent with NICE reference
) eusterien, R - h )
-0.088 (0.009) Not applicable case; utilities elicited from UK general population with reference to
2010 (146) CLL-specific health states
Diarrhoea -0.195 (0.020) Not applicable Assumption _ _ _ )
Pneumonia - Assumption Decrements for these AEs were not available in published literature;
_ -0.195 (0.020) Not applicable P : assumed to incur the highest utility decrement
Hypertension -0.195 (0.020) Not applicable | Assumption | qo vion5.4.6
Neutropenia ) Tolley, 2013
-0.185 (0.019) Not applicable (147)
Thrombocytopenia Tollev. 2013 Based on TTO, which is consistent with NICE reference case;
P -0.123 (0.012) Not applicable (1)/4"7) utilities elicited from UK general population with reference to late-
stage CLL-specific health states
Sepsis ) Tolley, 2013
-0.195 (0.020) Not applicable (147)
Utility values for sensitivity analysis
Utility increment due 0127 Beusterien, o ) )
* 127 (0.013) 0.890 (SE TBD) Based on standard gamble, which is consistent with NICE reference
to CR 2010 (146) . . . .
5.4.11 case; utilities elicited from UK general population with reference to
Utility increment due Beusterien, CLL-specific health states
o PR* 0.059 (0.006) 0.822 (SE TBD) 2010 (146)
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HS, health state; AR, adverse reaction

*Used only insensitivity analysis; applied to baseline utility from RESONATE of _
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5.4.2 If health-related quality-of-life (HRQL) data were collected in the clinical
trials identified in section 4, comment on whether the data are
consistent with the reference case. Consider the following points, but

note that this list is not exhaustive:

e method of elicitation

e method of valuation

e point when measurements were made

e consistency with reference case

e appropriateness for cost-effectiveness analysis

e results with confidence intervals.

EQ-5D-5L data was collected in RESONATE at baseline, every 4 weeks until week
24, and every 12 weeks thereafter. A total of 165 patients in the 195 patient ITT-
population completed the baseline EQ-5D-5L survey. These data were analysed to
derive utility inputs that could be used to inform utilities in the economic model (see
Appendix 12 for the full analysis). Results from the analysis were used to inform
baseline utility and utility during PFS in the model.

Baseline utility and utility during PFS

Analysis of RESONATE EQ-5D-5L data demonstrated that at baseline, as patients
entered the RESONATE trial, patients had an average utility of

. However, utility for patients who remained in PFS was found to
fluctuate over time, which may reflect the fact that patients who were sicker would
tend to progress more quickly and would no longer contribute to the average utility of
the PFS cohort in later cycles of data collection. In order to account for this dynamic
movement of patients, a weighted average of the utility scores for patients remaining
in PFS between week 4 and week 60 was calculated to be h
and used as the utility value for all patients for the duration of the time patients spent
in PFS.

The utility for patients at baseline in the RESONATE trial [JJJJJl] was used to inform
the baseline utility for patients after the PPS health state, in combination with a utility
decrement associated with progression.

Changes in utility due to response, AEs and progression

The analysis of the RESONATE EQ-5D-5L data did not identify utility benefit
associated with response, disutility associated with AEs or disutility associated with
progression. Potential reasons for this are described below. More generally, EQ-5D-
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5L may not be sensitive enough to capture certain utility changes, especially in this
population (148). For example, fatigue is a common treatment-related AE in CLL and
the analysis of PROs from the RESONATE trial suggests that ibrutinib patients
experienced a significant reduction in fatigue compared to the ofatumumab arm.
However, the EQ-5D is not able to capture the impact of fatigue on patients’ utility.

Utility increments due to response

The high rate of response to ibrutinib demonstrated in RESONATE and the fact that
non-responders tend to progress more quickly may have contributed to the lack of a
signal associated with response. Some of the benefits of response may have been
captured in the background utility scores of patients remaining in PFS, as patients
who respond to treatment are likely to remain in PFS longer than non-responders.

Utility decrements due to AEs

EQ-5D-5L measurements were not scheduled to coincide with occurrence of adverse
events and, therefore, disutility associated with AEs may be partially reflected in the
background utility scores. Furthermore, many Grade 3 and 4 AEs occurred relatively
rarely in the RESONATE trial.

Utility decrement due to progression

Little EQ-5D-5L data were collected in RESONATE after patients experienced
disease progression.

Accordingly, decrements associated with utility and disease progression were
sourced from published trials (see Sections 5.4.3, 5.4.5, and 5.4.9). In the base case,
utility increments associated with response were not incorporated, but instead the
weighted average utility score of patients remaining in PFS informed utility for the
PFS health state, which likely captured some benefit of response. Published utility
increments associated with response were tested in a sensitivity analysis.

Details of the analysis of RESONATE EQ-5D-5L data are presented in Appendix 12
Mapping

5.4.3 |If applicable, describe the mapping methods used to estimate health
state utility values from the quality-of-life data collected in clinical trials.
Please include the following information:

e which tool was mapped from and onto which other tool (for
example, SF-36 to EQ-5D)
¢ details of the methodology used

¢ details of validation of the mapping technique
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¢ if the mapping technique is published or has been used in other
NICE technology appraisals for similar diseases or health

conditions.

Mapping has not been used to estimate HRQOL as EQ-5D utility data were collected
in the clinical trial.

Health-related quality-of-life studies

5.4.4 Describe how systematic searches for relevant HRQL data were done.
Consider published and unpublished studies, including any original
research commissioned for the technology. Provide the rationale for
terms used in the search strategy and any inclusion and exclusion
criteria used. The search strategy used should be provided in an

appendix.

A SLR was conducted in accordance with CRD standards based on a pre-approved
protocol in literature databases (listed below) to identify HRQOL outcomes related to
the treatment of R/R CLL patients with any chemotherapeutic, biologic or
investigational pharmaceutical agents. The databases searched include:

MEDLINE (via PubMed) and MEDLINE (R) In-process (via PubMed),
Embase, and Embase In-process

CENTRAL

Database of Abstracts of Reviews of Effects (DARE)

National Health Service Economic Evaluation Database (NHS EED)
National Health Services Health Technology assessment (HTA) database,
EconLit

The search algorithms used in these databases were generated using the PICOS
framework (Population, Intervention, Comparators, Outcomes, Study design) in line
with the research questions. Search algorithms were tailored to identify studies
published as of 03 June 2015. All searches were run without limitations (e.g. no date
or language limits). Non-relevant designs (i.e., comments or editorials) were removed
from the search hits prior to review of the abstracts.

Additional searches were conducted via the Cochrane Library and the above
databases for high-quality, recently conducted systematic reviews (published from
2011 to 2015) to serve as supplemental data sources.

Finally, bibliographies of relevant systematic review articles published since 2011
and the bibliographies of accepted studies were also reviewed to obtain any
additional, relevant references.
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In addition to the above searches within key databases, ‘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 relevant meeting abstracts or
posters.. Proceedings from the past three years (as available) for the follow key
conferences were reviewed:

ASCO (2013-2015): http://am.asco.org/

ASH (2012-2014): http://www.hematology.org/Annual-Meeting/

EHA (2013-2015): http://www.ehaweb.org/

ESMO (2012-2013): http://www.esmo.org/Conferences/ESMO-2014-
Congress

e ISPOR (2013-2015): http://www.ispor.org/

Search strategies were developed in line with the NICE Methods Guide and are
provided in Appendix 8.

Records identified from the searches underwent two rounds of screening according
to pre-specified inclusion/exclusion criteria (see Appendix 8). In the first round, two
independent investigators evaluated the title/abstracts of all unique records. In the
second round, full-texts/publications of all records that met in the inclusion criteria
during the title/abstract screening were retrieved and reviewed by two independent
investigators. None of the exclusion criteria and all of the protocol-specified inclusion
criteria had to be met for a record to have passed this level. During both rounds of
the screening process, discrepancies were resolved through consensus by a third
investigator.

Relevant data elements were extracted by one investigator, and validated by a
second independent investigator. All discrepancies were resolved in discussion with
a third investigator. A number of control measures were put in place to ensure the
quality and consistency of data extraction. These include pilot testing of the
extraction form on several included studies, resolution of potential ambiguities and
differences in the interpretation of findings, and written instructions on outcomes
measures to be extracted from the full papers. The results of this process are
presented in the section that follows, Section 5.4.4.

5.4.5 Tabulate the details of the studies in which HRQL was measured.

Include the following, but note that this list is not exhaustive:

e population in which health effects were measured

¢ information on recruitment (for example, participants of a clinical
trial, approximations from clinical experts, utility elicitation
exercises including members of the general public or patients)
interventions and comparators

sample size

response rates

description of health states

adverse reactions
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e appropriateness of health states given the condition and
treatment pathway

e method of elicitation

e method of valuation

e mapping

uncertainty around values

consistency with reference case

appropriateness for cost-effectiveness analysis

results with confidence intervals

appropriateness of the study for cost-effectiveness analysis.

Eight hundred and eighty-five publications were reviewed to identify studies that
reported utility and HRQL data after the removal of duplicate citations. Studies were
examined for the inclusion of utility or utility input values, patient-reported outcomes
(PROs), and HRQL outcomes (including the measures, values, or changes in values
of PRO/HRQL scores). Of the 182 citations accepted during abstract screening, 14
met all inclusion and no exclusion criteria. Six studies (represented in eight
publications) reported HRQOL data collected in clinical trials, and four studies
(represented in six publications) reported utilities based on HRQL data. Figure 34
below illustrates the process of eliminating references based on the protocol.

Figure 34: PRISMA flow diagram HRQOL analyses studies

c Electronic literature search Additional citations
3 (Embase com, PubMed, Cochrana, DARE) Identified from biblicgraphies of studies, recent
E {l‘l=1 1 51} reviaws, and I'I'IEE‘til'lEI abstracts
% (n=5)
=
| I
+

Search results combined, citation screened after

duplicates remove
g {n=885)
§ |
5 +
- Citations screened on basis of title and abstract L, Citations excluded based on title and abstract

(n=885) (n=703)

A

Fulltext publications assessed for eligibility
(n=182)

Excluded: did not meet inclusion criteria (n=168)
Duplicate: 2

Publication type: 16

Study desian: 26

Dizease: 1

Eligible publications (n=14)

& publications (of & studies) of HRQoL evidence from
clinical trials.

& publications (of 4 studies) of HRQoL evidence from
utility studies

Mot RR:11
Intervention: 17
Outcomes: 92
Study size: 1
Mon-English: 2

A total of 10 studies (eight publications of six clinical trials identified in Section 5.1
and six publications of four utility studies) (146, 147, 149-157) were identified that
reported HRQOL evidence in a R/R CLL population.
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Only one clinical trial publication (153) reported data appropriate for use in cost-
effectiveness analysis (using EQ-5D as a method of valuation); other clinical trials
used disease-specific measures, such as Functional Assessment of Cancer Therapy
guestionnaires (151, 152, 154); Quality-Adjusted Time Without Symptoms of disease
and Toxicity (Q-TWIST) (149) and EORTC QLQ-C30 (151), and no mapping was
used to derive utility values from trial data.

Five publications of utility studies were identified, two of which reported results from
the same study (146, 155). One study reported data relevant to a US population,
which was not relevant to the current decision analysis (156); the other four
publications reported data based on UK-specific populations based on generic,
validated methods of utility valuation consistent with the NICE reference case (146,
147, 155, 157).

Appendix 12 presents the EQ-5D data extracted from the Perard et al. 2015
publication; it also presents data extracted from the four utility publications relevant to
the UK and NICE reference case.

5.4.6 Highlight any key differences between the values derived from the
literature search and those reported in or mapped from the clinical

trials.

Clinical trial utility data were available only from RESONATE (86) (18) and Perard,
2015 (153). From RESONATE, a baseline utility of and a
utility for patients in PFS of could be derived. Perard,

2015 (153) reported an on-treatment utility of 0.748 (SE 0.159) for rituximab and an
on-treatment utility of 0.8127 for IR. While it is not possible to compare these utilities
directly, as the RESONATE utilities are not treatment specific while the Perard
utilities are, generally the utility scores are consistent for R/R CLL patients on-
treatment.

Utility data corresponding to similar health states (e.g. utility during PFS, utility while
“on treatment”) were available from Beusterien et al., 2010 (146), Davies, et al., 2013
(155), and Kosmas, et al., 2015 (157). Beusterien et al., 2010 and Davies 2013
reported a second-line treatment utility of 0.71 (SE 0.17). This value is lower than
those from clinical trials, which may reflect the trend that utilities elicited from
members of the general population tend to be lower than those generated by patients
in oncology trials (148). Kosmas et al., 2015 reported utility scores of 0.71 (SD 0.23)
and 0.55 (SD 0.25) for PFS without second-line therapy and PFS on second-line
therapy. Given that data from both RESONATE and Perard, et al., indicate higher
utility while patients are on treatment, the health states used to elicit utilities in the
Kosmas study may not be comparable to the “on treatment” experience of patients in
clinical trials. The Kosmas paper does not provide details on the “on treatment” vs.
“off treatment” health state descriptions.. Utility values reported in Tolley et al., 2013
(147) were based on health states representing a double refractory population, which
represents a qualitatively less fit population than RESONATE. Accordingly, the
absolute values from Tolley 2013 were not considered for the current analysis.
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Adverse reactions

5.4.7 Describe how adverse reactions affect HRQL. The effect of adverse
reactions on HRQL should be explored regardless of whether they are
included in a cost-effectiveness analysis in the base case analysis. Any
exclusion of the effect of adverse reactions on HRQL in the cost-

effectiveness analysis should be fully justified.

As discussed, utility decrements associated with AEs were not identified in an
analysis of RESONATE EQ-5D-5L data. Published sources of data to inform
disutilities associated with AE were therefore sought for each of the AEs included in
the economic model (see Section 5.3.1. Publications identified by the SLR of HRQOL
studies (see Sections 5.4.3 and 5.4.4) were reviewed to identify inputs that could be
used in the model. Both Beusterien, 2010 (146) and Tolley, 2013 (147) elicited
utilities from the UK general population using generic, validated methods consistent
with the NICE reference case, the health states used in both studies were specific to
CLL, and both reported decrements for AEs relevant to the current analysis. Tolley,
2013 (147) elicited utility values for a double refractory CLL population, which makes
its absolute utility values less relevant to the current analysis. However, the relative
disutility of an AE vs. baseline utility based on Tolley utility values was considered for
use in the economic model. No data were available to inform disutilities for diarrhoea,
pneumonia and hypertension. It was assumed that diarrhoea would incur the same
disutility as infection (the highest utility decrement) and febrile neutropenia and
leukopenia would incur the same disutility as thrombocytopenia.

Given that the RESONATE-derived baseline utility differed from the baseline utility
reported in published studies, the model implements proportional (rather than
absolute) decrements based on the relationship between the baseline and disutility
values in published studies. Disutilities were applied as one-time decrements in a
patient’s current utility value at the time they experienced the AE for a duration of 14
days based on clinical expert opinion solicited from the September 2015 advisory
board (1).

As the utility during PFS was collected directly from the RESONATE trial, disutility
associated with AEs may be partially reflected in the background utility scores.
Applying additional utility decrements for AEs to patients on ibrutinib or ofatumumab
in the model may result in double counting of the AE disultility effect. In the base
case, utility decrements associated with AEs are applied, which is a conservative
approach. In a sensitivity analysis, the duration of AE disutility is reduced to O (i.e. no
AE disultility).

Table 58: Utility decrement for AEs

AE Mean SE Source
Anaemia -0.088 0.009 Beusterien (2010) (146)
Diarrhoea -0.195 0.020 No data; assumed to be the
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Pneumonia -0.195 0.020 same as severe infection (AE

Hypertension -0.195 0.020 \évgsrér:]?er:ghest utility

Neutropenia -0.185 0.019 Tolley 2013 (147)

Thrombocytopenia -0.123 0.012 Tolley 2013 (147)

Sepsis -0.195 0.020 Tolley 2013 (147) (utility
decrement for severe infection)

Abbreviations: AE, Adverse event; SE, Standard error

Health-related quality-of-life data used in cost-effectiveness analysis

5.4.8 Define what a patient experiences in the health states in terms of
HRQL in the cost-effectiveness analysis. Explain how this relates to the
aspects of the disease or condition that most affect patients’ quality of

life.

Overall, patients in a progression-free health state tend to have a better standard of
QOL than patients in post-progression. This has been demonstrated in numerous
utility studies, in which 