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Abstract

As part of its Single Technology Appraisal (STA) process, the UK Natiosgtute for Health and
Care Excellence (NICE) invited the manufacturer of ibrutinib (Janssen) totsebighénce on the
clinical effectiveness and cost-effectiveness of ibrutinib for trgatifaldenstrom’s
macroglobulinaemia (WM). The School of Health and Related Research TechWdeggsment
Group at the University of Sheffield was commissioned to act as the independéggndevReview
Group (ERG). The ERG produced a critical review of the evidence for the ckfieativeness and
cost-effectiveness of ibrutinib based on the company's submission to NICE. The clinieatewvicas
derived from one Phase I, single-arm, open-label study of ibrutinib in ad@bfsatvith WM who had
received at least one prior therapy (Study 1118E) and an indirect comparison usicedroahort
from a retrospective European Chart Review of patients receiving variouadneatfor WM. The
indirect comparison suggested a hazard ratio for progression-free sulRRgGl ¢f 0.25 (95%
confidence interval 0.11 to 0.57). The ERG had concerns regarding the high reskiof®iudy 1118E,
the limited generalisability of the study and the absence of RCT evidBinceompany’s Markov
model assessed the cost-effectiveness of ibrutinib versus rituximab/chemotheraptieiots with
relapsed/refractory (R/R) WM from the perspective of the NatioraltH ServiceNNHS) and Personal
Social Services (PSS) over a lifetime horizon. Based oeothpany’s original Patient Access Scheme
(PAS) the company’s probabilistic model generated an incremental cost-effectiveness ratio (iiCER)
ibrutinib versus rituximab/chemotherapy of £58,905 per quality-adjusted life-yedrY(Qgained.
Following a critique of the model, the ERG's preferred analysis, which correctegtrmos and used
the observed mortality rate from Study 1118E, generated a probabilistic ICER of £6&r28LY
gained; based on this amended model, additional exploratory analyses producedaiCBRsiriib
which were greater than £60,000 per QALY gained. Subsequently, the company offered to provide
ibrutinib at a price that resulted in ibrutinib being cost-effectiiteiwthe Cancer Drugs Fund (CDF).
The Committee recommended ibrutinib for use in the CDF as an option for th@&¥ng adults who
have had at least one prior therapy, only if the conditions in the managedaagreessent for ibrutinib

are followed.



Key messages for decision-makers

The main clinical evidence for ibrutinib was Study 1118&single-arm, open-label study of
ibrutinib in adult patients witiValdenstrém’s macroglobulinaemia (WM) who had received at
least one prior therapy, and an indirect comparison using a matched cohort frarsEectitre
European Chart Review of patients receiving various treatments for WM. The indirect
comparison suggested a hazard ratio (HR) for progression-free survival(P&35 (95%
confidence interval 0.11 to 0.57). No comparative analysis was undertaken for survival
outcomes.

The main issues identified by the ERG included: (i) the high risk of biSsuihy 1118E; (ii)
concerns regarding the generalisability of Study 1118E; (iii) the abseR¢EToévidence; (iv)
uncertainty surrounding the company’s indirect comparison for PFS; (v) the absence of a
indirect comparison of overall survival ar{gi) concerns regarding the structure of the
company’s model and the evidence used to inform its parameters.

Additional analyses undertaken by the ERG suggested that the incremental coseaffestiv
ratio (ICER) for ibrutinib versus rituximab/chemotherapy was expected todagegrthan
£60,000 per quality-adjusted life year (QALY) gained (using the original Patiec¢sa&
Scheme [PAS]). ThERG’s analyses showed that even under favourable assumptions, varying
the HR for PFS between 0.01 and 1.00 produced ICERs for ibrutinib versus
rituximab/chemotherapy of at least £56,917 per QALY gained.

Based on additional analyses and an updated PAS, the appraisal committee concluded that the
most plausible ICER was likely to be at least £54,100 per QALY gained. The company
subsequently offered an improved value proposition for ibrutinib for usei€ancer Drugs
Fund CDF).

Ibrutinib was recommended, within its marketing authorisation, for ubei@DF as an option

for treatingWM in adults who have had at least one prior therapy, only if the conditions in the

managed access agreement for ibrutinib are followed.



1. INTRODUCTION

Health technologies must be shown to be clinically effective and to represesi-affective use of
resources to be recommended for use within the National Health SerH& (N England. The
National Institute for Health and Care Excellence (NICE) is an independeamtigation responsible
for providing national guidance on promoting good health, and preventing and tréateajth, in
priority areas with significant impact. The NICE Single Technology Appré&&eA) process usually
covers new technologies soon after they have received UK marketing authorisatisrspecfically
designed for the appraisal of a single health technology within a single indicatiovitliiin the STA
process, the manufacturer of a technology provides NICE with a written submissioniogmeéevant
clinical effectiveness evidence alongside a health economic model that sumrttegis@apany’s
estimates of the cost-effectiveness of the technology. The Evidence Review(ERg)p an external
academic organisation which is independent of NICE, reviews the submisgiaudwice from clinical
specialists and produces an ERG report. The NICE appraisal comiiteeonsiders the company’s
submission (CS), the ERG report, and testimony from experts and other stakeholdersalades
preliminary guidance - the appraisal consultation document (ACD) - whiidated the initial decision
of the AC regarding the recommendation (or not) of the intervention. Stakehaldesubsequently
invited to comment on the submitted evidence and the ACD, after which an ACD maydhesgat or
a final appraisal determination (FAD) issued, which is open to appeal. An £@@ produced when
the intervention is recommended without restriction; in such instanEéd) & produced directly. This
paper presents a summary of the ERG report [2] produced by the School of Healttated Redearch
Technology Assessment Group at the University of Sheffield and the NICE[$ADr the STA of
ibrutinib for the treatment of Waldenstrém’s macroglobulinaemia (WM). It also covers the subsequent
development of the NICE guidance for the use of this drug in England [4[dd%alls of all relevant

appraisal documents can be found on the NICE website [5].

2. DECISION PROBLEM

WM is an incurable lymphoproliferative B-cell disorder characterised by ratidoh of
lymphoplasmacytic cells into the bone marrow and immunoglobulin M (IgM) monoclonal gammopath
[6]. WM is considered to be a lymphoplasmacytic lymphoma (LPL) by both the Rdwigegean
American Lymphoma (REAL) and World Health Organization (WHO) classificatietesys. WM is

rare and accounts for less than 2% of all Rledgkin’s Lymphomas (NHLs) [6]. Current estimates

from the British Committee for Standards in Haematology (BCSH) suggestiderice rate for WM

of 0.55 per 100,000 people per year in the UK, which corresponds to approximately 292 new cases in

England each year.

Diagnosis requires demonstration of an IgM monoclonal protein and histological evafeinoee

marrow infiltration by lymphoplasmacytic cells. Several factors are associategear prognosis,
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including: (i) advanced age €3 years); (ii) p2-microglobulin >3mg/L; (iii) anaemia (haemoglobin
<11.5g/dL); thrombocytopenia (platelet count <100 x 109/L) and (iv) IgM monoclonal gammopathy
(IgM >7.0g/dL) [6]. Based on the International Prognostic Scoring System for(W&SWM) for
newly diagnosed patients, median survival is estimated to be 11.88 years fasK@atients, 8.22

years for intermediate-risk patients and 3.63 years for high-risk patients [7].

Clinical manifestations of WM include cytopenias (anaemia) and lymphadenomegalyng from
infiltration by lymphoplasmacytic cells and IgM paraprotein-related symptoms such as:
cryoglobulinemia; cold agglutinin syndrome; demyelinating neuropathy; amyloidosislviimy
kidneys, the heart and the nervous system); infections, and; symptomatic hygéyiédsual
disturbance, headache, dizziness, altered consciousness, fatigue and weakibesg[8]no evidence
relating to the impact of WM and its treatment on health-related qualitiedHRQoL); unpublished
patient survey data suggest that the symptoms which impact magiaits’ HRQoL are: tiredness or

lack of energy; weakness; frequent infections; tingling or numbness in the feet or legsrarebs ud
breath [8].

2.1 Current treatment

There is currently no licensed treatment that represents the standard of canfd.fdrakihg into
account the fitness of the patient, standard treatment is typically basedtoretreoptions developed

for other lymphoproliferative diseases including multiple myeloma (MM) dndnic lymphocytic
leukaemia (CLL). WM treatment guidelines have been published by the BCSH and the European
Society for Medical Oncology (ESMO) [9, 10]. Both guidelines recognise the lackndbmised
evidence for WM treatments, especially as part of combination therapy. Fornfirgtdéiatment of
medically fit patients, both guidelines advocate rituximab in combination with chemotherapy ewith th
deferral of rituximab in cases of “IgM flare”. Both guidelines reject the use of rituximab as maintenance
therapy due to limited evidence. For medically fit patients with relapsesefractory (R/R) disease,
guidelines advocate continuing with rituximab and chemotherapy combination therapy, atige& us
different regimen from that given as first-line treatment [9, 10]. For rpatignts of advancing age and
frailty there are very few effective options, particularly for those with RéRadie.

In October 2015, NICE issued a final scope to appraise the clinical effectsvang cost-effectiveness
of ibrutinib for WM [11]. The NICE scope defined two discrete populations: (i) adults withwiii!
have received at least one prior therapy; (ii) adults with WM who havecaved prior therapy and
for whom chemo-immunotherapy is unsuitable. The comparators for ibrutininwiiéipreviously
treated population included rituximab in combination with chemotherapy (various regiraads),

cladribine, chlorambucil and rituximab as monotherapies. Fartheated population in whom chemo-



immunotherapy is unsuitable, the comparators included rituximab monotherapy, chlotambuci

monotherapy and best supportive care (BSC).

3. Independent ERG review

The company (Janssen) provided a submission to NICE on the clinical wffiests and cost
effectiveness of ibrutinib for treatinggM [8]. This submission was critically appraised by the ERG.
Subsequently, the ERG identified areas requiring clarification, for which th@acgmprovided
additional evidence prior to completion of the ERG report [12].

3.1 Clinical evidence submitted by the company

The CS identified one relevant single-arm studytudy 1118E [13]. In Study 1118E, 63 previously-
treated adult patients with WM from three sites in the USA were allotmtedeive ibrutinib at a dose
of 420mg/day. Treatment was administered for a median of 19.1 months (range 0.5 to 29.)yandnths
43/63 patients (68%) remained on treatment after the final data cut-off (DAGihdDecember 2014.
The median age was 63.0 years (mean age = 64.5 years). Most (76.2%) patientalauekdedian
time from diagnosis of WM to study entry was 76 months (range: 6 to 340 monthshetimn number

of prior regimens was 2 (range: 1 to 9 regimens).

The principal efficacy outcomes were response and progression-free syPB&l The reported
overall response rate (ORR, any response) was 90.5% (95% confidence int§i®al4%l to 96.4%),

which was achieved by 57/63 patients. Responders were categorised as follows: vepartjabd
response (VGPR): n=10; partial response (PR): n=36; and minor response: n=11joFlrespanse

rate (defined as PR or better) was 73% (95% CI 60.3% to 83.4%). Badathdrom the clinical study
report (CSR), the Kaplan-Meier estimate for the event-free rate fagsgbnders at 18 months was
80.9% (95% CI 64.9% to 90.2%), and the corresponding estimate for major responde@s/¥as 8
(95% Cl 67.9% to 94.9%) [14The CS reported that subgroup analyses of ORR and major response
rate were consistent across most subgroups (e.g. by age, Eastern Cooperative OncoldgCG®lp

score at baseline, IPSSWM risk score) [8]. The Kaplan-Meier estimate of thprélbebility at 24
months was 69.1% (95% Cl 53.2% to 80.5%). At thie R8cember 2014 DCO, 60 of the 63 patients
were still alive and the estimated OS probability was 95.2% (95% CI| 88%4806). Treatment with
ibrutinib resulted in a significant decline in median percentage of bone manfittvation from 60%

to 25% (p<0.001). There was insufficient evidence of a correlation beseeam IgM levels and bone
marrow involvement at 6 months (r=0.03, p=0.83), but there was evidence at 12 months (r=0.51,
p<0.001) and at 24 months (r=0.56, p<0.008). At baseline, adenopathy and splenomegaly were
identified by computed tomography (CT) in 37/63 (59%) and 7/63 (11%) patiepisctigsly, and the

number of patients with lymphadenopathy and splenomegaly were reduced after ibrutinib treatment.



Given the absence of randomised h&ablead evidence comparing ibrutinib versus any other WM
treatment, the CS presented an indirect comparison using PFS data from Study 1118E [13] and a
matched cohort from a retrospective European Chart Review (ECRThtS&ompany’s multivariable

Cox model produced an estimated hazard r&tR) for PFS for ibrutinib versus standard therapies of

0.25 (95% CI 0.11 to 0.57). The use of alternative imputation methods produced more favourable HRs
for PFS ranging from 0.19 to 0.22.

The CS reported safety data from Study 1118E [13] together with additiondb rzeul selected
supplementary studies in which patients with CLL or mantle cell lymphoma (MCL) eelcdirutinib
[16-20]. Within Study 1118E and the supplementary studies, the majority of adverse Atzshisdre
mild to moderate in severity. The incidence of Grade 3/4 AEs was 49% in Study.I1TH8E
discontinuation rate following a median treatment duration of 19.1 months was 9.5%.

The CS identified one ongoing study of ibrutinib in WM - PCYC-1127-CAN@OVATE -
ClinicalTrials.gov ldentifier NCT02165397). This is an international rradtitre, Phase Il trial
evaluating the safety and efficacy of ibrutinib in combination witlxithab in patients with WM
which includes a third arm of ibrutinib monotherapy, an open-label sub-study patights who are
refractory to rituximab. Results from this study were not available atrie df the appraisal; the

estimated study completion date is January 2019.

3.2 Critique of clinical effectiveness evidence and interpretation

The ERG considered the company’s reviews of clinical efficacy and safety evidence to be poorly
reported and noted a lack of high quality evidence. There were no randomised controlled tflig)s (RC
or non-randomised controlled trials of ibrutinib in the relevant populatistedlin the NICE scope
[11]. The clinical evidence consisted of one Phase Il, single-arm, open-label stidyioib in adult
patients with WM who had received at least one prior therapy [13]. No eviderxavailable for

ibrutinib in treatment-naive patients with WM who are unsuitable for chemo-immuapyher

The ERG noted several concerns regarding Study 1118E [13]. Whilst the study wadygesmdral
reported, it was at high risk of selection, performance and other bias, nanoatcount of its study
design but also because of inadequate reporting of outcome measurement. Thelstdey only 63
patients, who were generally younger and had less severe disease than the R/Rtadiitd who
might routinely present in practice in England. The outcome measures used weaiygealed and
reliable but the response criteria (the primary outcome) were “modified” from international standards
[21]. With the exception of complete response (CR), the definitions of minor responsed RIGPR
applied in Study 1118E, as reported in the CS and protocols.ediffem internationally recognised

response criteria: in Study 1118E, they are limited to serum IgM level onlystvitiiérnational
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standards also require the presence or absence of clinically significiing§ or symptoms. The ERG
noted that IgM response alone is insufficient as an outcome for WM because blgmiefit might be
seen in patients without IgM response, or IgM reduction might not see an improveragmpodms.
Whilst response rates were consistent across most subgroups, differences in maijme rasgye
particularly apparent for patients with different levels sfficroglobulin, haemoglobin, bone marrow

disease involvement and genotype MYB88 and CXCRA',

The ERG noted that AEs of any grade were very frequent in all studies inatuidhedCS, with up to
100% of patients in any of the included studies experiencing at least one AE aperbé®#o and 57%
experiencing the most frequent event - diarrhoea [8].

The ERG also had concerns regarding the reliability ofdhgany’s indirect comparison, in particular

due to: (i) the potential for unadjusted confounders; (ii) the lack of a unigtehed sample from the
ECR [15] and (iii) the exclusion of patients who had received five or more g of treatment. In
addition, the CS did not include an analysis of the relative survival impact thibrversus standard

therapies folWM.

3.3 Cost-effectiveness evidence submitted by the company

The company’s health economic model adopted a sequence-based Markov approach to estimate the
health outcomes and costs for ibrutinib versus rituximab/chemotherapy for pattariRgRWVM from

the perspective of the NHS and Personal Social Services (PSS) over a 3dgt@ae)lhorizon. The
model included five health states: (1) second-line progression-fredijr(®)ihe progression-free; (3)
fourth-line progression-free; (4) BSC and (5) dead. The model used parametric curves fittadio da
PFS, time to progression, pre-progression mortality and post-progressiomistavinform transition
rates between the health states. Transitions between states were modelled usingcy@8-gamgth.
Patients ented the model in the second-line progression-free state and received treatrient wi
ibrutinib or rituximab/chemotherapy. Within the ibrutinib group, the probalwfityeing progression-
free at any time t was modelled using a parametric (Weibull) survivor duniitied to the PFS time-
to-event data from Study 1118E [18Yithin the ibrutinib group, the probability that a patient leaving
the second-line progression-free state dies was modelled using age- and sed-geljiestd population
mortality hazards derived from life tables [2®Yithin the rituximab/chemotherapy group, PFS in
second-line was modelled using the inverse of the HR derived from the multisa&@@bmodel applied

to the ibrutinib PES curve [8], whilst the probability that a patient leaving the seconddgression-

free state dies was modelled using data derived from the matched ECR cohort [15]. Bfithi
treatment groups, progression events in the third- and fourth-line progréeg@tates were estimated
using data from the ECR for patients who were starting fourth-line treatntaldt, twe probability of

death in all post-second-line progression-free states was based on data from foe [E@iBnts who
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had progressed from third-line treatment. A proportion of patients were assumaasibdirectly to
BSC after progressing from each line of therapy. HRQoL was diffatedtiaccording to the
presence/absence of disease progression; owing to a lack of evidence, heathwitié based on
EQ-5D-5L data collected within the RESONATE study of ibrutinib in R/R Grld other literature
[23]. Disutilities associated with AEs were included only for second-laertrent, based on published
health valuation studies relating to CLL states [23, 24] and additional assnsf}jcAEs associated
with subsequent-line treatments were not included in the model. The model inabstiedssociated
with: (i) drug acquisition; (ii) drug administration (applied to thexitnab/chemotherapy regimens
only); (iii) routine follow-up; (iv) the management of AEs; (v) B&@ad (vi) terminal care. Resource
use and cost estimates were drawn from the British National Formulary (BBIFNHS Reference
Costs 2014/15 [26], published literature [27] and expert opinioMf]company’s analysis included

a Patient Access Scheme (PAS) for ibrutinib which took the form afi@lesiprice discount. The value
of this discount changed throughout the course of the appraisal. The leveP#S3hes confidential,
all cost-effectiveness results presented here are based on the original PAS.

Based on a reun of the probabilistic version of the company’s base case model by the ERG, the
incremental cost-effectiveness ratio (ICER) for ibrutinib (including thejiral PAS) versus
rituximab/chemotherapy was expected to be £58,905 per quality-adjusted life year (Q&ib¥Jl
(deterministic ICER = £58,630 per QALY gained). Assuming a willingnegsy (WTP) threshold of
£30,000 per QALY gained, thempany’s base case model suggested that the probability that ibrutinib
produces more net benefit than rituximab/chemotherapy was approximately zeroth®ithinpany’s
deterministic sensitivity analyses (DSAs) and scenario analyses,CE#R for ibrutinib versus
rituximab/chemotherapy was consistently greater than £47,000 per QALY gained. ThenGSatidte

a case that ibrutinib satisfies NICE’s End of Life criteria, but did request that ibrutinib be listed on the
Cancer Drugs Fund (CDF) within the WM indication.

3.3.1 Critique of cost-effectiveness evidence and interpretation
The ERG critically appraised the company’s economic analysis and partially double-programmed the
company’s model. The main issues identified by the ERG are discussed below; the full critique can be

found in the ERG report and the accompanying addendum [2, 28].

3.3.1.1 Absence of any economic analysis of ibrutinib in the first-line (treatment-nettugg s
Thecompany’s model related to patients who have received previous treatment for WM. The company
did not present any evidence relating to the clinical effectiveness or tadiveiness of ibrutinib in
treatment-naive patients for whom chemo-immunotherapy is unsuitable. Therefore, thefstwp

economic analysis was narrower than the marketing authorisation for ibrutinib in the Witiordic



3.3.1.2Concerns regarding the company’s modelling approach

(i) Disconnect between the evidence and the model

The canpany’s model structure included three progression-free health states in which active treatment
was assumed to be used (second-, third- and fourth-line therapy). All patiergsl trdenodel in the
second-line progression-free state. However, this is inconsistent with the evidetto inform the
baseline PFS curve for ibrutinib and the evidence used to inform tmeandomparison. Within the
subset of patients from Study 1118E who were included in the company’s matching exercise used to
generate the treatment effect for ibrutinib (n=47), the majorityatiepts had received two or more
prior lines of therapy (up to a maximum of four prior lines) [8]. Sinylatie matched cohort from the
ECR (n=175) had received a median of two prior lines of therapy (range ds¥ IBonsequently, the
baseline risk of PFS and the treatment effects estimated from the Cox modélcdar@spond to the
model’s second-line progression-free health state. Whilst the way that thlisnee was used in the
model implies that the number of prior lines of therapy received is neai@nent effect modifiethe
progression rates for the third- and fourth-line progression-free h&taliss applied in the model
differed from those used for second-line progression-free health state. The BR®tals that the
evidence used to inform progression and death event rates throughout the subsequerihstatedelf

was inconsistent with the definition of modelled health states (see Table 1).

Table 1: Summary of evidence used to inform progression and death event rates by linatarapy
[INSERT TABLE 1 HERE]

(ii) Approach to modelling competing risks of progression and pre-progression death
Pre-progression mortality in the second-line progression-free state wasladocehditional on PFS:
the PFS curve determines the probability of leaving the state, whilsetpeqgression mortality curve
determines the proportion of those patients leaving the state who trath&itdead state. This meant
that within the ibrutinib group, the estimated contribution of PFS to d\senalival would always be
the same irrespective of the pre-progression mortality rate assumed itateatAs such, the pre-
progression mortality curve was entirely independent of survival gains dcoruee second-line
progression-free state and impacted only upon survival gains accrued in subsequstatds. This
approach does not appropriately consider competing risks of progression and deataanthat
changing these input parameters produced counter-intuitive model results. Bavemderlying
Markov structure adopted within the model, the ERG considered that the most @perapproach
would involve the independent modelling of time to progression (censoring for deathjpre-
progression mortality (censoring for progression) in order to properly acémuobmpeting risks
However, this would have required the re-estimation of treatment effieqbsogression and/or pre-

progression death separately.
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(iii) Structural assumption of constant mortality hazard in thémtt fourth-line progression-free states
The ompany’s Markov approach imposed a structural assumption whereby survival following
progression on second-line treatment must follow an exponential distribution. dhidue to the use

of multiple intermediate health states within the company’s model (third-line progression-free, fourth-
line progression-free and BSC). Whilst it would have been possible by tapp-variant event rates
through the use of a semi-Markov design (using multiple tunnel statascidemt patients entering
each intermediate state during each cycle), or through the use of patientdwitatisn, this was not
possible within the company’s implemented model. In response to a request for clarification from the
ERG, the company provided additional analyses of pre-progression mortality datéefaispateiving
third-/fourth-line treatment; these analyses indicated that the exponential functiaegdraworse fit
relative to the other models assessed.

3.3.1.3 Potentially inappropriate data used to inform pre-progression Iyortédr
rituximab/chemotherapy

Given its structure, the model should have us@de-progression mortality function, whereby only
deaths occurring prior to progression are counted as events, and deaths occurring afssiqguaye
censored. The ERG had concerns that the data from the ECR [15], which were used tpreaodel
progression mortality for the rituximab/chemotherapy group, may actualbctrefverall survival
(including all deaths)T'his concern was raised because the relevant figure in the CS was labelled “Time

to Death” [8]. Following the clarification process, the company stated that thefapntained in the

CS reflected pre-progression mortality and also provided the Kaplan-MeverfouOS from the ECR

[15]. However, the two curves appedto reflect the same data; this suggested that either the CS or the
company’s clarification responsewas inaccurate; hence, it remains unclear whether the model uses data
on all deaths or only those occurring before progression to model pre-progresdalitynfor the
rituximab/chemotherapy group. If OS data were used in the model inraodality in the comparator
group would be artificially inflated and the ICER for ibrutinib coblkl significantly higher than the
model suggested.

3.3.1.4 Questionable assumption of general population mortality rates diniforpatients in the
second-line progression-free state

The company model assumed that pre-progression mortality for patients receiving ibrutinibeéflect
mortality rates in the general population; this assumption was made becautizremlyatients died
within the 24-month follow-up period within Study 1118E [13]. The ERG noted that the etdskrath
rate within Study 1118E is higher than that for the age- and sex-matched genelaligropthis

suggests that #hcompany’s model underestimates the pre-progression mortality rate for the ibrutinib

group.
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3.3.1.5 Limited clinical evidence available for ibrutinib versus rituximab/cheragy

The ERG highlighted that there is an absence of teeadad RCTs comparing ibrutinib versus any
other therapy, and théte company’s adjusted arm-based indirect comparison is subject to weaknesses
and uncertainties. In addition, Study 1118E recruited only a small patient population (n=63 and th
analysis at DCO T9December 2014 included only three deaths, all of which occurred prior to disease
progression. Furthermore, Study 1118E did not include the use of a preference-basa@ wiea
HRQoL and no otheHRQadL studies in WM were identified from the literature. As a consequence of
these issues, the ERG considered that any estimate of the relative benefitSnah ibon PFS, OS and
HRQoL should be considered highly uncertain and that the results of the cosganymic analysis

were largely speculative.

3.3.1.6 Additional concerns

The ERG identified several additional issuegsrding the company’s model; these related to: (i) the
company’s parametric survival modelling and model selection procedures; (ii) the use of separate
evidence sources to inform the health gains and costs associated witthatitickiemotherapy; (iii) the

use of a blended comparator; (iv) concerns regarding health utilities asautimedthe model; (v)
errors and discrepancies relating to drug acquisition costs for rituximab/cheapgthand (vi) the
incomplete representation of uncertainty. These issues are discussed in detail in the ERG report [2].

3.4 Additional work undertaken by the ERG

The ERG undertook 10 sets of exploratory analyses. These analyses explorgrhth@iroorrecting

the drug acquisition and follow-up costs, the use of alternative PFS treatmenégiifeetes, the use

of observed pre-progression mortality rates for ibrutinib from Study 11h8Eemoval of all assumed
survival gains, the use of a Weibull distribution for pre-progression afitgrtin the
rituximab/chemotherapy group, and the use of alternative utility values f8S@estate. In addition,

the ERG undertook a threshold analysis in which the HR for PFS was varie@.0brto 1.0. The
ERG’s preferred analysis included the re-estimation of drug acquisition costs, the correction of errors
in the follow-up costs and the use of observed pre-progression mortalityatat&tindy 1118E. This
analysis generated a probabilistic ICER of £61,219 per QALY gained (Table 2). @atitd ERG-
preferred model, the subsequent exploratory analyses produced ICERs for ibrutinib whigreatere
than £60,000 per QALY gained. The most extreme scenario, which assumed no additional survival gain
for ibrutinib, produced an ICER of £390,432 per QALY gained. HER&’s threshold analysis
suggested that irrespective of the HR for PFS, the ICER for ibrutgrdus rituximab/chemotherapy
was at least £56,917 per QALY gained (Figuye 1
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Table 2: Summary of key results from the CS and the ERG report (using the aginal PAS for
ibrutinib in the WM indication)
[INSERT TABLE 2 HERE]

Figure 1: ERG exploratory analysis 10 - threshold analysis around HR for PFS (using the oigl
PAS for ibrutinib in the WM indication)
[INSERT FIGURE 1 HERE]

3.5 Conclusion of the ERG report

The absence of any hetmthead RCT evidence for ibrutinib versus standard therapies and concerns
regarding the company’s adjusted arm-based indirect comparison result in considerable uncertainty
surrounding the clinical benefits of ibrutinib for the treatment &fl.VGiven the weaknesses in the
company’s model and the evidence used to inform it, the true ICER for ibrutinib versus
rituximab/chemotherapy remains unclear. Notwithstanding this uncertadii®¢i’s exploratory
threshold analyses suggestthat even under theompany’s optimistic assumption of general
population mortality rates whilst patients are receiving ibrutinib, th&I@Eibrutinib versus rituxima

is not expected to be below £56,917 per QALY gained, irrespective of the HR for PlES thirigs
being equal, this represents a best-case scenario for the cost-effectiveneastinib itversus
rituximab/chemotherapy in the R/R WM setting. Given the highly favourable pssmsregarding

OS benefits employed in thempany’s model, the ERG considered it unlikely that further data
collection on PFS and OS outcomes for patients receiving ibrutinib weaddd more favourable cost-

effectiveness estimates.

4. Methodological issues

The principal uncertainty relates to the absence of any toelaeld randomised evidence through
which to estimate the benefits of ibrutinib on clinically meaningfittomes, and the potential for bias
and confounding in theompany’s indirect comparison of PFS outcomes. Alongside these clinical
uncertainties, the company’s model was subject to structural and implementation issues which limit the

reliability of the results.

5. National Institute for Health and Care Excellence (NICE) guidance

TheAC reviewed the data available on the clinical and cost effectiveness ofillayrb&iming considered
evidence on the nature WM and the value placed on the benefits of ibrutinib by people with the
condition, those who represent them, and clinical experts. It also took into accounttheectfse of

NHS resources.
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The ACD (published October 2016) stated that ibrutinib was not recommendhéal igitmarketing
authorisation for treating/M in adults who have had at least one prior therapy or as first-line treatment
when chemo-immunotherapy is unsuitable. Aenoted that theompany’s base case ICER was well
above the level which could be accepted as a cost-effective use of NHS resources, dnitstliaew
company had requested that ibrutinib be referred t€ig it did not have the plausible potential for
satisfying the criteria for routine use.

In response to the ACD, the company submitted a revised version of the model which ifiekided
amendments:

(1) The survivor function for PFS for the ibrutinib group was replaced with dtiéng to the 12th
December 2014 DCO of Study 1118E.

(2) Pre-progression mortality in the ibrutinib group was modelled using an exponentigbsurv
function derived from Study 1118E, which was capped at the level of general pmpulati
mortality.

(3) Pre-progression mortality in the rituximab/chemotherapy group was modelled using an
alternative survivor function derived from a re-analysis of the ECR.

(4) Chemotherapy drug cost calculations were amended.

(5) The PAS for ibrutinib was updated.

The ERG noted that the company’s revised model did not address all of the issues raised within the
ERG report [2]. Despite the company providing additional explanation, the ERG remainedr uncl
whether the pre-progression mortality function in the rituximab/chemotherapy dadipbeen
generated appropriately and noted that this aspect of the model had the prdpedamatically
increase the ICER for ibrutinib versus rituximab/chemotherapy, as previously shainaBRG’s

exploratory analyses.

Following the secondC meeting, the company proposed an improved commercial offer for the use of
ibrutinib in the WM indication in the CDF. In September 2017, NICE published its FAD, wiadie

the following recommendatiorilbrutinib is recommended, within its marketing authorisation, for use
in the CDF as an option for treatinfaldenstrém’s macroglobulinaemia in adults who have had at
least 1 prior therapy or as first-line treatment when chemasivatherapy is unsuitable, only if the

conditions in the managed access agreement for ibrutinib are folld@gd

5.1 Consideration of clinical effectiveness and cost-effectiveness issues

This section discusses the key issues considered By(th€he full list can be found in the FA[3].

5.1.1 Clinical trial evidence
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The committee noted that the clinical evidence for ibrutinib came from orle-sing, open-label study
and that Study 1118E was generally well reported. The committee noted tteatvidre several
potential biases resulting from the use of an open-label study design. The teenuoitcluded that
Study 1118E is of a reasonable quality, is generalisable to UK clinical practide aniable for
decision-making, but is limited by the lack of a comparison against a treatmeirt tleet/K. TheAC
concluded that the longer-term effects of ibrutinib on progression and surviualcartain because no
data are available. The committee understood that no clinical trial evidencedmggrbsented foWVM

in adults who have not had prior therapy and for whom chemo-immunotherapy is unsuitable.

5.1.2 Indirect comparison

The committee understoaleht the company’s indirect comparison suggested a substantial reduction in
the risk of disease progression with ibrutinib compared with existivg therapies. The committee
was aware that the ERG had severaicerns with the company’s approach, including the methods
used to select patients in the matched cohort. Based on the results ofrdw cwmparison and the
testimonies from patients and clinical experts, the committee acceptédatikiatb appears to be more
clinically effective than existing treatments, but concluded that there is co@anzertainty about

the size of the long-term benefit because of limitations in the available data.

5.1.3 Company’s economic model structure

The committee noted that the company had developed a Markov model comparing ibvitkinib
treatment of physician’s choice for patients with R/RWM who had had one prior therapy. The
committee heard from the ERG that many patients in Study 1118E had more thaonrdhemmpy and
that the sequencing used in the company’s model was inconsistent with the data and population in the
clinical study. The committee concluded that the model structure was accdptat#eision-making

but was mindful of its limitations.

5.1.4 Uncertainties around plausibility of assumptions and inputs in the economic model

The committee considered the estimates of pre-progression mortality eepteakc that there is
uncertainty because of limitations in the data available. The committekethe ERG’s comments that
the company had potentially used unsuitable data to inform the pre-progresstafityntmr the
comparator group. The committee noted that, in response to consultation, the compawisbddts
approach to modelling pre-progression mortality for the comparator group but thettasmimeiard
from the ERG that some uncertainty remained about whether there was an inflacédieath prior
to progression in the comparator group. However, the committee noted that the ctiseréss
estimates were not sensitive to changes in pre-progression mortality forntparator group and

concluded that the company’s revised approach was acceptable for decision-making (although the ERG
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notes that the true impact of this issue remains unclear due to ongoing ambiguity regarding which data

were used to model pre-progression mortality).

The committee noted that the company’s original model had assumed general population mortality rates

for pre-progression mortality in ibrutinib arm. The committee was awarenhabmpany had revised

its modelling approachn response to the ERG’s concerns reported in the ACD, to assume a constant

hazard based on Study 1118E data until the constant hazard crossed the general population hazard,
when the general population hazard was assuffikee.committee concluded that the company’s

approach was likely to represent a ‘best case’ scenario and that a less favourable mortality rate would

lead to a higher ICER than the one presented in the company’s base case.

5.1.5 Most plausible ICER

The committee noted that the company’s base-case ICER incorporating the updated PAS for ibrutinib

and revisions to the model was £54,100 per QALY gained. The committee recalleatliés
conclusions that there is uncertainty about the size of the clinical benddfiuthib compared with
existingWM therapies and in the modelling of pre-progression mortality. The committes fhea

the ERG that their amended base-case ICER (including re-estimating drugsitemguand
administration costs, correcting errors on follow-up costs and using pre-progmasstality data from
PCYC-1118E) was between £56,000 and £57,000 per QALY gained when incorporating the updated
PAS. The committee concluded that this was substantially above the range normally edrestest-
effective use of NHS resources (that is, between £20,000 and £30,000 per QALY gained).

5.1.6 Cancer Drugs Fund

Given that the uncertainty in the clinical and cost-effectiveness data wage@ioto recommend
ibrutinib for routine use, the committee considered whether it would be ajgeofr recommend
ibrutinib for inclusion in the CDF. The committee can consider a recommendatiuse within CDF
if it is possible that the clinical uncertainty can be addressed through icolleEbutcomes data from

patients treated in the NHS and, if the ICERs presented have the plausible potentiabtecifective.

The committee considered what additional data could be collected to resolveofstimeclinical

uncertainties it had highlighted. The committee expressed interest in apdatgd efficacy data from
the INNOVATE trial and Study 1118E. The committee agreed that uncertainty -jprqgeession

mortality for those receiving ibrutinib could be addressed by collecting ogerallval data using the
Systemic Anti-Cancer Therapy dataset. The committee understood that the company iotewided
on to an existing national registry of people with WM to collect additioffiabey and resource use
data. The committee heard from the clinical experts that the nationatyégitudes over 300 patients

and can record patient-level data (on progression, survival, response, qualitye,0fhifl genomic
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markers). The committee considered that these data would be a valuable addition tathediitdnce

base and may resolve some of the uncertainties identified.

The committee heard from the company that it had made an offer to provideitibatitinprice that
resulted in ibrutinib being cost-effective within the CDF. The committeehslaad that the company
was committed to exploring mechanisms for providing ibrutinib at a cfestte® price when it is re-
appraised by NICE upon its exit from tDF. The committee concluded that it would be able to
recommend ibrutinib as an option for use within @®@F for treatingWM provided that a managed
access agreement was in place that allowed ibrutinib to be used cost-effectively wi@dthe

6. Appraisal committe€s key conclusion

The committee considered that the most plausible ICER is likely & st £54,100 per QALY
gained and noted that this is substantially above the level considered to beféectist use of NHS
resources. However, the committee concluded that it would be able to recomménibias an option
for use within the CDF for treating WM provided that a managed access agte&as in place that

allowed ibrutinib to be used cost-effectively within (BBF.
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Table 1: Summary of evidence used to inform progression and death event rates by line of therapy

progression-
free

Study 1118E (1-9 prior

treatments).

ERG comment

Patients in the model by
definition have only
received one prior line of
therapy on entry

Model Progression Death
health state | Ibrutinib Rituximab/chemotherapy Ibrutinib Rituximab/chemotherapy
Second-line | Full population from Patients who had received Based on life tables. Patients receiving second-, third- or

between 1 and 4 prior lines of
therapy in the ECR.

ERG comment

Patients in the model by
definition have only received
one prior line of therapy on
entry

fourth-line therapy in the ECR.

ERG comment

Patients in the model by definition have
only received one prior line of therapy g
entry

progression-
free

ERG comment
Evidence consistent with model

Third-line Patients starting fourth-line treatment in the ECR. Patients progressed from third-line treatment in the ECR.
progression-
free ERG comment ERG comment
Patients in the model are by definition starting third-line| Patients in the model are by definition progression-free in third-line
treatment
Fourth-line | Patients starting fourth-line treatment in the ECR. Patients progressed from third-line treatment in the ECR.

ERG comment
Evidence consistent with model

BSC

Not applicable

Patients progressed from third-line treatment in the ECR.

ERG comment
Includes post-progression survival outcomes for patients receiving activ
therapy rather than BSC

BSC- best supportive care; ERGEvidence Review Group; ECREuropean Chart Review

21



Figure 1: ERG exploratory analysis 10 - threshold analysis around HR for PFS (using the original PAS for ibrutib in the WM indication). ICER
incremental cost-effectiveness ratio, HR hazard ratio, PFS progression-free survival
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