g Of

]

The
University

Sheffield.

This is a repository copy of Ponatinib for Treating Acute Lymphoblastic Leukaemia: An
Evidence Review Group Perspective of a NICE Single Technology Appraisal.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/128255/

Version: Accepted Version

Article:

Stevenson, M. orcid.org/0000-0002-3099-9877, Pandor, A.
orcid.org/0000-0003-2552-5260, Hamilton, J. et al. (5 more authors) (2018) Ponatinib for
Treating Acute Lymphoblastic Leukaemia: An Evidence Review Group Perspective of a
NICE Single Technology Appraisal. Pharmacoeconomics, 36 (7). pp. 759-768. ISSN

1170-7690

https://doi.org/10.1007/s40273-018-0624-7

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record

for the item.

Takedown

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

2=\ White Rose

| university consortium
/‘ Universities of Leeds, Sheffield & York

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Ponatinib for treating acute lymphablastic leukaemia: An Evidence Review Group perspective
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Short running title: “Ponatinib for treating acute lymphoblastic leukaemia: an ERG perspective

Abstract

As part of its Single Technology Appraisal (STA) process, the Natiosttute for Health and Care
Excellence (NICE) invited the manufacturer (Incyte Corporatarponatinib (Inclusig®) to submit
evidence of its clinical and cost-effectiveness for previously treated RBhgkid-chromosome-
positive acute lymphoblastic leukaemia (Ph+ ALL) and chronic myeloid leukaemis. pBipier
focusses on Ph+ ALL. The School of Health and Related Research Technology Appraisal Group at
the University of Sheffield was commissioned to act as the independent Evidence Rewvigw Gr
(ERG). This article presents the critical review of the company’s submission by the ERG and the
outcome of the NICE guidance.

The clinical effectiveness evidence in the company’s submission was derived frona phase I, single-
arm, open-label, non-comparative study. Given the lack of comparative evidence, andaiéat i
comparison was performed againsinduction chemotherapy comparing major cytogenetic response
and complete remission. Best Supportive Care (BSC) was assumed to produce no disease.re
Despite the limited evidence and potential for biases, this study demonstrat@edriatihib was
likely to be an effective treatment for patients with Ph+ ALL.

The company submitted a state transition model that analysed the incrementalectiseeéss of
ponatinib versuge-induction therapy and BSC for the treatment of Ph+ ALL in patients whose
disease is resistant to dasatinib, who are intolerant to dasatinib awtidor subsequent treatment
with imatinib is not clinically appropriate, or who have the Threonine-315-Isoleunutation. This
population was further subdivided into those who were suitable for allogsteanccell transplant

(allo-SCT) and those who were not.

The company’s revised economic evaluation, following the clarification process, estimated

incremental cost-effectiveness ratios (ICERS) in those suitabldldeB@T of £31,123 per quality-
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adjusted life year (QALY) gained for ponatinib compared wigsinduction chemotherapy and
£26,624 per QALY gained compared with BSC. For those for whtonS&ET was unsuitable the
company-estimated ICER compared with BSC was £33,954 per QALY gained. Following a critique
of the model, the ERG undertook exploratory analyses which when combined produced a range in
ICERSs (due to uncertainty of the most appropriate overall survival funafahminant (being less
expensive and providing more QALYS) to £11,727 per QALY gained comparedenitiduction
chemotherapy and between £7892 and £31,696 per QALY gained compared with BSC for those in
whom dlo-SCT was suitable. For those where allo-SCT was not suitable the ERG estinaated
ponatinib was dominant. During the consultation period the company agreed a revisedpetiest
scheme (PAS) which reduced the ICER ranges to £7156 to £28%992ALY gainedvs BSC, and to

less than £5000 per QALY gained nesinduction chemotherapy. In people for whoho&CT was
unsuitable ponatinib dominated BSC. The NICE appraisal committee concluded thatilpasia
cost-effective use dHS resources in the considered population, subject to the company providing
the agreed discount in the PAS.

Key pointsfor decison makers

e There is uncertainty in the cost-effectiveness of ponatinib for treahiadelphia
chromosome-positive acute lymphoblastic leukaemia (Ph+ ALL) due to the main clinical
evidence being derived from a non-comparative study meaning that naive indirect
comparisons were necessary.

¢ In patients with Ph+ ALL who are unsuitable for allogeneic stem cell trarsihla use of
ponatinib rather than best supportive care is estimated to be less costly and paréde m
guality-adjusted life-years.

e In patients withPh+ ALL who are suitable for allogeneic stem cell transplant the use of
ponatinib rather thame-induction chemotherapy or best supportive care is expected to
provide more health but at a greater cost. The anticipated cost per qualitgeddlijesyear
gained is likely to be less than £30,000.

1. Introduction

The National Institute for Health and Care Excellence (NICE) is an independgarisation
responsible for providing national guidance on promoting good health and preverditigating ill
health in priority areas with significant impact. Health technologiastrhe shown to be clinically
effective and to represent a cost-effective use of National Health SeWA&) (esources in order for
NICE to recommend their use within the NHS in England. The NICE Single Techndppggisal

(STA) process usually covers new single health technologies within a gsndggation, soon after
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thar UK market authorisation.[1] Within the STA process, the company providEE Niith a
written submission, alongside a mathematical model that summarises the company’s estimates of the
clinical and cost effectiveness of the technology. This submission is revieweth xternal
organisation independent of NICE (the Evidence Review Group [ERG]), which consultdimiital
specialists and produces a report. After consideration of the company’s submission, the ERG report
and testimony from experts and other stakeholders, the NICE Appraisal CommittetoiiGptes
preliminary guidance, the Appraisal Consultation Document (ACD), which iedictite initial
decision of theAC regarding the recommendation (or not) of the technology. Stakeholders are then
invited to comment on the submitted evidence and the ACD, after which a furthernfs@lbe
produced or a Final Appraisal Determination (FAD) issued, which is open to appe&C[ is not
produced when the technology is recommended within its full marketing authorisatibis, case, a
FAD is produced directly.

This paper presents a summary of the ERG report[2] for the STA of pbnimtirthe treatment of
Philadelphia chromosome positive (Ph+) acute lymphoblastic leukaemia (ALL) in patieote w
disease is resistant to dasatinib, who are intolerant to dasatinib awtidor subsequent treatment

with imatinib is not clinically appropriate, or who have the Threonine-315-Isoleu€i315I)
mutation. A summary of the subsequent development of the NICE guidance for the thée of
technology in England is also provided. Full details of all relevant appraisahdatsi(including the
appraisal scope, ERG report, company and consultee submissions, FAD and comments from

consultees) can be found on the NICE website.[2]

2. The Decision Problem

ALL is a rare and rapidly progressing form of leukaemia characteriséldebgxcess production of
immature white blood cells, called lymphoblasts (sometimes referred to as tigstEeentually,

this affects the production of normal blood cells which leads to a reduction in tHeersuof red

cells, white cells and platelets in the blood.[3] ALL represents about 20%lefilehemias in adults

and is the most common form of childhood leukaejdi@l] Approximately 25%l[5, 7, 8] of adults

with ALL have an acquired chromosomal abnormality (known as Ph+ disease) caused by teciproca
translocations between chromosomes 9 and 22. The presence of the Ph chromosome in adults
increases with agd-6] and Ph+ ALL individuals typically have a worse prognosis than those

without this abnormality.[9]

Survival in adult patients with ALL is poor. The 5-year survival fatethose aged 25-64 years in
England was 37.1% for those diagnosed in 2008 whereas for individuals over 65 ygsas, 5-

survival was 12.7%.[10]



2.1 Current Treatment

The management of patients with Ph+ ALL is complex and there is currently no NiG@&hge or
pathway of care for the treatment of adults with Ph+ ALL in England. In general, the treatment of Ph+
ALL varies according to age, general fithess and health at diagnosis aresihe of cytogenetic

testing.

An allogeneic stem cell transplant (allo-SCT) is the only potentaifgtive treatment for Ph+ ALL;
however, it is limited by patient suitability as well as the availgbiit suitable donors and is
associated with a significant risk of morbidity and mortality.[11] The dsera tyrosine kinase
inhibitors (TKIs) has become an integral component of therapy for people with Ph+CAlkiently,
three TKIls (imatinib,[12] dasatinib[13] and ponatinib[14]) have an EU marketitgiaseation for the
treatment of Ph+ ALL. Neither imatinib nor dasatinib for the treatmeatolt Ph+ ALL have been
appraised by NICE and the extent to which these TKls are used in current clinicadepract
unknown. Dasatinib[13] was available for the treatment of adults withARh-+with resistance or
intolerance to prior therapy, including imatinib through the Cancer OFugd until November 2015

when it was removed from the Cancer Drugs Fund list.[15]

3. Thelndependent ERG Review

In accordance with the process for STAs, the ERG and NICE had the oppaxwsetk clarification

on specific points in the company’s submission (CS),[16] in response to which the company provided
additional information. [16]The ERG also modified the company’s decision analytic model to
produce an ERG base case and to assess the impact of alternative parameter valsemptionas
on the model results. The evidence presented in the company’s submission and the ERG’s review of

that evidence is summarised here.

3.1 Clinical Evidence Provided by the Company

Evidence was presented in t8&16] relating to the clinical effectiveness of ponatinib in ALL. No
randomised controlled trials (RCTs) relevant to the decision problem mergified from the
systematic review of the literature. The company tified a Phase | dose finding study,[17, 18]
which was not deemed entirely relevant to either the recommended dose or thesl liogiisation,
and a Phase Il study (PACE).[19-21] Therefore, PACE was considered the pivotal @videnc

ongoing studies of ponatinib Pht+ ALL patients were identified.

PACE was an industry-sponsored, single-arm, non-comparative, open-label, meltisardy

(including five sites in the UK) designéd evaluate the effectiveness of oral ponatinib at a starting
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dose of 45mg once daily, in 449 people (53% male; 78% Caucagidnthronic phase chronic
myeloid leukaemia (n=270), accelerated phase chronic myeloid leukaemia (n=8§)hasasthronic
myeloid leukaemia (n=62) or Ph+ ALL (n=32) who were resistant or intolerantiter elasatinib or
nilotinib, or who had the T315] mutation after any TKI therapy (as confirmed bgctdir
sequencing).[7, 19, 22Btudy participants in the PACE study were heavily pre-treated with prior
TKlIs and conventional therapy: 37% (167/449) had received two TKIs out of a pofsible
(imatinib, dasatinib, nilotinib or bosutinib). This population comprised &nget population in the
company’s decision problem for Ph+ ALL reflecting the anticipated place in therapy of ponatinib,

after treatment failure with prior TKI therapy. The primary outcome measufehf+ ALL patients in

the PACE study was major haematological response (MaHR), which included compietédhagic
responses (CHR) and no evidence of leukaemia at 6 months. The summary of productistiesacte
posology recommends considering discontinuation of ponatinib if a complete haematologic response
has not occurred by 3 months (90 days).[14]

The average daily dose for those patients receiving ponatinib was 42.3mg per dayudiheas
started in September 2010 and with an estimated completion date of March 2017. Padgasb
2015 were provided within the compasmyubmission.

In response to clarification,[16] the company provided updated data (approachingemedéonger
follow-up than in the pivotal paper[19]). However, the updated data were markedeccialin-

confidence and cannot be presented in this paper.

Among patients with Ph+ ALL (all lines, n=32 [data not reported separatdiyeogf therapy]), 41%

(95% CI: 24% to 59%) achieved an MaHR within the first 6 months gpyirandpoint). The duration

of response ranged from 2 to 14 months or more (median 3 months), and the estimated rate of a
sustained response of at least 12 months was 8%. The median time to MaHR for respaad:9

weeks (range: 1.6 to 24 weeks). Furthermore, major cystigeresponse (MCyR) was reached in

47% of patients, and 38% had a complete cytefenesponse (CCyR). The median time to MCyR

for responders was 1 month (range: 0.9 to 3.7 months), with an estimated 32¥oofiieg patients
maintaining this response for at least 12 months. In Ph+ ALL patients, the progfessisarvival

and overall survival at 12 months was estimated to be 7% (median 3 months) and 40% 8median

months), respectively.[19] In addition, overall survival at 36 months was estimated to be 16%.[20]



Among the subgroup of Ph+ ALL patients who had the T315] mutation (n=22ned)),[i19]36%
(95% CI: not reported) had aviaHR within the first 6 months. A total of 40% of patients with Ph+
ALL achieved MCyR and 32% reached CCyR (95% CI: not reported for eitteore).[19]The
ERG believes that caution should be used in the interpretation of the T31bkdatese of the small

population size and study design limitations.

At the latest data cut for treatment discontinuation, 31 of 32 patients haddiompatinib treatment.
Fifty-three percent of patients discontinued because of progression of dis®adead died and 12%
discontinued because of lack of efficagy.the last data-cut (November 2012) where safety data can
be presented in this paper the following severe, or life-threateningnéretarelated adverse events
were observed: neutropenia (12%); anaemia (12%), thrombocytopenia (6%) febrile neatf@gni
abdominal pain (6%) and increased lipase (6%). All other serious or life-thingpteratment-related

adverse events occurred in 1 (3%) or fewer patients.

32 Critique of the Clinical Evidence and I nter pretation

The systematic review process followed by the company was reasonably comprehensive. Despite
minor limitations in the empany’s search strategy, the ERG was reasonably confident that all
relevant published studies (RCTs and non-randomised/non-controlled evidence) of poratinib w

included in the CS, including data from ongoing studies.

Based on the quality assessment tool for non-randomised studies,[23] the ERIérednsie PACE
study to be a well-reported and conducted single-arm study. However, singttatims are
associated with an array of potential biases,[24] most importantly the dbilggtimatea relative

treatment effect compared to a concurrent control.

The clinical advisor to the ERG considdiMaHR to be a weak surrogate endpoint for patients with
Ph+ ALL. Ideally, a better endpoint for bridging to transplant would be miniegtual disease
levels in the bone marrow, whicls a more stringent criterion. However, although response
milestones for patients with Ph+ ALL have not been well established, &etastrategies usually

involve achieving a MaHR with the aim of proceeding to allo-SCT, if feasible.

The main uncertainties that exist surrounding the clinical evidence for pbnadizie to the unbiased
estimation of treatment effects, optimal dosing, and duration of treatmenst \ttikilclinical advisor
to the ERG considered that the PACE study population was reflective of th&lPhgopulation in

England it was noted that patients in the study had received nilotinib, whichrispnesentative of

NHS practice.



3.3 Cost-Effectiveness Evidence Provided by the Company

The company submitted an economic model to assess the cost-effectiveness of poritiniBlih
from the perspective of the NHS and Personal Social Services over a lifetimenh®&oth benefits
and costs were discounted at a rate of 3.5% per annum. The model employed arstiitentr
approach, with three-monthly time cycles and includes a half-cycle correction. Thearigitellly
submitted was amended by the company following the clarification processhenivised model is
detailed here. The company had a PAS agreed which represents a simple discoaluie thievwhich
is commercial in confidence; during the appraisal process the company ageeahd PAS, with a

larger discount. Only results incorporating the PAS are presented within this report.

Having enteed the model, a hypothetical patient could receive one of three interventions: (i)
ponatinib; (ii)re-induction chemotherapy; or (iii) BSC. The characteristics of the hypothetical patient

were based on those in the PACE study with 62.5% male and an initial age of 53 years.[19]

The simulated patient pathway was identical for those patients receiving poratietinduction
chemotherapy in that if an MyCR (for ponatinib) or complete remission (GR)réfinduction
chemotherapy) was achieved, the patient was assumed to receive allo-S@ab(ié)she different
response levels were chosen to align with the study data. Clinical adeieenr to the ERG
suggested that the results following an allo-SCT are better in those patigntsimimal residual
disease than those with greater disease levels at the time of transplant. For patients veutBI®Ceiv
it was assumed that there would be no response (NR). For all treatments, dehthccoolat any

time point.

For patients who receaid ponatinib ome-induction chemotherapy, the model simulated the response

of patients to the treatment, which was assumed to occur in the first cycletavhg dssumed that
patients would fall into one of two mutually exclusive and exhaustive statessi@m (which
incorporated either MyCR (ponatinib) or CRe-{nduction chemotherapy) and NR. For patients
simulated to experience remission, the next event in the model (a term which has been used to identify
the next event whilst excluding remaining in the same health state) would I$C3l|df appropriate.
Following allo-SCT, the next event is death. For those who experienced NR, and/or who are
unsuitable for allo-SCT, the next event is death. For patients who edd@8C, the only event

possible is death.

The response rates assumed in the model for each treatment in Ph+ ALL are detailedlinDatale
for MCyR for ponatinib were taken from the PACE study,[19] whilst data on CRefimduction
therapy were taken from Tavernier et al.[25] No attempts were made by tpargoto account for

differences in prognostic variables and treatment effect modifiers between PACExi@ndal



comparator studies. The ERG commented that this is a naive unadjusted indingatismmmand
could be associated with a high risk of bias. Advice provided by the climibésor to the ERG
indicated that MCyR is harder to achieve than CR: if this is correct, thwveatfflectiveness between

ponatinib ande-induction chemotherapy would be unfavourable to ponatinib.

Table1: Assumed responseratesfor each treatment

Treatment MCyR / CR (%) NR (%) Source

Ponatinib 46.88 53.12 PACE[19]
Reinduction chemotherapy | 37.04 62.96 Tavernier et al.[25]
BSC 0.00 100.00 Assumption

BSC, best supportive care; CR, complete response; MCyR, major cytogenetic response

response

The treatment-emergent serious adverse events described earlier were incbipdnatenodel along
with peripheral vascular events (5%) and venous thromboembolism events (4%). Adestsevere

only assumed to occur with ponatinib, not with chemotherapy or BSC.

After simulating the response rates associated with each treatment, many othextgraramthe
model were assumed independent of initial treatment. This is appropriate wided stivdies are of
relatively short duration, but the reliance on extrapolating from surrogate datades the
uncertainty in the results. The company used the Solver function in Microsoff Exgalnimise the
sum of squared errors (SSE) between the predicted survival function and thatigittbed points
and, if the extrapolation was believed by the company to be clinically plausible, the sfumvatain

with the lowest SSE was selected.

For patients who experieed remission (MyCR or CR) it is assumed that if a patient was suitable fo
allo-SCT then this would occur. The probability of death was conditionalvloether a patient

received allo-SCT, and whether the patient experienced remission or not.

The probability of death following allo-SCT was derived from data present&dviernier et al.[25]
Standard parametric models were undertaken using exponential, Weibull, Gompertzmabarat
log-logistic survivor functions. All distributions pooled data from patients with Ri@pd NR and
used a covariate for response level. The data were digitised and survival ®irdtied by
minimising the SSE between the observed data-points and fitted survival functionh&tkception
of the exponential distribution, the range in SSE was relatively small {0@085). The company

selected the log-logistic distribution for use in the base case model.



The probability of death for those patients who experienced remissiavebeitnot suitable for allo-

SCT was estimated from data collected in the PACE study.[19] The company fitted standard
paramtric models to these data. Based on these analyses the company stated #iditthsig the
Akaike information criterion (AIC) and Bayesian information criteria (BW@re not in agreement

but of the two best fitting models for AIC and BIC the exponential tigion was selected as it was
considered to be more clinically plausible than the Gompertz survival functiorw@eganarked as
academian-confidence). It was assumed that the probability of death was independent of whether
ponatinib ore-induction chemotherapy provoked the remission.

It was also assumed that the probability of death following NR would be the same following ponatinib
or re-induction chemotherapy with these risks estimated from the PACE study,[19}hsiagrvival
analysis method described previously. The exponential survival function was seledtis! vaast
deemed by the company to be more clinically plausible than the Gompertzakdwviction For
patients who received BSC the risk of death was estimated using data réponted Italian single-
centre retrospective study in ALL patients.[26] This study reported a medianl ecuevaval of 2.6
months and this value was used to fit an exponential function, although no justiffcattononstant
hazard was provided.

The duration of ponatinib treatment was estimated using individual palaatfrom the PACE
study.[19]The company fitted standard parametric models to these data. Based on this dmalysis t
company stated that the best fit using the AIC and BIC criteria was tHedisgic survival function
(data were marked as acadermazonfidence). The duration g&-induction chemotherapy was a
maximum of six-weeks. Following cessation of ponatinibr@fnduction chemotherapy it was
assumed that BSC would be provided until death; where BSC was the first limeetredt was

assumed to be continued until death.

The company performed a systematic review to identify evidence regarding heaéti celality of
life and assumed that the utilities reported by Szabo et al.[27] for ff@ste chronic myeloid
leukaemia were applicable for patients with Ph+ ALL. As such, those patientsesponed to
treatment were assumed to have a utility decrement of 0.286 and those p4teedigd not respond
to treatment had a utility decrement of 0.556 compared with the general populaliBati2zéts who
received allo-SCT were assumed to have a utility decrement that reduced ovdreimge0.296
within the first three months,[29] 0.136 after six months[30] and assumedOi@ & between three
and six months. The utilities for all adverse events were assumed to be 0.52 based ona$fabp et

from which a utility decrement was estimated based on the estimated general population value.

The cost of a six-week course @& induction chemotherapy was assumed to be £18,000, based on
British National Formulary data (reference not provided) and an assumpdioheihicémie Aigués

Lymphoblastique de 1’Adulte (LALA-94), hyperfractionated cyclophosphamide, vincristine,
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doxorubicin (adriamycin), dexamethasone and cytarabine and methotrexate (Hyper-CVAD) and
fludarabine, cytarabine, methotrexate, granulocyte-colony stimulating factor, andidtta(FLAG-

IDA) were used equally. The cost of BSC was assumed to be £4064 based on Pagano €hal.[26]
cost of ponatinib was stated to be commerciaenfidence because of the PAS and the dosing

regimens observed in PACE.[19]

Based on a UK survey conducted by the company the number of days in hospital per cycle was
assumed to be zero for those with a response and 26.64 for those with no redpoiteeing costs
were assumed to be independent of treatment for the response and non-response statepanhke
assumed that patients with Ph+ ALL who responded to treatment would require ¢heneaitoring
resources as patients with chronic phase chronic myeloid leukaemia whilswititosd+ ALL who

did not respond to treatment were assumed to require the same monitoringeesgypatients with
blast phase chronic myeloid leukaemia No additional costs of monitoring Gesdigar events were
considered for ponatinib.. Hospitalisation and monitoring costs per cycle were estimAR&B der
responders and £24,070 for non-responders. The company assumed that the cost of als-SCT
£60,092, based on data from the UK Stem Cell Strategy Oversight Committee.[3fdlldwveup

costs decreased over time, with a per cycle cost of: £12,215 in year 1; £3&H B and £420 in
year 3. A cost of £5766 was assumed to be incurred at death based on a survey undetiteken by
company. The components of each cost estimate were valued at 2014/15 prices unlese@entore

value was available.

Following the clarification period, the company estimated that the incremental costseffess ratio
(ICER) for ponatinib to be £26,624 per QALY gained compared with BSC and was £3¥/123 p
QALY gained compared withe-induction chemotherapy. Sensitivity analysis comparing ponatinib to
re-induction chemotherapy showed that the IGE#R very sensitive to the response rate generated by
re-induction chemotherapy. For patients for whom allo-SCT was unsuitable, the companyeéstimat
ICER was £33,954 per QALY gainddr ponatinib compared with BSC. This ICER was most
sensitive to the assumed response rate associated with ponatinib. Results from piobabsitivity

analyses were consistent with deterministic analyses.

During the appraisal the company agreed an increased comnierctaifidence discount and
amended errors highlighted by the ERG. This resulted in base case ICERs ediinthiedompany

of £26,319%er QALY gaineccompared with BSC and was £29,83 QALY gaineccompared with
re-induction chemotherapy for patients suitable for allo-SCT. The company-estimated ICER
compared with BSC for those unsuitable for allo-SCT was £35h20 QALY gained.
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34 Critique of the cost-effectiveness evidence and additional work undertaken by the ERG

The ERG made changes to the model / analyses presented by the company. These are detailed below.

The ERG believed that the method used by the company in fitting survival funttiotigitised
survival data is inappropriate. The ERG had concerns with the approach used ashihisweéajhts
points equally despite the number of patients contributing data to the cunieindeels time
progresses and provides no information about parameter uncertainty. A better apmralache to
use the method presented by Guyot et al.[32] which allows estimation of paraardetheir

uncertainty.

The ERG believed insufficient sensitivity analyses were undertaken by the cor{pasyet al.[33]
state that a difference in the BIC of less than two is barely wontkrdion, whilst only difference
values of six or greater indicate strong evidence that one survival fumtignbe preferable to
another. In addition, measures of goodness-of-fit of the models to the sample data Bl
does not take clinical plausibility of the extrapetsurvival functions into account. Taking the BIC
and clinical plausibility into consideration, the ERG undertook exploratsylts using alternative
survival functions to those selected by the company. Where multiple survivabhsetere thought
plausible, the company’s base case was explored along with the survival function that had the most
different predictions of long-term outcome to that producedtheycompany’s default survival
function, to test extreme values. The survival functions considered to be gbtesredible by the
ERG and the clinical advisor to the ERG were: for overall survivéd\iiohg response to ponatinib
treatment but not receiving allo-SCT, the exponential and the Gompertz distridor duration of
ponatinib treatment, the log-normal and the log-logistic distributions; @ndverall survival after
allo-SCT, the Gompertz, the log-normal and the log-logistic distributions.

The company had used two different sources in the model for non-responding pati@miagss
median life expectancy of 5.57 months based on data from the PACE study.[19] For patients who
received BSC, the median life expectancy was assumed to be 2.60 months, as repeatgahbyet

al.[26] This difference in estimated survival for non-responders, which isl lmasa naive indirect
comparison, did not have face validity with the clinical advisor to the ERGndrclarification
response,[16] the company reported that the median age in Pagano et al.[p&lheag77 years)
compared with the median age in PACE (62 years) and that this could have baukedjeér mean
survival observed in PACE. The ERG amended the model to explore the impact of setting the survival
following non-response equal for those who have ponatinib and those that have BE&C wahi

supported by clinical advice provided to the ERG.

The ERG was concerned that the company assumption that unused tabletssieriptipre would

eventually be used was incorrect and an analysis was conducted assuming drug wastagtheDue
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construct of the model, prescriptions were assumed to occur at three-monthlgléntemd this
interval could not be altered by the ERG in the timelines of the STAu&s the ICERwas likely to
be greater than were the true frequency of prescriptions, which is antidipditednore frequent than

three monthsysed.

In addition to the errors identified by the ERG and corrected by the company,aivertion costs
were half-cycle corrected by the manufacturer, and there was an implementatiadhag resulted in
immortality for one cycle for a small subset of patients. These perceivads were corrected by the
ERG. The inclusion of treatment-related deaths was explored but was dimittethe ERG base

case, which is likely to be favourable to ponatinib.

The company provided no analyses for patients with the T315] mutation. If the presethee of
mutation were known them-induction chemotherapy would not be an option. If a person was known
to not have the T315] mutation then the ICER comparedreitiduction chemotherapy would likely

be less favourable to ponatinib, although the extent of the increase is uncertain.

The results of the ERG base case analyses are provided in Table 2 fus gatigble for allo-SCT

and Table 3 for patients unsuitable for allo-SCT.

Table 2: The impact of the ERG’s deterministic exploratory analysesin patients suitable
for allo-SCT
Cost per QALY (£
Ref No | Exploratory Analyses Ponatinib vsre-induction | Ponatinib vs BSC
chemother apy
0 N/A (Company base case) 29,812 26,319
1 Recalculation of the OS post allo-SCT curveg 54,615 52,949
2 Choosing alternative distributions in addition] 22,840- 51,337 19,649- 31,577

to those selected by the company, using the
company’s fits (range)

3 Assuming drug wastage 31,062 26,610

4 No half-cycle correction of intervention @¢es | 41,293 28,992

5 Including treatment related deaths 26,739 25,524

6 Removal of immortality for a small subset of| 30,523 26,653
patients

7a Setting OS the same for NR regardless of | Dominant 12,661

whether the patient had ponatinib or BS€et
at the ponatinib value

b Setting OS the same for NR regardless of | Dominant 18,690
whether the patient had ponatinib or BS€et
at the BSC value

8 1, 3,4 and 6 using the curves believed most| 84,570 61,273
credible by the company
9 1, 3,4, 6 and 7a using the curves believed n| 4138 29.995

credible by the company
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10. ERG| As 9, but choosing alternative distributions it Dominant- 4138 7156- 29,995
base addition to those selected by the company

case (range)

ICERS

Allo-SCT, allogeneic stem cell transplant; BSC, best supportive care; ERGenEgidReview Group; ICER, incremental co
effectiveness ratio; N/A, not applicable; NR, non-resposdeS, overall survival; QALY, quality-adjusted life year

Note: the ICERs may be unfavourable to ponatinib as it is assumed thaippicess are at three-monthly intervals when assessing
wastage.

Table 3: The impact of the ERG’s deterministic exploratory analyses in patients
unsuitablefor allo-SCT

Cost per QALY (£
Ref No | Exploratory Analyses Ponatinib vs BSC
0 N/A (Company base case) 31,210
1 Choosing alternative distributions in addition to those selected by thf 24,790~ 33,105
company, using the company’s fits (range)
2 Assuming drug wastage 33,826
3 No half-cycle correction of intervention costs 44,031
4 Including treatment related deaths 27,489
ba Setting OS the same for NR regardless of whether the patient had | Dominant
ponatinib or BSC- set at the ponatinib value
5b Setting OS the same for NR regardless of whether the patient had | Dominant
ponatinib or BSC- set at the BSC value
6 2 and 3 using the curves believed most credible by the company | 47,884
7 2, 3, and &using the curves believed most credible by the company Dominant
8. ERG | As 7, but choosing alternative distributions in addition to those sele( Dominant to Dominant
base by the company (range)
case
ICERs

BSC, best supportive care; ERG, Evidence Review Group; ICER, incremestt@fiectiveness ratio; N/A, not applicable; NR, nc
responders QALY, quality-adjusted life year

Note: the ICERs may be unfavourable to ponatinib as it is assumed thatppicese are at three-monthly intervals when asses:
drug wastage.

35 Conclusions of the ERG Report

The key clinical effectiveness evidence for ponatinib was a single arm rgaayting 32 patients

with Ph+ ALL. Naive indirect comparisons were used to compare ponatinib ageimstuction
chemotherapy and BSC which are biased. The changes made by the ERG, and the company following
the clarification process, along with a larger PAS resulted in the ICHRa¢st by the ERG to be
between per QALY gained and £29,995 per QALY gained compared with BSC in patients suitable for
allo-SCT. For patients unsuitable for allo-SCT, ponatinib was assumed to donmiivaates (be less

costly and more beneficial) than BSC.

4. Key Methodological |ssues
Analyses conducted based on naive indirect comparisons are biased. The face validiy of ea

comparison should be carefully assessed. In the company submission, the expected survival for
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patients who had no response from ponatinibrednduction chemotherapy, was assumed to be
longer than patients on BSC, who were assumed to have no response. This assumptidn was no
supported by the clinical advisor to the ERG. When the survival functions wergusdt the ICER

changed markedly, in favour of ponatinib.

The exploration of the impact of using alternative, plausible survival funatiorise ICER was not
undertaken by the company. The analyses undertaken by the ERG indicates that the range of the ICER

was large and that a decision based on an ICER from a single survival function could béngislead

5. National Institute for Health and Care Excellence Guidance

In June 2017, on the basis of the evidence available (including verbal testifimwted clinical
experts and patient representaslygehe NICE appraisal committedC) produced guidance that
ponatinib was recommended as an option for treating Ph+ ALL when the diseasstantrdsi
dasatinib, or when the patient cannot tolerate dasatinib and for whom subsegatnértt with
imatinib is not clinically appropriate, or the T315I gene is present and wheortig@any provides the
drug with the agreed PAS.

5.1 Consideration of Clinical and Cost-Effectiveness Issues Included in the Final Appraisal
Determination (FAD)

This section summarises the key issues considered Byah€he full list of the issues considered by

the AC can be found in the FAD.[34]

5.1.1 Uncertainties in the Clinical evidence

The AC noted the lack of a comparator in the PACE study,[19] which was justififtee mompany
on the basis that it was unethical to randomise patients to placebo omjmoimatddition to best
supportive care who have not responded to previous treatmentAd’heas aware that for some
patients in the study, the dosage was changed or treatment was stopped which ledaimtigscer
about the best dosing level, the duration of treatment, and the geneibfligdlithe response rates
The AC also noted the small number of patients with Ph+ ALL in the PACE sthdycdmmittee

concluded that despite these uncertainties the evidence presented was sufficient for decision making

5.1.2 Uncertainties in the Economic Modelling

The AC noted that the company hd&done indirect comparisons because of a lack of direct
comparative evidente Nevertheless, the AC concluded that there was sufficient evidence for its
decision-making. The AC considered the range of ICERs presented by the ER&C Tineerstood

that survival time following non-response was independent of treatment anllidsszhc¢hat the
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sensitivity analyses undertaken by the ERG accounted for this uncertaintpCTrhencluded that
there was uncertainty about which parametric distributions were most plaasitleclinically

appropriate.

5.1.3 End of Life Criteria

The AC concluded that the end of life criteria (a survival of less than 2 gedran extension of life
of more than 3 months) had been met for all patients RIthALL regardless of suitability for allo-
SCT.

6. Conclusions

The AC recognised that there was considerable uncertainty in the value of the ICERSs, efwlether
their most likely value fell within a range. THe concluded that in all instances this range included
cost-effective values, and therefore ponatinib was a cost-effective use of NHS resources.
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