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Contains CIC

Pre-meeting briefing
Ponatinib for treating chronic myeloid
leukaemia [ID671]

This slide set is the pre-meeting briefing for this appraisal. It has been prepared
by the technical team with input from the committee lead team and the committee
chair. It is sent to the appraisal committee before the committee meeting as part
of the committee papers. It summarises:

» the key evidence and views submitted by the company, the consultees and
their nominated clinical experts and patient experts and

« 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.

The lead team may use, or amend, some of these slides for their presentation at
the Committee meeting.




Disease Background

Chronic myeloid leukaemia (CML) is a rare form of cancer affecting the
blood, characterised by an excessive proliferation of myeloid cells at all
stage of maturation’

Approximately 95% of people with CML have acquired chromosomal
abnormality known as Philadelphia chromosome positive disease
(Ph+)?

Office for National Statistics figures for 2014 show 631 people in
England were newly diagnosed with CML3

Approximately one third to one half of patients are asymptomatic at
diagnosis and identified through routine screening*. Over 90% of
patients with CML are diagnosed in the early chronic phase®?®

More than 70% of men and nearly 75% of women diagnosed with CML
survive for 5 years or more following diagnosis. Prognosis is negatively
affected by older age, and how far the disease has progressed at
diagnosis’



Phases of CML

« CML is typically characterised as having three distinct
phases.
— An initial chronic phase (CP-CML) which lasts for several
years

— An intermediate accelerated phase (AP-CML), which lasts
for less than 1.5 years

— An aggressive blast phase (BP-CML) that is usually fatal
within 3 to 6 months
* People with CP-CML can transition to either AP-CML or
BP-CML
« The phases are defined mainly by the percentage of blast
cells in the blood and bone marrow



Technology

Details of the

Ponatinib (Iclusig, Incyte Corporation)

technology
Marketing Adults with CP, AP, or BP-CML who are resistant to
authorisation | dasatinib or nilotinib; who are intolerant to dasatinib or

nilotinib and for whom subsequent treatment with
imatinib is not clinically appropriate; or who have the
T315] mutation

European marketing authorisation was granted in July
2013

Mechanism of
action

Inhibits the kinase activity of native BCR-ABL gene, and
all mutant variants, including ‘gatekeeper’ T315l

Administration

Oral — 15mg, 30mg (Q1, 2017) and 45mg daily dose
tablets

Acquisition
cost (excl.
VAT)

30 tablets: 15mg £2525; 30mg £5050; 45mg £5050. The
company has recently submitted a PAS which has been
approved by the DH.




Care pathwayv. patients with chronic phase (CP-)CML

Imatinib,
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Care pathway,

patients with accelerated (AP-) and
blast phase (BP-) CML

2TEIs

Imatinib
failure to 1% TKI Dasatinib not recommended
Failure of, and/or Failure of, and/or
_ Bosutinib, _
intolerance to intolerance to
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Decision problem

NICE final scope Any changes
made by
company

Population As per marketing authorisation (see notes)’ N/A
Intervention Ponatinib N/A
Comparator(s) |+ Bosutinib Interferon alfa

* Allo-SCT; with or without chemotherapy not included.

 Interferon alfa See notes for

« BSC (including but not limited to details.?

hydroxycarbamide)
Outcomes * Overall survival (OS) Duration of

* Progression-free survival/ event-free response not

survival used. See

* Response rates notes for

« Time to response details.3

Duration of response (DoR)
Adverse effects of treatment
Health-related quality of life




Expert Comments (1)

TKIls are expensive but effective first line treatments for CML, so much so that the
majority of patients now die of other causes.

Generic imatinib becomes available in December 2016, and it is likely that
physicians will be encouraged to start all newly diagnosed patients on this.

The best indicator of outcome in terms of survival is depth of response at various
points in the first year, measured by a molecular test known as RQ-PCR

Optimal response is defined as RQ-PCR results of <10%, <1% and <0.1% at 3, 6
and 12 months respectively after initiating treatment

For imatinib as a 1st line treatment around 25% of patients fail to achieve these
milestones. A further 25% will have changed treatment at 5 years, despite good
responses, due to toxicity. For dasatinib and nilotinib the corresponding figures
are around 10% and 20% respectively.

Patients who fail imatinib because of disease resistant are frequently resistant to
subsequent drugs. These account for 10 to 15% of CML patients and include
those who would benefit from ponatinib

The Royal College of Pathologists



Expert Comments (2)

Approx 20-25% of patients do not respond satisfactorily to first line treatments
(Imatinib/ Nilotinib) due to side effects and toxicity, or they are refractory. One
cause of non-response is the acquisition of BCR-ABL mutations.

Ponatinib provides a more effective treatment (measured by complete
cytogenetic response) after failure of 15t line nilotinib than an alternative 2"
generation TKI (nilotinib, dasatinib or bosutinib), reducing the need for
subsequent allo-SCT. It is more effective third line treatment following 2" line
treatment with one of the 2"d generation TKis, than treatment with an alternative
2"d generation TKI. It has superior potency than other TKis in patients with BCR-
ABL mutations, and remains the only oral agent for the treatment of T315l

Non TKI treatments options for CML (allo-SCT, interferon) have a low response
rate of 10-15% and have significant side effects

Arterial thrombotic events is the most important side effect and is reported in 20%
of patients compared to roughly 10% for nilotinib.

NCRI/RCP/RCR/ACP



Patient/carer perspective (1)
Living with CML

« Profound psychological and emotional impact of a cancer
diagnosis

« ‘When | was diagnosed, it was like | had been hit by a
truck”

» Often followed a routine blood test

« Scary, feel numb and helpless

. Made worse by being rare

« Symptoms include:

. fatigue, pain, frequent infections, bruises, fever, joint
pain and breathlessness

« Untreated CML will progress and is fatal

« Reassurance needed about uncertainty of future treatments

« An unmet need for some patients



Patient/carer perspective (2)
Current treatments

« Repeated failure is a common experience
« Best supportive care
. Not viewed as a treatment
« Interferon alpha
« has punishing side effects
« Stem-cell transplant seen as a treatment of last resort
o for fitter patients
« Common side effects related to TKls
. hypertension, abdominal pain, fatigue, dry skin,
constipation, rash, headache, fever, joint pain and
nausea.
« Severe side effects
« Tumour lysis syndrome (TLS), liver toxicity and
gastrointestinal perforation



Clinical effectiveness
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Ponatinib pivotal studies

Study |[Location Design Population Intervention | Primary
(sites) and outcome
comparator | measures
PACE |66 centres in |Phase ll, 449 Patients (aged |Ponatinib Major
12 countries single arm = 18 years) with 45mg tablet |cytogenetic
(including 5 open-label, CP-CML (n=270), taken orally |response
sites in the UK, |non- AP-CML (n=85), once daily (MCyR) in
n=30) comparative |BP-CML (n=62) or |(lowered in |patients with
study (n=449) |Ph+ ALL (n=32) who | October CP-CML
were resistant or 2013)
intolerant to either Major
dasatinib or haematologic
nilotinib, or who had response
the T315] mutation (MaHR) in
after any TKI patients with
therapy AP-CML, BP-
CML and Ph+
ALL

13



PACE study

Patients were assigned to 1 of 6 cohorts dependent upon

— Disease phase (chronic, accelerated or blast)

— Resistance or intolerance to dasatinib or nilotinib

— Presence of the T315] mutation
5 of the 449 patients were excluded from the effectiveness analysis (but
not safety) as they had a history of T315I, unconfirmed at baseline, and
had not received nilotinib or dasatinib
Patients were pre-treated with prior TKls (imatinib, dasatinib, nilotinib or
bosutinib) and conventional therapy
The following received ponatinib as a 3™ line treatment (after 2 TKIs)

— CP-CML, 97/270 (36%)"; AP-CML, 33/85 (39%); BP-CML, 22/62 (35%)
The following received ponatinib as a 4™ line treatment (after 3 TKIs)

— CP-CML, 142/270 (53%)'; AP-CML, 44/85 (52%); BP-CML, 34/62 (55%)
Patients received a starting dose of 45mg/day, which was reduced or
delayed following AEs. This was lowered in October 2013 at the request
of the FDA to 15mg/day in CP-CML who had achieved a major
cytogenetic response or better, to 30mg/day in CP-CML who had not, and
advanced phase patients



PACE study

« Major cytogenetic response (MCyR), the primary
endpoint for CP-CML was measured at any time within
the first 12 months after initiation of treatment, and
defined as complete cytogenetic response (CCyR) or
partial cytogenetic response (PCyR)

* Major haematologic response (MaHR), the primary
endpoint for AP-CML and BP-CML, was measured within
the first six months after initiation of treatment, and
defined as complete haematologic response (CHR) or no
evidence of leukaemia (confirmed by blood analyses
after 228 days)

« Secondary endpoints included: a major molecular
response, the time to the response, the duration of the
response, PFS, OS, and safety.



Result CP-CML at 12 months

Outcome All lines (n=267) 3 line (n=98) | 4t line (n=141)
Major cytogenic 56% 67%, 45%,
response (MCyR) (95% Cl: 50-62) 95% Cl:=57-76 | 95% CI:37-54
Complete cytogenic 46% 56%, 39%,
response 95% CIl:46-66 95% Cl1:31-48
Major molecular 34% 36%, 33%,
response 95% CI: 26-46 | 95% Cl:26-42
Median time to MCyR: 2.8 months N/R N/R
response (range: 1.6—-11.3)

Duration of response | 1 day to 19.4 months N/R N/R
Maintained response | 91% (95% CI. 85-95) N/R N/R
PFS 12 month: 80% N/R N/R

OS 12 month OS: 94% N/R N/R
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Result CP-CML at 4 years

Outcome All lines (n=267) 3 line 4t line
(n=97) (n=142)

Major cytogenic N/R 1% 49%

response (MCyR)

Complete cytogenic N/R 65% 45%

response

Major molecular N/R 42% 37%

response

Median time to MCyR N/R N/R N/R

Duration of response? N/R N/R N/R

Maintained MCyR" N/R 88% 86%

PFS (median) 56% 68% 52%

OS (median) 77% 79% 80%
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Result AP-CML at 12 months

Outcome All lines (n=83) 3 line |4t line
(n=33) | (n=44)

Major haematological 55% 61% 50%

response (MaHR) by 6 mo. (95% ClI: 44-66)

Major cytogenic response 39% 42% | 30%

(MCyR)

Complete cytogenic 24% 30% 16%

response

MMR 16% 24% 11%

Median time to response MaHR: 3 weeks (range: 2—-25) N/R N/R
MCyR: 3.7 months (range: 0.8-9.7)

Duration of response MaHR:1 to 21 months or more N/R N/R
(median: 12 months)

Maintained response MaHR at 12 months: 48% N/R N/R
MCyR at 12 months: 73%

PFS 12 month: 55% (median: 18 mo.) N/R N/R

OS 12 month: 84% N/R N/R




Result AP-CML at 4 years

Outcome

All lines (n=83)

Major haematologic
response (MaHR) by 6
months

Major cytogenic response
(MCyR)

Complete cytogenic
response

Major molecular response

3 line
(n=33)

4t line
(n=46)

Median time to response

Duration of response

Maintained response

PFS

OS

N/R N/R
N/R N/R
N/R N/R
N/R N/R
N/R N/R




Result BP-CML at 12 months and 4 yrs

At 12 months for BP-CML patients

At 4 years for BP-CML and Ph+ ALL

only combined
Outcome All lines (n=62) All lines (n=94)
MaHR by 6 31%
months (950/0 Cl: 20—44)
MCyR 23%
CCyR 18%
Median time | MaHR: 4.1 weeks (range: 1.7-16.1) N/R N/R N/R
to response | MCyR: 1.9 months (range: 0.9-5.5)
Duration of | MaHR:1 to 20 months or more N/R N/R N/R
response (median: 5 months)
Maintained | MaHR at 12 months: 42% N/R N/R N/R
response MCyR at 12 months: 66%
PFS 12 month: 19% (median: 4 months) N/R N/R
OS 12 month 0S:29%,median:7 months N/R N/R




Results by T3151 mutation status

12 months 4 years

Outcome Overall T315] mutation |Overall T315] mutation
CP-MCyR 56% 70% 59% 72%
CP-CCyR 46% 66 % 54% 70%
CP-PFS 80% 83% 56% 56%
CP-0OS 94% 92% 77% 72%
AP-MaHR* 55% 50%

AP-MCyR 39% 56%

AP-CCyR 24% 33%

AP-PFS 55% N/R 22% N/R
AP-OS 58% N/R 51% N/R
BP-MaHR 31% 29%

BP-MCyR 23% 29%

BP-CCyR 18% 21%

BP-PFS 19% N/R

BP-OS 29% N/R




Adverse events

At 12 months

 The most common non-haematologic adverse event was
a rash, which occurred in patients with CP (40%), AP
(29%) and BP (24%)

 The most common haematologic adverse event was
thrombocytopenia which occurred in patients with CP
(41%), AP (42%) and BP (27%).

Similar figures were reported for the 4 year follow up point

* Adverse events, haematologic, non-haematologic, and
arterial occlusive were most common in CP patients and
least common in BP patients



Matching-adjusted indirect
comparison (MAIC)

Based on Signorovitch et al (2012)

In the absence of head-to-head randomised trials, indirect
comparisons of treatments across separate trials can be performed

— These analyses may be biased by cross-trial differences in
patient populations, sensitivity to modelling assumptions, and
differences in the definitions of outcome measures.

Aim of MAIC is to lessen confounding, adjusting individual level data
from a trial with individual patient level data (e.g. PACE) to match
patients on the basis of inclusion/exclusion criteria specified in the
ponatinib trial and reweight to match exactly the baseline
characteristics reported for the comparator study (Khoury et al.)
reported at study level

It can address several limitations that arise in analyses based only
on aggregate data
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Indirect treatment comparison

* No direct comparative evidence between ponatinib and the comparator TKls
was identified

« The company therefore conducted a matching adjusted indirect comparison
(MAIC) between ponatinib and bosutinib ONLY in CP-CML patients to
facilitate an indirect comparison and inform their economic model.

— No MAIC was done for AP or BP-CML groups due to lack of comprehensive third
line setting data.

« MAIC involves using individual patient data to match patient characteristics
across separate trails involving different interventions

 MAIC was performed using the baseline characteristics in CP group of
patients only.

Best response Bosutinib Ponatinib Ponatinib
Khoury et al. PACE Cortes et al. Matching-adjusted
(Phase l/ll study) n=118 (Phase Il) n=972 n=69°
CCyR, n/N (%) 26/108 (24.07%) 63/97 (64.95%) 61.34%
PCyR, n/N (%) 9/108 (8.33%) 6/97 (6.19%) 8.46%
CHR, n/N (%) 44/116 (37.93%) 17/97 (17.53%) 18.19%
No response, n/N (%) (29.66%)° 11/97 (11.34%) 12.01%

CCyR, complete cytogenetic response; CHR, complete haematologic response; PCyR, partial cytogenetic response

a Patients in the PACE trial who had received 2 prior TKls (n=97) were used to inform the MAIC

b Effective sample size was computed as the square of the summed weights divided by the sum of the squared weights

¢ For bosutinib, there is no n/N for the ‘no response’ rate because the value was calculated as 1 minus the other response rates (see
clarification response,?® question A12)




ERG comments

The ERG is confident that the company identified all relevant studies
in its submission

The ERG considered PACE to be a large well designed non
comparative study, and the study population included in the trial to
be reflective of the CML population in England

In the absence of ‘within-study’ estimates based on randomised
comparison (due to ethical considerations), it was necessary to use
an alternative approach to make indirect comparison. The MAIC has
several limitations:

— It matches PACE population (said to be reflective of UK practice) onto
Khoury et al which is not representative of UK practice

— Median age of PACE population is 59, but 50 for MAIC
— The lack of an internal control group increases the potential for bias in
the trial results and in the MAIC.
While the safety and efficacy outcomes for all lines combined met
the company’s reported power calculation, the majority of those
individual lines of therapy were not adequately powered.



Key issues: clinical effectiveness

What is the committee’s view on the evidence base considering it is non
comparative and thus has a high potential for bias?

What is the committee’s view on the company’s MAIC?

— The ERG commented that using this methodology the company had to adjust
PACE study to fit with bosutinib study, due to absence of individual patient data
for bosutinib

In some of the by line treatment subgroups, the study was insufficiently
powered. What is the committee’s view on the power of the subgroups?

The optimal dosing of ponatinib is uncertain. The initial dose (45mg) was
lowered during study; therefore it is unclear whether the lower dosing
regimen would have been as clinically effective over study period. What is
the committee’s view on the impact of this uncertainty on the estimate of
treatment effect
Efficacy of treatment in patients with T3151 mutation
The duration of ponatinib treatment uncertain

— where complete response is achieved, allo-SCT would be considered if

eligible, therefore ponatinib treatment would cease;
— Would patients ineligible for allo-SCT continue treatment indefinitely?



Cost effectiveness evidence



Model structure CP-CML

Direct
allo-SCT

Model
entry

—

Ponatinib

Bosutinib

IFM alpha
Hydroxycarbamide

Transition to Death
possible from every

Allo-5CT in CP-CML

= ®, Q state (not shown)
Relapse
e =4 Relapsed

CP-CML

Progressed disease
i », ®;
AP-CML g4 BP-CML

Allo-SCT in
progressed disease

A Relapse- ?
£ md Relapsed
ree

Progression

x)

)

x)

28



Model detalls

On entering the model patients could receive 1 of 5
Interventions:

— Ponatinib

— Bosutinib

— Interferon alfa

— Hydroxycarbamide (proxy for BSC)
— Allo-SCT

The modelling approach for all non-allo interventions was
identical but differed between non-allo and allo-SCT

Death could occur at any point
A lifetime horizon was used (up to 100 years)

The model employed 3 month Markov cycles with a half
cycle correction

——

— Non-Allo




Model details non-allo-SCT treatments

« Treatment occurred in the first cycle only after which the
patients moved into 1 of 4 mutually exclusive and
exhaustive states, ranked in descending order of benefit:
CCyR; PCyR; CHR; and NR. The model included an
option to discontinue ponatinib if non responsive.

« The next possible state besides their existing state for
NR and complete haematological response patients was
death, disease progression or treatment discontinuation

» Discontinuation of treatment was assumed not to happen
for those on interferon alfa or BSC

« Patients in the CCyR or PCyR state could become
unresponsive to treatment and regress to complete
haematological response



Model details non-allo-SCT treatments

* Following discontinuation of treatment in PCyR, CHR or
NR, patients would regress to NR, with possibility of an
immediate CHR due to subsequent BSC use. Patients in
CCyR were assumed to stay in CCyR

* Following progression patient received allo-SCT if
appropriate or entered AP. For AP, next event (beside
same) is either death or progression to BP. Once a
patient entered the BP state, the only possible event was
death.

* For patients receiving allo-SCT, the next event was either
death or relapse. Once a patient relapsed the only event
possible was death



Model details allo-SCT

» After entering the model, the next event, if moving out of
the relapse free state was relapse or death

* Once a patient had relapsed the only next possible state
outside of this was death
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Model: AP and BP-CML

fransition to Death
AP-CML :
Direct Allo-SCT without possible from every
Mode!l |allo-SCT response state (not shown)

entry
AP-CML Remission Allo-SCT with
response

Ponatinib
Basutinib

________________________

BP-CML

BP-CML : :
Direct Allo-SCT without Note: loop is
Model |allo-5CT response incorrect for MaHR
health state
f:ﬂti<
Ponatinib Remission | Allo-SCT with
Bosutinib response
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Model details: AP and BP-CML

Patients are assumed to have an MaHR or have no
response to treatment

Patients who have an MaHR would have allo-SCT. All
patients are assumed suitable for allo-SCT

For patients starting with AP-CML, the next event after
allo-SCT is death. In non-responsive patients, the next
event is death or progression to BP, from which the next
event is death

For patients starting with BP-CML, after allo-SCT, the
next event is death, for those who are non-responsive the
next event is death

Those who go to allo-SCT on entry can only move to the
death state



Clinical data used in models

Variable Value Reference
Age (years) 54.5 CP; 54.6 AP; 50.4 BP MAIC for CP
% male 449 CP; 41.8 AP; 60 BP

PACE for AP and BP

Response rates (%) for ponatinib in
CP patients

CCyR 61.34; PCyR 8.46; CHR 18.19;
NR 12.01

MAIC

Response rates (%) for bosutinib in CCyR 24.07; PCyR 8.33; CHR 37.93; |[Khoury et al
CP patients NR 29.66

Response rates (%) for interferon alfa | CCyR 0; PCyR 0; CHR 47; NR 53 Dalziel et al
in CP patients

Response rates (%) for BSC in CP CCyR 0; PCyR 0; CHR 41; NR 59 Dalziel et al
patients

Response rates (%) for ponatinib in AP | MaHR 55.7; Non-MaHR 44.3 PACE

patients

Response rates (%) for bosutinib in AP
patients

MaHR 29.2; Non-MaHR 70.8

Gambacorti-Passerini et
al

Response rates (%) for BSC in AP
patients

MaHR 0; Non-MaHR 100

Company assumption

Response rates (%) for ponatinib in
BP patients

MaHR 31.7; Non-MaHR 68.3

PACE

Response rates (%) for bosutinib in BP
patients

MaHR 4.3; Non-MaHR 95.7

Gambacorti-Passerini et
al

Response rates (%) for BSC in BP
patients

MaHR 0; Non-MaHR 100

Company assumption




Extrapolation of outcomes

In cases when the company did not have access to patient-level time-to-
event data, the company digitised published Kaplan-Meier survivor functions
and used the Solver add-in in Excel to generate parametric survivor
functions by minimising the sum of squared errors (SSE) between the
predicted survival curve and that of the digitised points.

The company based their choice of parametric model on the AlIC and BIC
when patient level data were available.

ERG commented that the method to reconstruct the patient-level data
proposed by Guyot et al. could have also been used

ERG considered that extrapolating survivor functions using sample data
alone was inappropriate where there were few events in studies with
relatively short duration of follow-up, and should be informed by external
clinical data / opinion where possible

ERG expressed concern that the approach does not give sufficient weight to
expert clinical knowledge and the expected shape of the hazard function
over time in the target population of patients

ERG cautioned that using AlIC and BIC alone to determine choice of
parametric model did not establish whether it is a good model or would result
in a clinical plausible estimate of event rates beyond the duration of the
study.



OS modelling

CP-CML model

AP/BP-CML model

Function chosen

Function best fit

Function chosen

Function best fit

After allo-SCT in
patients with CP
and AP-CML

Exponential

Gompertz

After SCT in AP-
CML

Exponential

Gompertz

Exponential

Gompertz

In AP-CML with
BSC

Log normal

Log normal

Log normal

Log normal

In BP-CML with
BSC

Log logistic

Log logistic

Log logistic

In AP-CML with TKI
treatment

In BP-CML with TKI
treatment

Log logistic

After SCT in BP- Exponential Log-logistic
CML with remission
After SCT in BP- Exponential Gompertz

CML with no
remission




Assumed adverse event rates

(non-vascular)
Adverse CP-CML AP-CML BP-CML
event Ponatinib | Bosutinib | Ponatinib | Bosutinib | Ponatinib | Bosutinib
Abdominal pain 0.00% - -
Anaemia 6.78% 32.91% 20.31%
Diarrhoea 8.47% - -
Hyperglycaemia 0.00% - -
Hypophosphatemia 0.00% - -
Leukocytopaenia 0.00% 6.33% 18.75%
Lipase increased 0.00% - -
Neutropenia 15.25% 17.72% 25%
Pancreatitis 0.00% - -
ALT elevation 5.93% - -
GGT increased 0.00% - -
Thrombocytopenia 26.27% 44.30% 35.94%




Assumed serious adverse event rates

Adverse
event

CP-CML

AP-CML

BP-CML

Ponatinib

Cardiovascular
events

Cerebrovascular
events

Peripheral
vascular event

Venous
thromboembolism
event

Bosutinib

Ponatinib

Bosutinib

Ponatinib

Bosutinib

Serious AEs relating to vascular events only occur in patients receiving ponatinib.




Health-related quality of life

Evidence searches by the company identified 3 studies
which provided HRQoL data on the disease’.

These involved TTO and/or SG methods, involved the
general population and included UK respondents

The company reported the sources used for utility values
In patients with allo-SCT but not how they were
selected?. One of these had been used in a previous
evaluation of CMLS.

The utility decrements were applied to HRQoL from the
UK general population®



HRQoL reported by Szabo et al (2010)
and utility decrements assumed in model

Health State Estimated HRQoL | Utility
(95% Cl) decrement

CP-CML responding to treatment |5 g1 (0.89-0.94) |0

CP-CML not responding to 0.73(0.69-0.78) |0.116

treatment

AP-CML responding to treatment |5 7g (0.74-0.82) |0.064

AP-CML not responding to 0.53 (0.48 —0.58) |0.316

treatment

BP-CML responding to treatment |5 5¢ (0.52 -0.60) |0.286

BP-CML not responding to 0.29 (0.24 — 0.33) |0.556

treatment

Treatment withdrawal due to SAEs | 59 (0.46 —0.58) |0.326




Utility decrements used following allo-
SCT in the company model

Period after allo-SCT

Utility decrement

Source.

Up to 3 months post-
allo-SCT

0.296

Van Agthoven et al.

Between 3 and 6 0.216 Assumption: midpoint

months post-allo- between value up to 3

SCT months and beyond 6
months

6 months and longer [0.136 Loveman et al.

post-allo-SCT

Post-relapse 0.260 Kantarjian et al. and

Olaverria et al.
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Costs — Adverse events

Adverse event Unit cost (£) Source
Abdominal pain 752.10 Ref costs 2014/15
Anaemia 1,827.13 NHS ETF 2015/16
Diarrhoea 801.95 Ref costs 2014/15
Hyperglycaemia 1,271.46 Ref costs 2014/15
Hypophosphatemia 721.00 See notes 1
Leukocytopaenia 633.26 See notes 2
Lipase increased 721.00 See notes 1
Neutropenia 633.26 Ref costs 2014/15
Pancreatitis 1,121.98 Ref costs 2014/15
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Costs — Adverse events

Adverse event Unit cost (£) Source

ALT elevation 1,121.98 Ref costs 2014/15
GGT increased 1,121.98 Ref costs 2014/15
Thrombocytopenia 421.74 Ref costs 2014/15
Serious adverse event

Cardiovascular events 2,357.00 NHS ETF 2015/16
Cerebrovascular events 2,962.00 NHS ETF 2015/16
Peripheral vascular event 2,872.00 NHS ETF 2015/16
Venous thromboembolism event 552.00 NHS ETF 2015/16
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Costs-Treatment cycles”™

Intervention

Cost per cycle (£) (ponatinib list price,
comparator list prices)

Ponatinib in CP-CML (CCyR)

Ponatinib in CP-CML (PCyR)

Ponatinib in CP-CML (CHR)

Ponatinib in CP-CML (NR)

Dasatinib 7624
Imatinib 5590
Nilotinib 7910
Interferon alfa 6833
Bosutinib 10,714
BSC 38




Other costs

Cost Value (£)
CP- CML with CCyR 208
CP-CML without CCyR 495

AP- CML 2648
BP-CML 20,319
Average end-of-life care cost 5,765.76
Allo-SCT 60,092
Per-cycle follow-up cost after allo- STC, year 1 12,214
Per-cycle follow-up cost after allo- STC, year 2 3518
Per-cycle follow-up cost after allo- STC, year 3+ 420
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Company base case CP-CML

(calculated by ERG using ponatinib PAS price and list prices for

comparators)
Deterministic ICER (£/QALY
. . gained)
Treatment LYG Discounted | Discounted Ponatinib Full
costs (£) QALYs
Versus Incremental
comparator analysis
BSC 4.64 136,666 2.24 15,200
Bosutinib 8.38 150,811 4.00 18,213 8,072
g;]faerfem” 472 | 188917 2.30 6395 Dominated
Allo-SCT 8.77 209,258 3.93 4042 Dominated
Ponatinib | | : 18,213

Probabilistic analyses results

Results of the PSA are consistent with the ICER analysis results estimated from the
base-case analysis, with few extreme values

The probability of ponatinib having an ICER below the following values were

estimated to be: £20,000 (51%); £30,000 (81%); and £50,000 (91%)
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Company base case AP-CML

(calculated by ERG using ponatinib PAS price and list prices for

comparators)
Deterministic ICER (£/(cost
Discounted | Discounted pe.r QALY gained)
Treatment LYG Ponatinib Full
costs (£) QALYs
VEersus Incremental
comparator analysis
BSC 1.91 95,263 0.58 14,750 -
Extendedly
Allo SCT 3.20 166,635 1.86 13,279 dominated
Ponatin | I : 14,750
Bosutinib 6.77 162,419 2.62 Dominant Dominant

Probabilistic analyses results

Results of the PSA are consistent with the ICER analysis results estimated from the
base-case analysis, with few extreme values

The probability of ponatinib having an ICER below the following values were

estimated to be: £20,000 (71%); £30,000 (90%); and £50,000 (99%)




Company base case BP-CML

(calculated by ERG using ponatinib PAS price and list prices for

comparators)
Deterministic ICER ((cost
Discounted | Discounted £) Per QALY gained)
Treatment LYG Ponatinib Full
costs (£) QALYs
versus Incremental
comparator analysis
Bosutinib 0.85 71,473 0.37 17,601 -
ponatinie | [ | - | oo
BSC 1.16 101,961 0.28 Dominant Dominant
Allo-SCT .34 103,748 0.85 Dominant Dominant

Probabilistic analyses results

Results of the PSA are consistent with the ICER analysis results estimated from the
base-case analysis, with few extreme values

The probability of ponatinib having an ICER below the following values were

estimated to be: £20,000 (67%); £30,000 (94%); and £50,000 (100%)




ERG comments

Model structure adopted for the economic evaluation is generally appropriate
though similar to other CML topics, there has been a reliance on surrogate
endpoints.

There is inherent uncertainty introduced by the use of a MAIC, and the
matching of the PACE study participants to the Khoury et al. (bosutinib) trial
participants may have an impact on the relevance of the MAIC population to
UK practice.

The biggest concern of the ERG is that the parametric distributions fitted
where individual patient data were not available is inappropriate, and that for
all distributions there was insufficient exploration of the impact on the ICER
of the selection of alternative curves that were considered plausible

The model did not take into account any possibility of treatment-related
death.

The ERG believes that the PSA undertaken by the company was not robust
because of the inappropriate characterisation of uncertainty in the curves,
lack of correlation and the arbitrary selection of the size of the standard error
used for many parameters.



ERG exploratory analyses

* |In CP-CML, the ERG varied the choice of parametric
curves for OS, PFS, duration of response and relapse-
free survival. These changes affected the ICER, as did
assuming drug wastage, and reducing costs post-
progression in both CP-CML and post allo-SCT for CP-
CML patients.

* In AP-CML, the ERG varied the choice of parametric
curves among other changes. The largest change in the
ICER was caused by the selection of curves.

* In BP-CML, the ERG varied the choice of parametric
curves among other changes. The largest changes in the
ICER were caused by the selection of curves and the
introduction of a 3-month stopping rule for bosutinib



ERG’s exploratory deterministic analyses in CP-CML

(calculated by ERG using PAS price for ponatinib)

Ref No | Exploratory Analyses Pon vs Bos |[Ponvs Pon vs allo-
BSC SCT

0 N/A (company’s base case) 18,213 15,200 4042

1a Choosing alternative distributions in 13,747 — 12,063 — Dominant —
addition to those selected by the 43,344 22,295 12,091
company, using the company’s fits
(range)

1b As 1a, but using the same distribution for | 15,319 — N/A N/A
DoR for ponatinib and bosutinib (range) |38,710

1c As 1a, but solely using the company’s 13,747 — 12,063 — Dominant —
exponential distribution for PFS in NR 27,616 21,150 12,091
(range)

1d Combining 1b and 1c 15,319 — 12,063 — Dominant —

25,181 21,150 12,091

2a Recalculation of the survivor functions 16,297 13,661 Dominant
(excluding PFS exponentials)

2b As 2a, but use of the ERG’s estimated 17,073 14,860 Dominant
exponential distribution for PFS in NR

2C As 2a, but use of the ERG’s estimated 18,092 15,424 Dominant
exponential distributions for PFS for all
response groups

3 Assuming drug wastage 30,754 24,245 16,487
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ERG’s exploratory deterministic analyses in CP-CML

(calculated by ERG using PAS price for ponatinib, comparator list prices)

Ref No | Exploratory Analyses Pon vs Ponvs |Ponyvs
Bos BSC allo-SCT

4 Including a 3 month stopping rule for bosutinib 21,313 15,200 4042

5 No half-cycle correction of intervention costs 17,785 15,709 5472

6 Including treatment-related deaths 18,099 16,810 6143

7a Costs post-progression in CP-CML or post allo- |21,717 18,688 21,712
SCT for CP-CML patients equal to those for BSC.

7b Reducing costs post-progression in CP-CML or | 21,584 18,555 21.039
post allo-SCT for CP-CML patients to that
estimated for generic imatinib.

8 Assuming life table data are probabilities not 18,226 15,211 4043
rates

Oa Assuming ratios of HRQoL between CP-CML and | 18,017 15,035 4096
other CML states are maintained

9b Assuming decrements of HRQoL between CP- 17,920 14,954 4125
CML and other CML states are maintained

10 2a, 4,5, 7a, 8 and 9a, using the curves believed |23,059 18,308 27,649
most credible by the company

11. (11a)- 1a, 2a, 4,5, 7a, 8 and 9a (range) 19,986 — [18,246 — [ 18,279 —

ERG 52,121 27,667 Dominated

base As 11a, but assuming the same distribution for 22,995 —

case ) - - N/A N/A

ICERS Duration of response for ponatinib and bosutinib |42,637

(range)




ERG’s exploratory deterministic analyses in AP-CML
(calculated by ERG using PAS price for ponatinib, comparator list prices)

Cost per QALY gained (£) —
Ponatinib vs
Ref No Exploratory Analyses BSC Allo-SCT
0 N/A (company’s base case) 14,750 13,279
1 Choosing alternative distributions in addition | 7479 — 15,861 | Dominating —
to those selected by the company, using the 95,313
company’s fits (range)
2 Recalculation of the survivor functions 10,358 12,217
3 Assuming drug wastage 15,267 14,199
4 No half-cycle correction of intervention 16,580 16,465
costs
5 Including treatment-related deaths 14,747 12,671
6 Assuming life table data are probabilities 14,754 13,285
not rates
7 2,3, 4, and 6 using the curves believed 12,975 16,412
most credible by the company
8 ERG base |As 7, but choosing alternative distributions | 7475 _ 18.005 Dominating —
case ICER in addition to those selected by the 63,701
company (range)




ERG’s exploratory deterministic analyses in BP-CML
(calculated by ERG using PAS price for ponatinib, comparator list prices)

Cost per QALY gained (£)
Ref No Exploratory Analyses Ponatinib vs Allo-SCT vs
bosutinib Ponatinib
0 N/A (company’s base case) 17,601 Dominated
1 Choosing alternative distributions in addition | 11,184 — 18,808 | 8,251 -
to those selected by the company, using the Dominated
company’s fits (range)
2 Recalculation of the survivor functions 15,812 157,193
3 Assuming drug wastage 18,022 Dominated
4 Incorporating a three-month stopping rule for |21,910 Dominated
bosutinib
5 No half-cycle correction of intervention costs | 18,396 Dominated
6 Including treatment-related deaths 16,665 Dominated
7 Assuming life table data are probabilities not | 17,601 Dominated
rates
8 2,3, 4,5, and 7 using the curves believed most | 21,254 102,612
credible by the company
9ERG 1423, 4,5, and 7 (range) 17,066 — 22,512 4,004 -
base-case Dominated
ICER




Innovation

* Ponatinib is a significant advance in treatment of CML for
patients whose disease is resistant or intolerant to
imatinib or 2"d generation tyrosine kinase inhibitors with
or without the T315] mutation.

 Few treatment options are available



End of life
CP-CML

« Company’s model estimates that patients’ life expectancy is more than 4 years
regardless of treatment

AP-CML

« Company’s model estimates that, on average, those patients receiving bosutinib
would live in excess of 6 years; those that receive allo-SCT would live in excess
of 3 years, whilst those who receive BSC would live slightly under 2 years

« The model predicts a large extension in health for ponatinib compared with BSC,
in excess of 6 years, potentially satisfying criteria for population for whom allo-
SCT or bosutinib are not comparators

BP-CML

« the company’s model estimates that those patients receiving bosutinib, allo-SCT
or BSC would not live greater than two years, although this value increases
greatly if it is assumed that OS following allo-SCT is characterised by a
Gompertz distribution

« model predicts ponatinib provides >3 months extension of life compared with the
comparators and could satisfy the end of life criteria for patients with BP-CML,
unless it is assumed that the OS following allo-SCT is lengthier than the
company assumed in its base case.



Potential equality issues

* None identified at scoping stage nor in submissions.

 However the company note a number of potential
equality benefits from the use of ponatinib namely:

— It provides an additional treatment option for patients with
CML and Ph+ ALL who currently have limited treatment
options

— While allo-SCT is suitable for these patients, there is
unequal access to it among ethnic groups due to
differences in donor rates

— Ponatinib is the only TKI active against the T315] mutation



Key issues: cost effectiveness

The company fitted parametric distributions where individual patient
data were not available. Was this appropriate? Or should the
company have reconstructed the patient-level data as preferred by
the ERG using the Guyot et al. method?

Did the company fully explore the impact on the ICER of the
selection of alternative curves? Is it possible to determine which
curves are considered the most plausible.

The model also ignored any possibility of treatment-related death.
What is the committee’s view on this?

What is the committee’s view on the company’s PSA which the ERG
considered was not robust due to the inappropriate characterisation
of uncertainty in the curves, lack of correlation and the arbitrary
selection of the size of the standard error used for many parameters?
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Contains AIC, CIC

Pre-meeting briefing
Ponatinib for treating Ph+ acute
lymphoblastic leukaemia [ID671]

This slide set is the pre-meeting briefing for this appraisal. It has been prepared
by the technical team with input from the committee lead team and the committee
chair. It is sent to the appraisal committee before the committee meeting as part
of the committee papers. It summarises:

» the key evidence and views submitted by the company, the consultees and
their nominated clinical experts and patient experts and

« 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.

The lead team may use, or amend, some of these slides for their presentation at
the Committee meeting.




Disease Background

Acute lymphoblastic leukaemia (ALL) is a rare form of
cancer, characterised by the overproduction and
accumulation of immature white blood cells’

ALL accounts for around 20% of all leukaemias in adults
and is the most common form of childhood leukaemia

Approximately 25% of adults with ALL have acquired
chromosomal abnormality known as Philadelphia
chromosome positive disease (Ph+)?

Cancer research UK figures show that in 2014, 654 people
In the UK were newly diagnosed with ALL. The company
estimate that 33 people received ponatinib according to its
licence indication34

Prognosis once diagnosed is poor but improving.
Prognosis is usually poorer with Ph+°



Treatment phases of Ph+ ALL

« Treatment is usually carried out in 3 stages.

— Induction: Initial treatments which aim to kill the leukaemia
cells in the bone marrow and get the patient into remission

— Consolidation: Aims to further reduce tumour burden
Including any leukaemia cells that have penetrated into the
central nervous system

— Maintenance: Involves regular doses of chemotherapy to
prevent the leukaemia returning
* During these treatment phases patients are treated with
chemotherapy doses including tyrosine kinase inhibitor
(TKI) therapy.

« Ponatinib is currently only available to patients with the
T315] mutation.



Treatment pathway

18t line: Imatinib! plus chemotherapy

2"d line: Dasatinib? plus chemotherapy |Following failure of
3 line: Ponatinib previous line therapy
On any line of therapy, or treatment, where complete
response is achieved, allo-SCT should be considered in
all eligible patients

Patients with the T315] mutation should be routed
straight to ponatinib (3" line)

Patients who relapse or have refractory disease should
receive combination chemotherapy plus an alternative
TKI to one previously received.

In older patients with co-morbidities consider adding
corticosteroids to 15t and 2" line treatment



Technology

Details of the

Ponatinib (Iclusig, Incyte Corporation)

technology
Marketing Adults with Ph+ ALL who are resistant to dasatinib; who
authorisation are intolerant to dasatinib and for whom subsequent

treatment with imatinib is not clinically appropriate; or
who have the T315] mutation

European marketing authorisation was granted in July
2013

Mechanism of
action

Inhibits the kinase activity of native BCR-ABL gene, and
all mutant variants, including ‘gatekeeper’ T319l

Administration

Oral — 15mg, 30mg (Q1, 2017) and 45mg daily dose
tablets

Acquisition
cost (excl. VAT)

30 tablets: 15mg £2525 (BNF July 2016); 30mg £5050
(anticipated list price); 45mg £5050 (BNF July 2016).
The DH has approved a simple PAS discount ofl




Decision problem

NICE final scope Any changes
made by
company

Population As per marketing authorisation N/A
Intervention Ponatinib N/A
Comparator(s) |+ Established clinical management without N/A
ponatinib’ (including but not limited to best
supportive care)
Outcomes * Overall survival (OS) See notes

Progression-free survival/ event-free
survival

Response rates

Time to response

Duration of response (DoR)
Adverse effects of treatment
Health-related quality of life




Patient/carer perspective

« Patients are usually diagnosed with ALL following the
onset of symptoms, when it has often progressed
significantly. 64% of patients are diagnosed following
an emergency presentation, the highest of any cancer

 Typically, a Ph+ ALL patient would be treated with
induction phase chemotherapy, often including
cyclophosphamide, vincristine, adriamycin and
dexamethasone (hyper-CVAD) in combination with a
TKI (imatinib).

« The chance of relapse is high and disease
reoccurrence is considered the most frequent cause of
treatment failure

« Although remission can be achieved, allo-SCT is the
only curative treatment



Clinical effectiveness



Ponatinib pivotal studies

Study |[Location (sites) | Design Population Intervention | Primary
and outcome
comparator | measures

PACE 66 centres in Phase I, 449 Patients (aged | Ponatinib Major

12 countries single arm = 18 years) with 45mg tablet | haematologic
(including 5 open-label, CP-CML (n=270), taken orally |response
sites in the UK, [non- AP-CML (n=85), once daily (MaHR) in
n=30) comparative BP-CML (n=62) or (lowered in patients with
study (n=449) |[Ph+ALL (n=32)who |[October AP-CML,
were resistant or 2013) BP-CML and
intolerant to either Ph+ ALL

dasatinib or nilotinib,
or who had the T315l
mutation after any
TKI therapy




PACE study

« Patients were pre-treated with prior TKls (imatinib, dasatinib,
nilotinib or bosutinib) and conventional therapy

« 14/32 (44%) patients received ponatinib as a 3" line
treatment (after 2 TKIs)

 Ph+ ALL patients were able to maintain 45mg per day for
96% of the entire treatment duration. Average daily dose
over the course of the study was 42.3mg (figures at April
2012)



Results

Outcome

Nov 2012, 12 month (n=32)

Feb 2015 (n=32)

Major Haematologic 41% (95% Cl:24-59) N/R

response (MaHR) by 6 mo.

Major cytogenetic 47% N/R

response (MCyR)

Complete cytogenetic 38% N/R

response

Median time to response MaHR: 2.9 weeks (range: 1.6-24); N/R
MCyR: 1 month (range: 0.9-3.7)

Duration of response MaHR: 2 to 14 months or more N/R
(median: 3 months)

Maintained response MaHR at 12 months: 8% N/R
MCyR at 12 months: 32%

PFS 12 month: 7% (median 3 months) N/R

0OS 12 month: 40% (median: 8 36 month: 16%

months)




Results by T315] mutation status at 12

months

Outcome Overall (n=32) Resistant/ T315] mutation
Intolerant (n=10) | (n=22)

Major Haematologic 41% 50% 36%
response by 6
months
Major cytogenetic 47% 60% 41%
response
Complete cytogenetic 38% 50% 32%
response
PFS 12 month: 7% N/R N/R
OS 12 month: 40% N/R N/R
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Adverse events

At 12 months

 The most common non-haematologic adverse event were dry skin
(22%), rash (19%), abdominal pain (19%) and constipation (19%)

 The most common haematologic adverse event were anaemia
(16%), neutropaenia (12%) and thrombocytopenia (9%)

Similar figures were reported for the 4 year follow up point
» Atthe 4 year cut off, Ph+ ALL* patients had a treatment-
emergent grade 5 arterial occlusive adverse event

— Following a review of updated clinical trial data on ponatinib revealing an
accumulation of treatment-emergent vascular occlusive events, the EMA
issued a set of recommendations regarding the use of ponatinib in
November 2013. The EMA recommends that the cardiovascular status of
patients be assessed and that cardiovascular risk factors be actively
managed prior to, and monitored during, treatment




ERG comments

The ERG is confident that the company identified all relevant studies
in its submission

The ERG considered PACE to be a large well designed non
comparative study. It considered that the study population included in
the trial was reflective of the Ph+ ALL population in England in terms
of age and gender. However the treatment pathway was not since
patients received nilotinib which is not used in the NHS

The ERG noted expert concerns on the primary outcome measure
(major haematologic response). The ERG’s clinical advisor
suggested this to be a weak measure in this patient population who
are resistant to tyrosine kinase inhibitors and most likely taking
ponatinib as a bridge to allogeneic stem cell transplant.

— A more appropriate endpoint would have been minimal residual disease
levels in the bone marrow (not assessed in PACE study)



Key issues: clinical effectiveness

There is limited, non comparative evidence base (due to ethical reasons —
EMA agreed with the non-comparative design of study)

— High risk of bias (selection, performance and detection bias) in absence
of a comparator

— Magnitude of treatment effect uncertain in absence of control group
Small Ph+ ALL subgroup (n=32) lacks statistical power

Optimal dosing uncertain. Initial dose (45mg) was lowered during study;
therefore it is unclear whether the lower dosing regimen would have been as
clinically effective over study period

Duration of treatment uncertain
— where complete response is achieved, allo-SCT would be considered if
eligible
— Would patients ineligible for allo-SCT continue treatment indefinitely

Ph+ ALL population in trial similar to population in England, but clinical
practice used in PACE trial was not representative of treatment in NHS
(people received nilotinib which is not used in routine clinical practice)

What is the committee’s view on the available evidence?



Cost effectiveness evidence
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Model structure Ph+ ALL

Transition to Death
possible from every

Ph+ ALL state (not shown)
Model

. o Remission
entry Ponatinib » Allo-SCT
—p Chemotyx F——» _
R

B5SC




Model detalls

On entering the model patients could receive 1 of 3 interventions:
— Ponatinib

— Induction chemotherapy

— Hydroxycarbamide (proxy for BSC)

If a patient who received ponatinib or induction chemotherapy had a
major cytogenic response or a complete remission (respectively),
they were assumed to receive allo-SCT, if eligible

Patients receiving BSC were assumed to have no response and
remain in that state

Transition to death possible from any state
A lifetime horizon was used (up to 100 years)

The model employed 3 month Markov cycles with a half cycle
correction



Clinical data used in model

Variable Value Reference
Age (years) 53 PACE, CP-CML
% male 62.5 population

Response rates (%) for ponatinib

MyCR 46.88 NR 53.12

PACE

Response rates (%) for induction

chemotherapy

CR 37.04; NR 62.96

Tavernier et al

Response rates (%) for BSC

MCyR/CR 0; NR 100

Rates of: Abdominal pain

Company assumption

Anaemia

Ref costs 2014/15

Lipase increased

NHS ETF 2014/15

Neutropenia

Assumed to require one
day in hospital

Thrombocytopaenia

Ref costs 2014/15

Peripheral vascular event

Ref costs 2014/15

Venous thromboembolism event

Ref costs 2014/15

Ref costs 2014/15




Extrapolation of outcomes

In cases when the company did not have access to patient-level time-to-
event data, the company digitised published Kaplan-Meier survivor functions
and used the Solver add-in in Excel to generate parametric survivor
functions by minimising the sum of squared errors (SSE) between the
predicted survival curve and that of the digitised points.

The company based their choice of parametric model on the AlIC and BIC
when patient level data were available. The ERG cautioned that using AIC
and BIC alone to determine choice of parametric model did not establish
whether it is a good model or would result in a clinical plausible estimate of
event rates beyond the duration of the study.

ERG commented that the method to reconstruct the patient-level data
proposed by Guyot et al. could have been used

ERG considered that extrapolating survivor functions using sample data
alone was inappropriate, particularly in cases where there were few events
in studies with relatively short duration of follow-up, and should be informed
by external clinical data / opinion where possible

ERG expressed concern that the approach does not give sufficient weight to
expert clinical knowledge and the expected shape of the hazard function
over time in the target population of patients



OS modelling

Function chosen

Function best fit

OS with ponatinib Exponential Gompertz — AlIC
Exponential - BIC
OS after SCT Log logistic Log logistic
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Health-related quality of life

« PACE study did not collect HRQoL

 The company assumed that utilities for BP-CML reported in Szabo et
al. (2010), were applicable for patients with Ph+ ALL

Patient group Estimated HRQoL (95% CI) Utility dec. used in model
BP-CML Responding to treatment 0.56 (0.52 — 0.60) 0.286
BP-CMP no response to treatment 0.29 (0.24 — 0.33) 0.556
Treatment withdrawal due to SAEs 0.52 (0.46 — 0.58) 0.326
* The utility decrements applied to allo-SCT are the same as those
used for CML
Period after allo-SCT Utility dec. used in model | Source
Up to 3 months post-allo-SCT 0.296 Van Agthoven et al.
>3 and <6 months post-allo-SCT | 0.216 Assumption: midpoint between value up to 3
months and beyond 6 months
26 months post-allo-SCT 0.136 Loveman et al.
Post-relapse 0.260 Derived from Kantarjian et al. & Olaverria et al.09




Costs

Treatment

Cost (£)

Source

Ponatinib | Proportion of time
per cycle |receiving each dose

PACE study; ARIAD

(list price) Pharmaceuticals
Induction chemotherapy per 6 week 17 999 73 BNE
cycle
BSC per cycle 4,063.87 Pagano et al. 2000
Monitoring and hospital costs per
cycle for patients who responded to 208.00
ponatinib
Monitoring and hospital costs per
cycle for patients who did not 24,070.00

responded to ponatinib




Company’s base case results (ponatinib
PAS price)

Deterministic analyses results

ICER (cost per QALY
Life years gained) (£)
Treatment . Costs (£) | QALYs Ponatinib Full
gained
versus Incremental
comparator analysis

For whom allo-SCT is suitable
BSC 0.32 40,875 0.09 26,624 -
Induction 206 | 84,854 | 1.84 31,123 25,258
chemotherapy
Ponatinib ] - 31,123
For whom allo-SCT is unsuitable
BSC 0.32 40,875 0.09
Ponatinib 33,954

Probabilistic analyses results

Results of the PSA are consistent with the ICER analysis results estimated from
the base-case analysis, with few extreme values




Company’s one-way sensitivity
analyses

 For whom allo-SCT is suitable

— the ICER was very sensitive to the induction chemotherapy
response rate with higher response rates generating an
ICER for ponatinib as high as approximately, per
QALY gained

« For whom allo-SCT is unsuitable

— the ICER was sensitive to the response rate of ponatinib
with the value most unfavourable to patients increasing the
ICER by up to-approximately per QALY gained



ERG comments

ERG considers that the uncertainty in the decision has been considerably
underestimated by the company.

The naive indirect comparison which resulted in differential OS for those with
NR on BSC treatment and those who experience NR on ponatinib treatment.
Additionally, there was a naive indirect comparison between ponatinib and
induction chemotherapy relating to the proportion of patients that receive
MyCR / CR, although the ERG notes that MCyR which was reported in the
ponatinib study is harder to achieve than CR, which was reported in the
induction chemotherapy study.

The results of PSA were not considered robust



ERG’s deterministic exploratory analyses

(ponatinib PAS price)

For whom allo-SCT is suitable Cost per QALY (£)
Ref | Exploratory Analyses P vs induction [P vs BSC
No chemotherapy

Company deterministic base case 31,123 26,624

1 Recalculation of the OS post allo-SCT curve 57,140 53,603

2 Choosing alternative distributions in addition to those 23,838 — 14,203 —
selected by company, using the company’s fits (range) |52,559 45,218

3 Assuming drug wastage 32,499 26,944

4 No half-cycle correction of intervention costs 43,766 29,568

5 Including treatment related deaths 28,635 25,864

6 Removal of immortality for a small subset of patients 31,989 26,999

7a Setting OS the same for NR regardless of whether the | Dominant 12,983
patient had ponatinib or BSC — set at the ponatinib
value

7b Setting OS the same for NR regardless of whether the | Dominant 18,959
patient had ponatinib or BSC — set at the BSC value

8 1, 3,4 and 6 using the curves believed most credible by |90,325 62,801
the company

9 1, 3,4, 6 and 7a using the curves believed most credible | 11,727 31,696
by the company

10 As 9, but choosing alternative distributions in addition to | Dominant — 7,892 —
ERG |those selected by the company (range) 11,727 31,696 21




ERG's revised base case analyses

(ponatinib PAS price)

For whom allo-SCT is unsuitable Cost per QALY (£)
Ref No | Exploratory Analyses Ponatinib vs BSC
0 Company Base Case 33,954
1 Choosing alternative distributions in addition to those selected | 25,902 — 36,037
by the company, using the company’s fits (range)

2 Assuming drug wastage 36,835

3 No half-cycle correction of intervention costs 48,073

4 Including treatment related deaths 30,432

oa Setting OS the same for NR regardless of whether the patient | Dominant
had ponatinib or BSC — set at the ponatinib value

ob Setting OS the same for NR regardless of whether the patient | Dominant
had ponatinib or BSC — set at the BSC value

8 2 and 3 using the curves believed most credible by the 52,317
company

9 1, 3,4, 6 and 7a using the curves believed most credible by Dominant
the company

10 As 9, but choosing alternative distributions in addition to those | Dominant -
ERG selected by the company (range) Dominant

28



Innovation

« Ponatinib is a significant advance in treatment of Ph+ALL
for patients whose disease is resistant or intolerant to
imatinib or 2"d generation tyrosine kinase inhibitors with
or without the T315] mutation.

 Few treatment options are available



End of life

 For whom allo-SCT is suitable

— Company’s model estimates that

* patients receiving induction chemotherapy live more than 6
years

 patients who receive BSC live less than half a year
— The model predicts that ponatinib provides an extension of
life in excess of 7 years compared with BSC, and is likely
to satisfy the end of life criteria where BSC is the only
comparator for patients suitable for allo-SCT

 Forwhom allo-SCT is unsuitable
— patients receiving BSC live less than half a year

— Model predicts that ponatinib provides an extension of life
of almost 1 year compared with BSC and is likely to satisfy
the end of life criteria for patients unsuitable for allo-SCT



Potential equality issues

* None identified at scoping stage nor in submissions.

 However the company note a number of potential
equality benefits from the use of ponatinib namely:

— It provides an additional treatment option for patients with
CML and Ph+ ALL who currently have limited treatment
options

— While allo-SCT is suitable for these patients, there is
unequal access to it among ethnic groups due to
differences in donor rates

— Ponatinib is the only TKI active against the T315] mutation



Key issues: Cost effectiveness

What is the committee’s view on the treatment
effectiveness estimates presented by the company which
were considered uncertain by the ERG because the
model uses a naive unadjusted indirect comparison

Major cytogenic response more difficult to achieve than
complete remission — unadjusted comparison would be
unfavourable to ponatinib. What is the committee’s view
of the impact of the company’s choice of outcome
measure.

The ERG considered the PSA results were not robust.
What is the committee’s view on those results?

Setting the same OS for NR independent of treatment
reduces the ICER. What is the committee’s view on this?



Authors

* Neil Hewitt
Technical Lead

* Richard Diaz
Technical Adviser

« with input from the Lead Team (Kamal Balakrishnan,
Prithwiraj Das and David Chandler)
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
Single Technology Appraisal

Ponatinib for treating chronic myeloid leukaemia and acute
lymphoblastic leukaemia

Final scope

Remit/appraisal objective

To appraise the clinical and cost effectiveness of ponatinib within its licensed
indications for treating chronic myeloid leukaemia and acute lymphoblastic
leukaemia.

Background

Chronic myeloid leukaemia (CML) is characterised by the excessive
production of white cell precursors by the bone marrow. It progresses through
3 phases: the chronic phase, the accelerated phase and the blast crisis
phase. The majority of people are diagnosed in the chronic phase, from which
they either go through the accelerated phase, or move directly into blast crisis
in which the disease transforms into a fatal acute leukaemia. Acute
lymphoblastic leukaemia (ALL) is where there is an excess production of
immature lymphocyte-precursor cells called lymphoblasts or blast cells, in the
bone marrow. This affects the production of normal blood cells and there is a
reduction in the numbers of red cells, white cells and platelets in the blood.

CML and ALL are rare diseases. In England in 2013, 624 people were
diagnosed with CML' and 693 with ALL". The median age at diagnosis for
those with CML is between 50 and 60 years, whereas ALL is most common in
children, adolescents and young adults, with 65% of cases diagnosed in
people aged under 25 years. A second increase in incidence is however
observed in people aged over 60 years. A specific chromosomal abnormality
known as the ‘Philadelphia chromosome’ is present in 95% of people with
CML and 20-30% of adults with ALL.

Current treatment for CML

NICE technology appraisal guidance 251 recommends standard-dose imatinib
or nilotinib as options for the treatment of adults with untreated chronic phase
Philadelphia-chromosome-positive CML. NICE technology appraisal guidance
70 also recommends imatinib for the treatment of people with untreated
Philadelphia-chromosome-positive CML who initially present in the
accelerated phase or with blast crisis, and for people who present in the
chronic phase and then progress to the accelerated phase or blast crisis if
they have not received imatinib previously.

NICE technology appraisal guidance 241 recommends nilotinib as second-line
treatment for people with chronic or accelerated phase Philadelphia-

National Institute for Health and Care Excellence

Final scope for the appraisal of ponatinib for treating chronic myeloid leukaemia and acute
lymphoblastic leukaemia

Issue Date: August 2016 Page 1 of 6



Appendix B

chromosome-positive CML who are resistant to treatment with standard-dose
imatinib or intolerant of imatinib. NICE technology appraisal guidance 241
does not recommend dasatinib or high dose imatinib* for the treatment of
chronic, accelerated or blast-crisis phase CML. Dasatinib is not recommended
for the treatment of people with chronic, accelerated or blast-crisis phase CML
whose disease is resistant to treatment with standard-dose imatinib or who
are intolerant of imatinib, however itis used in clinical practice in England
through the Cancer Drugs Fund (at the time the draft scope was written) only
in people with chronic or accelerated phase CML whose disease is refractory
to imatinib or who have significant intolerance to imatinib (Grade 3 or 4
adverse events) and significant intolerance to nilotinib (Grade 3 or 4 adverse
events). Dasatinib is currently undergoing appraisal by NICE through the
Cancer Drugs Fund reconsideration process [ID1006]. High-dose imatinib is
not recommended for the treatment of chronic, accelerated or blast-crisis
phase Philadelphia-chromosome-positive CML that is resistant to standard-
dose imatinib. NICE technology appraisal guidance 299 does not recommend
bosutinib for treating Philadelphia-chromosome-positive CML, but itis used in
clinical practice in England through the Cancer Drugs Fund (at the time the
draft scope was written) only in people with chronic phase CML with
significant intolerance to nilotinib (Grade 3 or 4 events) and significant
intolerance to dasatinib (Grade 3 or 4 adverse events) if dasatinib is accessed
through its current approved CDF indication. Bosutinib is currently undergoing
appraisal by NICE through the Cancer Drugs Fund reconsideration process
[ID1004].

People who receive treatment with a first- or second-generation tyrosine
kinase inhibitor (such as imatinib, nilotinib, dasatinib or bosutinib) may
develop drug resistance through a number of mechanisms, one of which is
the T315l mutation that interferes with the inhibition of tyrosine kinase.

Other treatment options in clinical practice can include allogeneic stem cell
transplantation (if the treatment is suitable and depending on the availability of
a suitable donor), interferon alpha or best supportive care (including
hydroxycarbamide).

Current treatment for ALL

There is currently no NICE guidance for treating ALL. Treatment is generally
divided into 3 phases; induction, consolidation and maintenance. During these
treatment phases, newly diagnosed Philadelphia-chromosome-positive ALL is
treated with chemotherapy combinations including tyrosine kinase inhibitor
therapy such as imatinib or dasatinib. Resistance to tyrosine kinase inhibitors
may develop and therapeutic options following resistance to tyrosine kinase
inhibitors are limited. Treatment of relapsed disease includes re-induction

! The summary of product characteristics (SPC) for imatinib states that the dose may be
increased from 400 mg to 600 mg or 800 mg in patients with chronic phase disease, or from
600 mg to a maximum of 800 mg in patients with accelerated phase or blast crisis (see SPC
for full details). High dose imatinib refers to doses of 600 mg or 800 mg in the chronic phase
disease or 800 mg in the accelerated phase or blast crisis.
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therapy followed by an allogeneic stem cell transplant, where a suitably
matched related or unrelated donor is found. Dasatinib was available for the
treatment of ALL through the Cancer Drugs Fund until November 2015 when
it was removed from the Cancer Drugs Fund list.

The technology

Ponatinib (Iclusig, Incyte) is a multi-targeted tyrosine kinase inhibitor, primarily
inhibiting the breakpoint cluster region and Abelson (Bcr-Abl) tyrosine kinase
found in some receptors on the surface of leukaemia cells where itis involved
in stimulating the cells to divide uncontrollably. By blocking Bcr-Abl, ponatinib
helps to control the growth and spread of leukaemia cells. Ponatinib is
administered orally.

Ponatinib has a marketing authorisation in the UK for treating adult patients
with ‘chronic-phase, accelerated-phase, or blast-phase chronic myeloid
leukaemia (CML) who are resistant to dasatinib or nilotinib, who are intolerant
to dasatinib or nilotinib and for whom subsequent treatment with imatinib is
not clinically appropriate, or who have the T315I1 mutation’ and ‘Philadelphia-
chromosome-positive acute lymphoblastic leukaemia (Ph+ ALL) who are
resistant to dasatinib, who are intolerant to dasatinib and for whom
subsequent treatment with imatinib is not clinically appropriate, or who have
the T315I1 mutation’. The marketing authorisation for ponatinib for CML and
Philadelphia-chromosome-positive ALL was based on a single-arm open-label
international multicentre trial."

Ponatinib is used in clinical practice in England through the Cancer Drugs
Fund (at the time the draft scope was written) only in people with documented
T315I mutation (for both chronic, accelerated or blast phase CML and
Philadelphia-chromosome-positive ALL).
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Intervention(s) Ponatinib

Population(s) e Adults with chronic phase, accelerated phase, or
blast phase chronic myeloid leukaemia, whose
disease is resistant to dasatinib or nilotinib, who
are intolerant to dasatinib or nilotinib and for
whom subsequent treatment with imatinib is not
clinically appropriate, or who have the T315I
mutation.

e Adults with Philadelphia-chromosome-positive
acute lymphoblastic leukaemia whose disease is
resistant to dasatinib, who are intolerant to
dasatinib and for whom subsequent treatment
with imatinib is not clinically appropriate, or who
have the T315I] mutation.

Comparators For people with chronic myeloid leukaemia:

e Bosutinib (NICE guidance is in development
[ID1004]; funded by the CDF in the interim)

e Allogeneic stem cell transplantation (with or
without chemotherapy depending on the phase of
the disease)

¢ Interferon alpha

e Bestsupportive care (including but not limited to
hydroxycarbamide).

For people with acute lymphoblastic leukaemia:

e Established clinical management without
ponatinib (including but not limited to best
supportive care).

Outcomes The outcome measures to be considered include:
e overall survival

e progression and/or event-free survival

e response rates

e time to response

e duration of response

e adverse effects of treatment

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

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

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

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

The availability and cost of biosimilars should be taken
into account.

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

Related NICE _ Related Technology Appraisals:

TEERITMENC RS Technology Appraisal No. 70, October 2003, ‘Guidance

and NICE A : : .,
on the use of imatinib for chronic myeloid leukaemia

pathways

(partially updated by NICE technology appraisal
guidance 241).

Technology Appraisal No. 241, January 2012,
‘Dasatinib, high-dose imatinib and nilotinib for the
treatment of imatinib-resistant chronic myeloid
leukaemia (CML) (part review of NICE technology
appraisal guidance 70), and dasatinib and nilotinib for
people with CML for whom treatment with imatinib has
failed because of intolerance’. Dasatinib subject to
ongoing NICE CDF transition review [ID1006],
publication date to be confirmed.

Technology Appraisal No. 251, April 2012, Dasatinib,
nilotinib and standard-dose imatinib for the first-line
treatment of chronic myeloid leukaemia. Review
Proposal Date September 2014. Dasatinib subject to
ongoing NICE CDF transition review [ID1014],
publication date to be confirmed.

Technology Appraisal No. 299, November 2013,
‘Bosutinib for the treatment of chronic myeloid
leukaemia’. Subject to ongoing NICE CDF transition
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review [ID1004], expected date of publication October
2016.

‘Inotuzumab ozogamicin for treating relapsed or
refractory acute lymphoblastic leukaemia’ NICE
technology appraisals guidance [ID893]. Publication
date to be confirmed.

‘Blinatumomab for treating Philadelphia-chromosome-
positive relapsed or refractory acute lymphoblastic
leukaemia’ NICE technology appraisals guidance
[[D1008]. Publication date to be confirmed.

Leukaemia (acute lymphoblastic) — dasatinib
(suspended appraisal) NICE Technology Appraisal
ID386.

Related Guidelines:

Cancer Service Guidance (CSGHO), October 2003,
‘Improving outcomes in haematological cancers.

Guidelines in development:

Haematological cancers — improving outcomes (update).
Publication expected May 2016.

Related NICE Pathways:

Blood and bone marrow cancers

Related NHS NHS England (2015) National Cancer Drugs Fund List
England Policy v.6.1: https:/mww.england.nhs.uk/wp-
content/uploads/2016/02/ncdf-list-01-02-16.pdf

NHS England (2016) Manual for Prescribed Specialised
Services 2016/17 Chapter 29, Blood and marrow
transplantation services (all ages).

Department of Health (2011) Improving outcomes: a
strateqy for cancer

Department for Health (Modified 2011) Manual for
Cancer Services

'Cancer Research UK ‘Chronic myeloid leukaemia (CML) incidence by sex
and UK region’. Accessed May 2016

"Cancer Research UK ‘Acute lymphoblastic leukaemia (ALL) incidence by
sex and UK region’. Accessed May 2016

" Summary of product characteristcs

http:/Mww. medicines.org.uk/emc/medicine/28145. Accessed June 2016
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE

Single Technology Appraisal

Ponatinib for treating chronic myeloid leukaemia and acute lymphoblastic
leukaemia ID671

Matrix of consultees and commentators

Consultees Commentators (no right to submit or
appeal)
Company General

e Incyte Corporation (ponatinib)

Patient/carer groups

African Caribbean Leukaemia Trust
Anthony Nolan

Black Health Agency

Bloodwise

Cancer Black Care

Cancer Equality

Cancer52

Chronic Myeloid Leukaemia Support
Group

Delete Blood Cancer

HAWC

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

Lymphoma Association

Macmillan Cancer Support
Maggie’s Centres

Marie Curie

Muslim Council of Britain

Rarer Cancers Foundation

South Asian Health Foundation
Specialised Healthcare Alliance
Tenowus Cancer Care

Professional groups

e Association of Cancer Physicians

e British Blood Transfusion Society

e British Committee for Standards in
Haematology

e British Geriatrics Society

e 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

e Medicines and Healthcare products
Regulatory Agency

e National Association of Primary Care

e National Pharmacy Association

e NHS Alliance

e NHS Blood and Transplant

e NHS Commercial Medicines Unit

e NHS Confederation

e Scottish Medicines Consortium

Comparator companies

e Bristol-Myers Squibb
(hydroxycarbamide)

e Medac UK (hydroxycarbamide)

e Nordic Pharma (hydroxycarbamide)

e Pfizer (bosutinib)

Relevant research groups

e Cochrane Haematological Malignancies
Group

e Elimination of Leukaemia Fund

e Institute of Cancer Research

e Leuka

e Leukaemia Busters

e MRC Clinical Trials Unit

e National Cancer Research Institute
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Consultees Commentators (no right to submit or
appeal)

e British Psychosocial Oncology Society | ¢ National Cancer Research Network

e British Society for Haematology e National Institute for Health Research

e British Society for Human Genetics

e Cancer Research UK Associated Public Health Groups

e Royal College of General Practitioners | ® Public Health England

¢ Royal College of Nursing e Public Health Wales

¢ Royal College of Pathologists

¢ Royal College of Physicians

e Royal Pharmaceutical Society

¢ Royal Society of Medicine

e UK Clinical Pharmacy Association

e UK Forum on Haemoglobin Disorders

¢ UK Health Forum

e UK Oncology Nursing Society

Others

Department of Health

NHS Ealing CCG

NHS England

NHS South Cheshire CCG
Welsh Government

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

PTO FOR DEFINITIONS OF CONSULTEES AND COMMENTATORS
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Definitions:
Consultees

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

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

All non-company consultees are invited to submit a statement’, respond to consultations,
nominate clinical 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: companies
that market comparator technologies; Healthcare Improvement Scotland; related
research groups where appropriate (for example, the Medical Research Council [MRC],
National Cancer Research Institute); other groups (for example, the NHS Confederation,
NHS Alliance and NHS Commercial Medicines Unit, and the British National Formulary.

All non-company commentators are invited to nominate clinical specialists or patient
experts.

1 Non company consultees are invited to submit statements relevant to the group
they are representing.
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Abbreviation

Definition
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1 Executive summary

1.1 Disease overview

111 CML

Chronic myeloid leukaemia (CML) is a rare cancer that accounts for 15% of adult leukaemias.’
CML is commonly characterised as having three distinct phases: the initial indolent chronic
phase (CP-CML), an intermediate accelerated phase (AP-CML) which lasts for less than 1 to 1.5
years, and an aggressive blast phase (BP-CML) that is usually fatal within 3 to 6 months.? CML
has a median age of onset of 59 years,® and in 2014, 631 people in England were diagnosed
with the disease.* Current treatment options are based on the use of tyrosine kinase inhibitors
(TKIs), allogeneic stem cell transplantation (allo-SCT) for suitable patients, and best supportive
care (BSC)/palliative care. Despite significant advances in CML therapy following the introduction
of first-generation (1G) and second-generation (2G) TKIs, a substantial proportion of patients
develop resistance to or intolerance of 1G and 2G TKiIs.® In England, a small but significant
unmet medical need exists for patients who fail the 1G TKI imatinib and a 2G-TKI (dasatinib,
nilotinib, or bosutinib) through either known (eg, mutation) or unknown aetiology. For patients in
need of third-line (3L) or later-line therapy, only modest clinical evidence supports the efficacy of
2G-TKiIs used sequentially, ® and until recently, no pharmacologic treatment options have existed
for patients with the T3151 mutation. While bosutinib has recently received a positive
recommendation by NICE within its marketing authorisation, it was issued only a conditional
marketing approval by the EMA due to the limited data available for patients with an unmet
medical need, and it provides only modest response rates among patients in 3L or later.”-8 In
contrast, the third-generation (3G) TKI ponatinib has full market authorisation without the
requirement to provide additional data as the EMA demanded for bosutinib, since its large pivotal
trial has already demonstrated high response rates among patients with CML who have failed
prior TKI therapy, across all disease phases and all mutation and other clinically relevant patient
subgroups.® Ponatinib therefore addresses an important unmet need for a patient population that
currently has limited treatment options and a very poor prognosis. Additionally, allo-SCT, while
the only potentially curative option, remains out of reach for patients with substantial
comorbidities, those without donors, or those in certain ethnic minority groups where donor
availability is especially scarce,' and is less likely to be considered for patients older than 60
years.

1.1.2 Ph+ALL

ALL is a heterogeneous category of leukaemias with the common feature of proliferation of
immature lymphoid cells in the bone marrow, peripheral blood, and other organs.'-'3 As with
CML, ALL is a rare disease, representing 9% of all leukaemia cases in England.' ' In 2014,
654 people in England were diagnosed with ALL."™ Ph+ ALL (ALL characterised by the presence
of the Philadelphia chromosome) makes up about 25% of adult ALL cases and its incidence
increases with age, representing about 40% of ALL cases in patients over 50 years of age."'3
Ph+ ALL is a disease associated with very poor prognosis. Even with currently available 1G and
2G TKils, among patients resistant to and/or intolerant of prior therapy, survival is only 6 to 9
months.'® Only one 2G TKl is licensed for Ph+ ALL (dasatinib).'” Likely reflecting the paucity of
effective therapies, no NICE guidance is available on the treatment of patients with ALL and the
disease is not part of the existing NICE pathway on blood and bone marrow cancers.'® New
therapies are therefore urgently needed for patients with Ph+ ALL. Ponatinib addresses this need
with demonstrated ability to achieve unprecedented response rates in this patient population.

1.2 Statement of decision problem

Both CML and Ph+ ALL have poor prognoses and there are inadequate therapeutic options for
patients who exhibit resistance or intolerance to 1G- and 2G-TKIls, or who have the T315I
mutation.

The goal of the ponatinib single technology appraisal (STA) is to assess the clinical and cost
effectiveness of ponatinib within its licensed indications for treating CML and Ph+ ALL. Table 1-1
outlines the decision problem addressed in this submission.
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Table 1-1. The decision problem

Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

Population

Adults with chronic phase, accelerated
phase, or blast phase chronic myeloid
leukaemia, whose disease is resistant to
dasatinib or nilotinib, who are intolerant to
dasatinib or nilotinib and for whom
subsequent treatment with imatinib is not
clinically appropriate, or who have the T315I
mutation.

Adults with Philadelphia-chromosome-
positive acute lymphoblastic leukaemia
whose disease is resistant to dasatinib, who
are intolerant to dasatinib and for whom
subsequent treatment with imatinib is not
clinically appropriate, or who have the T315I
mutation.

Final scope

Intervention

Ponatinib

Final scope

Comparator (s)

For people with CML:

e Bosutinib (NICE guidance is in
development [ID1004]; funded by the
CDF in the interim)

¢ Allogeneic stem cell transplantation
(allo-SCT; with or without chemotherapy
depending on the phase of the disease)

¢ Interferon alpha

e Best supportive care (including but not
limited to hydroxycarbamide)

For people with Ph+ ALL:

e Established clinical management
without ponatinib (including but not
limited to best supportive care)

For people with CML:

e Bosutinib (all phases)

e Allo-SCT (all phases)

¢ Interferon alpha (CP-CML)

¢ Hydroxycarbamide as BSC (all phases)

For people with Ph+ ALL:
e Induction chemotherapy + allo-SCT
e BSC

Outcomes

Overall survival (OS)

Progression-free survival (PFS)/ event-
free survival (EFS)

Response rates

Time to response

Final scope, with exceptions: PFS and DoR
are applied only to the CP-CML model

DoR is not considered in the AP/BP-CML
model as patients who respond to treatment
transition to allo-SCT in the first cycle.
Duration of response is not considered in
the Ph+ ALL model as patients suited for
allo-SCT who respond to treatment
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Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

e Duration of response (DoR)
e Adverse effects (AEs) of treatment
e Health-related quality of life (HRQoL)

transition to allo-SCT in the first cycle.
Duration of response is not explicitly
modelled for Ph+ ALL patients who are
unsuitable for allo-SCT, but is expected to
be reflected in the parametric function for
oS

Economic analysis

The reference case stipulates that the:

e cost effectiveness of treatments should
be expressed in terms of incremental
cost per quality-adjusted life year
(QALY)

e 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.

The availability of any patient access

schemes for the intervention or comparator

technologies will be taken into account.

The availability and cost of biosimilars

should be taken into account.

Final scope

No biosimilars are available for ponatinib.

Subgroups to be None
considered
Special Guidance will only be issued in accordance

considerations
including issues
related to equity or
equality

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

Ponatinib is a small-molecule TKI specifically designed through a computational and structure-
based approach to target the product of the breakpoint cluster region-Abelson (BCR-ABL)
oncogene that gives rise to CML and Ph+ ALL."> 920 A key breakthrough of ponatinib is its
ability to potently inhibit the kinase activity of native BCR-ABL and all mutant variants, including
T3151.2" As a result of this innovation, ponatinib has demonstrated efficacy in all indicated
patients whether or not a mutation is present.% 22

In 2015, ponatinib received positive recommendations from the Scottish Medicines Consortium
and the All Wales Medicines Strategy Group for its full licensed indication.

Table 1-2. Technology being appraised

UK approved name and brand
name

Ponatinib (Iclusig®)

Marketing authorisation/CE mark
status

Approved (1 July 2013)

Indications and any restriction(s)
as described in the summary of
product characteristics

Ponatinib is indicated in adult patients with:

e Chronic phase, accelerated phase, or blast phase chronic
myeloid leukaemia (CML) who are resistant to dasatinib or
nilotinib; who are intolerant to dasatinib or nilotinib and for
whom subsequent treatment with imatinib is not clinically
appropriate; or who have the T315] mutation

¢ Philadelphia chromosome positive acute lymphoblastic
leukaemia (Ph+ ALL) who are resistant to dasatinib; who are
intolerant to dasatinib and for whom subsequent treatment
with imatinib is not clinically appropriate; or who have the
T3151 mutation

Method of administration and
dosage

45 mg orally once daily (recommended starting dose); 15 mg and
30 mg once daily for dose modifications

1.4 Summary of the clinical effectiveness analysis

The efficacy and safety of ponatinib in patients treated with prior 2G-TKI therapy, including those
with the T315| mutation, was demonstrated in two clinical trials: a phase | dose-ranging trial®®
and the pivotal phase Il Ponatinib Ph+ ALL and CML Evaluation (PACE) trial.® As a result of the
highly positive clinical results from these trials, ponatinib has been licensed by the EMA and the
FDA (along with several other regulatory bodies around the world) for use in the patient
population represented in the trials. The PACE study was a phase 2, single-arm, open-label,
international clinical trial conducted at 66 sites. The efficacy and safety of ponatinib was
evaluated in 449 patients with CP-CML (n=270), AP-CML (n=85), or BP-CML (n=62), or Ph+ ALL
(n=32) who were resistant and/or intolerant (R/I) to dasatinib or nilotinib, or who had the T315I
mutation.® The majority of the PACE study population represented a group of patients who had
not been studied in detail with any other TKI—most patients were in their third or fourth line of

therapy.
1.4.1 PACE efficacy

CP-CML—Overall, in the PACE trial, more than half (56%; 95% CI: 50, 62) of patients achieved
the primary endpoint, major cytogenetic response (MCyR) by 12 months. Patients responded
quickly to ponatinib, with a median time to MCyR of 2.8 months (range 1.6—11.13). A complete
cytogenetic response (CCyR) by 12 months was achieved by 46% of patients. At 12 months, the
rate of PFS was 80% and OS was 94% (median not yet reached for both).

A 4-year follow-up analysis of ponatinib in patients with CP-CML from the PACE trial showed that
responses were durable and the rates of PFS and OS were high, even among patients who had
received 2 prior TKIs. Among patients receiving 3L ponatinib, 71% achieved a MCyR and 65%
achieved CCyR.?* Four-year PFS and OS were 68% and 79% respectively (median not reached

for both).?4
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AP-CML—The primary endpoint for AP- and BP-CML and Ph+ ALL was major haematologic
response (MaHR) by 6 months. Among all patients with AP-CML, MaHR was achieved in 55%
(95% CI: 44, 66) and the median time to a MaHR was 3 weeks (range 2 to 25). MCyR was
achieved in 39%. The rate of 12-month PFS was 55% (median 18 months). The rate of 12-month
OS was 84% (median not reached).?> Among patients who had received 2 prior TKIs (ie, 3L
ponatinib), 61% achieved MaHR.

BP-CML—MaHR by 6 months was achieved in 31% (95% CI: 20, 44) of patients. The median
time to response was 4.1 weeks (range 1.7 to 16.1). MCyR was achieved in 23% of patients. The
rate of 12-month PFS was 19% (median 4 months). The rate of 12-month OS was 29% (median
7 months).

Ph+ ALL—MaHR by 6 months was achieved in 41% (95% CI: 24, 59) of patients. The median
time to response was 2.9 weeks (range 1.6 to 24). Overall, 47% of patients achieved MCyR. The
rate of 12-month PFS was 7% (median 3 months). The rate of 12-month OS was 40% (median 8
months).

1.4.2 PACE safety

Clinical evidence in heavily pre-treated patients with CP-, AB-, and BP-CML and Ph+ ALL shows
that adverse events associated with ponatinib are manageable and that the rate of treatment
discontinuation due to AEs is low (12%).% 24

The most common non-haematologic treatment-related adverse events (TRAEs) were rash
(34%), dry skin (32%), and abdominal pain (22%), while the most common haematologic TRAEs
were thrombocytopaenia (37%), neutropaenia (19%), and anaemia (13%). While the safety
profile of ponatinib is generally similar to that of other TKI agents, important differences were
observed in the PACE trial for certain clinically important events, including pancreatitis and
cardiovascular events.®

The most prominent feature of the safety of ponatinib is vascular occlusion. Among patients with
CP-CML the 4-year rates of serious cardiovascular, cerebrovascular, and peripheral vascular
events were 11.1%, 9.6%, and 9.3%, respectively.?* However, clinical evidence shows strong
positive correlations between dose intensity and safety.?* The recommended starting dose of
ponatinib is 45 mg, however, dose reductions are recommended to manage adverse events;?? in
the PACE trial, dose reductions to 15 mg were recommended for patients with CP-CML who
achieved MCyR or better, to 30 mg/day for CP-CML patients who had not already achieved
MCyR, and to 30 mg/day for advanced phase patients.?> Data from three ponatinib clinical trials,
including the PACE study, shows that a 15-mg/day decrease in the average daily dose of
ponatinib is associated with a 33% reduction in the risk of serious cardiovascular events.?®
Preliminary data support the maintenance of efficacy among patients with CP-CML who have
dose reductions to 15 mg.?®

1.4.3 PACE study conclusions

The evidence base shows that ponatinib provides an effective treatment for the indicated
patients, demonstrating the highest response rates ever observed within this population. Within-
group analyses using patients’ best response to prior TKI therapy show a marked improvement
compared to response rates achieved with a patient's most recent 2G-TKI. Four-year data show
that ponatinib provides ongoing benefits with a manageable safety profile.?*

1.4.4 Strengths and limitations of the evidence base

Ponatinib was specifically designed, studied in trials, and registered for the explicit purpose of
meeting the unmet medical need among patients with CML and Ph+ ALL R/l to prior TKI therapy.
While it was not possible to design a comparative study against a failed TKI for ethical reasons,
the single-arm design of the PACE study was accepted by EMA and the FDA, among several
other regulatory bodies. Notably, no other TKls have been studied in comparative trials involving
patients with resistant disease. Only studies of newly diagnosed patients — a population for
whom ponatinib is not licensed — involved comparative trial designs. Despite the limitations of
being a non-comparative trial, the PACE study is the largest of its kind, having enrolled 449
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patients with CP-, AP-, or BP-CML or Ph+ ALL who were R/I to dasatinib or nilotinib, or who had
the T315I mutation.®

Results of the PACE study show that ponatinib provides the highest response rates ever
observed in the population covered by the license. Response rates achieved with ponatinib were
associated with a high probability of PFS and OS at 4 years.?* Furthermore, while response rates
to previous therapy are usually a predictor of response to subsequent therapy, within-group
analyses of patients in the PACE trial showed that responses achieved with ponatinib exceeded
best prior response to the most recent regimen containing a 2G-TKI (dasatinib/nilotinib).

The clinical evidence supporting ponatinib is highly relevant to the decision problem as the
subjects in the PACE study represent patients for whom treatment is indicated and who would be
treated in clinical practice in England.??

An important limitation of the clinical evidence in this submission is the uncertainty around the
use of single-arm data for comparators and ponatinib.

e To address the uncertainty that comes from uncontrolled single-arm studies, Incyte has
compared the PACE trial results against real-world observational data in patients receiving
ponatinib. Among 23 patients in CP (except 1 patient in AP) who had received =2 prior TKls
and were treated with ponatinib in the Spanish Compassionate Use Program, the rate of
CCyR was 58% (median follow-up 29 months) and 3.5-year PFS was 80%.%” Adverse events
were manageable and no patients on ponatinib had a cardiovascular event.

e To overcome lack of comparative data vs bosutinib and reduce the potential biases of naive
comparisons, we have carried out a matching-adjusted indirect comparison (MAIC) between
ponatinib and bosutinib in CP-CML for the first time (described in Section 4.10). MAIC is a
well-accepted technique that can help reduce the uncertainty of an indirect comparison
where more standard techniques such as mixed treatment comparisons are not possible
because of an incomplete network of evidence, as is the case here due to the single-arm
design of all relevant clinical trials. Results of the MAIC showed that ponatinib provides
considerably higher CCyR rates than bosutinib in the third line (61% vs 24%). The adjusted
ponatinib response rates were used to inform the CP-CML economic analysis.

1.5 Summary of the cost-effectiveness analysis

In the absence of head-to-head trial data, three health economic models were developed to
assess the cost-effectiveness of ponatinib for the treatment of patients with CML and Ph+ ALL
compared to current treatment options in England. The models evaluated the cost-effectiveness
of ponatinib in patients initiating treatment while in CP-CML, in advanced CML (accelerated or
blast phase), or in Ph+ ALL. All three models were cost-utility analyses (CUAs) with outcome
measures of cost per life-years gained (LYG) and cost per quality-adjusted life-years (QALYS)
gained (primary outcome for NICE), and a patient lifetime time horizon. The target patient
populations were fully aligned with the licenced indication. Table 1-3 summarises the key
features of the cost-effectiveness analyses.
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Table 1-3. Summary the economic models

Economic model

cycle correction)

Component CP-CML AP-/BP-CML Ph+ ALL Justification
Adults with CP- | Adults with AP- Adults with
Patient CML Rl [BPCHL RIO | phe ALL R/ to | NICE reference case and
population either dasatinib | either dasatinib imatinib and ponatinib licenced indication
e o dasatinib
or nilotinib or nilotinib
Age (starting), AP-CML: 54.6 .
54.50 53.03 PACE trial
years BP-CML: 50.4
_ To evaluate outcomes of
Patients treatment initiated in any
Patients in AP- | suitable for phase of licenced CML
CML allo-SCT indication; Best therapeutic
Cohorts CP-CML Patients in BP- | Patients option for patients with Ph+
CML unsuitable for ALL who achieve complete
allo-SCT remission and are suitable for
transplantation is allo-SCT?®
Bosutinib Bosutinib Chemotherapy
followed by
Hydroxy- Hydroxy- allo-SCT
Comparators | carbamide carbamide(as , NICE reference case
BSC BSC (with or
Interferon alpha ) without allo-
Allo-SCT Allo-SCT SCT)
Perspective NHS/PSS NICE reference case
Generally recommended
Model Markov model framework for
structure simulating different health
states in economic analyses
A 3-month cycle parallels the
length of model and is short
Cycle length 3 months (half- enough to allow fitting of

curves; a half-cycle correction
was adopted because the
cycle length is long

Time horizon

Cohort lifetime
(maximum of
400 cycles, up
to 100 years)

To capture all important
differences in costs or
outcomes between the
technologies being compared

. o,
Discount 3.5% (costs and NICE reference case
rates benefits)
out Cost/QALYs
utcome gained NICE reference case
measures
Cost/LYG

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP,
blast phase; BSC, best supportive care; CML, chronic myeloid leukaemia; CP, chronic phase; CUA, cost-utility analysis; LYG,
life-year gained; NHS, National Health Service; PSS, Personal Social Services; QALYs, quality-adjusted life years; R/I, resistant

or intolerant.
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1.5.1 Cost-effectiveness results

1.5.1.1 CML

Table 1-4 and Table 1-5 present the incremental cost-effectiveness results of the CP-CML and
AP-/BP-CML economic analyses. The unprecedented response rates achieved with ponatinib
translate into substantial QALY gains and ICERs well below £30,000/QALY, across all CML
disease states. The ICERs ranged from

. Ponatinib incurred lower total cost than bosutinib in
AP-CML and both hydroxycarbamide and allo-SCT in BP-CML, and was thus dominant in those
comparisons. In the other comparisons, ICERs remained well below the acceptability threshold

even for non—end-of-life interventions, ranging from from

Areas of uncertainty in the economic analyses include the lack of comparative data in this rare
disease, the lack of recent data for the comparators as no recent studies (other than for
bosutinib) have been conducted, and the lack of large trials involving this patient group. Another
challenge is in extrapolating trial results over long periods of time. Nevertheless, Incyte has tried
to explore these challenges in sensitivity analyses, has sought input from experts where
available, and has followed prior NICE precedents. To address uncertainty, all models were
subjected to sensitivity analyses to determine the parameters that most strongly influenced the
results and to investigate the effect of alternative parameters. Clinical validity of the model was
also assessed in the CP-CML analysis by comparing the survival estimates generated by the
model with those from relevant clinical data. ICERs remained low across several different
scenarios. When the efficacy of ponatinib was reduced by 25%, the ICER against bosutinib

was still below the threshold for cost-effectiveness.

In summary, low ICERs in the CML economic analyses, coupled with high efficacy for ponatinib,
and high unmet clinical need for an effective 3L treatment, demonstrate that ponatinib can be
considered a cost-effective intervention for the treatment of CML in England.

1.5.1.2 Ph+ ALL

Table 1-6 summarises the results of the Ph+ ALL analysis. For patients receiving allo-SCT in
remission, ponatinib yields an ICER of

. Among patients not suitable for transplantation, the ICER
vs BSC is . The cost-effectiveness results for Ph+ ALL should be considered in
the context of the high clinical need for these patients with limited treatment options and the
potential for ponatinib to be used as a bridge to allo-SCT as clinically appropriate.
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Table 1-4. Incremental cost-effectiveness results in CP-CML

Technology (and Total costs | Total life | Total Incremental | Incremental | Incremental ICER
comparators) (£) years QALYs costs life years QALYs (E/QALYSs)
Ponatinib I EE - -
Interferon alpha 188.917.38 | 4.02 2.30 ] ]
Hydroxycarbamide | 136,666.02 | 3.95 2.24 ] [ ]
Bosutinib 150,810.61 | 6.09 4.00 [ ] ]
Allo-SCT 209,257.69 | 6.74 3.93 ] | ]
Allo-SCT, allogeneic stem cell transplantation; ICER, incremental cost-effectiveness ratio; LYG, life-years gained; QALYs, quality-adjusted life years

Table 1-5. Incremental cost-effectiveness results in AP- and BP-CML
Technology (and Total costs | Total life | Total Incremental | Incremental | Incremental | ICER ICER
comparators) (£) years QALYs costs life years QALYs (E/LYG) (E/QALYS)
AP-CML
Ponatinib ] ] ] - -
Hydroxycarbamide | 82,532 1.60 0.58 ] |
Bosutinib 150,957 5.04 2.62 ] ]
Allo-SCT 116,635 2.87 1.86 ] |
BP-CML
Ponatinib I e ] - -
Hydroxycarbamide | 86,958 1.00 0.28 ] [
Bosutinib 63,424 0.77 0.37 ] |
Allo-SCT 103,748 1.27 0.85 ] [

Allo-SCT, allogeneic stem cell transplantation; ICER, incremental cost-effectiveness ratio; LYG, life-years gained; QALYs, quality-adjusted life years
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Table 1-6. Incremental cost-effectiveness results in Ph+ ALL

Technology (and
comparators)

Total costs

(£)

Total life
years

Total
QALYs

Incremental
costs

Incremental
life years

Incremental
QALYs

ICER
(E/LYG)

ICER
(£/QALYs)

Patients suitable
for allo-SCT

Ponatinib I | ] | - - - - -
Induction

chemotherapy 69,180.82 | 2.96 1.84 I I [ [ I
BSC 15,982.70 | 0.32 0.09 I ] ] ] ]

Patients unsuitable
for allo-SCT

Ponatinib

BSC

15,982.70

0.32

0.09

Allo-SCT, allogeneic stem cell transplantation; BSC, best supportive care; ICER, incremental cost-effectiveness ratio; LYG, life-years gained; QALYSs, quality-adjusted life years
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1.5.2 Impact of ponatinib dose reductions

The majority of patients with CP-CML who are maintained on ponatinib are expected to receive
the 15-mg dose. The price of the 15-mg tablet is half that of the 30-mg and 45-mg tablets (£2,525
vs £5,050 per pack) and the annual cost of treatment on the 15-mg dose is expected to be lower
than that of treatment with bosutinib, for example (£30,742 vs £44,799, based on NHS list
prices). Dose reductions, in accordance with Summary of Product Characteristics (SmPC)
guidance, will therefore result in a lower overall cost of treatment with ponatinib. In addition,
treatment discontinuation is recommended in the SmPC in the event a patient does not achieve a
complete haematologic response within 3 months of starting ponatinib, further reducing the
overall utilisation and cost of ponatinib in the target population. The economic analyses
submitted here accounts for these SmPC requirements on dose and treatment discontinuation.

1.6 Ponatinib as a life-extending treatment at the end of life

Ponatinib meets the criteria to be considered as a life-extending treatment at the end of life, as
available data show that the expected survival of patients with advanced CML is 16 months in AP
and 5 months in BP.2° Among patients with ALL who receive BSC, OS is less than 3 months.3°
Results of the de novo economic analyses show that the incremental undiscounted LY gain on

ponatinib compared with BSC is

1.7 Budget impact

The number of patients with CML or Ph+ ALL eligible to receive ponatinib in England is
exceedingly small—we estimate that only 113 people with CML and 33 people with Ph+ ALL per
year in England will be potentially eligible for ponatinib according to its licensed indication.
Moreover, eligible patients with CML may receive alternative therapies or interventions, such as
2G-TKils (dasatinib, bosutinib) or allo-SCT. The net budget impact associated with the
introduction of ponatinib for CML is projected to be |l over 5 years. This small budget
impact for CML would be largely offset by avoiding the use of less effective alternatives. For Ph+
ALL, ponatinib would confer a 1% net savings in each year after its introduction.

Patient access scheme

Incyte acknowledges the inherent uncertainty in pharmacoeconomic analyses of orphan
diseases, and the scarcity of data for comparators in the late-line population that is covered by
the indication of ponatinib. To help reduce this uncertainty in the modelling and its impact on the
ICERSs, the company has submitted an application to the Department of Health for a confidential
simple patient access scheme (PAS). The application was submitted on the same day that Incyte
received the invitation from NICE to participate in an appraisal, and at the time of this
submission, we are still awaiting approval of the simple discount PAS from the Department of
Health. Once we receive notification from the Department of Health of approval, we will inform
NICE. We believe the PAS will further increase the certainty that ponatinib is an acceptable use
of NHS resources in the small target population with high unmet medical need. We have thus
provided to NICE via its PAS template (as a separate document submitted alongside this
evidence submission), information on the impact of the PAS on the economic results.
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2 The technology

2.1 Description of the technology

2.1.1 Name and therapeutic class

Brand name: Iclusig®
UK approved name: Ponatinib

Therapeutic class: Ponatinib is a third-generation (3G) antineoplastic protein kinase inhibitor
(ATC code LO1XE24).

2.1.2 Mechanism of action

Ponatinib is a small-molecule tyrosine kinase inhibitor (TKI), designed through a computational
and structure-based approach to target the product of the breakpoint cluster region-Abelson
(BCR-ABL) oncogene that gives rise to chronic myeloid leukaemia (CML) and Philadelphia-
chromosome—positive (Ph+) acute lymphoblastic leukaemia (ALL).'? 1° 20 Ponatinib was
designed with the purpose of potently inhibiting the kinase activity of native (unmutated) BCR-
ABL, and all mutant variants, including the “gatekeeper” T315l. Ponatinib presents an extensive
network of molecular contacts for optimal fit to the binding cavity of Abelson (ABL) even in the
presence of the T315] mutation. The presence of a unique triple bond in the ponatinib structure
prevents steric hindrance caused by the bulky isoleucine residue at position 315 in the T315I
mutant.?!

Ponatinib inhibits all clinically relevant mutant BCR-ABL forms in cell cultures, including forms
that confer resistance to second-generation (2G) TKis."% 31. 32 Ponatinib also inhibits other
kinases involved in clinically relevant signalling pathways, such as members of the VEGFR,
PDGFR, and FGFR families of kinases, the SRC family kinases, and kinase KIT, RET, and
FLT3.3

Furthermore, in vitro mutagenesis accelerated assays with ponatinib showed a reduction in, or
total elimination of, resistant clones and an absence of mutations that confer resistance to
ponatinib.3! Consistent with the predictive value these tests have had for other TKis,3 it can be
assumed that the emergence of resistance in patients treated with ponatinib will be reduced.
Thus, ponatinib holds promise for controlling compound mutants involving T3151 and other
clinically relevant BCR-ABL mutants in addition to its general inhibitory action against unmutated
BCR-ABL kinases.®'

2.2 Marketing authorisation/CE marking and health technology
assessment

2.21 Marketing authorisation

On 1 July 2013, the European Commission granted marketing authorisation for ponatinib valid
throughout the European Union (EU) for the indications stated below.34

On June 2, 2016, Incyte Corporation acquired from ARIAD Pharmaceuticals, Inc the license to
ponatinib in Europe and other select countries.

2.2.2 Indications

Ponatinib is indicated in adult patients with:??

e Chronic phase (CP), accelerated phase (AP), or blast phase (BP) CML who are resistant
to dasatinib or nilotinib; who are intolerant to dasatinib or nilotinib and for whom
subsequent treatment with imatinib is not clinically appropriate; or who have the T315I
mutation
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e Ph+ ALL who are resistant to dasatinib; who are intolerant to dasatinib and for whom
subsequent treatment with imatinib is not clinically appropriate; or who have the T315I
mutation

In line with the ponatinib indication and the National Institute for Health and Care Excellence
(NICE) scope, this submission focuses on the CML and Ph+ ALL patient populations.

2.2.3 Restrictions and contraindications

Ponatinib is contraindicated in patients with hypersensitivity to the active substance or to any of
the excipients.?? No other restrictions or contraindications are stated for ponatinib.

2.2.4 Summary of Product Characteristics

Please see Appendix 1: SmPC.
2.2.5 European public assessment report (EPAR)

Please see Appendix 1: EPAR and Appendix 1: EPAR procedural steps taken and scientific
information after authorisation.

2.2.6 Main issues raised by regulatory authorities

The EPAR states that the clinical benefits of ponatinib are considered relevant and outweigh the
potential risks of treatment, which to a large extent appear manageable. The Committee for
Medicinal Products for Human Use (CHMP) concluded that ponatinib has a positive benefit-risk
balance in patients who are intolerant or resistant to dasatinib or nilotinib, and for whom
subsequent treatment with imatinib is clinically inappropriate.3® The magnitude of response rates
was considered very clinically relevant, especially for—but not restricted to—CML patients with
the T3151 mutation. Although it was noted that there were few patients without the T315I
mutation who received only one line of therapy with either dasatinib or nilotinib, treatment with
imatinib following failure of first line treatment with these agents was considered inappropriate,
and thus the use of ponatinib was deemed to be a viable option, as reflected in the wording of
the indication.

Another issue noted by the CHMP is that nilotinib is not approved for the treatment of Ph+ ALL,
although patients with Ph+ ALL pre-treated with nilotinib were included in the pivotal ponatinib
study. This fact was taken into consideration in the wording of the indication.3®

The EPAR summarised the following important identified risks: pancreatitis, increased amylase
and lipase, myelosuppression, thrombocytopaenia, neutropaenia, anaemia, infections, skin
reactions, liver function test abnormality, oedema and fluid retention, cardiac failure/left-
ventricular dysfunction.3®

The safety profile of ponatinib is considered similar to that of other TKI agents, but differs in the
incidence of several clinically important events. In particular, pancreatitis was identified as one of
the major safety concerns associated with ponatinib, occurring in 7.4% of patients participating in
two clinical studies (N=230). The incidence of pancreatitis with other TKis is less than 1%.
However, pancreatitis rarely led to ponatinib treatment discontinuation (3 cases among the 230
study subjects).%

Unlike the conditional marketing authorisation of bosutinib,3 the approval of ponatinib was
unconditional 3%

2.2.6.1 Vascular occlusive events (VOEs)

In November 2013, following a review of updated clinical trial data on ponatinib revealing an
accumulation of treatment-emergent vascular occlusive events (VOEs) relative to the frequency
observed at the time of initial authorisation, the European Medicines Agency (EMA), through its
Pharmacovigilance Risk Assessment Committee (PRAC), issued a set of recommendations
regarding the use of ponatinib. While confirming the availability of ponatinib for the treatment of
leukaemia as per the approved indication, the EMA recommended that the cardiovascular status
of patients be assessed and that cardiovascular risk factors be actively managed prior to, and
monitored during, treatment.®”
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The EMA initiated an in-depth review of the benefits and risks of ponatinib, and as a result of this
process, ARIAD Pharmaceuticals has actively investigated and provided clarification to the
PRAC on the following issues:

o Treatment-emergent VOEs and potential underlying mechanisms

¢ Pharmacokinetic-pharmacodynamic (PK-PD) safety and efficacy analyses

e Optimal proposed starting dose and dose adjustments

o Full benefit—risk assessment for all authorised indications

e Proposals for additional pharmacovigilance and/or risk minimisation measures and future
studies

The PRAC concluded its review in October 2014 by issuing an opinion endorsing ARIAD’s
suggested variations to the Summary of Product Characteristics (SmPC) of ponatinib,® the
proposed risk management plan (RMP), and additional pharmacovigilance activities. The PRAC
concluded that the benefit-risk balance of ponatinib remains favourable in light of the changes to
the SmPC and ponatinib should continue to be available to European patients, as per the original
approved indication.3”

2.2.6.2 Restricted medical prescription (SmPC section 4.2)

Therapy should be initiated by a physician experienced in the diagnosis and treatment of patients
with leukaemia. Haematologic support such as platelet transfusion and haematopoietic growth
factors can be used during treatment if clinically indicated.??

Before starting treatment with ponatinib, the cardiovascular status of the patient should be
assessed, including history and physical examination, and cardiovascular risk factors should be
actively managed. Cardiovascular status should continue to be monitored and medical and
supportive therapy for conditions that contribute to cardiovascular risk should be optimised during
treatment with ponatinib.??

Dose madifications or interruption of dosing should be considered for the management of
haematologic and non-haematologic toxicities. In the case of severe adverse reactions,
treatment should be withheld.??

2.2.6.3 Periodic safety update reports

Incyte will continue to submit periodic safety update reports on ponatinib in accordance with the
requirements set out in the list of Union reference dates (EURD list) provided for under Article
107¢(7) of Directive 2001/83/EC and published on the EMA web-portal.??

2.2.6.4 Risk Management Plan (RMP)

Incyte will perform the required pharmacovigilance activities and interventions detailed in the
agreed RMP presented in Module 1.8.2 of the Marketing Authorisation and any agreed
subsequent updates of the RMP. An updated RMP would be submitted at either the request of
the EMA or whenever the risk management system is modified, especially as the result of new
information being received that may lead to a significant change to the benefit/risk profile or as
the result of an important (pharmacovigilance or risk minimisation) milestone being reached.??

2.2.6.5 Additional risk minimisation measures

Incyte will provide a Healthcare Professional Brochure® to all physicians who are expected to
prescribe ponatinib in countries where ponatinib is marketed. The brochure educates physicians
on patient eligibility, safe drug use, and important adverse events (AEs) for which monitoring and
dose adjustments are recommended.?? 3°

2.2.6.6 Obligation to conduct post-authorisation measures

To determine the optimal starting dose of ponatinib and characterise the safety and efficacy of
ponatinib following dose reductions after achieving major cytogenetic response (MCyR) in
patients with CP-CML, ARIAD/Incyte are conducting a dose-ranging study and will submit the
results of this study to the EMA no later than June 2019.22
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2.2.7 UK launch date

The date of the UK launch was August 2013.
2.2.8 Regulatory approval outside the UK

In addition to its marketing approval in the UK and other members of the EU, ponatinib has been
approved for use in several other jurisdictions, including the US, Canada, Australia, Japan and
Israel.40-43

The approved indication for ponatinib from the US Food and Drug Administration (FDA) is for the
treatment of adult patients with:4°

e T315l-positive CML (CP, AP, or BP) or T315l-positive Ph+ ALL
e CP-, AP-, or BP-CML or Ph+ ALL for whom no other TKI therapy is indicated

The approved indication for ponatinib from Health Canada is for the treatment of adult patients
with:41

e CP-, AP-, or BP-CML or Ph+ ALL for whom other TKI therapy is not appropriate,
including CML or Ph+ ALL that is T315] mutation positive or where there is prior TKI
resistance or intolerance

Australia’s Therapeutic Goods Administration has approved ponatinib or the treatment of adult
patients with:42

e CP-, AP-, or BP-CML whose disease is resistant to, or who are intolerant of at least two
prior TKls; or where there is a T315] mutation

e Ph+ ALL whose disease is resistant to, or who are intolerant of dasatinib and for whom
subsequent treatment with imatinib is not clinically appropriate; or where there is a T315I
mutation

Ponatinib is also approved in Israel for adult patients with:*3

e CP-, AP-, or BP-CML who are resistant to dasatinib or nilotinib, who are intolerant to
dasatinib or nilotinib and for whom subsequent treatment with imatinib is not clinically
appropriate, or who have the T315| mutation

e Ph+ ALL who are resistant to dasatinib, who are intolerant to dasatinib and for whom
subsequent treatment with imatinib is not clinically appropriate, or who have the T315I
mutation

2.2.9 Other UKHTAs

HTAs for ponatinib have been conducted by the Scottish Medicines Consortium (SMC) and the
All Wales Medicines Strategy Group (AWMSG). As a result of these completed HTAs, ponatinib
is reimbursed for the EMA-approved indication in Scotland (as of 13 April 2015)* and Wales (as
of 9 January 2015)*. Ponatinib is not subject to any other ongoing HTAs in the UK.

2.3 Administration and costs of the technology

2.3.1 Administration and costs

Ponatinib is available as 15 and 45-mg film-coated tablets for oral administration. A 30-mg film-
coated tablet is approved by the EMA and has a price approved by the Department of Health.
The 30-mg tablet will be on the market in the UK in early 2017 and no later than the conclusion of
this STA. The licensed dose is 45 mg QD, with an option for reduced dosing (30 mg or 15 mg
QD) at the physician's discretion. Treatment with ponatinib should continue as long as the patient
does not show evidence of disease progression or unacceptable toxicity. If a complete
haematologic response (CHR) has not occurred by 3 months, consideration should be given to
discontinuing ponatinib.?? Table 2-1 presents the associated costs for ponatinib.
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Table 2-1. Costs of the technology being appraised

Cost Source
Film-coated tablets

Pharmaceutical Ponatinib

formulation Each film-coated tablet contains either 15, 30, or 45 mg of ponatinib (as SmPC22
hydrochloride).

o 15mg, 30 tablets: GBP 2525

Acquisition cost . ) ] ) Incyte;

(excluding VAT) 30mg, 30 tablets (licensed, not yet available; Q1 2017 launch): GBP 5050  gnF
45mg, 30 tablets: GBP 5050

Method of Oral Ponatinib

administration SmPC?
15 mg, 30 d 45

g, 3Umg an m9 . o _ Ponatinib

Doses The recommended starting dose is 45 mg of ponatinib. Dose reductions SmPC22
should be considered to manage toxicity.
Dosing : . . Ponatinib
frequency Once daily, with or without food SmPC22
Average length Treatment should be continued as long as the patient does not show Ponatinib
of a course of evidence of disease progression or unacceptable toxicit SmPC?2
treatment prog u P Y.
Average monthly cost weighted by doses as administered in the
PACE study (CP-CML cohort, all lines of therapy)
PACE
trial,
Average cost of individual
a course of atient-
treatment’ P
level data
on file
*Drug costs were adjusted for dose and % days on dose/relative dose intensity. Values
reported in this table are rounded to two decimal places, but calculations were made
using numbers carrying more decimals; calculations using rounded numbers may not
yield the exact total cost per month due to rounding.
Anticipated
average interval No interval between treatment courses occurs. Once-daily treatment -

. ) ; . . Ponatinib
between continues uninterrupted as long as there is no evidence of disease SmPC2
courses of progression or unacceptable toxicity.
treatments
Anticipated
number of Treatment should be continued as long as the patient does not show Ponatinib
repeat courses evidence of disease progression or unacceptable toxicity. SmPC?
of treatments

30 mg or 15 mg once daily; dose reductions should be considered to -
Dose manage toxicity; and if necessary, temporary treatment discontinuation to Ponatinib
adjustments* ’ ’ SmPC?2

Anticipated care
setting

manage AEs
Outpatient

BNF, British National Formulary; AEs, adverse events.

*Dose modifications or interruption of dosing should be considered for the management of haematologic and non-haematologic
toxicities. In the case of severe adverse reactions, treatment should be withheld. For further information on recommended dose
adjustments to manage treatment-related toxicities, please refer to the ponatinio SmPC.%

TAverage monthly cost considering the full CP-CML cohort (ie, all lines of therapy).

Company evidence submission for ponatinib [ID671] Page 16 of 271



2.3.2 Patient access scheme (PAS)

Incyte Biosciences UK Ltd has proposed to the Department of Health a PAS for ponatinib. The
PAS will provide a simple discount to the list price of ponatinib, with the discount applied at the
point of purchase. The PAS template was submitted to the Department of Health on the same
day Incyte received an invitation from NICE to participate in this appraisal, and was then duly
forwarded by the Department of Health to PASLU for review on 28 August 2016. As the PAS has
not yet been approved by the NHS, it is not included in the present technology appraisal
submission but is detailed in the accompanying NICE PAS template, submitted separately but
alongside this document.

2.4 Changes in service provision and management

2.4.1 Additional service requirements

2.4.1.1 Companion diagnostics

No additional diagnostic tests are needed to identify patients eligible for ponatinib. Ponatinib is
active against unmutated and mutated BCR-ABL, including, but not limited to the T315] mutation.
In the PACE study (Cortes et al. 2013), response rates were high among patients with CP-CML
who did not have detectable BCR-ABL mutations, as well as among patients with mutations other
than T3151.° Since responses were observed regardless of the presence or absence of, or the
type of mutation, analyses of mutation status are not necessary in every case, and a patient can
be successfully treated with ponatinib without undergoing prior mutation testing, if it is not
available.® Accordingly, the European Commission and other regulatory bodies have approved
ponatinib without the need for a required companion diagnostic test.40-42

Nevertheless, testing for mutations is routine management for patients with CML and ALL, in part
because available TKIs are often ineffective against certain mutations, such as T315l.1" 4647
Moreover, the test for the T3151 mutation is part of the array of mutational testing which is
routinely done in CML patients who become resistant to a TKI, as recommended by European
LeukemiaNet (ELN) guidelines.*® 4" The test is routinely available in England.

According to a survey of clinical experts in the UK, mutation testing is routine practice among
patients with CML.*8 Two-thirds of healthcare practitioner (HCP) respondents stated that
mutation testing would be performed upon disease progression, failure of first-line (1L) treatment,
relapse, loss of response, or some other problem. For patients with CP-CML who are not
responding to treatment, results of the survey show that mutation testing is usually performed
upon disease progression.*®

Although T315I mutation testing is essential for all other TKiIs in order to exclude the adoption of
an ineffective therapy, this is not needed for ponatinib, since it is active against the T315I
mutation and all other mutations, as well as native BCR-ABL."® 3132 Because response to
treatment with ponatinib is high regardless of mutation status and testing for mutations is already
routine practice for patients with CML and ALL, Incyte does not expect a need for additional
T3151 mutation testing with ponatinib beyond current clinical practice; ie, the availability of
ponatinib should not by itself lead to any more demand for mutation analyses.

2.4.1.2 Administration requirements

Ponatinib is a film-coated tablet that is administered orally once daily, with or without food, and
thus has no particular administration requirements.??

2.4.2 Resource use

Patients will receive ponatinib as outpatients. Treatment will be initiated by a physician
experienced in the diagnosis and treatment of patients with leukaemia. Haematologic support
such as platelet transfusion and haematopoietic growth factors can be used during treatment if
clinically indicated. Patients should be monitored for response according to standard clinical
guidelines.??
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Table 2-2 lists the resource use and costs associated with ponatinib treatment.

Table 2-2. Resource use and costs associated with ponatinib

Resource use Source
Setting of care  Outpatient
NHS
Lot i Reference
H tol t: £150.38/visit
Staff costs aerTla © 'ogls _V!SI Costs 2014—
Cardiologist*: £150.38/visit 2015
assumption
Administration None are expected
costs
Monitoring Resources used for monitoring patients treated with ponatinib are the
and tests same as for other TKIls. According to the 2013 ELN recommendations

for managing CML, patient response to treatment can be assessed

using either molecular and/or cytogenetic testing.*” The resource use

and costs to manage patients with CP-CML who respond to treatment

are outlined below. These costs are not specific to ponatinib and

instead reflect the resource use and cost for any TKI used to manage UK HCP

CML. Survey;*
Per-cycle* resource use and unit costs in CP-CML with response  NHS
Reference
Costs 2014—
Nurse-led outpatient visit 0.29 66.42 2015;
Haematologist-led outpatient 0.93 150.38 Szczepura et
visit al. 2006
Full blood count 1.13 3.01 HTA*;
Cytogenetic analysis 0.58 6.99 NHS Blood
Bone marrow aspiration (with 0.03 517.50 and
biopsy) Transplant
FISH 0.22 6.99 Price List
PCR 0.79 25.00 2014/15
Flow Cytometry 0.09 6.99
Cytochemistry analysis 0 6.99
Blood film exam 0.50 3.01
Blood chemistry 1.13 1.19
Blood transfusion 0.01 121.85

*3-month period.

CP, chronic phase; CML, chronic myeloid leukaemia; ELN, European LeukemiaNet; FISH, fluorescence in situ hybridization;
PCR, polymerase chain reaction.

*Assumed 0.5 cardiologist visit every 3 months. Assumed the same visit cost as for haematologist; this estimate is deemed
conservative as according to the UK HCP survey, 9 of 12 experts suggested cardiologist visits will occur less frequently than
once every 6 months.*

TWFO01A service code 303 (Non-Admitted Face to Face Attendance, Follow-up; Clinical Haematology).

2.4.3 Required infrastructure

TKI therapy is standard treatment for patients with CML and Ph+ ALL,"8 28 and thus no additional
NHS infrastructure will be required to incorporate ponatinib into the clinical pathway of care.

2.4.4 Patient monitoring

Requirements for patient monitoring associated with TKIls indicated for treatment of CML or Ph+
ALL are listed in Table 2-3. With regards to complete blood counts and liver function tests,
patient monitoring with ponatinib is similar to that recommended for other TKils. Ponatinib,
however, is associated with an increased risk of pancreatitis. Specifically, per SmPC guidance,
serum lipase should be monitored every 2 weeks for the first 2 months and then periodically
thereafter.?2 Therefore, blood analyses will include an amylase test to diagnose and monitor
acute pancreatitis.
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Per SmPC guidance, before starting treatment with ponatinib, the cardiovascular status of the
patient should be assessed. Throughout treatment with ponatinib, cardiovascular status should
continue to be monitored, and medical and supportive therapy for conditions that contribute to
cardiovascular risk should be optimised.?? Furthermore, patients receiving ponatinib should be
monitored for evidence of thromboembolism and vascular occlusion and if decreased vision or
blurred vision occurs, an ophthalmic examination (including fundoscopy) should be performed.??
To account for additional cardiovascular monitoring associated with ponatinib, one cardiology
visit every 6 months (0.5 per cycle) is incorporated into the economic model.*®

Overall, compared with current clinical practice, it is expected that ponatinib will require more
careful patient monitoring for pancreatitis, cardiovascular status, and vascular occlusion.
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Table 2-3. Patient monitoring for TKls according to SmPCs

Imatinib (Glivec®)3°

Nilotinib (Tasigna®)5!

Dasatinib (Sprycel®)'”

Bosutinib (Bosulif®)”

Ponatinib (Iclusig®)??

Complete
blood count

Liver
function

Serum lipase

Vascular
occlusion
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Regularly

Transaminases, bilirubin,
alkaline phosphatase should
be monitored regularly

Every 2 weeks for the first 2
months and then monthly
thereafter, or as clinically
indicated

Bilirubin and hepatic
transaminases levels should
be tested monthly or as
clinically indicated

Monthly or as clinically
indicated

Advanced CML or Ph+ ALL

e  Weekly for first 2
months, then monthly
thereafter, or as
clinically indicated

CP-CML

o Every 2 weeks for 12
weeks, then every 3
months thereafter or as
clinically indicated
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Weekly for the first month
and then monthly thereafter,
or as clinically indicated

Prior to treatment initiation
and monthly for the first 3
months of treatment, and as
clinically indicated

Every 2 weeks for the first 3
months and then monthly or
as clinically indicated

Monitored periodically, as
clinically indicated

Every 2 weeks for the first 2
months and then periodically
thereafter

Monitoring for evidence of
thromboembolism and
vascular occlusion should be
performed and if decreased
vision or blurred vision
occurs, an ophthalmic
examination (including
fundoscopy) should be
performed



Imatinib (Glivec®)3°

Nilotinib (Tasigna®)!

Dasatinib (Sprycel®)'”

Bosutinib (Bosulif®)”

Ponatinib (Iclusig®)??

Cardiac risk

Electrolytes

Blood lipids

Blood
glucose

Renal
function

Patients with cardiac
disease, risk factors for
cardiac failure or history of
renal failure should be
monitored carefully

Should be evaluated prior to
the start of imatinib therapy
and closely monitored during
therapy, with particular
attention to those patients
exhibiting risk factors for
renal dysfunction

Cardiovascular status should
be evaluated and
cardiovascular risk factors
monitored and actively
managed according to
standard guidelines

Hypokalaemia or
hypomagnesaemia must be
corrected prior to nilotinib
administration and should be
monitored periodically during
therapy

Assess at month 3 and 6
after initiating therapy and at
least yearly during chronic
therapy

Monitor during treatment, as
clinically indicated

Patients with risk factors or a
history of cardiac disease
should be monitored
carefully for signs or
symptoms consistent with
cardiac dysfunction and
should be evaluated and
treated appropriately

Monitoring for an effect on
the QTc interval is advisable
and a baseline ECG is
recommended prior to
initiating therapy and as
clinically indicated

Hypokalaemia or
hypomagnesaemia must be
corrected prior to
administration and should be
monitored periodically during
therapy

Assess prior to treatment
initiation and closely monitor
during therapy, with
particular attention in those
patients who have pre-
existing renal compromise or
in those patients exhibiting
risk factors for renal
dysfunction

Cardiovascular status should
continue to be monitored and
medical and supportive
therapy for conditions that
contribute to cardiovascular
risk should be optimised
during treatment

Monitor patients for signs or
symptoms consistent with
heart failure

Blood pressure should be
monitored and managed at
each clinic visit

ALL, acute lymphoblastic leukaemia; CML, chronic myeloid leukaemia; CP, chronic phase; ECG, electrocardiogram; Ph+, Philadelphia chromosome—positive; TKI, tyrosine kinase inhibitor; —, not

detailed in the SmPC.
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2.4.5 Concomitant therapies

No concomitant medications are specified in the SmPC.?2 In the phase 1 study (Cortes et al.
2012)? and the phase 2 PACE study (Cortes et al. 2013),° AEs were managed with dose
reduction or treatment interruption.

2.5 Innovation
2.5.1 Breakthrough in TKI therapy

Ponatinib represents a significant advance in the treatment of CML and Ph+ ALL, where patients
who are resistant or intolerant (R/1) to imatinib or 2G-TKls, including those with and without the
T3151 mutation, have few treatment options to improve their chance of survival. Resistance and
intolerance remain important challenges to address. Approximately 30%—40% of patients with
CP-CML treated with imatinib develop resistance or intolerance to the drug.®> Pharmacologic
treatment options for patients who have received both imatinib and a 2G-TKI are currently
limited, reinforcing the high unmet medical need among resistant or intolerant patients in the third
line.

A key breakthrough of ponatinib is its molecular design. Five critical regions in the overall
structure of ponatinib were optimised to specifically overcome resistance to 1G- and 2G-TKIs.>?
For example, the triple bond ethynyl linker allows ponatinib to span the bulky side chain present
in BCR-ABL mutant isoforms.

As a result of this innovation, ponatinib has demonstrated efficacy in all indicated patients,
including those R/l to prior TKls and patients with resistance-conferring BCR-ABL isoforms such
as the T315| mutation for which no other TKI is effective.® Ponatinib has demonstrated high and
durable responses in patients with CP-CML regardless of BCR-ABL mutation status. Among
PACE trial CP-CML patients with 0, 1, or 22 BCR-ABL 1 mutations at baseline based on next-
generation sequencing, the rate of MCyR by 12 months ranged from 50%—61%.52 The major
molecular response (MMR) rate at any time was 29%—45%. These responses were sustained for
at least 2 years in 87% (MCyR) and 65% (MMR) of patients; for patients with compound
mutations, responses were sustained in 90% and 92%, respectively. Mutation status at baseline
had no effect on overall survival (OS) at 2 years, which was estimated to be 86%. In addition to
the positive and durable responses achieved with ponatinib regardless of baseline mutation
status, no mutation, single or compound, has been shown to confer primary or secondary
resistance to ponatinib in CP-CML patients.5®

Response rates to previous therapy are usually a predictor of response to subsequent therapy,
responses achieved with ponatinib exceeded responses achieved with the last prior TKI,
generally nilotinib or dasatinib, by two- to ten-fold. For example, patients with CP-CML in the
PACE trial had a best response to their most recent regimen containing dasatinib or nilotinib of
only 26% for MCyR and 3% for MMR; by 12 months of treatment with ponatinib, a response of
MCyR was seen in 56% of patients and of MMR in 34%.° These improved response rates
achieved with ponatinib were associated with a high probability of progression-free survival
(PFS) and OS at 4 years.?
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3 Health condition and position of the technology in the

treatment pathway

3.1 Disease overview
3.1.1 Chronic myeloid leukaemia (CML)

CML, a rare disease accounting for only 15% of adult leukaemias,’ is a neoplastic disease
characterised by an excessive proliferation of myeloid cells at all stages of maturation.> It is
distinguished by the presence of an aberrant chromosome translocation between chromosomes
9 and 22, which produces the Philadelphia (Ph) chromosome.®® This exchange of genetic
material occurs in the haematopoietic stem cell and generates an oncogene called BCR-ABL,
which is located on the Ph chromosome. Following this exchange, the Ph chromosome encodes
an oncoprotein that is a constitutively active form of ABL tyrosine kinase, which promotes cell
proliferation, and alters cell adhesion and apoptosis.5* 56 57

In the absence of treatment, prognosis of patients with CML is poor; the expected survival is 3-5
years from diagnosis. CML is commonly characterised as having three distinct phases: the initial
indolent chronic phase (CP-CML), an intermediate accelerated phase (AP-CML) which lasts for

less than 1 to 1.5 years, and an aggressive blast phase (BP-CML) that is usually fatal within 3 to
6 months.? The disease may present at any age; however, the median age of onset in the UK is

59 years.3

Approximately one-third to one-half of patients with CML are asymptomatic at diagnosis and are
identified through routine screening. When symptoms are present, they are often nonspecific,
such as fatigue, weight loss, malaise, easy satiety, and left upper quadrant fullness or pain.? 58

More than 90% of CML patients are diagnosed in the early, chronic phase of the disease.®®
Abnormal results in routine full blood count, such as low erythrocyte count (anaemia) or elevated
leukocyte counts (leukocytosis), neutrophils (neutrophilia), and platelets (thrombocytosis), may
suggest CML.2 58 Circulating immature cells and bone marrow hypercellularity (ie, excess of
cells) are indicative of myeloproliferative disorders such as CML.? %8

A CML diagnosis is confirmed by the existence of the Ph+ chromosome in peripheral blood
and/or bone marrow cells. The methods used for detecting the BCR-ABL 1 fusion gene are
conventional cytogenetics (karyotyping), fluorescence in situ hybridization (FISH), and reverse
transcriptase—polymerase chain reaction (RT-PCR)." 47

The different phases of CML are defined mainly by the percentage of blast cells in peripheral
blood and in bone marrow, but can also be defined by other laboratory and clinical parameters,
as detailed in Table 3-1." The stage of the disease at diagnosis is an important prognostic factor
and may predict the pattern of disease progression.%°

Table 3-1. Definitions of accelerated and blast phases of CML

CML phase Definition according to the WHO Criteria’

AP o Blasts 10%—19% of white blood cells in peripheral and/or nucleated bone marrow cells
Peripheral blood basophils 220%

Persistent thrombocytopaenia (<100 x 10%/L) unrelated to therapy, or persistent
thrombocytosis (>1000 x 10%L) unresponsive to therapy

Increasing spleen size and increasing white blood cell count unresponsive to therapy
Cytogenetic evidence of clonal evolution

Blasts 220% of peripheral white blood cells or of nucleated bone marrow cells
Extramedullary blast proliferation

o Large foci or clusters of blasts in the bone marrow biopsy

BP

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; WHO, World Health Organization.
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As previously mentioned, the majority of the patients are diagnosed in the chronic phase of the
disease.* If treated only with cytoreduction, patients progress to more advanced stages within 3
to 5 years from diagnosis. Progression to advanced stages is associated with a decreased
response to treatment and a poorer prognosis.

The risk of progression can be estimated by several disease features at diagnosis, allowing CML
patients to be stratified according to their risk of disease progression. Various scoring systems
for risk stratification have been developed. The most widely used is the Sokal Scoring System,8’
developed when chemotherapy was the standard treatment for CML. Another scoring system is
the Hasford score, validated in patients treated with interferon alpha.®?> Most recently, the
European Treatment and Outcome Study (EUTOS) score was developed to predict response to
TKI treatment.53

3.1.2 Acute lymphoblastic leukaemia (ALL)

ALL is a heterogeneous category of leukaemias with the common feature of proliferation of
immature lymphoid cells in the bone marrow, peripheral blood, and other organs. Overall, ALL
represents about 20% of all leukaemias in adults, and is the most common form of childhood
leukaemia.'3 Ph+ ALL (ALL characterised by the presence of the Ph+ chromosome) makes up
about 25% of adult ALL cases but is relatively rare among children, accounting for just 3% of
paediatric ALL cases. The incidence of Ph+ ALL increases with age, representing about 40% of
ALL cases in patients over 50 years of age.'"'3

In contrast to CML, patients with ALL experience more typical symptoms, including fatigue, fever,
sweating, weight loss, dyspnoea, infection, and bleeding. Less than 10% of patients develop
symptomatic central nervous system (CNS) infiltration.™" 20

ALL diagnosis requires a physical examination, complete blood count with differential and
platelets, a blood chemistry profile, a disseminated intravascular coagulation panel, a tumour
lysis syndrome panel, bone marrow aspiration, and biopsy haematopathologic characterisation.
Morphological identification of lymphoblasts by microscopy and immunophenotypic determination
of lineage commitment and developmental stage by flow cytometry are essential for correct
diagnosis of ALL.%* In general, the diagnosis of ALL requires 220% bone marrow lymphoblasts
upon analysis of bone marrow aspirate and biopsy."" Chromosomal analysis still plays an
important role in the initial cytogenetic work-up of Ph+ ALL.%* The same diagnostic procedures
are used to identify the BCR-ABL 1 fusion (Ph+ chromosome) as described for CML in Section
3.1.1.M

Patient age, as well as immunophenotypic and cytogenetic features, provide prognostic
information that can be used for treatment selection. Specifically, age greater than 35 years at
diagnosis, initial leukocyte count of greater than 30 x 10%L, and the presence of cytogenetic
abnormalities are associated with poorer prognosis.!" The most frequent cytogenetic abnormality
is the presence of the Ph+ chromosome, occurring in 25% of adult patients with ALL.'? Patients
with the Ph+ chromosome typically have a worse prognosis than those without the abnormality.®®

3.2 Effects of CML and Ph+ ALL on patients, carers and society

3.21 CML

Since the introduction of the first generation (1G) TKI, imatinib, patient survival has dramatically
improved, with 25-year OS ranging between 83%-97%.4" Although fewer patients die from the
disease now compared to prior to the advent of TKI therapy, most patients must continue therapy
indefinitely. The chronic nature of the disease places a tremendous burden on patients, their
families, and society. Receiving a suitable TKI and adhering to treatment is crucial for successful
long-term outcomes.® 67 Most patients will remain in CP for years, and although many patients
have few symptoms during this time, approximately a third experience moderate-to-severe
symptoms (fatigue, drowsiness, sleep problems, muscle soreness/cramping, and failing memory)

Company evidence submission for ponatinib [ID671] Page 24 of 271



that impact their ability to function and reduce their health-related quality of life (HRQoL).%®
Fatigue has been reported as the most common symptom among patients receiving long-term
TKI therapy.® In terms of HRQoL, younger adult patients are particularly vulnerable to physical
and emotional burden that interferes with their capacity to work and carry out regular daily
activities.®®

Although patients who achieve a durable response to TKls may achieve a life-span comparable
to that of the general population,’® TKI failure is a significant concern for patients with CML.""
Patients with primary or secondary resistance to one TKI have an increased risk of progression,
and this risk increases further in patients who are resistant to two or three TKIls.”? TKI failure also
increases the economic burden of the disease.”® 7* TKI failure within 1 year of starting therapy
leads to higher total healthcare costs compared with a treatment course without TKI failure, with
inpatient care largely driving the higher medical costs associated with failure.”® Moreover, the
economic burden of TKI failure increases with each line of therapy.” Therefore, resistance and
intolerance to therapy is expected to pose a significant burden on healthcare costs and patient
HRQoL and mortality.”

3.2.2 Ph+ ALL

Scarce data exist on the disease burden and HRQoL of patients with Ph+ ALL, and thus,
compared to CML, much less is known about the impact of Ph+ ALL on patients and society. Ph+
ALL is a disease associated with very poor prognosis and in which allogeneic haematopoietic
stem cell transplantation (allo-SCT) offers the only chance for a cure.’? 78 Even with treatment,
many adult patients with ALL die prematurely and lose decades from their lives.”” Furthermore,
compared to Philadelphia chromosome—negative (Ph—) ALL, patients with Ph+ ALL generally
have a shorter remission duration and poorer survival.'?

The aim of using a TKI as induction treatment is to quickly achieve full remission in adult patients
with Ph+ ALL. For patients who experience a complete response after induction therapy, allo-
SCT offers the best chance of survival and is well established as the mainstay of treatment in
Ph+ ALL."™ 78 The development of TKI therapy has moderately improved survival in patients with
Ph+ ALL. However, patients may still experience rapid disease progression, and there remains a
significant unmet need, particularly in TKI R/l patients for whom OS is only 6 to 9 months.'®

3.3 Clinical pathways of care
3.31 CML

3.3.1.1 TKis approved in the UK for CML

Due to the key role of tyrosine kinase activity in CML, current treatment is based on the use of
rationally designed TKils. TKls approved for use in the UK include:

¢ Imatinib (Glivec®, Novartis Pharmaceuticals)
e Dasatinib (Sprycel®, Bristol-Myers Squibb)

e Nilotinib (Tasigna®, Novartis Pharmaceuticals)
e Bosutinib (Bosulif®, Pfizer)

e Ponatinib (Iclusig®, Incyte Corporation)

Imatinib (Glivec®) was the first TKI to demonstrate significant clinical benefit compared to non—
TKl-based therapy,’® and rapidly became the gold standard of care for 1L therapy in newly
diagnosed CML patients.® Patients on imatinib thus represent a large proportion of the treated
CML patient population; however, approximately 30%—40% of patients in CP-CML develop
resistance or intolerance to imatinib and require additional therapy.> Subsequent to imatinib,
three 2G-TKIs were developed for CML: dasatinib (Sprycel®), nilotinib (Tasigna®), and bosutinib
(Bosulif®).® Dasatinib and nilotinib have demonstrated clinical benefit compared to imatinib when
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used in newly diagnosed patients, and both of these 2G-TKIs and bosutinib have shown benefit
in patients who have developed intolerance or resistance to imatinib.% 8'- 82 Bosutinib has also
been studied prospectively in patients who have failed imatinib and therapy with a 2G-TKI,
dasatinib or nilotinib.® Bosutinib is the most recent 2G-TKI approved for the treatment of adult
patients with Ph+ CP-, AP-, and BP-CML previously treated with one or more TKis, and for
whom imatinib, nilotinib, and dasatinib are not considered appropriate treatment options.”

Prior to market authorisation of the 3G-TKI ponatinib (July 2013), pharmacologic treatment
options approved for treatment of CML patients in Europe who had received both imatinib and a
2G-TKI were limited, focusing on the use of an alternative 2G-TKI or investigational therapies.*”-
83,84 Options were notably lacking for patients with the T3151 mutation, which is the most
frequent mutation seen in the BCR-ABL kinase domain.8% 8 Historically, the T315| mutation has
been a predictor of poor efficacy of 1G- and 2G-TKl-based therapies in CML patients.” Table
3-2 provides information on the indication, formulation, and dosage and administration for TKls
approved and available in the UK for treatment of CML.
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Table 3-2. Approved TKis for the treatment of CML available in England

Imatinib (Glivec®)%°

Dasatinib (Sprycel®)*1?

Nilotinib (Tasigna®)>!

Bosutinib (Bosulif®)”

Ponatinib (Iclusig®)??

CML indication

Formulation

Administration

Starting dose

Dose
adjustments

Adult and paediatric

patients with:

e Newly diagnosed Ph+
CML for whom bone
marrow transplantation
is not considered as the
first line of treatment

e Adult and paediatric
patients with Ph+ CML
in CP after failure of
IFN alpha therapy, orin
AP or BP

Hard capsules in strengths
of 50 mg and 100 mg
Film-coated tablets in
strengths of 100 mg and
400 mg

Oral

Adult patients with CP-CML:
400 mg/day

Adult patients with AP- or
BP-CML: 600 mg/day
Paediatric patients: 340
mg/m?/day (not exceeding
800 mg)

CP-CML: Increase to 600 or
800 mg/day

AP/BP-CML: Increase to a
maximum of 800 mg/day
(given as 400 mg BID)
Doses may be reduced or
interrupted to manage AEs

Adult patients with:

e Newly diagnosed Ph+
CML in CP

e CP-, AP-, and BP-CML
R/I to prior therapy
including imatinib
mesilate

e Lymphoid blast CML
with resistance or
intolerance to prior
therapy

Film-coated tablets in
strengths of 20 mg, 50 mg,
70 mg, 80 mg, 100 mg, and
140 mg

Oral

Adult patients with CP-CML:

100 mg QD
Adult patients with AP- or
BP-CML: 140 mg QD

CP-CML: Increase to
140 mg QD
AP/BP-CML: Increase to
180 mg QD

Doses may be reduced or
interrupted to manage AEs

Adult patients with:

e Newly diagnosed Ph+
CP-CML

e Ph+ CP- and AP-CML
R/I to prior therapy
including imatinib

Efficacy data in patients
with CML in blast crisis are
not available.

Hard capsules in strengths
of 150 mg and 200 mg

Oral

Adult patients with newly
diagnosed Ph+ CP-CML:
300 mg BID

Adult patients with Ph+ CP-
or AP-CML who are R/l to
prior therapy: 400 mg BID

Dose escalations are not
permitted.

Doses may be reduced or
interrupted to manage AEs

Adult patients with:

e Ph+ CP-, AP-, or BP-
CML previously treated
with one or more TKls
and for whom imatinib,
nilotinib, and dasatinib
are not considered
appropriate treatment
options

Film-coated tablets in
strengths of 100 mg and
500 mg

Oral

500 mg QD

Dose escalation to
600 mg QD (doses >600
mg/day should not be given)

Doses may be reduced or
interrupted to manage AEs

Adult patients with:

e CP-, AP-, or BP-CML
who are resistant to
dasatinib or nilotinib;
who are intolerant to
dasatinib or nilotinib
and for whom
subsequent treatment
with imatinib is not
clinically appropriate; or
who have the T315I
mutation

Film-coated tablets in
strengths of 15 mg, 30 mg,
and 45 mg

Oral

45 mg QD

Dose escalations are not

permitted.

Doses may be reduced or
interrupted to manage AEs

ALL, acute lymphoblastic leukaemia; AP, accelerated phase; BID, twice daily; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic phase; IFN, interferon; Ph+, Philadelphia chromosome—
positive; QD, once daily; R/I, resistant/intolerant; TKI, tyrosine kinase inhibitor.

*Dasatinib is available through the CDF for the treatment of CP- and AP-CML in patients who are refractory to imatinib, or who have significant intolerance to imatinib or nilotinib.® Dasatinib was
previously available for the treatment of BP-CML through the CDF but it was delisted in March 2015.%°
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3.3.1.2 Ponatinib for the treatment of CML

Figure 3-1 presents where ponatinib would fit in the clinical pathway of care for CML in England.
Ponatinib would be used in third line after treatment failure with imatinib and either nilotinib or
dasatinib (if used through the Cancer Drugs Fund [CDF]).

Figure 3-1. Clinical pathway of care for patients with CML

CP-CML 1L 2L 3L
Imatinib* Nilotinib® Ponatinib?
Nilotinib® — Dasatinib* —_— Bosutinib"
Dasatinib* Imatinib* Allo-SCT!
BSCI
IFN alpha

Disease progression

AP-CML

Imatinib* Nilotinib™ Ponatinib®
Dasatinib* Bosutinib"

e —> Allo-SCTI
BSCl

Patients who IFN alpha
presentwith AP- '—
/BP-CMIL

BP-CML

Imatinib* Dasatinib* Ponatinib?
Bosutinib"
— — Allo-scT!
BSCl
IFN alpha

o=

1L, first line; 2L, second line; 3L, third line; allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; BP, blast
phase; BSC, best supportive care; CML, chronic myeloid leukaemia; IFN, interferon.

*NICE recommends standard-dose imatinib (400 mg) for 1L treatment for adults with Ph+ CP-CML.% In clinical practice,
imatinib is used 2L in patients who are intolerant to another prior TKI therapy (eg, nilotinib), but not in the case of prior TKI-
resistance.*” NICE recommends imatinib for CML that initially presents in AP or BP, and for CML that presents in CP and then
progresses to AP/BP, if imatinib has not been used previously.®!

Nilotinib is recommended by NICE in 1L and 2L therapy for adult patients with Ph+ CP-CML if cost is discounted through
PAS.% %2 NICE recommends nilotinib for AP-CML in adults whose CML is resistant to treatment with standard-dose imatinib or
who have imatinib intolerance and if nilotinib is made available through PAS.%2

*Dasatinib is indicated for the treatment of adult patients with newly diagnosed Ph+ CML in the chronic phase; CP-, AP-, or BP-
CML with resistance or intolerance to prior therapy including imatinib mesilate; and lymphoid blast CML with resistance or
intolerance to prior therapy.'” Dasatinib is available through the CDF for the treatment of CP- or AP-CML in patients who are
refractory to imatinib, or who have significant intolerance to imatinib or nilotinib.® Dasatinib was previously available for the
treatment of BP-CML through the CDF but it was delisted in March 2015.8°

SPonatinib is approved for adult patients with CP-, AP-, or BP-CML who are resistant to dasatinib or nilotinib; who are intolerant
to dasatinib or nilotinib and for whom subsequent treatment with imatinib is not clinically appropriate; or who have the T315I
mutation.?

TBosutinib is conditionally licensed for the treatment of adult patients with Ph+ CP-, AP-, and BP-CML previously treated with
one or more TKI(s) and for whom imatinib, nilotinib and dasatinib are not considered appropriate treatment options.” NICE
recommends bosutinib as an option, within its conditional marketing authorisation, for Ph+ CP-, AP-, and BP-CML in adults
when they have previously had one or more TKI; and imatinib, nilotinib, and dasatinib are not appropriate; and the company
provides bosutinib with the discount agreed in the PAS (as revised in 2016).%

'Allo-SCT and BSC are used in clinical practice but are not part of the NICE clinical pathway of care.*’
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CP-CML: NICE recommends standard-dose imatinib (400 mg) for 1L treatment for adults with
Ph+ CP-CML.% In clinical practice, imatinib is also used second-line in patients who are
intolerant to another prior TKI therapy (eg, nilotinib), but not in the case of prior TKl-resistance.*’
Nilotinib is recommended by NICE in 1L and 2L therapy for adult patients with Ph+ CP-CML, if
cost is discounted through PAS.%0 92 At the time of writing this submission, NICE does not
recommend dasatinib for first- or second-line treatment of CML.%® NICE recommends bosutinib
as an option, within its marketing authorisation with a PAS discount as revised in 2016.%

Assuming that NICE approves dasatinib for use according to its indication,!” ponatinib would be
recommended as 3L therapy in patients who fail prior therapy with imatinib and who are R/I to
dasatinib or nilotinib.

AP/BP-CML: NICE recommends imatinib for CML that initially presents in AP or BP, and for
CML that presents in CP and then progresses to AP/BP, if imatinib has not been used
previously.®' NICE recommends nilotinib for AP-CML in adults whose CML is resistant to
treatment with standard-dose imatinib or who have imatinib intolerance and if nilotinib is made
available through PAS.%2 NICE recommends bosutinib as an option for patients with AP- or BP-
CML, within its marketing authorisation, if made available with a PAS discount, as revised in
2016.9% Assuming that NICE approves dasatinib for use according to its indication for advanced
CML," ponatinib would therefore be used in the third line in AP-CML patients who are resistant
to 2L nilotinib or dasatinib, and used in the third line in BP-CML patients who fail treatment with
imatinib and dasatinib.

Other treatment options for people with TKI-R/I CML include interferon alpha (in rare cases),
hydroxycarbamide (hydroxyurea), and allo-SCT.%? Although allo-SCT and best supportive care
(BSC) are not part of the NICE clinical pathway of care, they have been incorporated into Figure
3-1 because of their use in clinical practice for patients with advanced CML and no other
recommended treatment options.

Based on this anticipated place in therapy, the TKI comparators included in the economic
evaluation of ponatinib for the treatment of CML are bosutinib, hydroxycarbamide (as a proxy for
BSC), interferon alpha, and direct allo-SCT (ie, proceeding to allo-SCT without first having
received ponatinib or bosutinib in an attempt to achieve remission prior to transplant).

3.3.1.3 Unmet medical need concerning treatment of CML

There is currently a significant unmet need for patients who fail imatinib and a 2G-TKI. Even
though sequential use of 2G-TKIls is common in clinical practice and is recommended in clinical
practice guidelines,*” there is only a modest evidence base supporting the efficacy of sequential
use of 2G-TKiIs in patients who are R/l to prior therapy.® 23 94 95 |n addition, dasatinib and
nilotinib have only been studied in registrational trials in patients failing imatinib and these studies
were non-comparative.'” %' Thus, the sequential use of 2G-TKls is not an approved indication for
these drugs.'” %! The use of ponatinib in third line or later is supported by strong clinical evidence
and is in accordance with the approved indication.® 2224 Existing data on sequential use of
currently available 2G-TKIs show that the response rates for these treatments are low and of
shorter duration compared to those achieved with ponatinib 6 9 94-101

For patients who have failed treatment on dasatinib or nilotinib, no other TKIs—other than
ponatinib—have received full EMA approval based on registration-quality trials demonstrating
treatment efficacy and safety. Only limited data are available to support bosutinib in patients with
an “unmet medical need”, defined in the bosutinib EPAR as patients for whom either dasatinib or
nilotinib may not be considered suitable treatment after failure of the other 2G-TKI due to a pre-
existing medical condition, TKI intolerance, or mutation which would be expected to confer
resistance to that therapy, as well as patients who have received prior imatinib only but for whom
dasatinib or nilotinib may not be considered a suitable treatment for the above referenced
reasons.® In the bosutinib study upon which the conditional approval is based, only 21 patients
with CP-CML met these criteria for unmet medical need.'%? This underlies the decision of the
EMA to grant only conditional marketing authorisation to bosutinib, requiring its manufacturer to
fill this evidence gap by conducting a single-arm, open-label, multi-centre efficacy and safety
study of bosutinib in patients with Ph+ CML previously treated with one or more TKIs and for
whom imatinib, nilotinib and dasatinib are not considered appropriate treatment options.3¢
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Furthermore, the CML indications for ponatinib and bosutinib are not directly comparable with
respect to TKI resistance and intolerance. Bosutinib has a broader, less precise indication than
ponatinib; that is, the wording of the bosutinib indication does not specifically require resistance
or intolerance, and allows clinicians to prescribe it in earlier lines of therapy if they consider other
TKils are not clinically appropriate, despite the paucity of evidence for bosutinib in those settings.”
Additionally, ponatinib is recommended for patients with the T315] mutation, which cannot be
treated with any other TKI, including bosutinib.” 22 Finally, compared with ponatinib, bosutinib
has been shown to provide only modest benefit to heavily pre-treated patients with CML; the
proportion of patients who achieve a CCyR as their best response was only 24.1% with bosutinib
(Khoury et al. 2012)® compared to 65% with ponatinib (Hochhaus et al. 2015).24

3.3.1.3.1 Further unmet need considerations

Other treatment options for patients who have received and failed 2G-TKI therapy include
interferon alpha and allo-SCT. Interferon alpha, however, is recommended only in the rare
circumstances in which a TKI cannot be used.*” Hydroxycarbamide does not affect the natural
history of CML and is considered only as palliative treatment.>* Allo-SCT is expensive relative to
TKI therapy in high-income European countries such as England,'® has largely been reserved
for younger patients, is associated with equity issues, and has a poor short-term prognosis;'%4-16
as a result, it is not a viable option for many CML patients.

Despite significant advances in CML therapy following the introduction of TKls (imatinib,
dasatinib, and nilotinib), a substantial proportion of patients discontinue therapy over time due to
resistance (attributable in about half the cases to emergence of BCR-ABL kinase domain
mutations) and intolerance. Approximately 30%—40% of patients with CP-CML treated with
imatinib develop resistance or intolerance to the drug.® Ponatinib was specifically designed to
inhibit all variants of BCR-ABL, including those that confer resistance to 1G- and 2G-TKils. The
most evident clinical application for ponatinib is, therefore, treatment of patients who have
experienced failure of a 2G-TKI. As a more potent, inhibitory TKI, ponatinib offers treatment
advantages for patients lacking defined resistance mutations, but who still develop resistance by
other mechanisms. Ponatinib also represents an important new treatment option for patients with
advanced CML as it may serve as a "bridge" to allo-SCT by inducing remission in patients prior
to the procedure. With the approval of the first 3G-TKI, ponatinib,?? there is finally an effective
treatment option for patients with CP-, AP-, or BP-CML where imatinib and either dasatinib or
nilotinib have failed, including where there is prior TKI resistance or intolerance or CML that is
T3151 mutation-positive.

One strategy in the management of TKI resistance and intolerance is using alternative TKis in
sequential lines of treatment. Between 3% and 15% of patients receiving 1L nilotinib or dasatinib
are R/I to treatment,”": 197 19 and more than 50% of patients receiving second-line (2L) nilotinib
or dasatinib fail to respond to treatment.'%%-'"" Although 50%—60% of patients treated with 2L 2G-
TKils achieve a MCyR response (40%-50% complete cytogenetic response [CCyR]), up to 70%
of these patients discontinue treatment within 4 to 5 years, suggesting a significant failure rate
over time.4” The high percentage of patients treated with 2L TKils, and the associated
discontinuation rate, underscores the importance of TKI resistance and intolerance in patients
with CML.%* 112113 The onset and development of resistance has been linked to several factors,
including poor treatment compliance, changes in gastrointestinal absorption and metabolism of
the drug, alterations in apoptosis and DNA repair mechanisms, and the presence of BCR-ABL
mutations.?!- 114115 The best characterised mechanism of resistance to TKI treatment is the
occurrence of point mutations in the kinase domain of BCR-ABL.""8 117 About 40% of patients
who develop imatinib resistance have (baseline or acquired) mutations in BCR-ABL,""® although
the proportion of patients with mutations varies depending on the stage of the disease and the
screening method used to detect mutations.’® Over 100 point mutations coding for single amino
acid substitutions in the BCR-ABL kinase domain have been identified among patients with CML
resistant to imatinib. Over 60% of the mutations have been detected in seven amino acids, with
T315I being the most frequent.8% 14 The T315| mutation is present in 16%, 23%, and 63% of
patients in CP-, AP-, and BP-CML, respectively. The development of mutations is associated
with a poorer prognosis and a higher risk of progression to AP-CML and BP-CML.2': 120 121
Patients with a mutation that confers resistance to imatinib are more likely to develop serial
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mutations, which increases the risk of becoming resistant to 2G-TKI therapy.*® Between 20%—
35% of patients treated with 2G-TKIs develop new mutations in BCR-ABL."""- 122124 Moreover, in
patients where two or more TKils have failed, the risk of developing leukaemic clones with one or
more mutations (ie, serial mutations) is high. This is the main cause of progression to AP- and
BP-CML, where the OS is poor and success of “rescue” therapy, including allo-SCT, is very

low 124-128

Clinical data have confirmed that achievement of CCyR is predictive of increased survival'2% 130
and long-term modelling studies have shown that patients who achieve this endpoint could be
expected to have a near-normal life expectancy.’®' In fact, recent data have demonstrated that
patients with newly diagnosed CP-CML who achieve at least a CCyR within a year of treatment
initiation experience an OS similar to that of the general population.'3? However, when used after
failure of both imatinib and a 2G-TKI, the treatment efficacy of all of the remaining treatment
options available today, expressed in terms of CCyR, is modest.? 23 94.95 Thus, in order to
improve long-term survival, it is vital that patients have access to effective treatment options with
proven efficacy in both third- (3L) and fourth-line (4L) settings.

Therefore, pharmacologic treatment options for patients who have received both imatinib and a
2G-TKIl are currently limited, with modest evidence-based efficacy supporting the sequential use
of 2G-TKis. As a 3G-TKI, ponatinib offers the best chance of the available treatment options to
achieve a response in a patient population with limited treatment options.

3.3.2 Ph+ALL

3.3.2.1

TKis approved in the UK for Ph+ ALL

Prior to EU marketing authorisation of ponatinib (July 2013),2? the only TKIls indicated for use in
Ph+ ALL were imatinib (Glivec®) and dasatinib (Sprycel®).'”- 50 No formal recommendations on

imatinib have been issued by NICE. Dasatinib was previously available for the treatment of ALL
through the CDF but it was delisted in November 2015.8° Table 3-3 provides information on the
EMA-approved TKis for the treatment of Ph+ ALL.

Table 3-3. Approved TKis for the treatment of Ph+ ALL

Imatinib (Glivec®)3°

Dasatinib (Sprycel®)'”

Ponatinib (Iclusig®)??

Ph+ ALL
indication

Formulation

Administration

Starting
dosage

Dose
adjustments

Adult and paediatric patients

with:

o Newly diagnosed Ph+
ALL integrated with

chemotherapy

Adult patients with:

o Relapsed or refractory
Ph+ ALL as
monotherapy

Hard capsules in strengths
of 50 mg and 100 mg
Film-coated tablets in
strengths of 100 mg and
400 mg

Oral

600 mg/day

Dose escalations are not
permitted.

Doses may be reduced or
interrupted to manage AEs.

Adult patients with:
Ph+ ALL with resistance or
intolerance to prior therapy

Film-coated tablets in
strengths of 20 mg, 50 mg,
70 mg, 80 mg, 100 mg, and
140 mg

Oral
140 mg QD

Dose increase to 180 mg
QD is allowed in patients
who do not achieve
haematologic/cytogenetic
response at the
recommended starting dose

Doses may be reduced or
interrupted to manage AEs

Adult patients with:

Ph+ ALL who are resistant
to dasatinib; who are
intolerant to dasatinib and
for whom subsequent
treatment with imatinib is not
clinically appropriate; or who
have the T315l mutation

Film-coated tablets in
strengths of 15 mg and 45
mg

Oral
45 mg QD

Dose escalations are not
permitted.

Doses may be reduced or
interrupted to manage AEs.

ALL, acute lymphoblastic leukaemia; Ph+, Philadelphia chromosome—positive; QD, once daily; TKI, tyrosine kinase inhibitor.
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Patients with imatinib-resistant Ph+ ALL have limited treatment options. Treatment options are
further restricted for patients with imatinib-resistant Ph+ ALL who subsequently fail therapy with a
2G-TKI. As such, these patients are extremely difficult to treat and have significant unmet
medical need. According to a study of 421 adult patients with relapsed ALL conducted by
Tavernier et al. (2007),"®3 most adult patients with relapsed disease could not be successfully
treated with currently available therapies. They concluded that allo-SCT was the best therapeutic
option for these patients.

In patients for whom allo-SCT is not suitable, the only other option is BSC. Clinical evidence
derived from a single-centre retrospective study by Pagano et al. (2000)%° supports the use of a
palliative regimen consisting of a 6-week course of vincristine and prednisone as BSC for
relapsing ALL patients.

3.3.2.2 Unmet medical need concerning treatment of Ph+ ALL

As mentioned previously, the presence of the Ph+ chromosome is associated with poor
prognosis in patients with ALL. However, multiple clinical trials with BCR-ABL-specific TKls have
demonstrated significantly superior initial responses, including higher complete response rates
without additional toxicity compared to controls (ie, patients who received chemotherapy
alone)."* In addition, studies suggest that better long-term outcomes are possible. There is,
however, little or no evidence to date that allo-SCT, the mainstay of treatment for this disease, is
(or will ever be) a dispensable part of therapy.®®

Improved outcomes following allo-SCT have been observed in patients who received pre-
transplant imatinib regimens. As a result, induction with imatinib followed by allo-SCT is
considered to be the gold standard for first-line therapy, and the only treatment with curative
potential in adult Ph+ ALL patients.34

Up to 30% of patients with refractory or relapsed Ph+ ALL are refractory to imatinib. Even in
patients who initially respond, resistance to imatinib develops rapidly (median time to relapse is
2.2 months)."® The use of 2G-TKIs in patients with Ph+ ALL who are R/I to imatinib offers some
additional survival benefit, although the gain is minimal. When Ph+ ALL patients who are R/l to
imatinib are treated with dasatinib, the median length of PFS is 3.1 to 4.0 months.'®

Treatment options for patients with imatinib-resistant Ph+ ALL who subsequently fail therapy with
a 2G-TKI are limited, and minimal data exist on the treatment of patients who have experienced
failure of 2G-TKIs. As such, this patient population is extremely difficult to treat.

3.3.2.3 Ponatinib for the treatment of Ph+ ALL

Ponatinib is indicated in adult patients with Ph+ ALL for whom other TKI therapy is not
appropriate, including Ph+ ALL that is T315] mutation-positive or where there is prior TKI
resistance or intolerance. Figure 3-2 presents a clinical pathway of care for Ph+ ALL with 3L
ponatinib after treatment failure with prior TKI therapy (eg, imatinib or dasatinib). Prior to the
approval of ponatinib, the only options these patients had after failure of TKI therapy were allo-
SCT or palliative BSC. With the approval of ponatinib, a 3G-TKI, there is another treatment
option for this difficult-to-treat patient population. Based on the improved outcomes associated
with pre-transplant imatinib regimens,'3* it is anticipated that ponatinib will be used as a bridge to
allo-SCT in patients who are R/I to prior TKI therapy.
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Figure 3-2. Clinical pathway of care for patients with Ph+ ALL

Ph+ ALL
Patients suitable for allo-SCT
1L 2L 3L
Imatinib* + Imatinib* Ponatinib® + allo-SCT
chemotherapy Dasatinib’ Chemotherapy + allo-SCT
BSC

Patients unsuitable for allo-SCT

1L 2L 3L
Imatinib* + Imatinib* Ponatinib®
chemotherapy Dasatinib™ BSC

BSC, best supportive care.

*Imatinib is indicated for treatment of adult patients with newly diagnosed Ph+ ALL integrated with chemotherapy or relapsed or
refractory Ph+ ALL as monotherapy.®® No formal recommendation of imatinib for treatment of Ph+ ALL has been issued by
NICE.

TDasatinib is indicated for treatment of adult patients with Ph+ ALL with resistance or intolerance to prior therapy.'” Dasatinib
was previously available for the treatment of ALL through the CDF but it was delisted in November 2015.%°

SPonatinib is indicated for adult patients with Ph+ ALL who are resistant to dasatinib; who are intolerant to dasatinib and for
whom subsequent treatment with imatinib is not clinically appropriate; or who have the T3151 mutation.?

With this anticipated place in therapy, the main comparators included in the economic evaluation
of ponatinib for the treatment of Ph+ ALL are reinduction chemotherapy followed by allo-SCT in
patients suitable for transplantation or BSC in the form of vincristine and prednisone for patient
when allo-SCT is not an option.

3.4 Life expectancy and epidemiology
3.4.1 Survival

3.4.1.1 CML

Mortality used to be higher in CML; based on England-specific data from the National Cancer
Intelligence Network, the 5-year relative survival (RS) rate of patients aged 15-64 years has
increased from 59% for patients diagnosed in the 2000-2003 time period, to 87% for patients
diagnosed in 2008-2010."% Similarly, for patients aged 65 and older, 5-year RS rose from 22%
patients diagnosed in 2000-2003 to 44% for those diagnosed in 2008-2010."3¢

Recent data from patients participating in six prospective clinical trials published by Sasaki et
al.’® indicate that since TKls came into use, the OS rate in patients with newly diagnosed CP-
CML is only slightly lower than that of the general population. Furthermore, with effective
treatment (ie, if patients achieve at least a CCyR within a year of starting therapy with a TKIl), the
OS rate is similar to that of the general population.’? In line with these findings, real-world data
from the UK population-based Haematological Malignancy Research Network (HMRN) for the
period 2004-2015 show the 5-year OS (95% CI) of patients with CML is 77.7% (72.3, 82.2) and
the 5-year RS is 89.8% (84.0, 93.6).2 Among patients presenting with AP-CML, survival has
increased substantially since the advent of TKI therapy, with an estimated 8-year OS rate
>75%."3 Among patients with BP-CML treated with TKI therapy, however, median OS is 7-11
months, only a modest improvement compared to the pre-TKI era.’38

Recently, Pulte et al. 2016 conducted a survival analysis of patients with haematologic cancers
(including ALL and CML) identified from the Surveillance, Epidemiology, and End Results
(SEER) database.® The report shows that, although 5-year RS in CML has dramatically
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improved since 1997, between the periods of 2005-2008 and 2009-2012, the excess mortality
rate has not decreased for patients aged 265 years and remains in the range of 50% or higher.'3°
Furthermore, despite improvements in survival for patients with CML in general, survival in older
patients remains low in comparison to younger patients (ie, those aged 50-59 years)."3°

Data on survival outcomes in patients with CML who received more than one prior TKI show that
OS decreases with each subsequent line of therapy.'#? Akosile et al. demonstrated that among
patients with CP-CML in second or later-line therapy, the 5-year OS for patients who received 3L
TKI therapy was 53% (median OS in 3L therapy was not estimable); for patients who received 4L
or later therapy, 5-year OS was 38% (median OS, 34 months)."4°

Patients with CML may be candidates for allo-SCT depending on the availability of a suitable
donor and the eligibility of the patient. Based on data from the British Society of Blood and
Marrow Transplantation,'' the UK HMRN,? and national population statistics,42 143
approximately 1 in 12 CML patients in England receives allo-SCT. One study of patients
receiving allo-SCT after TKI therapy (Jabbour et al. 2011), showed that the estimated 2-year OS
for patients with CP-CML after transplantation was 72%.14

3.4.1.2 Ph+ALL

Over the past two decades, survival in adult ALL has improved only marginally and remains poor,
particularly for patients aged =50 years."36 139 According to England-specific data from the
National Cancer Intelligence Network, over the 2000—2010 time period, survival in adult patients
with ALL improved only slightly (by 8%) among adults <65 years and remained unchanged in
patients 265 years.'3® The 5-year RS rate of patients aged 25-64 years was only 37% (2008—
2010), while for patients 65 years and older, the 5-year RS was only 12.7% during the same time
period.'® Pulte et al. 2016 (SEER database) have published similar results for survival in ALL,
reporting a 5-year excess mortality rate of 70% for patients with ALL aged 50-59 years, which
increases to 90% for patients aged 275 years."3 These data reflect the urgent need for
therapeutic advances in adult patients with ALL.

In line with these data, the estimated UK-specific average number of years of life lost in adult
(220 years) ALL is 28.77 This substantial loss of life is much greater than the years of life lost
from many other cancers, including those of the lung and breast.””- 45 There are limited data
available on the life expectancy of the indicated Ph+ ALL patient population, but it is known that
prognosis is poor for patients who relapse, even with treatment. Patients who fail imatinib and
are treated with dasatinib have a median OS of only 6—-9 months,'® while patients who receive
salvage chemotherapy after first relapse and proceed to allo-SCT have a median OS of only 3—
10 months.'3 Reflecting these poor outcomes, salvage chemotherapy followed by allo-SCT is
rarely used in clinical practice.?®

3.4.2 Incidence and prevalence

3.4.21 CML

CML is a rare disease accounting for 8% of leukaemia cases and 0.2% of all new cancer
diagnoses in the UK.'5 146 In 2014, 631 people in England were diagnosed with CML.* The
European age-standardised incidence of CML in England is 1.3 per 100,000 persons (2013)."46
To date, there is no specific information on the prevalence of CML in England; however,
according to Roman et al. 2016, the 10-year prevalence of CML in the UK is 8.5 per 100,000
people.?

In England, the number of patients with CML eligible to receive ponatinib according to its
licensed indication is estimated to be 113. Figure 3-3 illustrates the derivation of this estimate.
The overall annual incidence of newly diagnosed CML, assuming a stable incidence of CML
since 2014, is 631.4 Of these, 95% will be Ph+ (n=599)."#7 Assuming all newly diagnosed
patients are treated with 1L imatinib, treatment will fail in 36% (n=216) of people,’* including 2%
of patients (n=13) who will develop the T315I] mutation;'#° the remaining patients who fail 1L
imatinib (n=203) will discontinue for other reasons. Patients without the T315I mutation are
assumed to be treated with 2L nilotinib; of these 3% (n=6) will progress to AP/BP''3 and, of the
remaining 197 patients, 48% (n=95) will fail treatment."' These patients will be eligible for

Company evidence submission for ponatinib [ID671] Page 34 of 271



ponatinib in third line. We therefore estimate that 113 people in England, including patients with
the T315 mutation, will be eligible for ponatinib according to its licensed indication. See Section
4.13.2.3 for additional details on this estimation. Note that the number of patients are as
calculated by the budget impact model and may differ slightly from the numbers that would be
calculated using the intermediate numbers, due to rounding error.

Figure 3-3. Estimated number of patients with CML eligible to receive ponatinib in England

Incidence of CML in England? ‘
N=631

|| 95% Ph+2
n=599 o ALTK
11 36% fail imatinib®

2% develop the T315I mutation® | | n=216 | Patients who discontinue 1L imatinib

1 || No T3151 mutation
| n=13 | | n=203 [ aLTk |

I 97% remain in CP,_,

| n=197 | 3% progress to AB/BPS
48% fail nilotinb®|| ,
| n=95 | | n=6 | | 3LTKI |

Total incidence for ponatinib CML indication ‘
N=113

1L, first line; 2L, second line; 3L, third line; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CP,
chronic phase; Ph+, Philadelphia chromosome—positive; TKI, tyrosine kinase inhibitor.

References: 1) Office of National Statistics 2014;* 2) Goldman 2009;'" 3) Kalmanti et al. 2014;'8 4) Hughes et al. 2015;'*° 5)
Giles et al. 2013;""® 6) Kantarjian et al. 2011."""

Note: The number of patients presented in this figure are as calculated by the budget impact model and may differ slightly from
the numbers that would be calculated using the intermediate numbers reported in this figure, due to rounding error.

3.4.2.2 Ph+ALL

As with CML, ALL is a rare disease representing 9% of all leukaemia cases in England.™ 15 In
2014, 654 people in England were diagnosed with ALL. The European age-standardised
incidence rate for ALL is approximately 1.2 per 100,000 people (2013)."* However, most cases of
ALL occur in children; ALL in adults represents only 20%—30% of all ALL cases.'""® Ph+ ALL is
even rarer; it accounts for approximately 25% of ALL cases'® and occurs mostly in adults.>" 152
There is no specific information on the prevalence of Ph+ ALL in England, although the
prevalence of ALL in the EU is reported to be 10 per 100,000 people.'® However, as is the case
for ALL incidence, the vast majority of prevalent cases are paediatric in nature. Although
prognosis in children tends to be very good, survival in adult Ph+ ALL is poor. Therefore, we can
assume that the incidence and prevalence of adult Ph+ ALL broadly coincide.

In England, we estimate that 33 patients with Ph+ ALL will be eligible to receive ponatinib
according to its licensed indication. Figure 3-4 illustrates the derivation of this estimate.
Assuming a stable incidence of ALL since 2014, the annual number of new ALL diagnoses would
be 654.4 Among patients with ALL, 25% (n=164) will have the Ph+ chromosome.'®® Assuming all
patients with Ph+ ALL are treated with 1L imatinib, 30% (n=49) will fail 1L treatment;'¢ of these,
13% (n=6) will develop the T315] mutation'>* and the remaining 87% (n=43) will not. Among
patients without the T315] mutation and treated with 2L dasatinib (assuming it is recommended
by NICE), 62% (n=26) will fail to achieve major haematologic response (MaHR) with treatment
and will be eligible for ponatinib in the third line.'® Therefore, we estimate that 33 people in
England, including patients with the T315 mutation, will be eligible for ponatinib according to its
licensed indication. See Section 4.13.2.3 for additional details on this estimation. Note that the
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number of patients are as calculated by the budget impact model and may differ slightly from the
numbers that would be calculated using the intermediate numbers, due to rounding error.

Figure 3-4. Ph+ ALL: Estimated number of patients with Ph+ ALL eligible to receive
ponatinib in England

‘ Incidence of ALL in England? ‘

N=654
|| 25% Ph+2
\_ n=164 Tk
11 30% fail imatinib?
\ n=49 |
13% develop the T315I mutation“_‘:[ ﬂ No T315I mutation
| n=6 | | n=43 | 2Lk
1162% no MaHR with dasatinib3
| n=26 | 3LTK
_, J
Total incidence for po[\r;i\;isnib Ph+ ALL indication ‘

1L, first line; 2L, second line; 3L, third line; ALL, acute lymphoblastic leukaemia; Ph+, Philadelphia chromosome—positive; TKI,
tyrosine kinase inhibitor.

References: 1) Office of National Statistics 2014;* 2) Fielding et al. 2007;'%° 3) Lilly et al. 2010;® 4) Pfeifer et al. 2012."%*

Note: The number of patients presented in this figure are as calculated by the budget impact model and may differ slightly from
the numbers that would be calculated using the intermediate numbers reported in this figure, due to rounding error.

3.5 NICE guidance and pathways

The NICE haematological cancers service guidance provides recommendations on
haematological cancer care, including diagnosis and disease management, to achieve best
outcomes for adult patients:

e Guidance on Cancer. Services Improving Outcomes in Haematological Cancers,
published May 2016."%°

3.51 CML

CML is part of the existing NICE pathway on blood and bone marrow cancers.'® Relevant NICE
guidance is based on technology appraisal guidance (TA401, TA251, TA241, and TA70)%-°2 and
the guidance on cancer services identified above."®®

o TA401: Bosutinib for previously treated chronic myeloid leukaemia, published 24 August
2016%

e TA251: Dasatinib, nilotinib and standard-dose imatinib for the first-line treatment of
chronic myeloid leukaemia, published 25 April 2012.%°

o TA241: Dasatinib, high-dose imatinib and nilotinib for the treatment of imatinib-resistant
chronic myeloid leukaemia (CML) (part review of TA70), and dasatinib and nilotinib for
people with CML for whom treatment with imatinib has failed because of intolerance,
published 13 January 2012.92

e TA70: Guidance on the use of imatinib for chronic myeloid leukaemia, published 22
October 2003."

TA251 and TA241 have partially replaced TA70.
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3.5.2 First-line therapy for patients with CML

Standard-dose imatinib (400 mg/day) is recommended as an option for the 1L treatment of adults
with Ph+ CP-CML.% Imatinib is also recommended for CML that initially presents in the AP or
BP, and for CML that presents in the CP and then progresses to the AP/BP, if imatinib has not
been used previously.®!

Nilotinib is recommended as an option for the 1L treatment of adults with Ph+ CP-CML if nilotinib
is made available through the PAS.%°

Dasatinib has marketing authorisation throughout the EU for treatment of adult patients with
newly diagnosed Ph+ CP-CML."" At the time of writing this submission, however, NICE does not
recommend dasatinib for the 1L treatment of Ph+ CP-CML.%°

3.5.3 Second-line therapy for patients with CML

Nilotinib is recommended for the treatment of Ph+ CP- and AP-CML in adults whose CML is
resistant to treatment with standard-dose imatinib or who have imatinib intolerance and if nilotinib
is made available through PAS.%?

Bosutinib has marketing authorisation for treating patients with Ph+ CML who were previously
treated with one or more TKIs and for whom imatinib, nilotinib and dasatinib are not considered
appropriate treatment options.” NICE recommends bosutinib as an option, within its marketing
authorisation, for Ph+ CP-, AP-, and BP-CML in adults when they have previously had one or
more TKI; and imatinib, nilotinib, and dasatinib are not appropriate; and the company provides
bosutinib with the discount agreed in the PAS.%

At the time of writing this submission, dasatinib is not recommended as a 2L treatment for adults
with CP-, AP-, or BP-CML who have imatinib intolerance or whose CML is resistant to treatment
with standard-dose imatinib.®? High-dose imatinib (600 mg or 800 mg in CP-CML or 800 mg in
AP/BP-CML) is not recommended for the treatment of Ph+ CP-, AP-, or BP-CML that is resistant
to standard-dose imatinib.%2

3.5.4 Ph+ALL

No NICE guidance is available on the treatment of patients with ALL and the disease is not part
of the existing NICE pathway on blood and bone marrow cancers.'®

3.6 Other clinical guidelines

3.6.1 European LeukemiaNet (ELN) recommendations for CML

In Europe, one of the most important and relevant guidelines for the treatment of CML is the ELN
recommendations. The latest ELN treatment recommendations for CML were published in 2013
(reviewed in 2015)72 with the ELN recommending 1L treatment with imatinib (400 mg QD),
nilotinib (300 mg BID), or dasatinib (100 mg QD) for patients with CP-CML.#” Recognising that it
is difficult to recommend one 1L TKI over another, the ELN suggests that disease characteristics
(high risk, chromosomal abnormalities in Ph+ cells) and patient comorbidities may offer insight
on the most appropriate TKI therapy because these factors play a role in predicting expected
efficacy and safety outcomes of a chosen therapy in a given circumstance.*’

The ELN recommends that imatinib, nilotinib, and dasatinib can also be used in second or
subsequent lines for the treatment of CP-CML, at the standard or at a higher dose (eg, 400 mg
BID for imatinib, 400 mg BID for nilotinib, and 70 mg BID or 140 mg QD for dasatinib). However,
for patients who received imatinib in the first-line, the ELN recommends that the drug be changed
as opposed to increasing the imatinib dose.*” The ELN recommendations state that the
therapeutic choice in second and subsequent lines of treatment also depends on mutational
status, on the safety profile of each TKI, and adverse reactions to previous TKI therapies.*’

A review of the 2013 ELN recommendations state that a change in TKI therapy is mandatory in
the case of treatment failure (resistance) or in the event that a patient has side effects
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(intolerance) that would interfere with dosing, diminish HRQoL, or be potentially life-threatening.’?
Specifically, the review of the ELN recommendations state that, in the case of intolerance, 2L
therapy can include any other available TKI, including imatinib after using a 1L 2G-TKI. In the
case of 1L treatment failure, the review of the ELN recommendations state that imatinib no
longer fits in the treatment scheme and 2L therapy follows one of three sequences:’?

e Imatinib failure = any other available and approved TKI (dasatinib, nilotinib, bosutinib,
ponatinib)

¢ Nilotinib failure - dasatinib, bosutinib, ponatinib
e Dasatinib failure - nilotinib, bosutinib, ponatinib

The ELN treatment recommendations for advanced CML (ie, AP- and BP-CML) are based on
results of single-arm, retrospective, and prospective studies, and on panel members’ experience.
For newly diagnosed TKI-naive AP/BP-CML patients, treatment should be started with imatinib
(400 mg BID) or dasatinib (70 mg BID or 140 mg QD). Allo-SCT is recommended for all patients
with BP-CML and for AP-CML nonresponders (ie, patients who have failed to achieve an optimal
response). Chemotherapy may be required prior to allo-SCT to control the disease and induce a
minimum level of remission. For patients who progress from CP to AB/BP and who have
received one or more prior TKiIs, the ELN recommends any TKI not previously used, or ponatinib
in patients with the T3151 mutation, followed by allo-SCT.4” Although no firm evidence shows
better outcomes for CML patients treated first with a 2G-TKI versus imatinib, patients with
AP/BP-CML are thought to benefit more from therapy with 2G-TKls.”?

3.6.2 European Society for Medical Oncology (ESMO) for ALL

The ESMO clinical practice guidelines recommend combination chemotherapy and TKI (eg,
imatinib 400—-800 mg/day) for 1L treatment of patients with newly diagnosed Ph+ ALL.28 For
patients with relapsed ALL, there is no standard treatment protocol. The ESMO guidelines state
that patients with Ph+ ALL who fail treatment with imatinib should be offered new-generation
TKis (eg, nilotinib, dasatinib, ponatinib). For patients who achieve complete remission and are
suitable candidates for transplantation, allo-SCT is considered to be the best therapeutic
option.?8

3.6.3 National Comprehensive Cancer Network (NCCN) guidelines

3.6.3.1 CML

The NCCN guidelines are also an important source of information for guidance on CML disease
management. According to the NCCN, imatinib, nilotinib, and dasatinib are recommended 1L
therapy options for CP-CML. Factors that may influence choice of 1L therapy include risk score,
age, ability to tolerate therapy, and the presence of comorbidities. First-line treatment
recommendations for AP-CML include investigational therapies, imatinib, and 2G-TKIs. Allo-SCT
is also a treatment option; however, its use depends upon response to prior TKI therapy. The
guidelines recommend that omacetaxine be considered for patients who are R/l to two or more
TKls. Recommendations for 1L treatment of BP-CML include investigational therapies and, if
feasible, allo-SCT preceded by induction chemotherapy plus a TKI or a TKI alone. Due to the
complicated nature of the disease, it is strongly recommended that patients with advanced CML
are managed in specialised centres."

As a result of demonstrated efficacy with TKI therapy, allo-SCT is not recommended as 1L
therapy for newly diagnosed CP-CML. The procedure is, however, recommended for patients
who present with BP-CML at diagnosis, patients with the T315] mutation and other BCR-ABL1
mutations that are resistant to all TKls, and for patients intolerant to all TKls. The NCCN
recommends that all patients who fail to meet response milestones while on 1L TKI therapy be
evaluated for allo-SCT suitability. In cases of disease progression to AP- or BP-CML while
receiving TKI therapy, the NCCN recommends the use of an alternate TKI as a "bridge" to allo-
SCT.!

In addition to consideration in the first-line, the NCCN guidelines recommend nilotinib, dasatinib,
and bosutinib as treatment options in the second and subsequent lines." Although common in
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clinical practice, sequential use of dasatinib and nilotinib is not supported by the clinical efficacy
data reported in the approved labels. As noted earlier, neither nilotinib nor dasatinib received
regulatory approval based on, or supported by, studies with sequential use of 2G-TKIs.'”- %! This
is different from ponatinib, the efficacy of which in sequential use was demonstrated in the
clinical trials conducted prior to its approval.® 23

Figure 3-5 details the recommended treatment algorithm for patients with CML who exhibit
cytogenetic or haematologic resistance while receiving TKI therapy. In cases of disease
progression, selection of subsequent TKI is based on previous therapy and/or the results of
mutational testing." Supportive care recommendations include the use of hydroxycarbamide for
symptomatic thrombocytosis and leucocytosis."

The NCCN Evidence Blocks™, a visual representation of important information related to specific
recommendations, provide a useful means to compare potentially appropriate interventions. %6
Compared to bosutinib, dasatinib, and nilotinib, ponatinib is rated highest for “efficacy” and
“consistency of data” in the 3L setting.'®’

Figure 3-5. NCCN guideline recommendations for patients with CML who exhibit
cytogenetic or haematologic resistance to TKis

1L therapy 2L and subsequent therapy
Clinical trial
i, o . - or
Dasc.)e;hmb —— Nilotinib or bosutinib or ponatinib Bl o
Imatinib —— Nilotinib - Dasatinib or bosutinib or ponatinib | — 21°-SCT
ar depending on
Bosutinib — Dasatinib or nilotinib or ponatinib [ESPORSC
or
Omacetaxine
Nilotinib —— Bosutinib or ponatinib Clinical trial
Dasatinib — or or
Bosutinib —— Nilotinib or ponatinib Evaluate for
allo-SCT
depending on
Dasatinib — Bosutinib or ponatinib response
Nilotinib ——> or or
Bosutinib —— Dasatinib or ponatinib Omacetaxine

Adapted from the NCCN Guidelines for CML, version 1 (2016)."
Allo-SCT, allogeneic stem cell transplantation.

3.6.3.2 Ph+ALL

The first-line treatment approach for adult patients with Ph+ ALL is different from the approach
used to treat paediatric ALL, with treatment modifications suggested for older patients and those
with substantial comorbidities. In contrast, relapsed/refractory disease is managed in a consistent
manner, regardless of age. According to the 2016 NCCN guidelines for treatment of Ph+ ALL in
adults:"!

e Treatment in a clinical trial is recommended whenever possible.

e For adult patients younger than 65 years of age or with no substantial comorbidities,
induction therapy with chemotherapy plus a TKI is recommended. Allo-SCT should be
considered if a complete response is achieved. After allo-SCT, treatment with a TKI
should be considered. If allo-SCT is not possible, maintenance therapy plus a TKI should
be instituted.
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e For patients 65 years of age and older or with substantial comorbidities, a TKI plus either
corticosteroids or chemotherapy is recommended as induction therapy. If a complete
response is achieved, consolidation therapy should consist of either the TKI alone or in
combination with either corticosteroids or chemotherapy, followed by maintenance
therapy plus a TKI.

¢ In the event of relapsed/refractory disease, ABL mutational testing should be considered.
As with CML, there is the potential for imatinib-resistant BCR-ABL mutations to arise,
including the T315I mutation. Treatment options for relapsed/refractory disease include:
investigational therapy, a different TKI with or without corticosteroids or chemotherapy, or
allo-SCT.

The NCCN guidelines note that ponatinib has shown activity in patients with TKl-resistant Ph+
leukaemia, including those with Ph+ ALL and the T315l mutation."!

3.7 Issues relating to current clinical practice
CML

Per NICE recommendations, imatinib and nilotinib should be used first-line for patients with Ph+
CP-CML and nilotinib or imatinib are used second-line depending on which agent was previously
used (eg, nilotinib for patients R/l to standard-dose imatinib and imatinib for patients currently
receiving interferon alpha). Imatinib is also recommended for patients who initially present with
Ph+ AP/BP-CML."® Although dasatinib is not recommended by NICE at the time of writing this
submission it is available through the CDF,8 and is thus accessible to CP- and AP-CML patients
in England (dasatinib was previously available for the treatment of BP-CML through the CDF but
it was delisted in March 2015).8° Bosutinib has been recently recommended by NICE within its
marketing authorisation, with conditions as noted above.* Prior to its recommendation, bosutinib
was only available to patients in England through the CDF .8 8 The extent to which dasatinib
and bosutinib are used in clinical practice is uncertain, although, as described below, a recent
HCP survey has provided insight into current treatment use in England by line of therapy.4®
Regardless, no evidence-based recommendations exist for patients who have failed 22 TKIs—a
patient population with recurrence caused by low compliance, side effects, or true TKI
resistance.”

A survey of clinical experts was conducted in 2016 to gain a better understanding of current
clinical practice for the treatment of CML in England (see Appendix 14: Cost and healthcare
resource identification, measurement, and valuation).*® Results of the survey showed that
imatinib is used first line in 63% of patients with CP-CML; 1L nilotinib is used in over a third of
newly diagnosed patients. In patients who are R/l to 1L imatinib, nilotinib is the 2L treatment of
choice in 72% (failure due to resistance) and 68% (failure due to intolerance) of patients.
Dasatinib is used in 20%—25% of patients who required 2L treatment.*® In patients with CP-CML
who fail 2L treatment due to resistance or intolerance, dasatinib is used third line in most cases
(60%). Of note, there is a lack of clinical evidence to support dasatinib for sequential use in R/I
patients treated with a prior 2G-TKI, and sequential use is not an approved indication for the
drug."” According to the survey results, bosutinib is used in about 20%—25% of patients with CP-
CML who fail a 2L TKI. At 3L failure, patients are most often treated with TKis, allo-SCT, or
hydroxycarbamide: a substantial proportion of patients (55%) receive bosutinib, approximately a
fifth receive a transplantation, and 10% receive hydroxycarbamide.*®

For CP-CML, there may be some uncertainty in the need for and timing of allo-SCT. Traditionally,
allo-SCT has offered the best chance for long-term survival, yet since the introduction of TKis,
survival for patients with CML has improved substantially even in the absence of transplantation.
The timing of allo-SCT is now typically third or fourth line after failure with prior TKIs, but this
situation is becoming more complex with the use of 2G-TKls in the 1L setting. That is, there is
uncertainty as to whether physicians should consider allo-SCT in second line if patients are R/l to
1L nilotinib or dasatinib.#” According to the 2013 ELN treatment recommendations, allo-SCT
could be considered 2L after failure of 1L nilotinib or dasatinib. According to the results of the UK
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HCP survey, however, allo-SCT is used after 3L treatment failure, and then in only 22% of
patients.*®

Ph+ ALL

NICE has made no formal recommendations for the treatment of adult patients with ALL and as
such the disease is not part of the leukaemia clinical pathway of care.'® EMA-approved TKls
available for patients with Ph+ ALL include imatinib and dasatinib. Imatinib has market
authorisation for first-line treatment of Ph+ ALL in combination with chemotherapy and for
treatment of relapsed or refractory Ph+ ALL as monotherapy®°, but it has not been appraised by
NICE. Dasatinib was available through the CDF until November 2015 for treatment of adults with
Ph+ ALL with resistance or intolerance to prior therapy, including imatinib.8® The extent to which
these TKiIs are used in current clinical practice for treatment of adult Ph+ ALL is unknown.
According to European guidelines, combination chemotherapy plus imatinib is standard practice
for newly diagnosed Ph+ ALL and patients who fail treatment with imatinib should be offered a
new-generation TKI (eg, dasatinib).?® These TKIls, however, are not available for patients with
Ph+ ALL in England. Relapsed Ph+ ALL continues to present a major clinical challenge in
particular, due to the limited availability of treatments.

3.8 Equality

No equality issues relate to ponatinib for treatment of adult patients with CML and Ph+ ALL. Itis
a therapy for patients who have very limited treatment options; ponatinib can address the unmet
need for patients who develop resistance or intolerance to current TKI therapy. Ponatinib would
provide an additional treatment option in the clinical pathway of care for patients with CML and
would offer a new treatment option for Ph+ ALL. Although allo-SCT is an option for both patients
with CML and Ph+ ALL, this intervention depends on donor availability, which is unequal across
ethnic/minority groups.™ In addition, it is the only TKI active against the T315| mutation. In the
PACE study (Cortes et al. 2013), response rates were high among patients with CP-CML who
did not have detectable BCR-ABL mutations, as well as among patients with mutations other
than T3151.° Therefore, regardless of mutation status, all indicated patients with CML may benefit
from ponatinib.
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4 Clinical effectiveness

4.1 Identification and selection of relevant studies

4.1.1 Systematic literature review (SLR) overview

Two comprehensive SLRs were conducted to identify randomised controlled trials (RCTs) and
observational studies reporting the safety and efficacy of current treatments for adult patients
being treated for CML (CP, AP, or BP) and Ph+ ALL in the second line or later. The SLRs were
conducted in accordance with the requirements of NICE'%8 159 and the Centre for Reviews and
Dissemination (CRD) guidance.6°

4.1.2 Search strategies

As the goal of the clinical SLRs was to be as broad as possible, PICOS criteria (participants,
interventions, comparators, outcomes, and study design) were designed to capture studies
evaluating all lines of therapy for CML and Ph+ ALL beyond first line.

Searches for literature published between January 2000 and January/February 2016 were
conducted in EMBASE, MEDLINE, MEDLINE In-Process & Other Non-Indexed Citations,
Cochrane Central Register of Controlled Trials (CENTRAL), Cochrane Health Technology
Assessment (HTA) database, ClinicalTrials.gov, and the WHO International Clinical Trials
Registry Platform (ICTRP). Abstracts from the following conferences were also searched from
2013 to February 2016:

e American Society of Clinical Oncology (ASCO)
e American Society of Hematology (ASH)
e European Hematology Association (EHA)
Review articles were manually searched for relevant publications.

Bibliographic databases were originally searched using predefined search strategies adapted
from those described in the Single Technology Appraisal (STA) for bosutinib.'®" A revision to the
EMBASE and MEDLINE search strategies was subsequently made to improve the sensitivity of
the clinical trial search filter to non-randomised prospective studies. The conference abstract
search strategy was also revised to improve sensitivity. Updated searches were conducted in
July 2016. Of note, the updated CML clinical search did not include dasatinib and nilotinib as
comparators, as these were not included in the decision problem issued by NICE. See Appendix
2: Search strategies for relevant clinical studies for the original, revised, and updated search
strategies used in the CML and Ph+ ALL SLRs.

4.1.3 Study selection

In a pilot screening phase, two researchers applied the inclusion/exclusion criteria to a sample of
abstracts to ensure that the criteria were understood and that interpretation was consistent.
Following this pilot phase, relevant studies were identified in two stages. Two researchers
independently examined all titles and abstracts to determine potential relevancy. Full-text
screening was conducted for articles that were not definitively categorised via title/abstract.
Discrepancies were addressed through discussion.

Criteria describing the relevant population, interventions, comparators, outcomes, trial design,
and language restrictions used to determine the relevance of each record are detailed in Table
4-1. Study selection criteria related to target population were developed based on the approved
SmPC indication for ponatinib. Relevant interventions were identified via the approved SmPC
indications and current guidelines.® 47- 72 The remaining criteria (comparators, outcomes, trial
design, and language restrictions) were intentionally kept broad to permit a comprehensive view
of the literature. When designing our SLR for CML (prior to receipt of the pre-invitation draft
scope in June 2016), we did not include interferon alpha as a comparator because it is rarely
used to treat CML in the UK.'8 4782 |n the bosutinib appraisal, it was also the conclusion of the
committee that interferon alpha is not used in clinical practice.?® Given the lack of clinical data on
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the use of interferon alpha for treatment of relapsed patients (post-TKIl—in particular those
treated with =22 prior TKIs—and post-other treatments) we excluded interferon alpha as a
comparator in the updated SLR.

Table 4-1. Eligibility criteria used in the clinical search strategy

Clinical
effectiveness

Inclusion criteria

Exclusion criteria

Population

Interventions

Comparators

Outcomes

Trial design

Language
restrictions

Adults (=18 years) with CML or Ph+
ALL R/l to prior treatments

Patients must have received at least
one prior treatment for their disease

CML: Ponatinib, dasatinib*, nilotinib*,
bosutinib, hydroxycarbamide, stem
cell transplantation, and BSC

Ph+ ALL: Ponatinib, stem cell
transplantation, and BSC

All potential comparators (eg,
placebo, BSC, active intervention), as
well as studies with no comparator
(ie, single-arm trials)

Response rates, OS, PFS, RFS, time
on treatment, maintenance of
response, TFS, AEs, intervention
doses, RDI

RCTs (including crossover studies),
non-randomised single-arm ftrials,
and observational studies
(retrospective and prospective)

Reviews, SLRs, and meta-analyses
to identify relevant articles for manual
reference searching

No limitation by language in searches

Animal studies, in vitro studies, and
studies in healthy populations

Imatinib, as it is primarily used in the
first line and does not represent a
direct comparator for ponatinib

Mixed-population studies (ie, those

including 1L and later patients) that

do not present results in 2L or later

patients separately from those in 1L
patients

Letters, comments, editorials, case
reports, and pharmacokinetic studies,
models (economic or mathematical),
surveys, adherence studies,
prognostic studies, epidemiological
studies, studies of treatment
prescribing patterns, and dose-
escalation studies

Studies with fewer than 10 patients
overall (across all treatment arms)
and abstracts without sufficient
information

Studies in languages other than
English excluded during screening

1L, first line; 2L, second line; AE, adverse event; BSC, best supportive care; CML, chronic myeloid leukaemia; OS, overall
survival; PFS, progression-free survival; RCT, randomised controlled trial; RDI, relative dose intensity; RFS, relapse-free
survival; R/l, resistant or intolerant; SLR, systematic literature review; TFS, transformation-free survival.

*Original and revised searches only; in line with the decision problem, the updated CML SLR conducted in July 2016 did not
include trials with dasatinib and/or nilotinib.

41.4 Flow diagram for clinical evidence

The PRISMA flow diagrams for clinical evidence in CML (Figure 4-1) and Ph+ ALL (Figure 4-2)
show the SLR process including the total number of records identified in the searches and the
reasons for study exclusion.

The goal of the clinical SLRs was to be as broad as possible. However, for the purposes of
modelling the use of ponatinib according to its approved SmPC indication in adult patients with
CP-, AP-, or BP-CML who are resistant to dasatinib or nilotinib or who are intolerant to dasatinib
or nilotinib and for whom subsequent treatment with imatinib is not clinically appropriate,?? the
SLR results were filtered to include only the studies conducted in patients who had received a
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2G-TKI prior to the investigational treatment. After filtering, a total of 74 publications provided
results pertaining to the post—2G-TKI CML patient population (Figure 4-1).

Figure 4-1. PRISMA flow diagram for clinical evidence in CML
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2G-TKI, second- generation TKI.

*Reviews, meta-analyses, SLRs, HRQoL studies, epidemiological studies. In other words, not a randomised controlled trial,
single-arm trial, or observational study (either retrospective or prospective).

Similar to the CML SLR, the search of the literature for Ph+ ALL was broad to capture as many
relevant studies as possible. Despite the broadness of the search, no studies were identified in
patients reflecting the population for which ponatinib is indicated and the NICE scope. Due to the
nature of the broad search, however, studies in which patients received allo-SCT while in first
complete remission (CR1) were included at the study selection phase. Studies meeting the
inclusion criteria were thus further filtered to select those in patients who had failed any prior
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therapy to best reflect the patient population for which ponatinib is indicated, considering the
absence of literature published after 2G-TKI failure in patients with ALL. After filtering, a total of
23 publications provided results pertaining to patients with Ph+ ALL who had failed at least one
prior therapy (Figure 4-2).

Figure 4-2. PRISMA flow diagram for clinical evidence in Ph+ ALL
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*Reviews, meta-analyses, SLRs, HRQoL studies, epidemiological studies. In other words, not a randomised controlled trial,
single-arm trial, or observational study (either retrospective or prospective).

The complete lists of included studies (before filtering) for the CML and Ph+ ALL SLRs are
presented in Appendix 16: Complete list of included studies identified in the SLR.
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4.1.5 Primary studies and associated publications

CML Clinical SLR: Of the 74 publications pertaining to the post—2G-TKI CML patient population,
33 were considered primary studies and 41 were associated publications (eg, abstracts including
long-term follow-up data, patient subgroup analyses, etc).

Ph+ ALL Clinical SLR: Overall, 23 publications were in patients with Ph+ ALL who had failed at
least one prior therapy; of these, 17 were considered primary studies and 6 were associated
publications.

4.1.6 Excluded studies

Excluded studies for the CML and ALL SLRs are listed in Appendix 17: Complete list of studies
excluded in the SLR.

4.2 Listof relevant randomised controlled trials

No RCTs comparing ponatinib with other relevant therapies for the treatment of CML in the post—
2G-TKI setting or for the treatment of Ph+ ALL in patients R/I to prior therapy were identified in
the SLR.

4.3 Summary of methodology of the relevant randomised controlled trials
Not applicable; see Section 4.2.

4.4 Statistical analysis and definition of study groups in the relevant
randomised controlled trials

Not applicable; see Section 4.2.

4.5 Participant flow in the relevant randomised controlled trials
Not applicable; see Section 4.2.

4.6 Quality assessment of the relevant randomised controlled trials
Not applicable; see Section 4.2.

4.7 Clinical effectiveness results of the relevant randomised controlled
trials
Not applicable; see Section 4.2.

4.8 Subgroup analysis

Not applicable. No subgroup analyses were carried out as no RCTs comparing ponatinib with
other relevant therapies for the treatment of CML in the post—2G-TKI setting or of Ph+ ALL in
patients R/l to prior therapy were identified in the SLR.

4.9 Meta-analysis

Not applicable; see Section 4.2. No RCTs comparing ponatinib with other relevant therapies for
the treatment of CML in the post—-2G-TKI setting or of Ph+ ALL in patients R/l to prior therapy
were identified in the SLR. The traditional approach to mixed treatment comparison or network
meta-analysis is not feasible given that all relevant studies identified in the SLR are single-arm.
In this case, however, a MAIC can be an appropriate technique to use, as described by
Signorovitch et al. 2010 and 2012.62 163 Therefore in the absence of head-to-head trials, non-
RCT (single-arm) studies identified in the CML SLR, described in Section 4.11, were used to
carry out a MAIC for the de novo CP-CML economic analysis. The objective of the MAIC was to
adjust the main effectiveness outcomes of ponatinib (as included in the cost-effectiveness model)
with the baseline characteristics of relevant comparator studies according to the NICE scope
(specifically, bosutinib). Details of the non-RCT trials included in the MAIC and the methods of
this comparison are covered in Section 4.10.
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4.10Indirect and mixed treatment comparisons
Search strategy
4.10.1 Details of search strategy

The MAIC was informed by the clinical SLR. Details of the search strategies are provided in
Section 4.1.2.

Study selection
4.10.2 Details of treatments compared

As noted above, the MAIC was informed by the clinical SLR. The study selection process is
detailed in Section 4.1.3.

4.10.3 Trial selection process criteria

The criteria used in the trial selection process are detailed in Section 4.1.3.
4.10.4 Summary of trials

Table 4-2. Summary of the trials used to carry out the MAIC analysis for ponatinib in CML

Study Bosutinib Ponatinib
Khoury et al. 2011
(Phase 1/2 trial)® Yes _
Cortes et al. 2013
(PACE)® — Yes

4.10.5 Rationale for exclusion

Other therapies for the treatment of CML in the post—2G-TKI setting include the 2G-TKIls
dasatinib and nilotinib. In accordance with the NICE scope, in which the only TKI comparator is
bosutinib, neither dasatinib nor nilotinib is included in the MAIC."64

In addition to TKI therapy, treatment options in clinical practice for adults with CML include BSC
(including hydroxycarbamide) and allo-SCT (depending on the availability of a suitable donor and
the eligibility of the patient).*” No studies for BSC were identified in the SLR. Allo-SCT studies
were identified in the setting of post—2G-TKI, but were not included in the MAIC. The rationale for
this was that although allo-SCT is considered a relevant comparator in the sense that these
interventions provide complete context for health economic evaluation, the MAIC was done for
response categories (CCyR, partial cytogenetic response [PCyR], [CHR, non-responder [NR]),
which are not directly applicable in the context of transplantation. The simulation in the economic
model for the SCT arm is such that an indirect comparison was not appropriate.

Methods and outcomes of included studies

4.10.6 Rationale for chosen outcome measure

The main effectiveness outcome measures for the MAIC are best response rate (cytogenetic and
haematologic) and duration of response. Outcome measures of CML treatment efficacy as such
OS, event-free survival (EFS), and transformation-free survival (TFS) require long follow-up
times, and this may delay the approval and availability of new treatments for patients with
CML."85 CP-CML has a relatively long disease course, and with high response rates achieved
with available treatments, survival-based outcome measures are not practical. To address the
shortcoming of using long-term outcomes, shorter-term measures of treatment efficacy, such as
response rates, are widely recognised as surrogate endpoints of survival.® 9 165,166

Cytogenetic response as a surrogate outcome for OS has been used in prior NICE technology
appraisals (TA241 and TA251)% 92 and HTAs by Rogers et al. 2012,82 Pavey et al. 2012,'%” and
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Loveman et al. 2012."%® Supporting cytogenetic response as a surrogate for OS in these
evaluations is a recent systematic review and meta-analysis of studies evaluating 1L treatment
with imatinib, dasatinib, or nilotinib that showed an association between CCyR and MMR and
long-term OS.16°

Surrogate endpoints can provide early indications of treatment success, and can also identify
patients who would benefit from switching therapies.'® In line with this, the 2013 ELN
recommendations for the management of CML recommend monitoring for CHR and CCyR/PCyR
response to evaluate treatment efficacy, regardless of which TKI is used.*”

4.10.7 Trial populations

The trial population in PACE (Cortes et al. 2013)° included adults with CP-, AP-, or BP-CML or
Ph+ ALL who were R/l to dasatinib or nilotinib or who had developed the T315] mutation after
any TKI therapy. For ponatinib, individual patient data (IPD) from patients in the PACE trial who
had received 2 prior TKls (n=97) were used to inform the MAIC.'7°

The bosutinib phase 1/2 trial was a two-part study: Part 1 was a dose-escalation study in patients
with CP-CML (and one patient with AP-CML) who had developed resistance to prior treatment
with imatinib (ie, 2L bosutinib).2 Part 2 of the study evaluated the efficacy and safety of bosutinib
across different lines of therapy, including >3L bosutinib in patients previously treated with
imatinib and dasatinib and/or nilotinib. Khoury et al. 2012 report the results for adults with Ph+
CP-CML who had received prior treatment with imatinib followed by dasatinib and/or nilotinib (ie,
results for the 3L cohort).2 The total population (N=118) in the phase 1/2 bosutinib trial included
patients with CP-CML who had prior treatment with imatinib followed by dasatinib or nilotinib
(n=114) and patients for whom prior imatinib therapy failed, and who were either intolerant to
nilotinib (n=1) or R/l to prior nilotinib and dasatinib therapy (n=3; 4L).8

The MAIC was performed using baseline characteristics and effectiveness data for the CP-CML
patient subgroups in each trial. The CP-CML trial populations are the same as those specified in
the NICE scope,'%* namely, adults whose disease is resistant to dasatinib or nilotinib, who are
intolerant to dasatinib or nilotinib and for whom subsequent treatment with imatinib is not
clinically appropriate, or who have the T315] mutation.

No MAIC was performed to adjust for baseline characteristics in AP/BP-CML when evaluating
effectiveness outcomes in this subset of patients with advanced disease due to a lack of
comprehensive data in the 3L setting. Instead, to inform the AP/BP-CML economic model,
response rates were taken from the AP/BP-CML cohort of the PACE study; duration of response
is irrelevant in the AP/BP-CML model as patients who respond to treatment transition to allo-SCT
in the first cycle. No MAIC was performed to adjust for baseline characteristics in Ph+ ALL due to
a lack of applicable data for comparators.

4.10.8 Differences in patient populations

The summary of baseline characteristics of the trial populations used in the MAIC are outlined in
Section 4.10.15.

4.10.9 Additional study details

Please see Appendix 6: Methods, results, outcomes, and quality assessment of the relevant
trials in the indirect or mixed treatment comparison, for tables of the methods, results and
outcomes, and participants' baseline characteristics.

Risk of bias

4.10.10 Quality assessment

Please see Appendix 8: Quality assessment of the relevant non-randomised and non-controlled
evidence.
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41011 Bias and adjustments

Baseline characteristics considered to have prognostic value may be sources of bias in individual
trials. For example, age,'" sex,'”?, and race'”® have been reported to affect outcomes in CML.
To address potential sources of bias between studies, adjustments to match baseline
characteristics were carried out as described in Section 4.10.12. Please refer to the next section
for complete details on the baseline values for bosutinib and PACE trials, and the adjusted
values for the 3L PACE population.

Methods of analysis and presentation of results

4.10.12 Methodology

A MAIC was conducted to adjust for differences in baseline characteristics between the PACE
study (primary publication by Cortes et al. 2013)° and the phase 1/2 bosutinib study (Khoury et
al. 2012)8. The methodology is described in detail in Signorovitch et al. 2012."%2 Briefly, a MAIC
involves using IPD from one or more trials of one intervention to match baseline patient
characteristics with those from trials with another intervention. Using this approach, individual
patients treated with ponatinib in the PACE study were assigned weights such that: (1) the
weighted mean baseline characteristics in PACE exactly matched those reported for patients
treated with bosutinib and, (2) each patient’s weight was equal to his or her estimated odds of
being treated with bosutinib versus ponatinib. Weights meeting these conditions were obtained
from a logistic regression model for the propensity of being treated with bosutinib vs ponatinib,
with individual patient values for all matched-on baseline characteristics included as predictors.

The weights obtained with this process were then used to produce matching-adjusted estimates
of the main effectiveness outcomes of ponatinib as included in the cost-effectiveness modeli; ie,
best response rates and duration of response.

An alternative approach to MAIC is simulated treatment comparison (STC)."7 Although STC is
conceptually very similar to MAIC, STC may be less well suited for outcomes that typically
require non-linear models, such as time-to-event (eg, PFS, OS) or binary outcomes (eg,
response rates).

4.10.12.1 Trial source data

The IPD for ponatinib used to inform the MAIC were those obtained from CP-CML patients in the
PACE trial who had received 2 prior TKls (n=97)."° The MAIC employed the most recent IPD
from PACE, based on a data cut-off of 3 August 2015.

Response rates for bosutinib were sourced from the phase 1/2, open-label, two-part study by
Khoury et al. 2012.8 The second part of this study evaluated the efficacy and safety of bosutinib
(500 mg/day) across multiple CP-CML patient subpopulations. The response rates applied in the
model were those for the total population (N = 118), comprising patients who had failed imatinib
as well as either dasatinib or nilotinib (n = 114), and patients who had failed imatinib, dasatinib,
and nilotinib (n = 4). Baseline characteristics available for the indirect comparison of bosutinib vs
ponatinib were T315] mutation status, sex, median age, race, duration of CML, and Eastern
Cooperative Oncology Group (ECOG) performance status.

Reported medians were interpreted, for matching purposes, as a binary characteristic. For
instance the median age of 53.0 years was transformed into a binary variable age >53.0 years,
with a frequency of 50%. Ideally, matching should be based on clinically relevant risk factors that
impact on the relative treatment effects. However, there is no well-established procedure
regarding how the risk factors to be matched should be identified; therefore, all available
variables were used in the analysis.

410.13 Programming language

Please see Appendix 7: Programming language used in the MAIC analysis.

4.10.14 Examples of how to present the results of the analysis

Not applicable.
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4.10.15 Results

Table 4-3 presents baseline characteristics of the ponatinib cohort, before and after the matching
with bosutinib. The effective sample size (computed as the square of the summed weights
divided by the sum of the squared weights) in the PACE trial decreased from 97 to 69 as a
consequence of the matching process. Table 4-4 shows the best response rates before and after
matching with bosutinib characteristics.

After matching, the best response rate with ponatinib for CCyR is reduced by 3.61% (64.95%
unmatched vs 61.34% after matching), while PCyR is increased by 2.27% (6.19% unmatched vs
8.46% after matching) (Table 4-4). After matching, MCyR (PCyR + CCyR) is marginally reduced,
from 71.13% in the base-case to 69.80%.

Table 4-3. Baseline patient characteristics for bosutinib and ponatinib cohorts included in
the MAIC and the matching-adjusted ponatinib cohort

Bosutinib Ponatinib Ponatinib
Khoury et al. 2011 Cortes et al. 2013 Matching-
Baseline parameter (Phase 1/2 trial)® (IPD PACE)'"® adjusted
Number of patients, n 118 97 69
Median age, % >56.0 years 50.0 53.6 50.0
Sex, % male 449 515 44.9
T315] mutation at study 59
entry’ % 59 309 .
Race, % white 72.0 79.4 72.0
Median duration of CML, % 500
>6.7 years 50.0 42.3 .
ECOG PS, % with 1 26.5 29.9 265

CML, chronic myeloid leukaemia; ECOG PS, Eastern Cooperative Oncology Group performance status; IPD, individual patient
data.

*Effective sample size was computed as the square of the summed weights divided by the sum of the squared weights.

Table 4-4. Best response rates before and after the matching with bosutinib
characteristics

Bosutinib Ponatinib Ponatinib
Khoury et al. 2011 Cortes et al. 2013 Matching-
Best response (Phase 1/2 trial)® (IPD PACE)'"® adjusted
Number of patients, n 118 97 69*
CCyR 24.07% 64.95% 61.34%
PCyR 8.33% 6.19% 8.46%
CHR 37.93% 17.53% 18.19%
No response 29.66% 11.34% 12.01%

CCyR, complete cytogenetic response; CHR, complete haematologic response; CML, chronic myeloid leukaemia; ECOG PS,
Eastern Cooperative Oncology Group performance status; IPD, individual patient data; PCyR, partial cytogenetic response.

*Effective sample size was computed as the square of the summed weights divided by the sum of the squared weights.

Figure 4-3 shows the Kaplan-Meier (KM) survival estimates of the matching-adjusted duration of
response for ponatinib. After matching, duration of CCyR and PCyR estimates were slightly lower
than duration of response in the unmatched base-case.
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Figure 4-3. Kaplan-Meier survival estimates of the duration of response for ponatinib
before and after the matching with bosutinib characteristics

4.10.16 Statistical assessment of heterogeneity

Not applicable. The MAIC addresses issues of heterogeneity between trials by incorporating IPD
that reduces observed cross-trial differences. 62

41017 Justification of random or fixed effects model

Not applicable.
4.10.18 Sensitivity analyses

Not applicable. There was no uncertainty about the relevance of the two studies included in the
MAIC.

4.10.19 Discussion of results

To inform the health economic analysis, we have performed a MAIC to adjust the main
effectiveness outcomes of ponatinib—best response rates and duration of response—with the
baseline characteristics of bosutinib. Using IPD from the PACE trial, a reliable comparison
between ponatinib and bosutinib was possible, limiting biases possibly influencing outcomes
across these trials. Notably, we adjusted for all usable baseline characteristics available in the
Khoury et al. 2012 publication, including T3151 mutation status, sex, median age, race, duration
of CML, and ECOG performance status. Some of these baseline characteristics are considered
to have prognostic value (ie, age,'”" sex,'”? and race'’?), while the predictive importance of other
characteristics is undefined in the literature. Incorporating all available baseline characteristics
helps to minimise the risk of bias between groups.

After adjusting for differences in patient baseline characteristics between the phase 1/2 bosutinib
trial (Khoury et al. 2012) and the PACE trial (Cortes et al. 2012), the best response rate with
ponatinib for CCyR was reduced by 3.61% and PCyR increased by 2.27%. Overall, MCyR with
ponatinib was marginally reduced, from 71.13% in the base-case to 69.80% after matching. After
matching, duration of CCyR and PCyR estimates were slightly lower than response rates in the
unmatched base-case. Therefore, the adoption of the MAIC analysis (rather than a naive
comparison) is conservative with respect to the cost-effectiveness of ponatinib.
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Cross-trial differences in baseline characteristics between bosutinib and ponatinib have been
addressed in our MAIC to provide an unbiased indirect comparison of main effectiveness
outcomes between ponatinib and bosutinib. Matching-adjusted ponatinib response rates for
CCyR, PCyR, CHR, and no response, as well as matching-adjusted duration of response with
ponatinib, are used to inform the cost-effectiveness model for CP-CML.

Although the MAIC incorporated all the baseline variables reported in the bosutinib study as
covariates in the propensity score regression, there remains a potential bias due to unobserved
confounders. The resulting uncertainty in the primary efficacy index in the model is addressed in
a specific scenario analysis, which tests the effects of an arbitrary large range (+25%) of
cytogenetic response rates on ICER results.

4.11 Non-randomised and non-controlled evidence

4.11.1 List of relevant non-randomised and non-controlled evidence

In the CML clinical SLR, 33 primary studies remained after filtering the study selection results by
prior 2G-TKI use (seven single-arm non-RCTs, 23 observational studies, and three publications
considered "Other", all of which were indirect comparisons of ponatinib and a comparator or
comparators). All of the non-RCTs were single-arm, open-label trials, except for one which did
not report blinding (Giles et al. 2010%). Of the 23 observational studies, 17 were retrospective in
design and six were prospective. Ten primary studies were focused on ponatinib, three on
bosutinib, one on dasatinib, three on nilotinib, one on dasatinib and nilotinib (head-to-head), and
five on allo-SCT. Ten studies evaluated multiple TKls without reporting results separately. Of the
41 publications associated with the 33 primary CML studies, six were considered potentially
relevant for further analysis based on the NICE scope. No studies evaluating the
efficacy/effectiveness of BSC in CML were identified.

In the Ph+ ALL clinical SLR, 17 primary studies remained after filtering of the study selection
results by patients who had failed at least one prior therapy (two single-arm non-RCTs, 14
observational studies, and one indirect comparison of ponatinib and allo-SCT). All of the non-
RCTs were single-arm, open-label trials. Of the 14 observational studies, 11 were retrospective
in design and three were prospective. Four primary studies were focused on ponatinib, ten on
allo-SCT, and three on outcomes after relapse. Of the five publications associated with the 17
primary Ph+ ALL studies, one was considered potentially relevant for further analysis (Cortes et
al. 2015)'% as it reports long-term follow-up data for Ph+ ALL patients in the PACE trial. No
studies evaluating the treatments for patients with Ph+ ALL who had failed dasatinib were
identified. No studies evaluating the efficacy of BSC in Ph+ ALL were identified.

Table 4-5 (CML) and Table 4-6 (Ph+ ALL) provide details of all non-randomised/non-controlled
evidence identified in the SLR as well as the study inclusion/exclusion status for the purposes of
populating the cost-effectiveness models included in this submission.
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Table 4-5. List of non-randomised and non-controlled evidence identified as potentially relevant in the CML clinical SLR
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Study ID Publication Objective Population Intervention Comparator Included/excluded?
Cortes et al. To determine the maximum CP-, AP-, Included: Pivotal phase 1 trial for
20122 tolerated dose or recommended BP-CML Ponatini N ponatinib
NCT00660920 dose of oral ponatinib SEID one M
Talpaz et al. . . CP-CML Included: Minimum 4-year follow-up
2015176 administered once daily of pivotal phase 1 trial for ponatinib
. . CP-, AP-,
Cortes et al To determine the efficacy of BP-CML Included: Pivotal phase 2 trial for
2013° ) ponatinib in patients with CML or and Ph+ ponatinib
PACE/ Ph+ ALL who are R/l to either ALL Ponatinib None
NCT01207440 dasatinib or nilotinib, or who have )
Hochhaus et the T315I mutation ) Included: 4-year follow-up of pivotal
CP-CML . o
al. 20152 phase 2 trial for ponatinib
To evaluate the safety and Excluded: Interim analysis of
efficacy of ponatinib in Japanese CP-, AP-, ongoing phase 1/2 study, published
Kyo et al. patients with CML after failure of BP-CML Ponatinib None in abstract form; results not
NCT01667133 2014177 dasatinib or nilotinib or with Ph+ and Ph+ reported by line of therapy;
ALL after failure of prior TKls due ALL incomplete reporting of response
to resistance or intolerance categories
Excluded: Observational study
To evaluate the efficacy and P- AP published in abstract form; Its f
safety of ponatinib in patients with C -’C N sep%rate response-rate results for
NCT01592136  Jevakumar — CML R/lto imatinib, dasatinib, and ~ oF-CM- Ponatinib None  Dor-CMLandPh+AlLnot
etal. 2013'® . tinib (CP, AP) or R/l to imatinib and Ph+ reported; less complete reporting of
N ALL response categories compared with
and dasatinib (BP, Ph+ ALL) 0 : e
clinical trial data for ponatinib
available from PACE
Excluded: Observational study
published in abstract form; results
CP-, AP-, reported only for CP-CML; results
Milojkovic et To examine efficacy of ponatinib BP-CML Ponatinib None not stratified by line of therapy; less
- al. 201417 in patients failing multiple TKls and Ph+ complete reporting of response
ALL categories compared with clinical

trial data for ponatinib available
from PACE



Study ID Publication Objective Population Intervention Comparator Included/excluded?
To evaluate safety and efficacy of Excluded: Observational study
ponatinib in patients with CML published in abstract form; results
Pearl o (any phase) R/l to prior TKis, in CP-. AP- not stratified by disease phase or
Observation Nicolini et al. university and non-university POV Ponatinib None line of therapy; less complete
2015™° hospitals, benefiting from the BP-CML reporting of response categories
Study ospitals, g p g9 p g
national ponatinib compassionate compared with clinical trial data for
use program ponatinib available from PACE
Excluded: Observational study
To characterise patients with CML published in abstract form; results
. who received ponatinib and to CP-. AP- not stratified by line of therapy; less
— Abulafia et assess the effectiveness and BP-CML. Ponatinib None complete reporting of response
al. 2015™ safety profile of ponatinib outside : categories compared with clinical
of clinical trials trial data for ponatinib available
from PACE
To examine efficacy outcomes
PACE and previously validated as predictors
bosutinib phase tOf Itong-tteém stL.ervaI,das well e}s Excluded: Indirect analysis using
1/2/ Levy et al. reaiment durafion and reason for—— ~p_ oy Ponatinib Bosutinib  ponatinib data from the PACE
NCTO01207440 2014182 study drug discontinuation, as stud
and surrogates for overall benefit—risk y
NCT00261846 in CP-CML patients treated with
3L ponatinib vs bosutinib
To compare the efficacy of
. ponatinib and 2G-TKls (bosutinib, Dasatinib,  Excluded: Indirect analysis of
_ Lipton et al. dasatinib, and nilotinib) in patients CP-CML Ponatinib nilotinib, ponatinib versus other TKIls using
2015° with CP-CML R/I to 21 prior 2G- bosutinibb  published data
TKI
To compare OS among CML and CP-. AP-
PACE and Lo Ph+ ALL patients with the BCR- BP-CML. Excluded: Indirect analysis of
EBMT/ Nicolinietal.  ABL1 T315I mutation treated with " - Ponatinib Allo-SCT  ponatinib versus allo-SCT; focused
NCT01207440 2015 ponatinib (in PACE) versus allo- ALL on patients with the T315I mutation

SCT (in the EBMT registry)
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Study ID Publication

Objective

Population Intervention

Comparator

Included/excluded?

Khoury et al.
20128

Kantarjian et
al. 201484

NCT00261846

Gambacorti-
Passerini et
al. 201585

Gambacorti-
Passerini et
al. 201486

Nakaseko et

NCT00811070 Al 2015187

Company evidence submission for ponatinib [ID671]

To assess the efficacy and safety
of bosutinib after treatment with
multiple TKls (imatinib and
dasatinib and/or nilotinib) in
patients with Ph+ CP-CML

To characterise toxicities
associated with bosutinib and
describe toxicity management in
Ph+ leukaemia patients (2L CP,
3L-4L CP [CP3L], and ADV
leukaemia [AP/BP, ALL])

To present the durability of
response and long-term (24 years)
safety of bosutinib in the fully
enrolled advanced leukaemia
cohort of the phase 1/2 study

To evaluate the long-term efficacy
and safety of bosutinib as 3L
therapy in CP-CML patients after
prior TKI failure (follow-up to
Khoury et al. 2012)

To evaluate the safety and
pharmacokinetics (part 1) and
efficacy and safety (part 2) of

bosutinib in Japanese Ph+ CP-
CML or AP-/BP-CML patients R/I
to previous imatinib (2L) or
imatinib plus dasatinib/nilotinib
(3L)

CP-CML

CP-CML
(data for
advanced
CML was
combined
with ALL
data and not
extracted)

Bosutinib

AP-, BP-
CML

CP-CML

CP-, AP-,

BP-CML Bosutinib
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None

None

Included: Pivotal phase 1/2 trial for
bosutinib providing results in the
CP-CML population

Included: Reports Grade 3/4
TEAESs occurring in 210% of
patients treated with bosutinib

Included: Reports results for
patients with AP- and BP-CML in
the pivotal phase 1/2 trial for
bosutinib

Included: 48-month follow-up of
patients with CP-CML in the pivotal
phase 1/2 trial for bosutinib

Excluded: phase 1/2 study with
small sample size of patients in 3L
(N=11); results not reported by
disease phase for 3L subgroup



Study ID Publication Objective Population Intervention Comparator Included/excluded?
Excluded: Observational study
Garcia- including only patients with CP-
Gutierrez et CML treated with bosutinib in 4L;
Spanish al. 2015188 To present safety and efficacy clinical trial data for bosutinib in 3L
Compassionate data for CP-CML patients treated CP-CML Bosutinib None available from pivotal phase 1/2
Use program with bosutinib in 4L trial
gz::;'frez ot Excluded: Abstract of the full
al. 2015189 publication described above
Quintas- To report results of treating
patients with dasatinib after CP-, AP-, - Excluded: Dasatinib not a
— Cardama et ial fail ith both BP-CML Dasatinib None NICE
al. 2007 sequen_na} ai ure.W|t. _ ot - comparator per scope
imatinib and nilotinib
. To study the efficacy of nilotinib in RN
— Giles et al. patients with CML following failure CP-and AP- Nilotinib None Excluded: Nilotinib not a
2010% of imatinib and dasatinib CML comparator per NICE scope
To evaluate the safety and
efficacy of nilotinib in patients with oo
ENACT/ Nicolini etal.  Gp. AP, or BP-CML whowere  CP~ AP~ Nilotinib None Cxcluded: Nilotinib not a
NCT00302016 2009 either resistant to or intolerant of BP-CML comparator per NICE scope
both imatinib and dasatinib
To report data from a combined
cohort of 2 expanded access
ENACT and clinical trials of therapy with
CAMN107AILO01/  Koren- nilotinib in imatinib R/l CML CP-, AP-, Ty e Excluded: Nilotinib not a
NCT00302016 M|chow1|g et patients in all clinical disease BP-CML comparator per NICE scope
and al. 2010 phases, ENACT (Expanding
NCT00264160 Nilotinib Access in Clinical Trials)
and CAMN107AILO1
To report response rates and
Garq et al. long-term results of using a 2G- CP-, AP-, b - Excluded: Nilotinib and dasatinib
- 200394 TKI after failure of imatinib and BP-CML Nilotinib Dasatinib not comparators per NICE scope

another 2G-TKI (3L)
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Study ID Publication

Objective

Population

Intervention

Comparator

Included/excluded?

Ibrahim et al.

2010%

Russo Rossi
et al. 2013

Ribeiro et al.
20151

Salihoglu et
al. 201592

Busque et
al. 201593

Cortes et al.
2011%

Lomaia et al.
201594
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To present experience managing

patients in CP with a 3rd TKI who

have failed both imatinib and 2L
dasatinib or nilotinib

To assess the long-term outcome

of a large series of CML patients

who received dasatinib or nilotinib
as 3L TKI therapy

To evaluate outcomes in patients
with CML treated with a 3rd TKI
after imatinib and
nilotinib/dasatinib failure

To report single-centre experience
with CML patients who received
2G-TKls as a 3L treatment option

To evaluate in an unbiased,
population-based registry the
patterns of utilisation of CML
treatments in the 2L and 3L
settings in order to assess the
discordance between real-life data
and those expected from clinical
trials

To determine the clinical value of
achieving different levels of
cytogenetic response for patients
treated with a second or
subsequent TKI, as determined by
the impact on survival and survival
free from transformation to AP and
BP

To report outcomes in patients
with CP-CML treated with 3L
therapy

CP-CML

CP-, AP-,
BP-CML

CP-, AP-,
BP-CML

CP-CML

CML (phase
NR)

CP-CML

CP-CML
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Nilotinib/dasatinib

Nilotinib/dasatinib

Nilotinib/dasatinib

Nilotinib/dasatinib

Nilotinib/dasatinib

Nilotinib/dasatinib/
bosutinib/bafetinib

Nilotinib/dasatinib/
bosutinib

None

None

None

None

None

None

None

Excluded: Nilotinib and dasatinib
not comparators per NICE scope

Excluded: Nilotinib and dasatinib
not comparators per NICE scope

Excluded: Nilotinib and dasatinib
not comparators per NICE scope

Excluded: Nilotinib and dasatinib
not comparators per NICE scope

Excluded: Nilotinib and dasatinib
not comparators per NICE scope

Excluded: Nilotinib and dasatinib
not comparators per NICE scope;
observational study

Excluded: Nilotinib and dasatinib
not comparators per NICE scope;
observational study



Study ID Publication Objective Population Intervention Comparator Included/excluded?
To evaluate the response rates N .
Lee et al. and outcomes of 3L TKI therapy in CP-CML Nilotinib/dasatinib/ None nglcuodn(:dé:\laltlg:g“be?rmgéssa;'g'z_
- 2014195 the treatment of patients with CP- bosutinib/radotinib b P P pe,
CML observational study
To determine patient NI .
Goldberg et  characteristics and emergent AEs ~ CML (phase  Nilotinib/dasatinib/ None E:)(tc gjodn?dé:\la'tlg:?'be??\ﬂgES:;g":
— al. 201519 that might underlie real-world NR) bosutinib/ponatinib b | P Pe;
i treatment choices @sEIEIeE] e
Akosile et al. 10 analyse the long-term outcome CP-CML Nilotinib/dasatinib/ None E;(tc::uodrﬁd;:\l;:g:?lbe?r'lldlggssa;?:
- 201540 of patients receiving multiple TKls bosutinib/ponatinib P P pe;
observational study
To compare outcomes of allo-SCT Included: Observational study of
Jabbour et in patients with and without a CP-, AP-, Allo-SCT None allo-SCT for the treatment of CML
— al. 2011144 BCR-ABL1 mutation who are BP-CML R/l to prior TKI therapy at one
resistant to TKI therapy centre in the US
To analyse the short-term
e Excluded: Transplant-related
Jabbour et transplant-related toxicity among CP-, AP-, ) -
- al. 200717 patients who received nilotinib or BP-CML Allo-SCT None ‘;%xcl)ﬁlgnr;gtr:oc(:joeTponent of
dasatinib before allo-SCT
To examine the clinical . .
characteristics, SCT outcomes, ngalu;rzdé\gﬁ;i|Ceo(T)psr?1§28r:\£
. and long-term follow-up of patients CP-. AP- rovided by phase. results not
_ Nair et al. diagnosed with CP-CML who fail 20" Allo-SCT None cheriuiaie. A i o e T
2015 initial TKI treatment and to identify =arty pre b and P dditional
predictors of post-SCT survival, .ﬁ).';'(?r Imatinib and one additiona
relapse, and nonrelapse mortality )
Excluded: Patient population does
not match that considered in
To analyse outcomes of patients economic model as it is not
Piekarska et with CML undergoing SCT after CP-, AP-, Allo-SCT None specified if patients proceeded to
- al. 20151%° exposure to 22 TKis (including BP-CML allo-SCT due to TKI failure
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planned allo-SCT)



Study ID Publication Objective Population Intervention Comparator Included/excluded?
Excluded: Patient population does
To report the outcome of 12 CML not match that considered in
. patients resistant to imatinib, who CP-. AP- economic model as TKI was
_ Brecciaetal. nderwent allo-SCT following 2L BP-CML. Allo-SCT None discontinued to proceed with
2010%° treatment with dasatinib and/or : planned allo-SCT (ie, not due to

nilotinib

TKI failure); small sample size
(N=12)

2G, second generation; 2L, second line; 3L, third line; 4L, fourth line; ADV, advanced; ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase;
BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic phase; EBMT, European Society for Blood and Marrow Transplantation; NR, not reported; OS, overall survival; Ph+, Philadelphia
chromosome—positive; R/I, resistant or intolerant; SCT, stem cell transplantation; TEAE, treatment-emergent adverse event; TKI, tyrosine kinase inhibitor.

Table 4-6. List of non-randomised and non-controlled evidence identified as potentially relevant in the Ph+ ALL clinical SLR

Study ID Publication Objective Population Intervention Comparator Included/excluded?
Cortes et al. Included: Pivotal phase 2 trial for ponatinib
2(;);3(35 eta To determine the efficacy of ponatinib in CP-, AP-, (PACE)
PACE/ patients with CML or Ph+ ALL who are BP-CML Ponatinib None
(’;‘CT°120744 Cortes et al. R/l to either dasatinib or nilotinib, or who and Ph+ Included: 3-year follow-up of pivotal phase 2
2015175 have the T315] mutation ALL trial for ponatinib (PACE)
To compare OS among CML and Ph+ CP-. AP-
PACE and L ALL patients with the BCR-ABL1 T3151 2"~V "~ Excluded: Indirect analysis of ponatinib
EBMT/ N'°°|1'8';' etal. mutation treated with ponatinib (in and Ph+ Ponatinib Allo-SCT versus allo-SCT; focused on patients with the
NCT0120744 2015 PACE) versus allo-SCT (in the EBMT ALL T315I mutation
0 registry)
To evaluate the safety and efficacy of ) ) . . . .
ponatinib in Japanese patients with CML CP-, AP-, Excluded: Inter'|m analy3|§ of ongoing phgse
NCT0166713  Kyo et al. after failure of dasatinib or nilotinib or BP-CML Ponatinib None 1/2 study, published only in abstract form;
3 201477 with Ph+ ALL after failure of prior TKs and Ph+ few (n=12) patients with Ph+ ALL,; results not
due to resistance or intolerance ALL reported by line of therapy
) Excluded: Observational study published in
L%ﬁ;g#?t; tQaGti‘Z f:tcs a\%: rgMSLa E/t?/tgf CP-, AP-, abstract form; separate response-rate results
NCT0159213  Jeyakumaretal.  imatinib, dasatinib, and nilotinib (CP, ~ °F-CME  ponatinib None forBP-CMLand Ph+ ALL not reported; less
6 2013148 AP), or Datients with BP-CML or Ph+ and Ph+ complete reporting of response categories
, Or P ALL compared with clinical trial data for ponatinib
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Study ID Publication Objective Population Intervention Comparator Included/excluded?
To report the results from 127
transplantations performed between Excluded: More comprehensive data are
Cornelissen et 1988-1999 with grafts identified and ALL Allo-SCT None available (reinduction regimens and
al. 20012%! procured by the National Marrow Donor remission rates not specified); 2-year OS in
Program for adult patients with poor-risk CR2/3 was 17%
ALL
To perform a retrospective analysis of Excluded: More comprehensive data are
Donev et al. consecutive adult patients with ALL who ) available (reinduction regimens and
20112%/2 underwent allo-SCT with full-intensity ALL Allo-SCT None remission rates not specified; OS data in CR2
conditioning between 1998-2006 not reported)
Excluded: More comprehensive data are
Donev et al. To further define factors associated with ) available (reinduction regimens and
2003z¥3 acceptable NRM and long-term DFS ALL Allo-SCT None remission rates not specified; OS data in CR2
not reported)
Excluded: More comprehensive data are
i UOCEMEIR LD SO 1T ¢l Acute available (reinduction regimens and
Gorin et al. replete haploidentical transplant and : Allo-SCT Auto-SCT L g :
201420 leukaemia remission rates not specified; OS data in CR2
autologous transplant
not reported)
To analyse the non-TBI conditoning availabie (reinducton regimens remisaion
Pascual et al. regimens for allo-SCT in adult patients ALL Allo-SCT None Juction reg .
20162 \ rates not specified); 16-month OS in CR2
with ALL o
was 32%
. Excluded: More comprehensive data are
e EirallEs Eells ©F UimeiEEiE: available (reinduction regimens and
Santoro et al. haploidentical-SCT for adults with ALL ALL Allo-SCT None L gimen :
20162% and to identify prognostic factors remission rates not specified); 2-year OS in
>CR1 was 32%
To evaluate reduced-intensity Excluded: More comprehensive data are
Stein et al. 2009 conditioning followed by peripheral ALL Allo-SCT None available (reinduction regimens and

207

blood SCT for adult patients with high-
risk ALL

remission rates not specified); KM curve for
OS in >CR1 shows 2-year OS of ~55%
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Study ID Publication Objective Population Intervention Comparator Included/excluded?
Excluded: More comprehensive data are
To evaluate the benefits and risks of ava?lable (% o_f Ph+. AL patients o
— Terwey et al. reinduction chemotherapy before allo- ALL Allo-SCT None achieve ?R with relnductlonothc_arapy not
20082 SCT in relapsed or refractory ALL CERIEIEEf 2 YRR (05 T2 S8 It .
relapsed/refractory patients and 25% in
patients in CR2
Excluded: More comprehensive data are
To analyse the results of ALL patients available (% of Ph+ ALL patients who
_ Tekgungol;z et who were treated with allo-SCT in ALL Allo-SCT None achieve CR with reinduction therapy not
al. 2016 routine practice in Turkey detailed); 2-year OS of 40 patients in 2CR2
was ~20%)
To report the outcomes of patients with Excluded: Results not reported separately for
_ Uysazlmet al. ALL who were treated with allo-HSCT at ALL Allo-SCT None patients who received allo-SCT in CR1 vs
2016 a single centre in Turkey =CR2
To examine the outcome of 609 adults Excluded: More comprehensive data are
Fielding et al. with recurring ALL, all of whom were ALL Choice of None available (no data were collected on
- 2007150 previously treated on the MRC therapy' regimens used to achieve a CR2; rate of CR2
UKALL12/ECOG2993 study not measured; survival in CR2 not reported)
To define the precise outcome of adults Choi f EXC.IUded: Mp re cqmprehgnswe data are
Kantarjian etal.  ith ALL who achieve CR in second or ALL oice 9 None ABIED]D (neEfen FEEEns e
- 2010211 subsequent CR therapy* remission rates not specified); KM curve for
q OS in 2CR2 shows 2-year OS of 38%)
To assess the efficacy of reinduction
therapy according to risk groups defined Included: Provides comprehensive data on
Tavernier et al. in front-line therapy; to evaluate post- " Choice of the reinduction regimens used to induce CR2
NCT0000270  ,;)-133 remission strategies after achievement ALL therapy$ None and the % of patients with Ph+ ALL who

of a CR2 and to evaluate the utility of
allo-SCT in the setting of 2L therapy

achieve CR; 2-year OS in CR2 was 38%

2L, second line; ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; auto-SCT, autologous stem cell transplantation; BP, blast phase; CML,
chronic myeloid leukaemia; CP, chronic phase; CR, complete remission; CR2, second complete remission; CR3, third complete remission; DFS, disease-free survival; EBMT, European Society for
Blood and Marrow Transplantation; OS, overall survival; Ph+, Philadelphia chromosome—positive; MRC, Medical Research Council; NRM, nonrelapse mortality; SCT, stem cell transplantation; TBI,

total body irradiation.
*Excluding mature B-cell ALL.

TChoice of therapy after relapse was left to the discretion of physician and patient.
*Salvage treatment regimen depended on study period, prior induction therapy response, and timing of relapse.

Company evidence submission for ponatinib [ID671]

Page 61 of 271



§Salvage treatment was investigator’s choice according to initial induction and consolidation regimen, duration of first remission, disease features at relapse, and availability of a suitable allogeneic
donor.
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4.11.2 Justification for study exclusion

Table 4-5 provides justification for exclusion of studies identified in the CML clinical SLR. The
NICE scope specifies bosutinib, allo-SCT, interferon alpha, and BSC as appropriate comparators
for ponatinib. Thus, all studies of other TKIls (dasatinib, nilotinib, bafetinib, radotinib) have been
excluded.

Both ponatinib and bosutinib have been evaluated in phase 1/2 clinical trials in Japan. However,
the ponatinib study, by Kyo et al. 2014,"7 has been published only in abstract form with interim
analyses, and its results were reported in insufficient detail to populate the cost-effectiveness
models (namely, missing stratification by line of therapy and incomplete reporting of response
categories). In the bosutinib study, by Nakaseko et al. 2015, patients in the line of treatment
relevant to this submission (ie, 3L) were included as an “exploratory cohort”, and results for this
small subgroup (n=11) were not reported by disease phase, making it impossible to determine
whether the reported results apply to CP-, AP-, and/or BP-CML. Consequently, both of these
studies have been excluded from further discussion.

For ponatinib and bosutinib, data from observational studies were not used in the models as for
all relevant model parameters the clinical trial data available for these two comparators were
more comprehensive. For example, Jeyakumar et al. 2013 presented 9-month results from an
expanded access programme for ponatinib at two institutions, but this observational study was
published only in abstract form and response rates for BP-CML and Ph+ ALL were only reported
pooled, not separately.’”®

No clinical trials were identified for allo-SCT; therefore, the most suitable observational study,
Jabbour et al. 2011,"#* was selected for inclusion in the model. Jabbour et al. is a relatively
recent observational study in 47 patients with prior TKI use. It provided KM OS curves by phase
of disease, which were required for economic modelling of ponatinib. Nair et al. did not present
KM OS curves by disease phase and the results were not clearly stratified by prior TKI use (eg,
results were described for patients with prior imatinib alone, prior imatinib plus another TKI, and
prior imatinib plus chemotherapy + another TKI).'%® Both Piekarska et al.'®® and Breccia et al.?%
evaluated a patient population that had not necessarily undergone allo-SCT as a result of TKI
failure (ie, TKI was discontinued to proceed with transplantation), which does not match the
population modelled in the ponatinib pharmacoeconomic analysis.

Studies reporting results of indirect analyses of previously published data were also excluded,
since data from the primary publications could be used instead of these second-hand reports.
One indirect analysis (Nicolini et al. 2015'83) reported previously unpublished data from the
European Blood and Marrow Transplantation (EBMT) database. As these data were specific to
patients with the T315] mutation, this study was excluded.

Table 4-6 provides justification for exclusion of studies identified in the Ph+ ALL clinical SLR. As
for CML, the PACE study (Cortes et al. 2013)° provides the most comprehensive data of
ponatinib for the Ph+ ALL patient population. The NICE scope specifies established clinical
management without ponatinib (including but not limited to BSC) as the appropriate comparator
for ponatinib. Several observational studies evaluating allo-SCT in patients with ALL who
relapsed following induction chemotherapy were identified in the SLR. Although post—allo-SCT
survival data for the Ph+ patient population after relapse were not identified in the SLR, studies
have shown that Ph+ ALL is not a risk factor for lower survival post—allo-SCT (Cornelissen et al.
2001)?°" and Ph+ disease status does not influence OS in patients undergoing allo-SCT
(Tekgunduz et al. 2016).2%°

Tavernier et al. 2007,'33 a prospective observational study of 421 relapsed patients who were
enrolled in the LALA-94 trial, provides the most comprehensive data for reinduction
chemotherapy followed by allo-SCT in patients with ALL after first relapse. This study reports
both outcomes of reinduction therapy by salvage regimen (data available for Ph+ ALL) and OS in
second complete remission (CR2) following allo-SCT. These data are used to model the
outcomes of comparator induction chemotherapy followed by allo-SCT in remission. As reported
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in Tavernier et al. 2007, the 2-year OS for the 61 patients who received allo-SCT while in CR2
was 38% (median 10.4 months)."33

Evidence from the other studies identified in the Ph+ ALL clinical SLR shows that 2-year survival
post-allo-SCT in CR2 or beyond ranges from 17%—55%.201: 206-209. 211 | the retrospective
observational study by Kantarjian et al. 2010,%"" 2-year OS was 38% for adults with acute ALL in
2CR2; ie, the same survival rate reported by Tavernier et al. 2007. In general, data from the
published literature are in line with the survival outcomes reported by Tavernier et al. 2007."33

In addition, none of the other studies identified in the SLR report the rate of remission with
salvage treatment by risk groups (ie, Ph+ ALL), unlike Tavernier et al. 2007, which reports the
remission rates with reinduction therapy, by salvage regimen, for patients with Ph+ ALL. Thus, as
Tavernier et al. 2007 provides the most comprehensive data that are in line with other published
studies, it was selected for inclusion in this submission.'33

4.11.3 Summary of methodology of relevant non-randomised and non-controlled

evidence

Five of the studies identified in the CML and Ph+ ALL SLRs have been included in this
submission, along with six associated publications (including long-term follow-up and/or
subgroup analyses). The clinical evidence includes: two primary studies evaluating ponatinib,
one primary study evaluating bosutinib, a single retrospective observational study focused on
allo-SCT in relapsed CML, and one prospective observational study evaluating treatment
outcomes in patients with ALL who relapse after 1L therapy.

Table 4-7 provides a comparative summary of the methodology of the included publications.

Table 4-7. Comparative summary of methodology of included studies

Study ID Publication Populatio  Intervention Comparato Study type Study
n r design
Cortesetal.  CP-, AP, Phase 1,
23 BP-CML .. single-arm,
NcTooe60920 2012 Ponatinib None Non-RCT  multicontro
Talpaz et al. CP-CML '
2015176 open-label
Cortes et al. CP-, AP-,
2013° BP-CML Phase 2,
PACE/ Cortes et al. and Ph+ ini single-arm,
NCT01207440 2015'75 ALL Ponatinib None Non-RCT multicentre,
Hochhauset  cp.cML open-label
al. 20152
;(;rzl;ry et al. CP-CML
Kantarjian et
CP-CML
Bosutinib al. 20147 Phase 1/2,
phase 1/ 2 Gambacorti- A _ single-arm,
triall e AP-, BP- Bosutinib None Non-RCT multicentre,
NCT00261846 5 2015185 CML open-label
Gambacorti-
Passerini et CP-CML
al. 2014186
Jabbour et CP-, AP-, ) Observationa ,
— o) 2011144 BP-CML Allo-SCT None | Retrospective
Tavernier et ALL Investigator's None Observationa Prospective
- al. 2007133 choice* I

ALL, acute lymphoblastic leukaemia; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic
phase; Ph+, Philadelphia chromosome—positive; RCT, randomised controlled trial..

*Salvage treatment was investigator’s choice according to initial induction and consolidation regimen, duration of first remission,
disease features at relapse, and availability of a suitable allogeneic donor.
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As noted in Table 4-7, three of the relevant studies are non-randomised, single-arm trials and
two are retrospective observational analyses. The results of the comprehensive SLRs indicate
that these types of studies are common in this disease area, which is likely related to the rarity of
CML and ALL" and the difficulty in identifying and enrolling eligible patients. In fact, no RCTs
were identified in the CML or Ph+ ALL SLRs.

4.11.3.1 PACE trial

The PACE study was an international, phase 2, single-arm, open-label, clinical trial conducted at
66 sites. The efficacy and safety of ponatinib was evaluated in 449 patients with CP-, AP-, or BP-
CML or Ph+ ALL who were R/I to dasatinib or nilotinib, or who had the T315] mutation.® This
study has been published by Cortes et al. 2013. An overview of the PACE trial design and
methodology is presented in this section.

The patient population evaluated in the PACE study was heavily pre-treated with prior TKIs and
conventional therapy, relatively advanced in their diagnosis, and resistant to or intolerant of prior
TKils. Study inclusion criteria specifically required patients to be resistant to or intolerant of
dasatinib or nilotinib, or to have developed the T315] mutation after any TKI therapy. Intolerance
to prior TKls was defined as the persistence of toxicity despite treatment modification to the
maximum extent specified by the manufacturer. Patients with CP-CML were considered resistant
to a prior TKI if they met one of the following criteria:®

¢ No cytogenetic response or failure to achieve CHR 3 months after therapy initiation

e Less than minor cytogenetic response (MCyR) 6 months after therapy initiation

e Less than PCyR 12 months after therapy initiation

o Development of new BCR-ABL mutation(s) without CCyR at any point during therapy
e Development of new clonal evolution without CCyR at any point during therapy

o Loss of cytogenetic response at any point during therapy

e Progression of disease at any point during therapy

Additional resistance criteria for advanced disease (AP-CML, BP-CML, and Ph+ ALL) are noted
in the Cortes et al. publication.®

Key inclusion criteria were:?

e Previous treatment with and subsequent resistance to or intolerance of dasatinib or
nilotinib, or development of the T3151 mutation after any TKI therapy, including imatinib

e Age 218 years
o ECOG performance status <2
¢ Normal pancreatic function and adequate renal and hepatic function

e Normal QT by the Fridericia method (QTcF) interval (€450 ms in males and <470 ms in
females)

Key exclusion criteria included:®
o TKI treatment within 7 days prior to receiving the first dose of ponatinib

o Receipt of certain therapies within a specific time frame prior to receiving ponatinib (time
frame and prior therapy were specific for each phase of CML)

e Lack of recovery from AEs from prior treatments
¢ Concomitant medications known to be associated with Torsades de Pointes
e Prior treatment with ponatinib

e Stem cell transplant <60 days prior to receiving first dose of ponatinib
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e Evidence of ongoing graft-versus-host disease (GVHD) or GVHD requiring
immunosuppressive therapy

e Concurrent treatment with immunosuppressive agents, other than short-course
corticosteroids

o History of pancreatitis or alcohol abuse
e Uncontrolled hypertriglyceridemia (triglycerides >450 mg/dL)

Patients were also excluded if they were in CCyR (CP-CML) or MaHR (AP-CML, BP-CML, or
Ph+ ALL) at baseline (14 patients with AP-CML had MaHR at baseline and were considered
nonresponders for the purposes of the analysis).?

Patients received ponatinib at a starting dose of 45 mg orally once daily.® Dose reductions were
recommended following AEs. In addition, in October 2013, following a request by the FDA, study
investigators were instructed to decrease the dose from 45 to 15 mg/day in all CP-CML patients
who had achieved a MCyR or better, to 30 mg/day in CP-CML patients who had not already
achieved MCyR, and to 30 mg/day for advanced phase patients.?® Prospective dose reductions
in all CP-CML patients in the absence of AEs were introduced in the trial to reduce the risk of
VOEs.?

Table 4-8 provides the primary and secondary endpoints in the PACE trial.®

Table 4-8. Description and definition of primary and key secondary endpoints in the PACE
study (Cortes et al. 2013)°

Disease state
at study entry Response criteria Definition*

CP-CML MCyR at any time within the MCyR defined as CCyR or PCyR
first 12 months

Pricrjnary AP-CML MaHR within the first 6 months | MaHR defined as CHR or NEL
int
SR BP-CML MaHR consisting of CHR or NEL
Ph+ ALL
Haematologic response: CHR
Cytogenetic responses: Confirmed MCyR defined as two
Confirmed MCyR assessments of CCyR or PCyR at
least 28 days apart
CP-CML For CP patients with PCyR at study
start, confirmed MCyR is defined as
Secondary two assessments of CCyR at least 28
endpoints days apart
Molecular response: MMR
AP-CML Cytogenetic responses: Confirmed MCyR defined as two
BP-CML e CCyR assessments of CCyR or PCyR at
« PCVR least 28 days apart
Ph+ ALL y

¢ Confirmed MCyR

ALL, acute lymphoblastic leukaemia; AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response; CHR,
complete haematologic response; CML, chronic myeloid leukaemia; CP, chronic phase; MaHR, major haematologic response;
MCyR, major cytogenetic response; MMR, major molecular response; NEL, no evidence of leukaemia; PCyR, partial
cytogenetic response; Ph+ = Philadelphia chromosome—positive.

*Complete definitions of response criteria can be found in Appendix C of the Cortes et al. (2013) publication.®

4.11.3.2 Comparator data

The bosutinib phase 1/2 study was an international, single-arm, open-label, clinical trial
conducted at 58 centres and was a two-part study: Part 1 was a dose-escalation study in patients
with CP-CML (and one patient with AP-CML) who had developed resistance to prior treatment
with imatinib (ie, 2L bosutinib), while Part 2 of the study evaluated the efficacy and safety of
bosutinib across different lines of therapy, including =3L bosutinib in patients previously treated
with imatinib and dasatinib and/or nilotinib.2 Khoury et al. 2012 report the results for adults with
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Ph+ CP-CML who had received prior treatment with imatinib followed by dasatinib and/or nilotinib
(ie, results for the 3L cohort).® While the bosutinib trial (NCT00261846) included 570 patients
with Ph+ leukaemias, including those in 2L,%'? the bosutinib publication identified in the SLR and
included here was a subanalysis of the patient population with CP-CML who were treated with
bosutinib in the 3L or 4L setting.? '8 The total population (N=118) evaluated in the Khoury et al.
2012 subanalysis included patients with CP-CML who had prior treatment with imatinib followed
by dasatinib or nilotinib (n=114) and patients for whom prior imatinib therapy failed, and who
were either intolerant to nilotinib (n=1) or R/l to prior nilotinib and dasatinib therapy (n=3; 4L).2
The publication by Kantarjian et al. 20148 reported long-term safety results for all CP-CML
patients treated in the pivotal bosutinib study, include patients who received 3L bosutinib.
Efficacy and safety of bosutinib in patients with advanced CML (AP/BP) was also investigated in
the bosutinib trial, with the results of this analysis reported by Gambacorti-Passerini et al.
2015.18

Key inclusion criteria in the Khoury et al. 2012 study were: Adults (= 18 years) with Ph+ CP-CML,
prior treatment with imatinib followed by dasatinib and/or nilotinib; ECOG PS 0-1; adequate bone
marrow, hepatic, and renal function; no antiproliferative or antileukemia treatment within 7 days
of bosutinib initiation (except hydroxyurea or anagrelide); no allo-SCT within 3 months.2 Key
exclusion criteria were: Ph— and BCR-ABL—-negative CML; overt leptomeningeal leukaemia (free
of CNS involvement for <2 months); extramedullary disease only; GVHD (for part 1, no prior
GVHD allowed; for part 2, no treated or untreated GVHD within 60 days of study initiation);
documented history of T3151 BCR-ABL mutation; pregnant or breastfeeding; prior history of
imatinib intolerance or exposure to Src, Abl, or Src/Abl kinase inhibitors (part 1 only).2

Patients received bosutinib at a starting dose of 500 mg orally once daily. Dose escalations were
permitted up to 600 mg per day if CHR or CCyR were not achieved by weeks 8 and 12
respectively. Dose reductions to 300 mg/day were allowed in 100-mg increments for AEs.® The
primary outcomes were MCyR by 24 weeks (CP-CML, Khoury et al. 2012)8 and confirmed overall
haematologic response (OHR) maintained or achieved by week 48 (AP-/BP-CML, Gambacorti-
Passerini et al. 2015).8%

4.11.3.3 Strengths and limitations of the study designs

Patient recruitment is a known challenge in rare disease clinical trials. Although head-to-head
RCTs are the gold standard for evaluating comparative effectiveness, they are not always
feasible, especially in the context of rare diseases.?'®2'* In the absence of RCT evidence in the
post—2G-TKI CML setting, the potential biases of the existing evidence must be examined and
accounted for in indirect analyses.

Single-group studies, whether clinical trials or observational studies, are associated with an array
of potential biases, the most important of which is a lack of a comparator group. Since CML is a
disease with a particularly poor prognosis in the absence of treatment, with expected survival
being approximately 3-5 years from diagnosis,? spontaneous disease regression would be
unexpected. Therefore, responses obtained with current treatment in single-arm trials can be
informative. However, there is a risk for biases arising from variable patient population
characteristics across studies, inconsistency in reporting of endpoint results, and heterogeneity
of study design and endpoint definitions.® 2! Observational studies can also suffer from biases
related to differing opinions about treatment among healthcare providers.2'®

To provide appropriate comparative data across current treatments for CML in the post—-2G-TKI
setting, while addressing the potential biases noted above and the limitations of naive
comparisons, a matching-adjusted indirect comparison has been conducted between ponatinib
and bosutinib. See Section 4.10 for further details on this analysis.

4.11.4 Statistical analysis of the non-randomised and non-controlled evidence

4.11.4.1 PACE analysis

The efficacy population included all patients who were assigned to a cohort (N=444). Patients
with missing baseline bone marrow blast results or cytogenetic assessments were excluded from
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per protocol analyses.?® The safety population included all patients who received one or more
doses of ponatinib (N=449).°

The power calculations were as follows:®

Cohort A (R/l CP-CML): 100 patients were expected to provide at least 85% power to
distinguish between a null response rate of 20% and an alternative response rate of 35%.

Cohort B (T3151 CP-CML): 60 patients were needed to provide approximately 98% power
to distinguish between a null response rate of 10% and an alternative response rate of
35%.

Cohorts C to F (R/I and T315] AP-CML, and BP-CML/Ph+ ALL): 40 patients in each
cohort (160 patients total) provided an approximately 89% power to distinguish between
the null response rate of 10% and an alternative response rate of 30%.

An anticipated higher relative proportion of R/l patients to T315I patients required over-
enrolment of the R/l cohorts (Cohorts A, C, and E) to ensure full T315I patient enrolment.
Initially, 350 patients were planned; protocol amendment 2 adjusted the study plan to
enrol approximately 450 patients to ensure reaching the planned sample sizes of the
T315I cohorts.

4.11.5 Participant flow in the studies

4.11.5.1 PACE trial

Patients were grouped into 6 cohorts as follows:?

CP-CML R/l to dasatinib or nilotinib with the T315] mutation

CP-CML R/l to dasatinib or nilotinib without the T315] mutation

AP-CML R/I to dasatinib or nilotinib with the T315] mutation

AP-CML R/I to dasatinib or nilotinib without the T315I mutation

BP-CML or Ph+ ALL R/l to dasatinib or nilotinib with the T315] mutation
BP-CML or Ph+ ALL R/l to dasatinib or nilotinib without the T3151 mutation

Table 4-9 summarises the distribution of patients in each of the six cohorts.
Table 4-9. Distribution of patients in the six cohorts in PACE (Cortes et al. 2013)°

CP-CML AP-CML BP-CML Ph+ ALL

n (%) n (%) n (%) n (%) Total
Total (n)* 270 85 62 32 449
Resistant/intolerant to 256 (95) 80 (94) 61 (98) 30 (94) 427 (95)
dasatinib or nilotinib
Resistant 214 (84) 74 (93) 59 (97) 27 (90) 374 (88)
Intolerant only 40 (16) 6 (8) 2(3) 2(7) 50 (12)
Not specified 2(1) 0 (0) 0 (0) 1(3) 3(1)
T315] mutation 64 (24) 18 (2) 24 (39) 22 (69) 128 (29)

ALL, acute lymphoblastic leukaemia; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic
phase; Ph+, Philadelphia chromosome—positive.

*Includes 5 additional patients (3 with CP-CML and 2 with AP-CML who were not assigned to any cohort having failed imatinib
alone and not having the T315I mutation, but treated).

Table 4-10 presents the characteristics of participants in the studies included in the submission,
across treatment groups.
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The PACE study evaluated 449 patients in total, 417 of whom had CML (270 in CP, 85 in AP, 62
in BP), and 32 of whom had Ph+ ALL. This study evaluated a large population of patients with
CP-CML treated in the 23L setting, with 251 patients treated with 3L, 4L, or fifth-line (5L)
ponatinib.®

4.11.5.2 Comparator data

The bosutinib phase 1/2 trial (NCT00261846) included 570 patients with Ph+ leukaemias;?'? the
Khoury et al. 2012 publication included in the submission was a subanalysis of 118 patients with
CP-CML who had received 2 prior TKIs (3 patients [2.5%] had received imatinib, dasatinib, and
nilotinib and were treated in with 4L bosutinib). Gambacorti-Passerini et al. 2015 report the
results of the subanalysis of 167 patients with advanced CML, including 58 patients with AP-CML
(n=30) or BP-CML (n=28) in 23L.18°

Jabbour et al. 2011 evaluated the use of allo-SCT in the post—2G-TKI setting in 47 patients with
CP-, AP-, and BP-CML."# Therefore, all phases of CML have been evaluated across
interventions. Tavernier et al. 2007 included 421 patients with ALL across five risk categories,
including 81 patients with Ph+ ALL."33

The median age of patients across ponatinib and bosutinib studies was generally 50 years or
older (though patients with BP-CML in the bosutinib trial by Gambacorti-Passerini et al. 2015
were slightly younger, with a median age of 47 years). With a median age of 44 years, patients
were slightly younger in the Jabbour et al. allo-SCT study.' In Tavernier et al., the overall
median age of patients at relapse was 34 years, with Ph+ ALL patients relapsing having a
median age of 46 years.'33
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Table 4-10. Characteristics of participants in the studies across treatment groups

Duration of prior
treatment with

Age, median Male, n Disease phase, No. of prior TKils, median
Study ID Publication Intervention N (range), y (%) n TKis, n (%) (range) Prior TKis, n (%)
NCT00660920 Cortes et al. Ponatinib 81 CP-CML: 55 CP-CML: CP-CML: 43 CP-CML: NR CP-CML:
20122 (single-arm) (total); (27-85) 21 (49) AP-CML: 9 o 22:42 (98) o Dasatinib: 37 (86)
Talpaz et al. 60(CML)  ppomLi61  APCMLiG . O EEE T (&) O NIAITBEAES)
2015176 (42_77) (67) BP-CML: 8 o Ir.nat]n]b + dasatinib or
AP-CML: nilotinib: 19 (44)
BP-CML: 51  BP-CML: 5 e >2: 9 (100) e Imatinib + dasatinib +
(26-73) (62) e 23:8(89) nilotinib: 21 (49)
BP-CML: AP-CML:
e >2: 8 (100) e Dasatinib: 9 (100)
e 23:6 (75) o Nilotinib: 7 (78)
e |matinib + dasatinib or
nilotinib: 2 (22)
o |matinib + dasatinib +
nilotinib: 7 (78)
BP-CML:
o Dasatinib: 8 (100)
o Nilotinib: 5 (62)
o Imatinib + dasatinib or
nilotinib: 3 (38)
o Imatinib + dasatinib +
nilotinib: 5 (62)
PACE/ Cortes et al. Ponatinib 449 CP-CML: 60 NR CP-CML: 270 CP-CML: CP-CML: 54y CP-CML:
NCT01207440 2013° (single-arm) (total); (18-94) AP-CML: 85 e 1:19(7) (0.4-13.3) o Imatinib: 261 (97)
417 . e e 2:98*(36) . e Dasatinib: 217 (80)
;’5’11??5‘*‘ al. (CML); 22'_%'\2")'" 60 BP-CML: 62 e 3:141(52) Q)P\;ﬂv'z"ifﬂ y « Nilotinib: 184 (68)
32 o 4:12(4) o « Bosutinib: 24 (9)
(Ph+  BP.CML: 53 Ph+ALL: 32 BP-CML: 2.0y
ALL) (18-74) AP-CML: (0.1-11.6) AP-CML:
) e 1:5(6) ) o Imatinib: 84 (99)
(F’Z%tgoL)L- 62 . 2:33 (39) (FZ)T_/;'.'ZL)' 12 « Dasatinib: 70 (82)
e 3:44 (52) o Nilotinib: 56 (66)
e 4:3(4) o Bosutinib: 5 (6)
BP-CML: BP-CML:
e 1:3(5) e Imatinib: 58 (94)
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Duration of prior
treatment with

Age, median Male, n Disease phase, No. of prior TKils, median
Study ID Publication Intervention N (range), y (%) n TKis, n (%) (range) Prior TKils, n (%)
o 2:22(35) e Dasatinib: 58 (94)
e 3:34 (55) o Nilotinib: 41 (66)
e 4:3(5) e Bosutinib: 4 (6)
Ph+ ALL: Ph+ ALL:
e 1:6(19) e Imatinib: 27 (84)
o 2:14 (44) e Dasatinib: 30 (94)
e 3:12(38) o Nilotinib: 13 (41)
¢ 4:0 o Bosutinib: 0
Hochhaus et Ponatinib 270 2 prior TKis: NR CP-CML: 270 2 prior TKls: 97 NR 2 prior TKis:
al. 2015% (single-arm) 57 (22-87) (36) ¢ Imatinib: 94 (NR)
3 prior TKis: 3 prior TKis: * Dgsgﬂmp. 64 (NR)
63 (21-87) 142 (53) * Nilotinib: 35 (NR)
¢ Bosutinib: 1 (NR)
4 prior TKils: 4 prior TKls: 12
67 (58-94) (4) 3 prior TKis:
e Imatinib: 142 (NR)
e Dasatinib: 137 (NR)
o Nilotinib: 137 (NR)
e Bosutinib: 10 (NR)
4 prior TKis:
e Imatinib: 12 (NR)
e Dasatinib: 12 (NR)
o Nilotinib: 12 (NR)
e Bosutinib: 12 (NR)
NCT00261846 Khoury et Bosutinib 118 56 (20-79) 53 (45) CP-CML: 118 0:0 Imatinib: 2.7 y o Imatinib + dasatinib: 87
al. 20128 (single-arm) (0.02-6.6) (74)
1:0 « Imatinib + nilotinib: 28
Dasatinib: 17.7 :
2: 115 (97) mo (1.1-47.9) (24)
¢ Imatinib + dasatinib +
3303 Nilotinib: 9.2 mo nilotinib: 3 (3)
(0.8-38.9)
Kantarjian Bosutinib 118 56 (20-79) 53 (45) CP-CML: 118 0:0 NR ¢ Imatinib + dasatinib: 88
et al. 20143 (single-arm) 10 (75)
’ o Imatinib + nilotinib: 27
2: 115 (97) (23)
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Duration of prior

treatment with
Age, median Male, n Disease phase, No. of prior TKils, median
Study ID Publication  Intervention N (range), y (%) n TKis, n (%) (range) Prior TKils, n (%)

Jabbour et Allo-SCT 44 (19-64) 27 (57) First CP: 16 0:0 Imatinib: 15 mo Prior 1L TKI, n (%):
al. 201144 (single-arm) 21: 47 (100) (1-57) o Imatinib: 47 (100)
AP: 12 .
2:29 (62) )
BP: 9 3: 5 (1 1)¢ Second TKl NR

Prior 2L TKI(s), n (%):
e Dasatinib: 13 (28)

Second CP: 10 o Nilotinib: 13 (28)

e Bosutinib: 3 (6)

Prior 3L TKI(s), n (%):

e Dasatinib: 3 (6)

o Nilotinib: 1 (2)

o Bafetinib (INNO406): 1
)
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Duration of prior
treatment with

Age, median Male, n Disease phase, No. of prior TKils, median
Study ID Publication Intervention N (range), y (%) n TKis, n (%) (range) Prior TKils, n (%)
— Tavernier et Investigator’s 421 Overall: 34 Overall: Group 1 None NA NA
al. 20073 choice$ (15-62) 280 (67) (standard-risk):
Ph+ ALL: 46 179
(18-56) Phs ALL: :?SI'IC(J)Lﬁfg(mgh-
47 (58)
Group 3 (Ph+
ALL): 81
Group 4 (CNS+):
14
Group 5

(Excluded): 30

1L, first line; 2L, second line; 3L, third line; allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CNS+, central nervous system-
positive; CP, chronic phase; mo, month; NA, not applicable; NR, not reported; TKI, tyrosine kinase inhibitor; y, year.

*One patient was misclassified in this study; the model considers the actual cohort of 97 patients.
TData from 24 patients with ALL were reported in the publication but are not included here.

Table 1 reports an n (%) of 4 (8.5) but the text on page 3642 of the publication reports an n of 5 (11).
SSalvage treatment was investigator’'s choice according to initial induction and consolidation regimen, duration of first remission, disease features at relapse, and availability of a suitable allogeneic

donor.
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4.11.6 Quality assessment of the relevant non-randomised and non-controlled

evidence

Each study identified for inclusion in Section 4.11.1 was subjected to quality assessment.
4.11.7 Methods for quality assessment of the relevant non-randomised and non-

controlled evidence

Quality assessment of all relevant studies identified in the SLR was conducted independently by
two researchers, with disagreements resolved by a third researcher.

Assessment of RCT evidence was to be aligned with NICE guidance'®; however, no RCTs were
identified in the literature search. The Chambers et al. 2009 checklist was used to determine the
quality of non-RCT studies (Table 4-11).2'7

Table 4-11. Criteria used for quality assessment of non-RCT studies

Chambers criteria for quality assessment

Were selection/eligibility criteria adequately reported?

Was the selected population representative of that seen in normal practice?
Was an appropriate measure of variability reported?

Was loss to follow-up reported or explained?

Were at least 90% of those included at baseline followed up?

Were patients recruited prospectively?

Were patients recruited consecutively?

Did the study report relevant prognostic factors?

Quality rating: Good, if the answer is “yes” to criteria 1-8; satisfactory, if the answer is “yes” to criteria 2, 4-7; poor, if the
answer is not “yes” to one or more of the criteria listed for “satisfactory.”

oNOAaABROWON =

Using the Chambers criteria, non-RCT study quality could be scored as good, satisfactory, or
poor. The quality assessment of non-RCTs is intended to give reviewers an indication of the
calibre of research data available in this field. Synthesis of this information for further data
analysis is not planned.

4.11.8 Summary of results of quality assessment of the relevant non-randomised

and non-controlled evidence

Overall, based on the Chambers scoring method, four and one of the primary studies were
categorised as good and poor quality, respectively (Table 4-12). The primary ponatinib (Cortes et
al. [2012, 2013]% 23), bosutinib (Khoury et al.8), and Tavernier et al. studies were the only studies
that received a good score, with a small caveat—although consecutive recruitment was a
mandatory criterion for a good or satisfactory score, all four studies failed to report this detail.
The quality score has not been downgraded based on this failure to report but the lack of clarity
has been noted by the addition of an asterisk to this score (ie, “good*”).

No studies received a satisfactory score. The poor score for Jabbour et al.’** was primarily due
to its apparently retrospective design; prospective recruitment was a mandatory criterion for a
good or satisfactory score.

The associated publications were also assessed for quality. The two conference
abstracts/presentations reporting follow-up data for ponatinib (Talpaz et al. [2015]'7%, Cortes et
al. [2015],' and Hochhaus et al. [2015]?*) received a poor score due to lack of data reported on
loss to follow-up or due to an unknown percentage of patients included at baseline who were
follow up. This score is misleading as these were conference abstracts/presentations describing
long-term follow-up data from a study with a good quality score for its primary publication. The
Gambacorti-Passerini et al. 2014 conference abstract, Gambacorti-Passerini et al. 2015
publication, and Kantarjian et al. 2014 publication received a good* score.
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Table 4-12. Summary of quality assessment scores for all relevant non-RCT studies
identified in the CML and Ph+ ALL SLRs

Publication Quality score per Chambers criteria
Cortes et al. 20122 (NCT00660920) Good*
Cortes et al. 2013° (PACE/NCT01207440) Good*
Khoury et al. 20128 (NCT00261846) Good*
Jabbour et al. 201144 Poor
Talpaz et al. 2015'7% (NCT00660920) Poor
Cortes et al. 2015'"5 (PACE/NCT01207440) Poor
Hochhaus et al. 2015* (PACE/NCT01207440) Poor
Kantarjian et al. 201434 (NCT00261846) Good*
Gambacorti-Passerini et al. 20153 Good*
(NCT00261846)

Gambacorti-Passerini et al. 2014'¢ Good*
(NCT00261846)

*Studies did not report whether patients were recruited consecutively. As this was a mandatory criterion to avoid a score of
"poor", this lack of clarity has been noted but the study scores have not been downgraded.

4.11.9 Complete quality assessment

The CRD guidance does not recommend relying solely on quality scores when assessing study
quality.'®® Therefore, the responses to each question in the Chambers criteria for all relevant
studies are included in Appendix 8: Quality assessment of the relevant non-randomised and non-
controlled evidence.

4.11.10 Clinical effectiveness results of the relevant non-randomised and non-

controlled evidence

All relevant studies identified in the clinical SLR reported efficacy results in the CML population.
See Section 4.11.12 for further details.

41111 Graphical presentation of effectiveness data

Not applicable.
41112 Outcomes from relevant non-randomised and non-controlled studies
identified in the clinical SLR

Table 4-13 presents the outcomes from relevant studies identified in the CML and Ph+ ALL SLRs
and included in this submission.

4.11.12.1 PACE trial efficacy (12-month follow-up)

Patients with CP-CML: Of the total PACE study CP-CML patient population at baseline, only
26% had previously achieved MCyR or better with their prior TKI (either dasatinib or nilotinib),
and only 3% had achieved MMR. With ponatinib, 56% achieved MCyR any time within the first
12 months (primary endpoint) (95% CI 50%—60%), of which 46% reached CCyR and 34%
reached MMR.® Patients responded quickly to ponatinib, with a median time to MCyR of 2.8
months (range 1.6—11.13). The duration of response ranged from 1 day to 19.4 months (median
not reached) and the estimated rate of sustained response of at least 12 months was 91% (95%
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Cl 85%—-95%). A CCyR by 12 months was achieved by 46% of patients. At 12 months, the rate of
PFS was 80% and OS was 94% (median not yet reached for both). Three patients in CP-CML
progressed to AP-CML or BP-CML,; two additional patients with previous history of AP-CML
returned to accelerated phase.®

Patients with AP-CML.: Overall, 39% reached MCyR (24% with CCyR), 55% (95% CI 44%—
66%) reached MaHR by 6 months, and 16% achieved MMR. The median time to MaHR was 3
weeks (range 2-25 weeks), and the duration of response ranged from 1 to 21 months or more
(median: 12 months), with 48% of patients estimated to remain in MaHR at 12 months. The
median time to MCyR was 3.7 months (range 0.8-9.7 months), with 73% of the patients
estimated to maintain this response at 12 months. For patients in AP-CML, PFS and OS were
estimated to be 55% (median 18 months) and 84% at 12 months, respectively.®

Patients with BP-CML: Among patients in BP, 31% (95% Cl 20%—44%) had a MaHR by 6
months. The duration of response ranged from 1 to 20 months or more (median 5 months), and
the estimated rate of a sustained response of at least 12 months was 42%. The median time to
MaHR for responders was 4.1 weeks (range 1.7-16.1 weeks). Furthermore, MCyR was reached
in 23% of patients, and 18% had a CCyR. The median time to MCyR for responders was 1.9
months (range 0.9-5.5 months), with an estimated 66% of responding patients maintaining this
response for at least 12 months. In BP-CML, the rate of PFS at 12 months was estimated to be
19% (median 4 months).

Patients with Ph+ ALL: Among patients with Ph+ ALL, 41% had a MaHR by 6 months. The
median time to response was 2.9 weeks (range 1.6—-24 weeks), and the duration of response
was 2 to 14 months or more (median 3 months). Approximately 8% of patients had a sustained
response of at least 12 months. Furthermore, 47% patients with Ph+ ALL had a MCyR after a
median follow up of 6 months (range, 0.1-19), and 38% had a CCyR. The median time to a
MCyR was 1 month (range 0.9-3.7 months), with approximately 32% of responders having a
sustained response of at least 12 months. The rate of PFS in patients with Ph+ ALL was 7% at
12 months (median 3 months). The rate of OS at 12 months was 40% (median 8 months). ®

Ponatinib was effective regardless of BCR-ABL mutational status.® For example, among patients
with CP-CML treated with two previous TKils, overall MCyR for the entire cohort was 67%, with
response rates of 63% in R/I patients and 77% in T315] mutation-positive patients.®

4.11.12.2 Median follow-up and treatment discontinuation

Median (range) follow-up among patients in the PACE trial as reported by Cortes et al. 2013 was
15 (0.1-25) months for CP, 16 (3.6—-25) months for AP, 6 (0.1-21) months for BP, and 6 (0.1-19)
months for Ph+ ALL.° Overall, 12% of patients discontinued treatment due to AEs. Treatment
was discontinued due to lack of efficacy in 4% of patients and due to progressive disease in 19%
of patients.®

4.11.12.3 Long-term results from the PACE trial (4-years)

The phase 2 PACE trial has a long duration of follow-up with a median of 48.2 months (range,
0.1-58.5).24 A 4-year follow-up analysis of ponatinib in patients with CP-CML from the PACE
trial showed that responses were durable and the rates of PFS and OS were high, even among
patients who had received 2 prior TKls. Among patients receiving 3L ponatinib, 71% achieved a
MCyR and 65% achieved CCyR.?* At 4 years, PFS and OS rates for 23L ponatinib in patients
with CP-CML were 56% and 77%, respectively. PFS and OS rates were similar for 3L and 4L
therapy (3L PFS: 68%; 4L PFS: 52%; 3L OS: 79%; 4L OS: 80%) but both outcomes, PFS and
OS, were reduced to 11% with 5L therapy.?*

As reported by Cortes et al. 2015, among patients with Ph+ ALL in the PACE trial, the 36-month
OS was 16% (median not reported).’” For advanced CML, only short-term data have been
published (Cortes et al. 2013).° Long-term follow-up data for the whole cohort (all lines of
therapy), however, are reported in the ponatinib clinical study report (CSR) (PACE data cut-off, 3
August 2015)?5 and will be included in the updated SmPC. Long-term unpublished MaHR rates
from the PACE trial were ] among all patients with AP-CML and [l among all patients with
BP-CML (median follow-up of 32 months for AP-CML and 6 months for BP-CML).?5> Among
patients with AP-CML (any line), estimated 4-year PFS and OS were || NG
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respectively.?® Long-term survival results for BP-CML are presented only for the
BP-CML/Ph+ ALL combined cohort (ie, not separately for BP-CML and Ph+ ALL), with 2-year

PFS and OS of | .. respectively.

4.11.12.4 Comparator outcomes
CML

The longest duration of follow-up for efficacy outcomes with bosutinib was 31.1 months (range,
0.3-89.1) for patients with CP-CML, 28.4 months (range, 0.3-88.6) for AP-CML, and 10.4
months (range, 0.4-79.9) for BP-CML (Kantarjian et al.'8 reported results with bosutinib over a
follow-up duration of 236 months [unless patients discontinued earlier] but response rates were
only provided in the context of dose reduction and no additional efficacy results were
reported).'8% 186 CCyR was achieved in 24%—26% of patients with CP-CML treated with 3L
bosutinib, and the 2-year PFS and OS rates were 73% and 84%, respectively.? 186 Patients with
AP- and BP-CML without CHR at baseline who were treated with =3L bosutinib had an overall
haematologic response rate of 29% and 4%, respectively, at 48 weeks. Four-year OS rates were
45% and 17% for AP- and BP-CML, respectively. Median OS for patients with advanced CML
treated with 23L bosutinib was 33.4 months (95% ClI, 14.6, not reached) for AP-CML and

8.9 months (95% Cl, 4.1-17.4) for BP-CML.'®Cytogenetic and molecular response rates with
allo-SCT were reported by Jabbour et al. (2011).144 Although most patients in this study had
received a prior 2G-TKI before undergoing allo-SCT, 38% had received only imatinib prior to the
transplantation procedure. With a median follow-up of 22 months, CCyR was the best response
in 23% of patients across all CML phases (CP, AP, and BP) and complete molecular response
(CMR) was the best response in 66% of patients. The estimated 2-year OS for patients with CP-
CML was 72%. PFS was not reported.

Ph+ ALL

As reported by Tavernier et al. 2007, the response rate to reinduction chemotherapy among
patients with Ph+ ALL was 37%. After a median follow-up of 4.3 years, patients who received
allo-SCT after achieving complete remission had a 2-year OS of 38% (median 10.4 months). OS
was much lower for patients who received allo-SCT after failure of reinduction chemotherapy or
at the time of relapse; 2-year OS rates were 12% and 8%, respectively.'33

Table 4-13 presents the outcomes from relevant studies identified in the CML and Ph+ ALL SLRs
and included in this submission.
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Table 4-13. Results of relevant non-randomised and non-controlled evidence

Disease and
Study ID Publication Intervention phase Duration of follow-up Response PFS/EFS
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Study ID Publication

Disease and

Intervention phase

Duration of follow-up

Response

0s

PFS/EFS

Talpaz et al.
2015"76

PACE/
NCT01207440 2013°

Cortes et al.

CP-CML

Ponatinib
(single-arm)

CP-, AP-, BP-
CML and Ph+
ALL

Company evidence submission for ponatinib [ID671]

Median (range), mo:
49.9 (1.7-69.9)

Median (range), mo

e CP-CML: 15 (0.1-25)
e AP-CML: 16 (3.6-25)
e BP-CML: 6 (0.1-21)
e Ph+ ALL: 6 (0.1-19)

Page 79 of 271

e MaHR: 16 (0.1-64)
CP-CML, all lines
(n=43), %*

e MCyR: 72
e CCyR: 65
e MMR: 56

Duration of response

e Median not reached
(MCyR, CCyR,
MMR)

Response on ponatinib,

n/N (%; 95% CI)

CP-CML, 3L

e MCyR: NR/98 (67;
57, 76)

e CCyR: NR/98 (56;
46, 66)

¢ MMR: NR/98 (36; 26,
46)

CP-CML, 4L

« MCyR: NR/141 (45;
37, 54)

e CCyR: NR/141 (39;
31, 48)

o MMR: NR/141 (33;
26, 42)

AP-CML, 3L

« MaHR: NR/33 (61)
« MCyR: NR/33 (42)
« CCyR: NR/33 (30)
o MMR: NR/33 (24)

NR

Results not reported by
line

CP-CML
12-mo OS: 94%

Median (95% Cl), mo:
NR (NR)

AP-CML
12-mo OS: 84%

Median (95% Cl), mo:
NR (NR)

BP-CML
12-mo OS: 29%

Median (95% ClI), mo: 7
(NR)

Ph+ ALL
12-mo OS: 40%

NR

Results not reported by
line

CP-CML
12-mo PFS: 80%

Median (95% CI), mo:
NR (NR)

AP-CML
12-mo PFS: 55%

Median (95% CI), mo:
18 (NR)

BP-CML
12-mo PFS: 19%

Median (95% CI), mo: 4
(NR)

Ph+ ALL
12-mo PFS: 7%



Disease and
Study ID Publication Intervention phase Duration of follow-up Response oS PFS/EFS

AP-CML, 4L Median (95% CI), mo: 8  Median (95% CI), mo: 3

o MaHR: NR/44 (50) (NR) (NR)
 MCyR: NR/44 (30)

e CCyR: NR/44 (16)

« MMR: NR/44 (11)

BP-CML, all lines (by 6

months)

e MaHR: NR/62 (31;
20, 44)

¢ MCyR: NR/62 (23;
NR)

e CCyR: NR/62 (18;
NR)

Ph+ ALL, all lines (by 6

months)

e MaHR: NR/32 (41;
24, 59)

¢ MCyR: NR/32 (47;
NR)

e CCyR: NR/32 (38;
NR)

Duration of response

CP-CML

¢ MCyR: 1 day-19.4
mo

e Median (95% CI),
mo: Not reached
(NE, NE)

AP-CML

e MaHR: 1-21+ mo

¢ Median (95% Cl),
mo: 12 (NR)

BP-CML
e MaHR: 1-20+ mo
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Study ID Publication

Disease and

Intervention phase

Duration of follow-up

Response

0s

PFS/EFS

Cortes et
al. 201575

Hochhaus
et al. 2015

CP-, AP-, BP-
CML and Ph+
ALL

CP-CML

Company evidence submission for ponatinib [ID671]

Median (range), mo

e Overall: 35.3 (0.1-
52.5)

Median (range), mo

e Overall: 48.2 (0.1-
58.5)

e 2 prior TKils: 48.2
(0.4-58.2)

e 3 prior TKls: 48.5
(0.2-58.5)

e 4 prior TKls: 28.2
(0.1-49.9)

Page 81 of 271

¢ Median (95% Cl),
mo: 5 (NR)

Ph+ ALL

e MaHR: 2-14+ mo

¢ Median (95% Cl),
mo: 3 (NR)

Response on ponatinib,

n/N (%)

See Cortes et al. 2013

As of 2 February 2015,
no patients with Ph+
ALL remained on
treatment

Response on ponatinib,
n/N (%)

CP-CML, 2 prior TKIs
3L)

« MCyR: NR/97 (71)
e CCyR: NR/97 (65)
o MMR: NR/97 (42)

CP-CML, 3 prior TKls
(4L)

« MCyR: NR/142 (49)
e CCyR: NR/142 (45)
o MMR: NR/142 (37)

CP-CML, 4 prior TKls

Results not reported by
line

Ph+ ALL
36-mo OS, %: 16%

All CP-CML (n=267)

All CP-CML (n=267)

48-mo OS, %: 77

Median (95% CI): Not
reached (NE, NE)

2 prior TKls
48-mo OS, %: 79

Median (95% CI): Not
reached (NE, NE)

3 prior TKls
48-mo OS, %: 80

Median (95% CI): Not
reached (NE, NE)

4 prior TKls

(50)

 MCyR: NR/12 (58)
e CCyR: NR/12 (33)
o MMR: NR/12 (8)

48-mo OS, %: 11

Median (95% ClI), mo:
38.9 (NR)

48-mo PFS, %: 56

Median (95% CI): Not
reached (NE, NE)

2 prior TKis:
48-mo PFS, %: 68

Median (95% CI): Not
reached (NE, NE)

3 prior TKls
48-mo PFS, %: 52

Median (95% CI): Not
reached (NE, NE)

4 prior TKls (47-month
PFS)

47-mo PFS, %: 11

Median (95% CI), mo:
11.1 (NR)




Disease and
Study ID Publication Intervention phase Duration of follow-up Response PFS/EFS

Duration of response:
NR
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Disease and
Study ID Publication Intervention phase Duration of follow-up (0 13] PFS/EFS

Response

— Jabbour et Allo-SCT CP-, AP-, BP- Median (range), mo: 22  Best response, n (%) % (95% CI) NR
144 i . —
al. 2011 (single-arm) CML (5-53) Al patientst Al patientst

o CCyR: 11/47 (23) Estimated 2-y OS: 63

* CMR: 31/47 (66) (49, 78)

Duration of response: Estimated 2-y OS: 72

NR (49, 96)
AP-CML

Time to relapse, median
(range), mo: 6 (0-44) Estimated 2-y OS: 59
(41,77)
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Disease and
Study ID Publication Intervention phase Duration of follow-up Response oS PFS/EFS

Medians: NR

— Tavernier et  Investigator's ALL Median (range), y: 4.3 Response to reinduction  OS, % (95% Cl) NR
al. 2007133 choice$ (NR) chemotherapy, n/N (%) .
Ph+ ALL: 30/81 (37) ~ AlLpatients who
received allo-SCT
2-y OS: NR
5-y OS: 25%
Median: 6.7 mo

Allo-SCT after CR
achievement (n=61)

2-y OS: 38%
5-y 0S: 33%
Median: 10.4 mo

Allo-SCT after failure of
reinduction chemo
(n=24)

2-y OS: 12%

5-y OS: 12%
Median: 2.6 mo
Allo-SCT at time of
relapse (n=14)

2-y OS: 8%

5-y OS: 8%
Median: 4.1 mo

2L, second line; 3L, third line; 4L, fourth line; 5L, fifth line; allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response; CML,
chronic myeloid leukaemia; CMR, complete molecular response; CP, chronic phase; MaHR, major haematologic response; MCyR, major cytogenetic response; MMR, major molecular response;
mo, month; NE, not estimable; NR, not reported; OS, overall survival; PCyR, partial cytogenetic response; PFS, progression-free survival; Ph+ ALL, Philadelphia chromosome—positive acute
lymphoblastic leukaemia; TKI, tyrosine kinase inhibitor; wk, week; y, year.

*Results not reported by line (60% of patients had received 23 prior TKils) or for advanced CML.
TEvaluable patients had a baseline disease assessment. Patients with CCyR at baseline were considered nonresponders for assessment of cytogenetic response.
*Includes results from patients who received allo-SCT post- imatinib (ie, 2L allo-SCT); these patients represented <50% of the total population.

$Salvage treatment was investigator's choice according to initial induction and consolidation regimen, duration of first remission, disease features at relapse, and availability of a suitable allogeneic
donor.
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4.12 Adverse reactions

4.12.1 Adverse reactions associated with ponatinib

Adverse reactions associated with ponatinib are described in Sections 4.12.2—4.12.4.

4.12.2 Adverse reactions reported in studies identified in the clinical SLR

4.12.2.1 PACE trial safety

Ponatinib has a generally well tolerated and manageable safety profile. In the PACE trial, the
median treatment duration for the ponatinib safety population was 12.8 months (range: 1 day to
over 24.8 months). Fifty-five percent of the study population had a dose reduction during this
time, and 67% of the patients had at least one dose interruption. The most common non-
haematologic AEs reported in the PACE study were skin reactions (34% of patients had rash and
32% developed dry skin) and abdominal pain (22%), which were primarily Grade 1 or 2 in
severity. The most common non-haematologic treatment-related AEs (TRAESs) in the PACE
study are summarised in Table 4-14.°

Table 4-14. Non-haematologic AEs with a frequency 210% and Grade 3 or Grade 4 events
with an incidence of >1% in the total study population in the PACE study (Cortes et al.
2013)°

CP-CML Total number of patients (N=449)
Non-haematologic Any grade Grade 3/4 Any grade Grade 3/4
treatment-related AEs n (%) n (%) n (%) n (%)
Rash* 107 (40) 10 (4) 153 (34) 16 (4)
Dry skin 104 (39) 5(2) 142 (32) 7(2)
Abdominal pain 74 (27) 20 (7) 101 (22) 27 (6)
Headache 63 (23) 5(2) 84 (19) 6 (1)
Lipase increased 57 (21) 27 (10) 80 (18) 47 (10)
Fatigue 51 (19) 4 (1) 78 (17) 7(2)
Constipation 53 (20) 3(1) 73 (16) 5(1)
Myalgia 46 (17) 3(1) 71 (16) 3(1)
Arthralgia 45 (17) 6 (2) 70 (16) 7(2)
Nausea 38 (14) 1(0) 60 (13) 1(0)
ALT increased 31 (11) 9 (3) 47 (10) 14 (3)
Pancreatitis 19 (7) 17 (6) 29 (6) 24 (5)
Hypertension 25 (9) 6 (2) 33 (7) 11 (2)
AST increased 24 (9) 5(2) 37 (8) 10 (2)
Blood amylase increased 16 (6) 4 (1) 26 (6) 9(2)
Gamma-glutamyl transferase 11 (4) 4 (1) 20 (4) 7(2)
increased
Dyspnoea 13 (5) 4 (1) 23 (5) 5(1)
Cardiac failure 3 (1) 2 (1) 6 (1) 5(1)

*Includes erythematous and papular rash.
AE, adverse event; ALT, alanine transaminase; AST, aspartate aminotransferase; CML, chronic myeloid leukaemia; CP,
chronic phase.
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The most common haematologic TRAEs in the PACE study were thrombocytopaenia (37%),
neutropaenia (19%), and anaemia (13%) (Table 4-15).°

Table 4-15. Haematologic TRAEs with a frequency 210% and Grade 3 or Grade 4 events
with an incidence of >1% in the total study population in the PACE study (Cortes et al.
2013)°

CP-CML Total number of patients (N=449)

Any grade Grade 3/4 Any grade Grade %
Haematologic TRAEs n (%) n (%) n (%) n (%)
Thrombocytopaenia 111 (41) 86 (32) 167 (37) 132 (29)
Neutropaenia 44 (16) 38 (14) 84 (19) 75 (17)
Anaemia 27 (10) 15 (6) 60 (13) 40 (9)
White blood cell count 11 (4) 7 (3) 19 (4) 13 (3)
decreased
Pancytopaenia 2 (<1) 2 (<1) 8 (2) 7 (2)
Febrile neutropaenia 1(<1) 1(<1) 7 (2) 7 (2)

AE, adverse event; CML, chronic myeloid leukaemia; CP, chronic phase; TRAE, treatment-related adverse event.

Non-haematologic serious AEs (SAEs) occurring in >1% of patients were pancreatitis (5%),
abdominal pain (2%), increased lipase (2%), diarrhoea (1%), pyrexia (1%), and myocardial
infarction (1%). Haematologic SAEs occurring in >1% of patients were thrombocytopaenia (2%),
anaemia (1%), neutropaenia (1%), febrile neutropaenia (1%), and pancytopaenia (1%). Eighteen
patients discontinued due to death. Five deaths were assessed by the investigators as being
possibly or probably related to treatment with ponatinib: one patient with CP-CML had
pneumonia and one patient with CP-CML had an acute myocardial infarction; one patient with
AP-CML had fungal pneumonia; one patient with BP-CML had a gastric haemorrhage; and one
patient with Ph+ ALL had cardiac arrest. Other reported reasons for death were: sepsis or septic
shock (n=4); cardiac arrest (n=2); congestive cardiac failure (n=2); cardiopulmonary failure (n=1);
dehydration (n=1); the hyperviscosity syndrome (n=1); neoplasm progression (n=1); and small
intestinal obstruction (n=1).°

Arterial thrombotic events were observed in the PACE trial. Cardiovascular, cerebrovascular, and
peripheral vascular events considered, at least, possibly related to treatment by the investigator,
were observed in 2.2%, 0.7%, and 1.6% of patients, respectively. Regardless of treatment
causality of these AEs, 7.1% of patients had cardiovascular events, 3.6% had cerebrovascular
events, and 4.9% had peripheral vascular events (Table 4-16). Two patients discontinued
ponatinib following occurrence of one event. Of the remaining patients, 36% experienced one or
more additional events. Cardiovascular, cerebrovascular, and peripheral vascular treatment-
related SAEs (TRSAEs) were observed in 2.0%, 0.4%, and 0.4% of patients, respectively.
Regardless of treatment relationship, 5.1% had cardiovascular SAEs, 2.4% had cerebrovascular
SAEs, and 2.0% had peripheral vascular SAEs. While 55% of these patients had a previous
history of ischaemic disease at the point of study enrolment, 95% had one or more risk factors
(hypertension, diabetes, hypercholesterolaemia, obesity) and/or history of ischaemic disease,
non-ischaemic cardiac disease, or venous thromboembolism.® Long-term data show that the
cumulative incidence of arterial occlusive events increased over time.?* At 4-years follow-up,
among all patients with CP-CML, serious cardiovascular, cerebrovascular, and peripheral
vascular events occurred in 11.1%, 9.6%, and 9.3% of patients, respectively. However, the
exposure-adjusted incidence of newly occurring arterial occlusive events (and dose intensity)
decreased with longer duration of ponatinib treatment.?

Table 4-16. Arterial thrombotic events observed in the PACE trial (Cortes et al. 2013)°

AE % TRAE and % TRSAE and
% TRAE non-TRAE % TRSAE non-TRSAE
Cardiovascular 2.2 71 2.0 5.1
Cerebrovascular 0.7 3.6 0.4 2.4
Peripheral vascular 1.6 4.9 0.4 2.0

TRAE, treatment-related adverse event; TRSAE, treatment-related serious adverse event.
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4.12.2.2 Grade 23 AEs and comparator data

Table 4-17 and Table 4-18 summarise the most common Grade 3 or higher adverse reactions
reported in relevant studies identified in the clinical CML and ALL SLRs.

The most common =Grade 3 AEs (treatment-emergent [TEAEs] and TRAES) across all phases
of CML in the pivotal ponatinib trials were thrombocytopaenia (20%—-35%), neutropaenia (10%—
26%), anaemia (2%—21%), and increased lipase (7%—13%).% 23 24

In the 4-year follow-up data from the PACE trial, Hochhaus et al. (2015)?* provided the incidence
of 2Grade 3 AEs in patients with CP-CML by number of prior TKlIs. The rates of 2Grade 3 AEs in
patients receiving 3L, 4L, and 5L ponatinib were 86%, 89%, and 100%, respectively (data not
shown). In the 3L, the most common Grade 3/4 non-haematologic TEAEs and haematologic
toxicities in patients with CP-CML treated with ponatinib were thrombocytopaenia (35%),
abdominal pain (14%), hypertension (12%), and increased lipase (10%).

According to long-term follow-up data (236 months) published by Kantarjian et al., '8 the most
common Grade 3/4 non-haematologic TEAE in patients with CP-CML treated with =3L bosutinib
was diarrhoea (9%), and the most common Grade 3/4 haematologic toxicities were
thrombocytopaenia (26%), neutropaenia (15%), and anaemia (7%). Similar to CP-CML, the most
common Grade 3/4 non-haematologic TEAE reported in the Gambacorti-Passerini et al.
publication'® for patients with AP- and BP-CML treated with bosutinib was diarrhoea (4% and
5%, respectively), while the most common Grade 3/4 haematologic toxicities in patients were
thrombocytopaenia (AP: 44%; BP: 36%), neutropaenia (AP: 18%; BP: 25%), and anaemia (AP:
33%; BP: 20%).

The only =Grade 3 AE reported in the Jabbour et al. publication was the rate of Grade 3/4 graft-
versus-host disease (GVHD). Across all phases of CML, 17% of patients experienced Grade 3/4
GVHD (median follow-up: 22 months).'44

As reported by Cortes et al. 2013, among patients with Ph+ ALL in the PACE trial, the most
common non-haematologic 2Grade 3 TRAEs were increased lipase (6%), abdominal pain (6%),
rash (3%), constipation (3%), increased ALT (3%), hypertension (3%), and increased AST (3%).°
The most common haematologic TRAEs were neutropaenia (12%), anaemia (12%),
thrombocytopaenia (6%), febrile neutropaenia (6%), and decreased white-cell count (3%). Cortes
et al. 2015 did not report 3-year follow-up safety results for patients with Ph+ ALL."" Tavernier et
al. 2007 did not report adverse reactions associated with salvage therapy in relapsed ALL."33
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Table 4-17. Adverse reactions associated with treatments for CML from relevant studies identified in the SLR

Most common 2Grade 3 AEs

Study ID Publication All patients CP-CML AP-CML BP-CML
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Most common 2Grade 3 AEs

Study ID Publication All patients

CP-CML

AP-CML

BP-CML

PACE/ Cortes et al. NR
NCT01207440 2013°

Company evidence submission for ponatinib [ID671]

TRAEs (N=270), line of therapy
NRT

Non-haematologic, n (%)

Increased lipase: 27 (10)
Abdominal pain: 20 (7)
Pancreatitis: 17 (6)
Rash: 10 (4)

Increased ALT: 9 (3)

Dry skin: 5 (2)
Headache: 5 (2)
Arthralgia: 6 (2)
Hypertension: 6 (2)
Increased AST: 5 (2)

Haematologic, n (%)

e Thrombocytopaenia: 86 (32)

e Neutropaenia: 38 (14)

e Anaemia: 15 (6)

o Decreased white-cell count:
7(3)
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TRAEs (n=85), line of therapy
NRT

Non-haematologic, n (%)

Increased lipase: 11 (13)
Pancreatitis: 5 (6)
Abdominal pain: 4 (5)
Rash: 3 (4)
Hypertension: 3 (4)
Increased AST: 3 (4)
Increased blood amylase: 3
(4)

Increased ALT: 2 (2)
Increased y-
glutamyltransferase: 2 (2)

Haematologic, n (%)

Thrombocytopaenia: 28 (33)
Neutropaenia: 22 (26)
Anaemia: 8 (9)

Decreased white-cell count:
5 (6)

Pancytopaenia: 2 (2)
Febrile neutropaenia: 2 (2)

TRAEs (n=62), line of therapy
NRT

Non-haematologic, n (%)

Increased lipase: 7 (11)
Rash: 2 (3)

Fatigue: 2 (3)

Increased ALT: 2 (3)
Pancreatitis: 2 (3)
Increased blood amylase: 2
(3)

Cardiac failure: 2 (3)

Dry skin: 1 (2)
Abdominal pain: 1 (2)
Headache: 1 (2)
Hypertension: 1 (2)
Increased AST: 1 (2)
Increased y-
glutamyltransferase: 1 (2)
Dyspnoea: 1 (2)

Haematologic, n (%)

Thrombocytopaenia: 16 (26)
Anaemia: 13 (21)
Neutropaenia: 11 (18)
Pancytopaenia: 3 (5)
Febrile neutropaenia: 2 (3)



Most common 2Grade 3 AEs

Study ID Publication All patients CP-CML AP-CML BP-CML
Hochhaus et — Grade 3/4 TEAEs in 220% (any — —
al. 20152 grade) of patients (n=97), 3L

Non-haematologic and
haematologic, n (%)

Constipation: 1 (1)
Nausea: 1 (1)
Pyrexia: 1 (1)
Back pain: 1 (1)

e Thrombocytopaenia: 34 (35)
e Abdominal pain: 14 (14)
¢ Hypertension: 12 (12)

¢ Increased lipase: 10 (10)
e Rash: 4 (4)

o Arthralgia: 4 (4)

e Headache: 3 (3)

o Fatigue: 3 (3)

e Pain in extremity: 3 (3)

e Myalgia: 2 (2)

e Dry skin: 1 (1)

[ ]

L]

[ ]

[ ]

Grade 3/4 TEAEs in 220% (any
grade) of patients (N=270), 2L—
5L

Non-haematologic and
haematologic, n (%)

Thrombocytopaenia: 95 (35)
Hypertension: 34 (13)
Increased lipase: 33 (12)
Abdominal pain: 27 (10)
Rash: 10 (4)

Headache: 9 (3)

Dry skin: 9 (3)
Constipation: 7 (3)
Arthralgia: 8 (3)

Pain in extremity: 9 (3)
Fatigue: 6 (2)
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Most common 2Grade 3 AEs
CP-CML AP-CML

Study ID Publication All patients BP-CML
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Most common 2Grade 3 AEs
CP-CML AP-CML

Study ID Publication All patients BP-CML
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Most common 2Grade 3 AEs
Publication All patients CP-CML AP-CML BP-CML
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Most common 2Grade 3 AEs

Study ID Publication All patients CP-CML AP-CML BP-CML
Gambacorti- — Grade 3/4 TEAEs occurring in — —
Passerini et 220% (any grade) of patients
al. 2014186 (N=119), 3L or 4L

Non-haematologic, n (%)
e Diarrhoea: NR (9)

Grade 3/4 haematologic
toxicities (N=119), n (%)

e Thrombocytopaenia:
NR (26)
e Neutropaenia: NR (16)
e Anaemia: NR (7)
— Jabbouretal. Grade 3/4 GVHD, n/N (%): 8/47 —
2011144 (17)

3L, third line; 4L, fourth line; 5L, fifth line; AE, adverse event; allo-SCT, allogeneic stem cell transplantation; ALT, alanine aminotransferase; AP, accelerated phase; AST, aspartate
aminotransferase; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic phase; GVHD, graft-versus-host disease; NR, not reported; TEAE, treatment-emergent adverse event; TKI,
tyrosine kinase inhibitor; TRAE, treatment-related adverse event.

*298% of CML patients had received =2 prior TKIls; AE results include 5 patients with Ph+ ALL and 16 patients with AML or other diagnoses.
192% of patients with CP-CML and 95% of patients with AP-/BP-CML had received 22 prior TKIs.

*Population evaluated for safety NR. Total population included 39 and 21 CP- and AP-CML patients, respectively. Population evaluated for efficacy consisted of 37 and 17 patients with CP- and AP-
CML, respectively.

1241/270 (89%) patients had elevated blood pressure at baseline (148/270 [55%] had 2140 mm Hg systolic or 290 mm Hg diastolic); 187/270 (69%) patients experienced any increase from baseline
in blood pressure on study.

SCP 23L patient population includes patients for whom prior imatinib therapy failed and who were intolerant to prior nilotinib therapy (n=1) or resistant or intolerant to prior nilotinib and dasatinib
therapy (n=3; 4L). Because of low n, data were not shown separately.

"Individual haematologic TEAEs were clustered with the related terms from investigations.
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Table 4-18. Adverse reactions associated with treatments for Ph+ ALL from relevant
studies identified in the SLR

Most common 2Grade 3 AEs

Study ID Publication ALL, n (%)

Cortes et al. 2013° TRAEs (N=32) in Ph+ ALL, line of therapy NR*
Non-haematologic
¢ Increased lipase: 2 (6)
e Abdominal pain: 2 (6)
e Rash: 1 (3)
e Constipation: 1 (3)
e Increased ALT: 1 (3)
PACE/ e Hypertension: 1 (3)
NCT01207440 e Increased AST: 1 (3)
Haematologic
e Thrombocytopaenia: 2 (6)
o Neutropaenia: 4 (12)
e Anaemia: 4 (12)
o Decreased white-cell count: 1 (3)
o Febrile neutropaenia: 2 (6)

Cortes et al. 2015175 NRT
— Tavernier et al. NRT
2007133

*82% of patients with Ph+ ALL had received =2 prior TKis.
TCortes et al. 2015 and Tavernier et al. 2007 do not report TEAES/TRAES in patients with ALL

4.12.3 Additional adverse reactions

The most recent AE data for ponatinib are reported in the CSR (data cut-off, 3 August 2015).
Table 4-19 lists the most common Grade 23 AEs in patients with CML and Ph+ ALL.

Table 4-19. TRAES/TEAEs associated with ponatinib (PACE data cut-off, 3 August 2015)

Most common Grade 23 AEs

AE CP-CML (N=97)* _ AP-CML (N=85) _ BP-CML (N=62) _ Ph+ ALL (N=32)

TRAES/TEAES reported in >5% of patients, n (%)
Abdominal pain

Anaemia
Leukocytopaenia
Increased lipase
Neutropaenia
Febrile
neutropaenia
Pancreatitis
Elevated ALT
Gamma-
glutamyltransferase
increased
Thrombocytopaenia
VOEs (number of events per 100 patient-years)
CV event
Cerebrovascular
event
Peripheral arterial
occlusive event
Serious venous
thrombotic event

ALL, acute lymphoblastic leukaemia; ALT, alanine aminotransferase; AP, accelerated phase; BP, blast phase; CML, chronic
myeloid leukaemia; CP, chronic phase; CSR, clinical study report; CV, cardiovascular; Ph+, Philadelphia chromosome—positive;
VOEs, vascular occlusive events.

*Patients treated with two prior TKis.

Sources: PACE study CSR2%, CP-CML, 14.3.1.3.1.2.6 (p2280-2291); AP-CML, Table 14.3.1.8.1.9 (p3296—3312); BP-CML,
Table 14.3.1.8.2.10.1 (p3552); Ph+ ALL, Table 14.3.1.8.2.10.2 (p3569); VOEs, Section 14.3.5 Other Safety Measurements,
Table 2.2 (p6124—-6126).
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4.12.4 Brief overview of ponatinib safety in relation to the decision problem

Haematologic and non-haematologic AEs

Overall, clinical evidence in heavily pre-treated patients with CP-, AB-, and BP-CML and Ph+
ALL shows that TEAEs associated with ponatinib are manageable and that the rate of treatment
discontinuation due to AEs is low.® ?* Many of the AEs observed in patients treated with
ponatinib (such as anaemia, neutropaenia, and thrombocytopaenia) are characteristics features
of the disease, and the absence of head-to-head comparative data hinders drawing conclusions
about how treatment contributes to the occurrence of these AEs.3> When indirectly compared
with bosutinib, however, the incidences of these AEs reported with ponatinib were similar.8 9 23
24,184,186 The cost-effectiveness models for CP-CML and AP/BP-CML incorporates Grade 3/4
TEAEs/TRAES for bosutinib and ponatinib, as described in Section 5.

While the safety profile of ponatinib is generally similar to that of other TKI agents, important
differences were observed in the PACE trial for certain clinically important events, including
pancreatitis and cardiovascular events.

Pancreatitis

In the PACE trial (Cortes et al. 2013), the most common serious adverse event (SAE) was
pancreatitis, occurring in 7.4% of patients treated with ponatinib.® Pancreatitis occurred within the
first 2 months of treatment in 86% of patients and was reversible, with most cases resolving
within 1 week of treatment interruption. Of note, pancreatitis is uncommon with other TKils.3® The
ponatinib SmPC provides detailed recommendations on dose modifications for patients who
develop pancreatitis.?

Vascular AEs

During the 4-year PACE follow-up, serious cardiovascular, cerebrovascular, and peripheral
vascular events occurred in 11.1%, 9.6%, and 9.3% of patients with CP-CML, respectively.?* Per
SmPC guidance, patients treated with ponatinib should have a baseline cardiovascular
assessment and monitor cardiovascular status throughout treatment.??2 We therefore note that
the safety profile of ponatinib will be associated with an additional cost of a cardiology visit,
scheduled once every six months according to the UK HCP survey.*® These additional costs will
be fully incorporated into the evaluation of cost-effectiveness.

4.13 Interpretation of clinical effectiveness and safety evidence

4.13.1 Clinical benefits and harms of ponatinib

CP-CML

Substantial cytogenetic responses are achieved with ponatinib in heavily pre-treated patients
with CP-CML,® with high rates maintained over time (up to 4-years follow-up).?* In patients with
CP-CML receiving ponatinib in the 3L, 4-year PFS, defined as death, development of AP or BP,
loss of CHR in absence of cytogenetic response, loss of MCyR, or increasing white blood cell
count without CHR, was 68% and OS was 79% (median not reached for both).® 24 These results
are notable in patients who have failed 2 prior TKIls.™% With regards to disease transformation, of
the total CP-CML patient population including those receiving 4L and 5L ponatinib, only 3%
(9/267) of patients transformed from CP to AP-/BP-CML.

A MAIC in CP-CML showed that ponatinib provides superior efficacy and durability of response
vs bosutinib (see Section 4.10.15). Compared to bosutinib, with a best response of 24.1%
(CCyR), the matching-adjusted response rate with ponatinib was 61.3%. In the PACE study, the
proportion of patients who achieved CCyR on ponatinib and maintain their response at 4 years
is % (unpublished data, CSR);% after matching, the proportion of patients on ponatinib
maintaining CCyR at 4 years is 89%. With bosutinib, the probability of maintaining a CCyR at 4
years is 54%, as reported by Gambacorti-Passerini et al. 2014.'8 The bosutinib maintenance of
response data, however, are biased in that they include patients with newly achieved response
as well as patients who had already achieved response at baseline and maintained response
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during the study.® Conversely, maintenance of response data with ponatinib reported in the
PACE trial represent only the percentage of patients who had failed prior therapy and achieved a
response on ponatinib treatment. Of note, patients with CP-CML treated with bosutinib in the
phase 1/2 study were followed for only 2 years after treatment discontinuation,8 limiting long-
term follow-up comparisons between trials.?®

Ponatinib should be used after failure of one 2G-TKI, since adequate evidence are lacking to
support the benefit of sequential use of 2G-TKIls (including bosutinib) as an effective strategy for
patients with CML in whom prior 2G-TKI therapy has failed. This position in therapy for ponatinib
is reflected in the SmPC, based on robust data from the PACE trial. Bosutinib was granted a
“conditional approval” by the EMA in 2013 because only a minority of patients in the phase 1/2
bosutinib trial (eg, n=21, 3L CP-CML) met the criteria for the “unmet medical need”
subpopulation;'%? additional efficacy data are needed to confirm the benefit of bosutinib in the
intended indication.3® In comparison, the study population of the PACE trial aligns fully with the
ponatinib indication, for use after failure of one 2G-TKI.

AP/BP-CML

MaHR rates achieved with 3L ponatinib in AP-CML (median follow-up of 16 months) and all lines
of ponatinib in BP-CML (median follow-up of 6 months) in the PACE trial were 61% and 31%,
respectively.® In comparison, Gambacorti-Passerini et al. 2015 only report achieved and
maintained MaHR rates with 23L bosutinib for AP- and BP-CML (38% and 8%, respectively).'8
These data cannot be directly compared with the achieved MaHR response rates from the PACE
trial. Considering this limitation, it may be more appropriate to compare achieved MaHR with
ponatinib to achieved OHR with bosutinib. The definitions of MaHR and OHR largely overlap,
though the more stringent criteria required for MaHR make it more difficult to achieve (MaHR is
defined as CHR + no evidence of leukaemia [NEL] whereas OHR is defined as CHR + NEL +
minor haematologic response + return to CP [if applicable]).% 185 Within 48 weeks of starting 3L
bosutinib, achieved OHR rates were 29% (AP-CML) and 4% (BP-CML)."8 The MaHR rates
achieved with ponatinib in AP- and BP-CML are notable in light of the low OHR rates achieved
with bosutinib in the 3L setting.

Among patients in AP-CML treated with ponatinib, 1-year OS rate was 84% (median not
reached), 1-year PFS was 55% (median 18 months), and the proportion of patients maintaining a
MaHR 12 months or longer was 48%. OS was much lower for patients with BP-CML, with only
29% of patients surviving for 1 year (median 7 months); 1-year PFS was 19% (median 4
months), and the proportion of patients maintaining a MaHR 12 months or longer was 42%.° The
1-year OS with =3L bosutinib was 73% (median 33.4 months) in AP-CML and 39% (median 8.9
months) in BP-CML. PFS results were not reported. The 1-year probability of maintaining OHR
response with 23L bosutinib was 80% (median not reached) in AP-CML and 38% (median 48
weeks) in BP-CML; however, these results cannot be directly compared with data from the PACE
trial because maintenance of response with bosutinib reflects both achieved responses and
responses maintained from baseline.'

Allo-SCT

Only limited data on allo-SCT after failure of two TKiIs, and no studies for BSC
(hydroxycarbamide) in the post—2G-TKI setting, were identified in the CML SLR. As such,
comparing outcomes with ponatinib against these treatments is difficult. Nevertheless, Jabbour et
al. 2011 provide data for allo-SCT in the post—2G-TKI setting.’# OS was lower among patients
with CP-CML who underwent transplantation than the observed survival with ponatinib in the
PACE trial (72% [2-year OS] vs 79% [4-year OS], respectively).% 144

Ph+ ALL

Few data are available to compare ponatinib with established clinical practice for the indicated
patient population, as specified in the SmPC and NICE scope. Data from the single-arm PACE
study (Cortes et al. 2013) show that ponatinib demonstrates remarkable response rates in
patients with Ph+ ALL who were previously treated with one or more TKls: MaHR was 41% and
MCyR was 47%, with 12-month PFS and OS of 7% and 40%, respectively.® Current treatment
guidelines recommend allo-SCT for suitable patients with Ph+ ALL.22 Among patients with ALL
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who relapse and receive allo-SCT after achieving a CR2 with reinduction chemotherapy, 2-year
OS post-allo-SCT is 38%.'33 The situation is less favourable for patients who receive allo-SCT
after reinduction failure or at the time of relapse, with 2-year OS of 12% and 8%, respectively.'33
For patients who are R/I to prior TKI therapy and suitable candidates for allo-SCT, ponatinib
represents a “bridge” to allo-SCT by improving the rate of achieving complete remission prior to
transplantation.

Safety

While the safety profile of ponatinib is generally similar to that of other TKils, important
differences were observed in the PACE trial for a few clinically important events, including
pancreatitis and cardiovascular events.®

Benefit-risk balance

Treatment options are limited for patients who have failed, or are intolerant to 2L TKI therapies
such as dasatinib and nilotinib. When used after failure of both imatinib and a 2G-TKI, the
efficacy of all of the remaining treatments available today, expressed in terms of CCyR, is
modest.? 23 94.95 Thus, in order to improve long-term survival, it is vital that patients have access
to effective treatment options with proven efficacy in patients treated with =2 prior TKls. Ponatinib
offers significant clinical benefit to patients in any phase of CML treated with =2 prior TKls, with
manageable TRAEs/TEAEs. Pancreatitis and cardiovascular AEs require patients receiving
ponatinib be monitored periodically to minimise the risk of potentially serious outcomes.??

Overall, available clinical evidence supports a positive benefit-risk ratio for ponatinib. As stated in
the EPAR, “the clinical benefits are considered relevant and outweigh the potential risks, which to
large extent appear manageable.”® Subsequent to the EPAR, updated clinical trial data revealed
an accumulation of VOEs related to treatment; however, after a thorough investigation of
ponatinib safety and changes to the SmPC, the PRAC concluded that the benefit-risk balance of
ponatinib remained favourable.3”

4.13.2 Strengths and limitations of the clinical evidence base for ponatinib
4.13.2.1 Internal and external validity of clinical evidence base

Study design features

The clinical evidence base in this submission has several strengths including the size of the
enrolled patient population and the duration of study follow-up. The patient populations of both
the PACE and phase 1/2 bosutinib trials were among the largest of any trial investigating TKils in
patients who failed two or more prior TKls. Compared to bosutinib, however, stronger clinical
evidence supports ponatinib. With 449 patients enrolled, PACE is the largest trial of heavily pre-
treated patients with CML. In addition, the PACE study CML and ALL patient populations are the
same populations for which ponatinib is licensed.?? This is not the case for bosutinib, which
received a conditional approval based on a subgroup of patients with unmet need (52 patients
overall and 21 patients with CP-CML; including 2L patients).’°? As such, much stronger clinical
evidence is available supporting the use of ponatinib in its indicated population than for bosutinib.
Furthermore, PACE has provided opportunities to evaluate long-term OS and PFS with 4-year
data available.?* Patients in the phase 1/2 bosutinib trial were followed over the long term, but
not beyond 2 years after bosutinib discontinuation.®

In the PACE clinical study,® ponatinib exhibited clinically meaningful responses in all disease
stages in this heavily pre-treated patient population. The response rates achieved in each of the
six study cohorts met or exceeded the pre-specified statistical criteria for success. In both CP-
CML cohorts, and in the AP-CML R/l cohort (ie, the 3 largest cohorts), the 95% CI on the
observed response rate also exceeded the pre-specified response rate. In addition, per-protocol
and sensitivity analyses on the original planned sample size yielded similar results to the treated
population used for primary analysis of the primary endpoints, confirming the robustness of the
results of the primary analysis.?

Company evidence submission for ponatinib [ID671] Page 98 of 271



Addressing the lack of controlled trial

The evidence base in this submission includes only non-randomised and observational studies.
PACE (Cortes et al. 2013)° and the phase 1/2 bosutinib trial (Khoury et al. 2012)8 are non-
randomised, single-arm trials. The allo-SCT study (Jabbour et al. 2011)'#4 was an observational,
retrospective study and the relapsed ALL study (Tavernier et al. 2007)'33 was an observational
prospective study.

Head-to-head RCTs are considered the gold standard for evaluating comparative effectiveness,
but are not always feasible in the context of rare diseases like CML and Ph+ ALL.2'32'4 For
ethnical reasons, a randomised study of ponatinib was not possible and the EMA and FDA
agreed with the non-comparative design of the study. Furthermore, all other TKls evaluated in
patients with resistance had a non-comparative design for their pivotal trials.8 95 98, 100

Although a main limitation of the clinical evidence is that it comes from uncontrolled studies, and
is thus lacking direct comparator data, patients in the PACE study may function as controls of
themselves because a baseline record is available of a patient’s best response to their most
recent regimen containing dasatinib or nilotinib. This baseline response can be compared with
response rates achieved with ponatinib. For example, as reported by Hochhaus et al. 2015, a
best response of CCyR was achieved with the most recent 2G-TKIl in only 20% of patients with
CP-CML who had received two prior TKls. With 3L ponatinib, CCyR in these same patients was
65%.2* Responses achieved with ponatinib exceeded responses achieved with the last prior TKI.

Nevertheless, to address the lack of comparative trial data providing a direct head-to-head
comparison of ponatinib with bosutinib, we have carried out an indirect comparison designed to
adjust for differences in baseline characteristics between PACE and the phase 1/2 bosutinib trial
to control for differences in patient populations that could influence outcomes between these
studies (see Section 4.10: Indirect and mixed treatment comparisons; Sections 4.10.2—4.10.15).
Briefly, a matching-adjusted indirect comparison (MAIC) in CP-CML further indicated that
ponatinib provides superior efficacy and durability of response vs bosutinib. In the MAIC, the
PACE trial (Cortes et al. 2013)® patient population was matched to the phase 1/2 bosutinib trial
(Khoury et al. 2012)2 by adjusting for baseline characteristics—T315| mutation status, sex, age,
race, duration of CML, and ECOG performance status. Compared to bosutinib, with a best CCyR
response of 24.1%, the matching-adjusted CCyR rate with ponatinib was 61.3%. In the PACE
study, the proportion of patients maintaining CCyR at 4 years with ponatinib is [JJj%
(unpublished data, CSR)?® and after matching patient population baseline characteristics to those
in the phase 1/2 bosutinib trial rate of CCyR maintenance at 4 years is 89%. With bosutinib, the
probability of maintaining a CCyR (either maintained from baseline or newly achieved during
bosutinib treatment) at 4 years is 54%, as reported by Gambacorti-Passerini et al. 2014.18 Of
note, unlike for bosutinib, maintenance of response with ponatinib reflects only patients without a
response at baseline and who achieved response after treatment; therefore the bosutinib data
present a source of bias for higher maintenance of response.

Validation of PACE results against observational data

In the real-world setting, ponatinib demonstrates response rates and a safety profile that parallel
the results of the PACE study.?” Garcia-Gutierrez et al. 2016 published data from the Spanish
Compassionate Use Program on ponatinib treatment among 23 patients in first or second CP
(except 1 patient in AP).?” Patients in this program were heavily pre-treated at baseline, with 37%
having received two prior TKls and 62% having received =3 prior TKls. The median age of
diagnosis was 56 years. Overall, 58% of patients achieved a CCyR after a median follow-up of
29 months (range 3-53) and PFS by 3.5 years was 80%. The rates of treatment discontinuation
were 25% due to AEs and 25% due to lack of efficacy, while 37% of patients proceeded to allo-
SCT and 13% of patients died. As in the PACE study, no differences in response rates were
observed between patients with or without mutations in the Spanish Compassionate Use
Program. Regarding the safety of treatment, ponatinib use in the real-world appears to be
associated with manageable AEs.?” The most common non-haematologic AEs were liver toxicity
(20%), lipase increase (10%), and hypertension (15%) and no patients on ponatinib had a
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cardiovascular event.?” These findings from the Spanish Compassionate Use Program indicate
that the favourable benefit-risk profile observed for ponatinib in the PACE study is consistent with
real-world clinical experience with this drug.

Generalisability to clinical practice in England

The clinical evidence supporting ponatinib is highly relevant to the decision problem as the
subjects in the PACE study represent patients for whom treatment is indicated,?? parallel the
population described in the NICE scope,'®* and represent the population who will be treated in
clinical practice in England. The median age of patients enrolled in the PACE trial was the same
as the median age of disease onset for CML in the UK, 59 years.? Of note, generalising study
findings to patients with certain comorbidities should be done with caution because patients were
excluded from the trial if they had a condition or iliness that, in the opinion of the investigator or
the medical monitor, would have compromised patient safety or interfered with evaluation of the
safety of the drug.® Nevertheless, the PACE study imposed few exclusion criteria, and in
particular, there were no criteria in place to exclude patients based on prior cardiovascular
morbidity or patients at risk of having a cardiovascular event.®

The outcomes assessed in the PACE trial are equally relevant to clinical practice. First,
according to the 2013 ELN recommendations for managing CML, patient response to treatment
can be assessed using either molecular or cytogenetic testing. Whenever possible, both
cytogenetic and molecular tests are recommended until CCyR and MMR are achieved.*” Per
PACE study protocol, response assessments were performed periodically: for CP-CML, once
every 3 months; for AP/BP-CML, after cycles 1 and 2 (28 days each) and every 2 months
thereafter. Tests for molecular response and mutations were assessed by a central laboratory.®
Second, to address the shortcoming of using long-term outcomes, shorter-term measures of
treatment efficacy, such as response rates, are recognised as surrogate endpoints of survival in
CML (see Section 4.10.6).8 ° 82,165 Importantly, the PACE trial has provided 4-year follow-up
data on ponatinib in patients with CP-CML and demonstrated high rates of PFS and OS, even
among patients who had received 2 prior TKls (4-year PFS and OS were 68% and 79%
respectively [median not yet reached for both]).?*

Ponatinib vs sequential use of 2G-TKls

Despite the inclusion of nilotinib and dasatinib as options for second and subsequent lines in the
ELN recommendations, it should be noted that regulatory approval of nilotinib and dasatinib was
not based on, or supported by, studies with sequential use of 2G-TKIs.'”-5" Thus, the sequential
use of 2G-TKiIs is not an approved indication in the SmPC for these drugs, nor has this type of
usage been evaluated for safety or efficacy in registration trials or by any HTA agencies in any
country. This differs from ponatinib—its efficacy after failure of a 2G-TKI| was demonstrated in the
clinical trials conducted prior to its approval® 2% and its cost-effectiveness has been recognised by
several HTA agencies, including the SMC,?'® AWMSG,?'® and the Swedish Dental and
Pharmaceutical Benefits Board (TLV).22°

Existing data on sequential use of currently available 2G-TKls show that the response rates for
these treatments are low and of shorter duration compared to those achieved with ponatinib.® %4
9 Lipton et al. 2015 performed a systematic literature review of nilotinib, dasatinib, bosutinib, and
ponatinib clinical studies.® An indirect analysis of the retrieved study results showed that the
probability of response with sequential 2G-TKI use is lower than that expected with ponatinib.®
When looking specifically at studies in patients with CP-CML treated with ponatinib (Cortes et al.
2013)° or bosutinib (Khoury et al. 2012)8—the only other treatment with an indication for
sequential use post—2G-TKI treatment’—the results suggest superior efficacy of ponatinib. As
these data do not come from head-to-head studies they must be interpreted with caution.
Nonetheless, these indirect comparisons are likely more biased against ponatinib than in favour
of it. The pivotal ponatinib trial (Cortes et al. 2013) included a larger proportion of patients with
resistance (88% overall) to prior TKIs than intolerance.® In contrast, studies of other TKls (Khoury
et al. 2012 and lbrahim et al. 2010) have tended to include more intolerant patients.® % Previous
studies with nilotinib (Kantarjian et al. 2011) and dasatinib (Ibrahim et al. 2010) clearly
demonstrated that, in patients challenged with a new TKI, treatment resistance was associated
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with much lower response rates than treatment intolerance.®: "' Furthermore, compared to the
pivotal bosutinib trial, the pivotal ponatinib trial had more patients treated with multiple TKls.”- 22

4.13.2.2 Life expectancy

According to real-world data from the UK population-based HMRN 2004-2015, the 5-year OS of
patients with CML is 77.7%; the 5-year RS is 89.8%.3 The vast majority of these patients would
be in their first line of therapy (over a 10-year follow-up only 36% of patients on 1L imatinib
discontinue treatment).'® Survival is somewhat lower for patients with AP-CML, although the
estimated 8-year OS rate remains above 75%.'3” Among patients with BP-CML treated with TKI
therapy, however, median OS is still only 7-11 months."®® A report published by Pulte et al. 2016
using data obtained from the SEER database shows that, among patients with CML aged <60
years, 5-year RS is 80% (in 2009-2012)."3° In addition, Pulte et al. show that with increasing
age, survival decreases sharply. For example, among patients with CML aged 65-69 years, 5-
year RS is 56.7%); RS continues to decrease with each increasing age category.'*® Data
presented by Pulte et al. 2016 indicate that excess mortality in CML remains an important
challenge to be addressed.

For patients with resistant disease, survival decreases with each subsequent line of therapy.'4°
Among patients with CP-CML who received 3L or 4L TKI therapy, 5-year OS rates of 53% and
38%, respectively, have been reported.'? In the PACE study population of heavily pre-treated
patients, long-term survival rates with ponatinib are notable: 4-year OS for CP-CML is 80% in 3L
and 79% in 4L (Hochhaus et al. 2015).%

4.13.2.3 Estimate of the number of people with the particular therapeutic
indication for which the technology is being appraised

Table 4-20 and Table 4-21 present the estimated annual number of people with CML and ALL
who would be eligible for ponatinib treatment in England.

Table 4-20. Estimated number of patients with CML eligible for ponatinib

Estimated
Population incidence Assumption Reference
Office of National
The annual inCidence Of CML haS Statistics Cancer
CML in England 631 been stable since 2014 (631 Statistics
people in England were Registrations,
diagnosed with CML in 2014) England 2014

95% of those diagnosed with CML

People with Ph+ CML and Goldman, 2009;"7

. PSP 599 are Ph+; all diagnosed patients ,
treated with a 1L TKI (imatinib) are treated with a 1L TKI (imatinib) assumption
People who develop the T315I : :
mutation during 1L treatment 2% of 1L patients treated with Hughes et al.
and are therefore eligible for 2L 13 imatinib or dasatinib develop the 201549
ponatinib T315] mutation

o . . :
People for whom 1L imatinib .36 A’. 021 L”patlents dlsdcor)trl]nueZL Kalmanti et al.
treatment is unsuccessful and imatinib; all are treated with a 20158,
) 203 TKI (except patients with the '
are treated with a 2L TKI ; assumption
T315I mutation)
. 48% of 2L patients discontinue
Patients for whom 2L TKI nilotinib due to lack of efficacy
treatment is unsuccessful and 95 (progression) or intolerance (AEs) Kantarjian et al.
are eligible for 3L ponatinib in and eligible for a 3L TKI (patients 20111
cp progressing to AP/BP are not

double counted)
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Patients for whom 2L TKI
treatment is unsuccessful and
progress to AP or BP and are
eligible for 3L ponatinib in
AP/BP

Total incident population
eligible to receive ponatinib
under its licensed CML
indication

113

3% of patients treated with
nilotinib in 2L progress to AP/BP

Annual number of patients eligible
for ponatinib

Giles et al. 20133

1L, first line; 2L, second line; 3L, third line; AEs, adverse events; AP, accelerated phase; BP, blast phase; CML, chronic
myeloid leukaemia; CP, chronic phase; Ph+, Philadelphia chromosome-—positive; TKI, tyrosine kinase inhibitor.

Note: The number of patients presented in this figure are as calculated by the budget impact model and may differ slightly from
the numbers that would be calculated using the intermediate numbers reported in this figure, due to rounding error.

Table 4-21. Estimated number of patients with Ph+ ALL eligible for ponatinib

Estimated
Population incidence Assumption Reference
The annual incidence of ALL has Off|<_:e .Of e
been stable since 2014 (654 people SIEIEES CEmes]
ALL in England 654 . ; . Statistics
in England were diagnosed with Redi .
ALL in 2014) egistrations,
England 2014
. 25% of those diagnosed with Ph+ Fielding et al.
E:Z:)elg vvzlltt?‘ :r'llil-_'?'ll-(li (ai:::\tinib) 164 ALL; all diagnosed patients are 2007150
treated with a 1L TKI (imatinib) assumption
People who fail imatinib
because of T315] mutation 6 13% of 1L patients treated with Pfeifer et al.
therefore eligible for 2L imatinib develop T315I mutation 2012154
ponatinib
30% of patients treated in 1L are
People for whom 1L imatinib refractory to imatinib and relapse
treatment is unsuccessful and 43 occurs after a median of 2.2 months  Lilly et al. 2010'®
are treated with 2L dasatinib (patients with T315] mutation are
not double counted)
zzgte:]tesn:c:;v:::::i:sﬁjr Wil 62% of patients treated with
: - 26 dasatinib in 2L fail to achieve Lilly et al. 2010
(failure to achieve MaHR) and M
- o aHR
are eligible for 3L ponatinib
Total incident population
eligible to receive ponatinib 33 Annual number of patients eligible

under its licensed Ph+ ALL Ph+
indication

for ponatinib

1L, first line; 2L, second line; 3L, third line; ALL, acute lymphoblastic leukaemia; MaHR, major haematologic response; Ph+,
Philadelphia chromosome—positive; TKI, tyrosine kinase inhibitor.

Note: The number of patients presented in this figure are as calculated by the budget impact model and may differ slightly from
the numbers that would be calculated using the intermediate numbers reported in this figure, due to rounding error.
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4.13.2.4 Consideration as a 'life-extending treatment at the end of life’

Table 4-22 presents the data available to assess the suitability of ponatinib as a life-extending
treatment at the end of life. Ponatinib would meet the end-of-life criteria for eligible patients with
AP- or BP-CML and patients with Ph+ ALL.

Table 4-22. End-of-life criteria

Criterion

Data available

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

AP/BP-CML

Among patients with AP-CML or BP-CML, median OS on BSC (ie, therapy
other than TKI and allo-SCT) has been shown to be 16 months in AP and
5 months in BP (Kantarjian et al. 2007).2°

We estimated OS of the AP-/BP-CML populations with BSC to be 1.91
years (23 months) in AP and 1.16 years (14 months) in BP. These
estimates are conservative.

See economic analysis results Section 5.4.6.6; Table 5-55. Survival and
QALY results). BSC source: Kantarjian et a. 20072°

Ph+ ALL

Among patients with ALL who receive BSC, OS has been shown to be
only 2.6 months (Pagano et al. 2000).%°

We estimated OS on BSC to be 0.33 years (4 months) in Ph+ ALL.

See economic analysis results Section 5.5.6.6.1; Table 5-76. Survival and
QALY results). BSC source: Pagano 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

AP/BP-CML

Results of the AP-/BP-CML de novo economic analysis show that the

incremental undiscounted LY gain on ponatinib compared with BSC is .
S (cce Section

5.4.6.6.1; Table 5-55. Survival and QALY results).
Ph+ ALL

Results of the Ph+ ALL de novo economic analysis show that the

incremental undiscounted LY c.;ain on ponatinib compared with BSC is

(see Section 5.5.6.6.1; Table 5-76. Survival and QALY results).

The treatment is licensed or
otherwise indicated for small
patient populations

6 people with AP/BP and 33 people with Ph+ ALL in England will be
eligible for ponatinib according to its licensed indication.

Sources: Estimates were derived using the 2014 incidence for newly
diagnosed CML and ALL in England and data from the published
literature. See Table 4-20 and Table 4-21 for the breakdowns of how the
estimates were calculated.

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; BP, blast phase;
BSC, best supportive care; CML, chronic myeloid leukaemia; CP, chronic phase; LY, life-year; PFS, progression-free survival;
Ph+, Philadelphia chromosome—positive; OS, overall survival.

4.14 Ongoing studies

4.14.1 PACE and OPTIC trials

Follow-up evaluations of patients enrolled in the PACE trial are ongoing.??' The most recent data
available at the time of writing this submission are the 4-year follow-up; these data were
presented by Andreas Hochhaus at the ASH Annual General Meeting in 2015 and are described
in detail in this submission.?* No additional data from the PACE trial are likely to become
available within the next 12 months.

OPTIC is a multicentre, randomised, open-label, phase 2 trial initiated in 2015 to evaluate the
efficacy and safety of a range of three ponatinib starting doses.???> Adult patients with CP-CML
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resistant to at least two prior TKIs are eligible to participate in the trial. Patients are randomised
to one of three treatment cohorts. Patients in Cohort A receive ponatinib 45 mg QD, while
patients in Cohorts B and C receive ponatinib 30 mg QD and 15 mg QD, respectively. The
primary outcome measure is MCyR by 12 months, defined as 0%—35% of Ph+ cells in the bone
marrow. Secondary outcome measures will evaluate treatment safety, including the rates of
VOEs, AEs, and SAEs over a 24-month timeframe. The estimated patient enrolment is 450 and
the estimated study completion date is December 2018.222 No data from the OPTIC trial will
become available within the next year.

4.15 Ponatinib dose reduction in patients with CP-CML

The starting dose of ponatinib in the PACE study (45 mg) is the recommended starting dose per
the SmPC.??2 Dose modifications or interruption of dosing are appropriate strategies to manage
haematologic and non-haematologic toxicities. In the trial, dose reductions to manage AEs
occurred in 55% of the patients.® In the phase 2 trial, dose reductions were recommended
following AEs. In addition, in October 2013, following a request by the FDA, study investigators
were instructed to decrease the dose from 45 to 15 mg/day in all CP-CML patients who had
achieved a MCyR or better, to 30 mg/day in CP-CML patients who had not already achieved
MCyR, and to 30 mg/day for advanced phase patients.?®> Prospective dose reductions in all CP-
CML patients in the absence of AEs were introduced in the trial to reduce the risk of VOEs.??

Preliminary efficacy data from the PACE trial are available on the maintenance of response in all
CP-CML patients who underwent dose reduction for any reason. Table 4-23 shows these data
for patients who achieved MCyR and MMR on 45 mg; similar data are available for patients who
achieved MCyR and MMR on 30 mg. The majority of patients who underwent dose reduction in
the PACE trial maintained response (MCyR and MMR) for the duration of currently available
follow-up. Most patients who ultimately reduced daily dose to 15 mg initially had their dose
reduced to 30 mg for a period of time. A proportion of patients did not undergo any dose
reduction, based on an individual benefit-risk assessment.??

Table 4-23. Maintenance of response in CP-CML patients who achieved MCyR or MMR on
45 mg dose (data extraction 7 April 2014)??

Achieved MCyR on 45 mg/day Achieved MMR on 45 mg/day

(N=87) (N=63)

. . Number of Maintained Number of Maintained
Duration of dose reduction e MCyR e MMR
No dose reduction 23 18 (78%) 18 11 (61%)
Dose reduction to 30 mg only 25 24 (96%) 13 11 (85%)

= 90 day 21 20 (95%) 11 10 (91%)
= 180 day 11 10 (89%) 5 4 (80%)
= 360 day 5 4 (80%) 2 1 (50%)
Any dose reduction to 15 mg 39 39 (100%) 32 30 (94%)
= 90 day 32 32 (100%) 27 26 (96%)
= 180 day 10 10 (100%) 6 6 (100%)
= 360 day 6 6 (100%) 3 3 (100%)

MCyR, major cytogenetic response; MMR, major molecular response

A study published by Mauro et al. 2015 using real-world data among US patients initially on the
45-mg ponatinib dose showed that 42% of patients had dose reductions within 6 months of
starting therapy;??3 doses were reduced to 30 mg or 15 mg in 29% and 13% of patients,
respectively.??® Dorer et al. 2016 published a post-hoc multivariate analysis of the impact of dose
intensity on AEs using data from three ponatinib clinical trials. Results of this analysis showed
that a 15-mg/day decrease in the average daily dose of ponatinib was associated with a 33%
reduction in the risk of serious cardiovascular events.?® The efficacy and safety of three ponatinib
starting doses (15-mg, 30-mg, and 45-mg) will be evaluated in the OPTIC trial.??? Data at 4-year
follow-up from the PACE trial confirm that CCyR is maintained in over [ of the patients
(unpublished data, CSR).%®
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5 Cost effectiveness

5.1 Published cost-effectiveness studies in CML and Ph+ ALL

5.1.1 Identification of studies

Economic SLRs were carried out separately for CML and Ph+ ALL. As with the clinical CML
search strategy, the economic portion of the SLR was designed to identify relevant evidence
published from January 2000—January 2016. The economic Ph+ ALL SLR was designed to
identify relevant evidence published from January 2000—February 2016. Updated searches were
carried out in July 2016. Searches were also conducted in accordance with the requirements of
NICE"%8 15° and the CRD guidance.'®® In order to capture all relevant data, the economic SLRs
were developed to broadly encompass the treatment landscape for CML and Ph+ ALL.

Bibliographic databases were searched with the predefined search strategies outlined in
Appendix 11: Search strategy for cost-effectiveness studies. The search strategies were adapted
from those described in a prior STA for bosutinib, which were previously adapted from a
systematic review published by PenTAG.'®" The searches were designed to be broad to ensure
adequate sensitivity.

Searches were conducted in EMBASE, MEDLINE, MEDLINE In-Process & Other Non-Indexed
Citations, and Cochrane CENTRAL and HTA using Ovid®; the NHS Economic Evaluation
Database (EED) using the University of York CRD database; and EconLit using ProQuest.

In addition to bibliographic databases, a targeted search of the NICE website was conducted and
abstracts from the following conferences were searched from 2013—present: International
Society for Pharmacoeconomics and Outcomes Research (ISPOR), ASCO, ASH, and EHA.
Review articles were also manually searched for relevant publications.

The screening process was the same as that for the clinical evidence (see Section 4.1.3). PICOS
criteria describing the relevant population, interventions, comparators, outcomes, and study
design were used to determine the relevance of each article (Table 5-1).

Table 5-1. Eligibility criteria used in the economic search strategy

Cost-effectiveness Inclusion criteria Exclusion criteria
Population
pulat «  Adults (218 years) with CML or
Ph+ ALL
Int ti —
nterventions . Al
(o] t —
omparators . Al
Outcomes
. ¢ ICERs, QALYS, healthcare e  Studies reporting costs not
resource usage, cost of specific to the UK
healthcare resources, modelling
methods
e Costs specific to the UK
Trial design
: '9 o  Economic evaluations (CEA, e Comments, letters, and editorials
CUA, CMA), healthcare resource will be excluded
evaluation studies, healthcare
resource economic studies
Language
guag ¢ No limitation by language in e Studies in languages other than
restrictions . .
searches English excluded during
screening

CEA, cost-effectiveness analysis; CMA, cost-minimisation analysis; CML, chronic myeloid leukaemia; CUA, cost-utility analysis;
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
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After screening the 1951 records identified during the CML searches, a total of 17 articles were
included. NICE technology appraisals TA241°2 and TA299%%* were also manually reviewed for

relevant data. The process of study selection is presented in detail in Figure 5-1.

After screening the 210 records identified during the Ph+ ALL searches, one article was included.

The process of study selection is presented in detail in Figure 5-2.

Figure 5-1. PRISMA flow diagram for economic evidence in CML

Identification

Screening

Eligibility ]

[

Included

Records identified through database
searching
EMBASE: n=1663 (+142 update)
MEDLINE: n=393 (+23 update)
MEDLINE In-Process: n=55 (+ 75 update)
Cochrane: n=32 (+12 update)
NHS EED: n=43
EconlLit: n=8
(n=2446)

Additional records identified through
conference searches
(192)
(+1 update)

(n=193)

Records after duplicates removed
(n=1938)

:

Records screened
(n=1938)

A 4

Records excluded
(n=1859)

A 4

Full-text articles assessed for
eligibility
(n=79)

\ 4

A 4

Articles included in literature
review
(n=17)

Full texts: n=7
Conference abstracts: n=7

Manually added n=3

Full-text articles excluded, with reasons
(n=65)

Study population did not overlap CML (n=5)

Study population <18 years of age (n=0)

Costs not specific to the UK (n=14)

Outcomes not relevant (n=1)

Economic results not provided (n=0)

Study design not relevant* (n=37)

Language (n=4)

Insufficient information (n=4)

—
*Reviews, SLRs. In other words, not a cost-based analysis.
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Figure 5-2. PRISMA flow diagram for economic evidence in ALL

)

Identification

Screening

)

Eligibility

Records identified through database

Additional records identified through

searching conference and trial registry searches
e EMBASE: n=146 (+0 revised search) (+9 (n=34 original search)
update) (+0 update)
e MEDLINE: n=37 (+0 revised search) (+4
update) (n=34)
e MEDLINE In-Process: n=8 (+8 update)
e Cochrane: n=2 (+0 update)
e NHS EED: n=23
(n=237)
v v

Records after duplicates removed
(n=210)

A 4

Records screened

\ 4

(n=210)

Records excluded
(n=206)

A 4

Full-text articles assessed for

\4

eligibility
(n=4)

[

Included

A 4

Articles included in literature
review
(n=1)

Full texts: n=0
Conference abstracts: n=1

Manually added articles: n=0

Full-text articles excluded, with reasons
(n=3)

Study population did not overlap ALL (n=0)

Study population <18 years of age (n=0)

Costs not specific to the UK (n=1)

Outcomes not relevant (n=0)

Economic results not provided (n= 0)

Study design not relevant* (n=2)

Language (n=0)

Insufficient information (n=0)

—
*Reviews, SLRs. In other words, not a cost-based analysis.

5.1.2 Description of identified studies

Table 5-2 and Table 5-3 provide high-level overviews of the economic studies identified in the
CML and Ph+ ALL SLRs, respectively. All studies were conducted from a UK perspective and
reported cost results in GBP.

5.1.2.1 CML

No economic analyses for ponatinib were identified; although 12 studies did include a 2G-TKI

(dasatinib, nilotinib, or bosutinib) in the evaluation. Allo-SCT was included as a comparator in five

of the identified economic evaluations. All but one of the studies was a cost-effectiveness
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analysis (CEA)/cost-utility analysis (CUA). The one study that was not CEA/CUA was a resource
use survey and associated cost analysis for CML in general.??®

Of the economic analyses, 13 used a Markov or semi-Markov state-transition model, two used a
partitioned survival model, and one used a partitioned survival Markov-type model. Four
economic studies included advanced CML at model entry. The remainder were specific to the CP
population or did not state the CML phase at model entry.

Three of the analyses were manufacturer models for dasatinib (Bristol-Myers Squibb [BMS]),
nilotinib (Novartis), and bosutinib (Pfizer), two of which (dasatinib and nilotinib) were only
available as summaries in the Loveman et al. HTA.168

The Pfizer model for bosutinib'®" was the only economic analysis identified for inclusion in
subsequent modelling as it was the only analysis that evaluated a 3L cohort of patients with CP-
CML.

5.1.2.2 Ph+ ALL

The only economic analysis identified in the Ph+ ALL SLR was for ponatinib. Using a Markov
cohort model, lannazzo et al. 2015 assessed the cost-effectiveness in the UK of ponatinib vs
BSC after failing dasatinib. In the model, patients who achieved MCyR on ponatinib received
allo-SCT in remission.?26
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Table 5-2. Summary list of identified CML cost-effectiveness studies that have relevance to decision-making in England

CML disease
phase and Costs (currency),
Publicatio Costin Time patient age at QALYs (intervention, (intervention,
n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
BMS 2009 To appraise the 40 years; Any phase of Discounting not specified Discounting not specified CP-CML
del68 - )
mode clinical effectiveness monthly CML (CP, AP, or CP-CML CP-CML Dasatinib vs
and cost- cycles BP) - - \matinib 400 m
, . .
effectiveness of : o Dasatinib: 6.425 o Dasatinib: £314,413 e 9
dasatinib, nilotinib = - - £36,251
crello nllenlal e Imatinib 400 mg: 1.485 e Imatinib 400 mg: «  Imatinib 600 ma:
and high-dose ¢ CP-CML:56 o Imatinib 600 mg: 2.394 £135,326 d
imatinib compared L i £34.,907
. P years ¢ Imatinib 800 mg: 5.910 e Imatinib 600 mg: o Imatinib 800 mg:
) ST eSS e AP-CML:56 + Nilotinib: 6.235 £173,705 roragraon 4
|mat|n|b, a"o_SCT’ ears ] L. . Dasatinib dominant
- y e |IFN alpha: 1.664 ¢ Imatinib 800 mg: Nilotinib: Dasatinib
hydroxycarbamide, e BP-CML: 48 : £350 365 o ilotinib: Dasatini
IFN alpha, acute ' * Bone marrow SCT: e dominant
o years 4.738 ¢ Nilotinib: £318,978 .
leukaemia-style (myeloid) : IEN aloha: £12’9 292 e |FN alpha: £38,877
chemotherapy, and and 49 years s S e e Bone marrow SCT:
best supportive care, (lymphoid AP- and BP-CML * £g;§ gi"ow ' Dasatinib dominant
for patients with CML R ’
who are resistant to eSS
imatinib AP- and BP-CML AP- and BP-CML
Results NR
Results NR estlis
Dalziel et 2002 To evaluate the Lifetime CP Discounted Discounted Discounted
al. 200427 effectiveness of 20 years
atind as 1L L yet®  AgeNRiAduts o Imatinib:7.03 | + Imatinb:£215684 o Imatnbvs
treatment for CML death); 3- e Hydroxycarbamide: 4.99 e Hydroxycarbamide: hydroxycarbamide:
compared with IFN-q, month e IFN alpha: 5.04 £38,322 £86,934
hydroxycarbamide cycles e IFN alpha: £163,581 . LFZ‘ alpha Vbs ”
roxycarbamide:
(hydroxyurea), and Undiscounted £§,50)E(>),/364 !

bone marrow
transplantation, and
the cost-effectiveness
of imatinib compared
with IFN-a and
hydroxycarbamide

e Imatinib: 7.25
e Hydroxycarbamide: 5.01
¢ IFN alpha: 5.10

Undiscounted

¢ Imatinib: £235,403

e Hydroxycarbamide:
£46,591

e IFN alpha: £167,052

¢ Imatinib vs IFN alpha:
£26,180

Undiscounted

e Imatinib vs
hydroxycarbamide:
£84,100
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CML disease
phase and

Costs (currency),

Publicatio Costin Time patient age at QALYs (intervention, (intervention,
n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
e |FN alpha vs
hydroxycarbamide:
£1,293,948
¢ Imatinib vs IFN alpha:
£31,761
Gordois et 2001 To evaluate cost- Outcomes AP, BP Discounted Discounted Imatinib vs conventional
1.2 228 i
. y .
BP-CML comparedto  for 5 e Imatinib: 2.04 e Imatinib: £78,593 R el
conventional years e Comparator: -0.04 e Comparator: £17,325 ; ’
therapies from start
of
treatment; e BP-CML Imatinib: 0.53 BP-CML
1(-:mc<|)2;h e Comparator: -0.05 e Imatinib: £35.781
4 e Comparator: £11,085
Hoyle et al. 2009/  To estimate the cost- 44 years CP Discounted Discounted Imatinib resistant
2011229 2010  effectiveness of (patients . - . - , . .
(inflated  dasatinib and nilotinib ~ modelled ~ A\9€: 56 years  Imatinib resistant Imatinib resistant . Past?t',g'.bgéﬁ Z‘gg'dose
costs)  compared with high-  to age o Dasatinib: 7.846 o Dasatinib: £221,325 Mot ve hohd
dose imatinib for 100); 2- « Nilotinib: 7.63 « Nilotinib: £161,330 e TOUnD Vs Mg dose
eople with CP-CML month . A . CE T imatinib: Nilotinib
peop | e High-dose imatinib: e High-dose imatinib: dominat
who are resistant to cycles, 7311 £172 415 ominates
normal-dose imatinib  with half- ’
and compared with cycle Imatinib intolerant . Imatinib intolerant
interferon alpha for correction Imatinib intolerant
people intolerant of s e Dasatinib: 8.463 I e Dasatinib vs IFN alpha:
imatinib « Nilotinib: 7.406 * Dasatinib: £283,441 £82,619
« IFN alpha: 6.229 *  Nilotinib: £222,092 « Nilotinib vs IFN alpha:
e |FN alpha. £98,818 £104,698
Loveman 2009/  To evaluate the Lifetime CP Discounted Discounted Intervention vs
et al. 2010 clinical effectiveness hydroxycarbamide
2012168 el e Age NR e Hydroxycarbamide: 2.20 e Hydroxycarbamide: S
TGS 6 e |FN alpha: 2.20 £18,128 e [FN alpha:
e Standard-dose imatinib: e IFN alpha: £34,403 £242,448,508

dasatinib, nilotinib
and high-dose
imatinib within their
licensed indications
for the treatment of

Company evidence submission for ponatinib [ID671]

2.27
e SCT:6.35
¢ High-dose imatinib: 7.31
¢ Nilotinib: 7.63
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e Standard-dose
imatinib: £39,400
e SCT:£305,846

e Standard-dose imatinib:
£306,331
e SCT: £69,279



CML disease
phase and

Costs (currency),

Publicatio Costin Time patient age at QALYs (intervention, (intervention,

n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
people with CML who e Dasatinib: 7.85 e High-dose imatinib: e High-dose imatinib:
are resistant to £172,647 £30,229
fstan.da_\rd—dose e Nilotinib: £161,667 e Nilotinib: £26,434
imatinib e Dasatinib £172,473 e Dasatinib: £27,336

Mealing et NR To assess the cost- Lifetime; Phase NR Incremental QALYs/patient Incremental costs (95% e Dasatinib vs imatinib:

al. 2012230 effectiveness of monthly (95% Cl) Cl) £24,922

- Age NR
dasatinib versus cycles . L - e
g e Dasatinib vs imatinib: e Dasatinib vs imatinib:
imatinib in newly
diagnosed CML +0.71 (-0.15, 1.68) +£17,646
patients (—£24,259, £57,947)

Mildred et 2010/  To evaluate the cost- Lifetime CP Incremental discounted Discounted lifetime costs ¢ Nilotinib vs imatinib:

al. 2012231 2011 ffecti f1L ALYs i
SECHICTICSS O Age NR Q « Nilotinib: £220,416 Dominant
nilotinib followed by S R L
AL el Nilotinib vs imatinib e Imatinib: £232,941
compared to 1L e LYs:+0.35
imatinib followed by e QALYs: +0.28
2L dasatinib for
patients newly
diagnosed with Ph+
CP-CML

Novartis 2009/  To evaluate the cost- Lifetime; CP Discounting not specified Discounting not specified Intervention vs high-dose

model 68 2010  effectiveness of monthly . o I imatinib
nilotinib for the cycles for Age: 57 years e Nilotinib: 4.51 * Nilotinib: £139,216 e Nilotinib: —-£30,513
treatment of adult first 6 e High-dose imatinib: 4.28 e High-dose imatinib: (Dominant)
patients with CML cycles, ¢ SCT/hydroxycarbamide: £146,234 , SCT/hydroxycarbamide:
who are resistant to then 3- 3.18 e SCT/hydroxycarbamid £44.028
prior standard-dose month e: £80,933
imatinib therapy in cycles
CP

Padula et 2013 To analyse the cost- 5 years CP e Step-therapy: 2.864 e Step-therapy: £62,388 e Step-therapy vs

al. 2014232 effectiveness of Age NR e Physician-choice: 2.879 e Physician-choice: physician-choice:

treating all CP-CML
with imatinib initially
compared to
physician-choice
between imatinib or
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CML disease

phase and Costs (currency),
Publicatio Costin Time patient age at QALYs (intervention, (intervention,
n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
B the 2G-TKIs dasatinib )
or nilotinib
Pavey et 2011/ To determine the 50 years, CP Discounted Discounted Scenario 1: cumulative
al. 2012167 2012  cost-effectiveness of or age . . . . survival without 2L nilotinib
1L treatment for 107 years, Age: 57 years Scerjarlo 1 cumulatllve. . Scer)arlo 1 cumulatllve. . N
newly diagnosed Ph+ at which survival without 2L nilotinib survival without 2L nilotinib e  Imatinib — then .
CML with dasatinibor  time all e Imatinib — then e Imatinib — then gVCdTr?ﬁyXarbam'de/
nilotinib or imatinib people hydroxycarbamide/ hydroxycarbamide/ o
(standard dose), have died; SCT: 9.0 SCT: £159,000 *  Nilotinib — then
using each of the 3-month « Nilotinib — then « Nilotinib — then nydroxycarbamide/
three treatments as cycles hydroxycarbamide/ hydroxycarbamide/ SCT: £25,000

comparators

SCT: 9.4

e Dasatinib — then
hydroxycarbamide/
SCT: 9.2

Scenario 2: cumulative
survival without 2L nilotinib
— simplified method

¢ Imatinib — then
hydroxycarbamide/
SCT: 9.0

¢ Nilotinib — then
hydroxycarbamide/
SCT: 9.7

e Dasatinib — then
hydroxycarbamide/
SCT: 9.3

Scenario 3: cumulative
survival with 2L nilotinib

¢ Nilotinib — then
hydroxycarbamide/
SCT: 9.4

SCT: £170,000

e Dasatinib — then
hydroxycarbamide/
SCT: £224,000

Scenario 2: cumulative
survival without 2L nilotinib
— simplified method

¢ Imatinib — then
hydroxycarbamide/
SCT: £159,000

¢ Nilotinib — then
hydroxycarbamide/
SCT: £172,000

e Dasatinib — then
hydroxycarbamide/
SCT: £225,000

Scenario 3: cumulative
survival with 2L nilotinib

¢ Nilotinib — then
hydroxycarbamide/
SCT: £170,000

e Dasatinib — then
hydroxycarbamide/
SCT: Dominated by
nilotinib

Scenario 2: cumulative
survival without 2L nilotinib
— simplified method

¢ Imatinib — then
hydroxycarbamide/
SCT: NA

¢ Nilotinib — then
hydroxycarbamide/
SCT: £20,000

e Dasatinib — then
hydroxycarbamide/
SCT: Dominated by
nilotinib

Scenario 3: cumulative
survival with 2L nilotinib

¢ Nilotinib — then
hydroxycarbamide/
SCT: NA

e Imatinib — then nilotinib:
£192,000
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CML disease
phase and

Costs (currency),

Publicatio Costin Time patient age at QALYs (intervention, (intervention,
n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
¢ Imatinib — then nilotinib: ¢ |Imatinib — then e Dasatinib — then
9.5 nilotinib: £188,000 nilotinib: £450,000
e Dasatinib — then e Dasatinib — then
nilotinib: 9.7 nilotinib: £252,000 L .
Scenario 4: cumulative
survival with 2L nilotinib —
Scenario 4: cumulative Scenario 4: cumulative simplified method
survival with 2L nilotinib — survival with 2L nilotinib — S
simplified method simplified method *  Nilotinib —then.
hydroxycarbamide/
¢ Nilotinib — then ¢ Nilotinib — then SCT: NA
hydroxycarbamide/ hydroxycarbamide/ ¢ Imatinib — then nilotinib:
SCT: 9.1 SCT: £166,000 £46,000
¢ Imatinib — then nilotinib: ¢ Imatinib — then e Dasatinib — then
9.5 nilotinib: £188,000 nilotinib: £301,000
e Dasatinib — then e Dasatinib — then
nilotinib: 9.7 nilotinib: £253,000
Pfizer NR NR Lifetime CP (CP model)  Discounted Discounted CP-CML
161 -~ 5
model Jaom), AP (APmodel)  CP-CML cP-CML Y el
monthly  BP (BP model) e Bosutinib: 6.25 e Bosutinib: NR (CiC)  Bosutinib vs
cycles Ade: e Hydroxycarbamide: 2.43 e Hydroxycarbamide: hydroxycarbamide: NR
e e SCT:3.70 £29,473 (CiC)
e CP-CML:54 e IFN alpha:2.42 e SCT:£171,539 e SCT vs bosutinib:
years e IFN alpha: £38,268 gg@nated
e AP-CML: 50 C Vs
years AP-CML T hydroxycarbamide:
e BP-CML: 47 e Bosutinib: 2.76 al=—as £111,511 »
years e Hydroxycarbamide: 0.90  Bosutinib: NR (Gic) ¢ IFN alpha vs bosutinib:
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e SCT:1.96

BP-CML

e Bosutinib: 0.54
e Hydroxycarbamide: 0.46
e SCT:1.28
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e Hydroxycarbamide:
£26,078
e SCT: £178,093

BP-CML
« Bosutinib: NR (CiC)

Dominated

e |FN alpha vs
hydroxycarbamide:
Dominated

AP-CML



Publicatio

n

Costin
g year

Objective

Time
horizon

CML disease
phase and
patient age at
model entry

QALYs (intervention,
comparator)

Costs (currency),
(intervention,
comparator)

ICER (per QALY gained)

Rogers et
al. 201282

2009/
2010

To estimate the cost-
effectiveness, in
terms of ICER per
QALY of dasatinib
and nilotinib against
relevant comparators
for:

1. People in CP-CML
who develop
resistance to imatinib,
dasatinib, or nilotinib
compared with high-
dose imatinib

2. People in CP-CML
who are intolerant of
imatinib, dasatinib, or
nilotinib compared
with IFN

44 years;

2-month
cycles

CcP

Age: 56 years
(assumed)

Discounted

Imatinib-resistant patients

e Hydroxycarbamide:
£14,170
e SCT: £200,526

Discounted

Imatinib-resistant patients

Dasatinib: 7.85
Nilotinib: 7.63
High-dose imatinib: 7.31

Imatinib-intolerant patients

Dasatinib: 8.46
Nilotinib: 7.41
IFN-a: 6.23

e Dasatinib: £221,325

e Nilotinib: £161,330

e High-dose imatinib:
£172,415

Imatinib-intolerant patients

e Dasatinib: £283,441
¢ Nilotinib: £222,092
e |FN-a: £98,818

Bosutinib vs
hydroxycarbamide: NR
(CiC)

SCT vs bosutinib:
Dominated

SCT vs
hydroxycarbamide:
£142,982

BP-CML

Bosutinib vs
hydroxycarbamide: NR
(CiC)

SCT vs bosutinib: NR
(CiC)

SCT vs
hydroxycarbamide:
£186,265

Imatinib-resistant patients

Dasatinib vs nilotinib:
£277,698

Nilotinib dominates
high-dose imatinib

Imatinib-intolerant patients

Nilotinib extendedly
dominated by IFN and
dasatinib

Dasatinib vs IFN:
£82,600
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CML disease
phase and

Costs (currency),

Publicatio Costin Time patient age at QALYs (intervention, (intervention,
n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
Szabo et 2008 To calculate UK- NA Phase andage NA NA NA -
al. 2009225 specific resource use NA
and cost estimates
associated with the
treatment of CML
Taylor et233 NR To estimate lifetime Lifetime CP Discounting not specified Discounting not specified Dasatinib vs:
al. 2011a gﬁfézrigi zzgggiated Age NR o Dasatinib: 6.425 o Dasatinib: £314,413 e Imatinib 400 mg:
with dasatinib ¢ Imatinib 400 mg: 1.485 ¢ Imatinib 400 mg: £36,251
treatment of chronic- ¢ Imatinib 600 mg: 2.394 £135,326 ¢ Imatinib 600 mg:
phase imatinib- ¢ Imatinib 800 mg: 5.910 ¢ Imatinib 600 mg: £34,907
resistant CML ¢ Nilotinib: 6.235 £173,705 ¢ Imatinib 800 mg:
e |FN alpha: 1.664 ¢ Imatinib 800 mg: Dominant
e Bone marrow transplant: £350,365 e Nilotinib: Dominant
4.738 ¢ Nilotinib: £228,576 ¢ Interferon alpha:
e Interferon alpha: £6764 £38,877
e Bone marrow e Bone marrow
transplant: £302,937 transplant: Dominant
Taylor et NR To estimate the Lifetime AP or BP Discounting not specified Discounting not specified AP-CML
S0112 el o AgeNR  AP-CML AP-CML Dasatinib vs:

associated with
dasatinib in the
treatment of imatinib-
resistant CML
patients who are in
AP or BP
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Dasatinib: 2.603
Imatinib 600 mg: 0.583
Imatinib 800 mg: 0.583
Nilotinib: 1.697

2.861

BP-CML

Dasatinib: 0.485
Imatinib 600 mg: 0.240
Imatinib 800 mg: 0.240

1.757
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Bone marrow transplant:

Bone marrow transplant:

e Dasatinib: £170,478

¢ Imatinib 600 mg:
£88,949

¢ Imatinib 800 mg:
£96,552

e Nilotinib: £141,128

e Bone marrow
transplant: £230,277

BP-CML

e Dasatinib: £105,103

e Imatinib 600 mg:
£108,306;

e Imatinib 800 mg:
£115,123

e Imatinib 600 mg:
£40,357

¢ Imatinib 800 mg:
£36,594

¢ Nilotinib: £32,405

e Bone marrow
transplant: £231,650

BP-CML
Dasatinib vs:

e Imatinib 600 mg:
Dominant

e Imatinib 800 mg:
Dominant



CML disease
phase and

Costs (currency),

Publicatio Costin Time patient age at QALYs (intervention, (intervention,
n g year Objective horizon model entry comparator) comparator) ICER (per QALY gained)
e Bone marrow e Bone marrow
transplant: £173,892 transplant: £54,093

Taylor et NR To estimate the Lifetime; NR Incremental QALYs Incremental costs e Dasatinib vs imatinib:
al. 2012235 lifetime costs and 1-month

reum ; Age NR e Dasatinib vs imatinib: e Dasatinib vs imatinib: £25,700

benefits associated cycles

with dasatinib and +3.53 +£90,800

imatinib in patients

with CML
Warren et 2001 To estimate the Lifetime; CP Discounted Discounted e Imatinib vs IFN alpha:
al. 200423 incremental cost- 1-month : " - £38,468

utility of imatinib cycles Age: 53 years e Imatinib: 5.95 e Imatinib: £110,103

compared with
hydroxycarbamide
(hydroxyurea) in

patients with CP-CML

for whom 1L
treatment with IFN
alpha failed to
produce a response

e Hydroxycarbamide: 3.49

Hydroxycarbamide:

£15,566

1L, first line; 2L, second line; 3L, third line; AE, adverse event; AP, accelerated phase; BMS, Bristol-Myers Squibb; BP, blast phase; CIC, commercial in confidence; CP, chronic phase; CT,
computed tomography; DAT, daunorubicin, cytarabine arabinoside, and 6-Tioguanine; GP, general practitioner; HRU, healthcare resource use; ICER, incremental cost-effectiveness ratio; IFN,
interferon; NA, not applicable; NR, not reported; QALY, quality-adjusted life-year; SCT, stem cell transplantation.

Company evidence submission for ponatinib [ID671]

Page 116 of 271



Table 5-3. Summary list of identified ALL cost-effectiveness study that has relevance to decision-making in England

ICERs
Costing Patient per QALY

Publication year Objective population LYs QALYs Costs per LY gained gained
lannazzo et 2014 To conduct a Patients with Discounted Discounted Discounted Ponatinib vs Ponatinib vs
al. 201522 CEA for patients Ph+ ALL who " - - BSC BSC

with Ph+ ALL havefaileda ® Fonatinb+ e Ponatinib+ e Ponatinib + o £17,600 o £27,200

and R/l to previous course allo-SCT: allo-SCT: allo-SCT:

dasatinib, of dasatinib 4.14 2.57 £88,553

Comparing (PACE study e BSC:0.32 e BSC: 0.09 e BSC: £21,208

ponatinib subgroup)

(followed by allo-
SCT in patients
who achieve
MCyR) vs BSC,
from the UK
NHS perspective

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic stem cell transplantation; BSC, best supportive care; CEA, cost-effectiveness analysis; ICER, incremental cost-effectiveness ratio; LY,
life-years; MCyR, major cytogenetic response; NHS, National Health Service; Ph+, Philadelphia chromosome—positive; QALY, quality-adjusted life-year; R/I, resistant/intolerant; —, not reported.
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5.1.3 Quality assessment of relevant identified studies

Quality assessment of the relevant studies (the Pfizer model for bosutinib and lannazzo et al.
2015) was conducted independently by two researchers, with disagreements resolved by a third
researcher.

Quality assessment was performed using the checklist for assessing economic evaluations
outlined in the CRD guidance,'®° which was originally adapted from Drummond et al. (1996).2%"
See Appendix 12: Quality assessment of cost-effectiveness studies for details of the quality
assessment.

5.2 Overview of economic analyses

There are no head-to-head clinical trials comparing efficacy and healthcare resource utilisation
with ponatinib compared to relevant comparators used in England within the indicated
population. In the absence of head-to-head trial data, three cost-effectiveness models were
constructed to estimate the cost-effectiveness of ponatinib compared to relevant interventions in
patients with CP-CML, AP- or BP-CML, and Ph+ ALL. Section 5.3 describes the economic
model, considering only patients who start ponatinib (or comparator) treatment in the CP-CML
disease stage; the adaptations of the models for the AP-/BP-CML and Ph+ ALL populations are
reported separately, see Sections 5.4 (AP-/BP-CML) and 5.5 (Ph+ ALL) .

Each economic analysis is a fully incremental CUA.

5.2.1 Curve-fitting methodology for model outcomes

For the three models (CP-CML, AP-/BP-CML, and Ph+ ALL) similar methods were used to
extrapolate model outcomes from data:

5.2.1.1 Ponatinib

A key strength of these models is their use of the detailed IPD from the PACE trial to extrapolate
outcomes for patients receiving ponatinib. Curve fitting to the IPD was performed using
parametric survival analysis on these patient-level data. The following main parametric functions
were assessed for goodness of fit: exponential, Weibull, Gompertz, log-logistic, and log-normal.
The goodness of the fit of these functions was assessed with the Akaike Information Criterion
(AIC) and Bayesian Information Criterion (BIC) statistics.

5.2.1.2 Other comparators

As IPD were unavailable for comparators other than ponatinib, curve fitting was performed on
published data. Where KM plots for the outcome of interest were available in a published
reference, these were digitised to estimate the probability estimates for the outcome at time
points along the KM curves. This step was unnecessary for data that were reported in tabular
format. In either case, these data were imported into Excel, where the inbuilt Solver® function
was used to derive the parameter values by minimising the sum of squared errors (SSE)
between these data and predicted survival curves. The same main parametric functions were
assessed for goodness of fit as for ponatinib (exponential, Weibull, Gompertz, log-logistic, and
log-normal).

5.3 De novo analysis — CP-CML
5.3.1 Methodology

5.3.1.1 Patient population

The target population in the economic model is consistent with that defined in the NICE scope,
as follows:"64

Adults with CP-CML whose disease is resistant to dasatinib or nilotinib, who are
intolerant to dasatinib or nilotinib and for whom subsequent treatment with imatinib is not
clinically appropriate, or who have the T315| mutation.
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This target population is consistent with the patient population indicated in the approved EU label
(see Section 2.2.2) and the subjects in the ponatinib clinical study programme. Specifically, the
target population of the economic analysis is patients in the 3L treatment setting, reflecting the
anticipated place in therapy of ponatinib—post-imatinib and a 2G-TKI. Consistent with SmPC
guidance?? and ponatinib efficacy data from the PACE trial,?*® the base case reflects all 3L
patients, including those with and without any mutation at baseline, including T315I; having a
mutation is not a pre-requisite for ponatinib use.?? Not stratifying the model cohort by T315I-
mutation status is appropriate since, as shown in the multivariate analysis by Mauro et al.
2012,238 the presence of the T315| mutation does not predict treatment response to ponatinib.
Despite these considerations, it should be noted that only patients with the T315] mutation can
currently receive ponatinib through the CDF, highlighting the current inequity of access to this
breakthrough treatment. The core assumption that the presence of the T315] mutation does not
predict treatment response with ponatinib was validated by a clinical expert, Dr Richard Clark of
the Haematology Department at the Royal Liverpool University Hospital (henceforth referred to
as “the clinical expert”).

To mimic the clinical course of CML, patients enter the CP-CML model in the CP phase, after
which they can remain in CP or progress to AP- and BP-CML. A separate model has been
developed for patients who start treatment in the AP- or BP-CML stages (see Section 5.4).

5.3.1.2 Baseline characteristics of the simulated population

5.3.1.2.1 Source data

A MAIC of ponatinib vs bosutinib was conducted to provide a more robust comparison of data
than a naive comparison; results of the MAIC were used to inform the economic analysis.
Traditional approaches to mixed treatment comparison or network meta-analysis were not
feasible given that the PACE and the bosutinib phase 1/2 trials were single-arm studies. Baseline
characteristics available for the indirect comparison of bosutinib vs ponatinib were sex, median
age, race, duration of CML, T315I mutation status, and ECOG performance status. Reported
medians were interpreted, for matching purposes, as a binary characteristic (eg, median age of
53.0 years was transformed into a binary variable age >53.0 years, with a frequency of 50%).
Matching would ideally be based on clinically relevant risk factors that impact relative treatment
effects; however, there is no well-established procedure regarding how risk factors to be
matched should be identified; therefore, all variables that were available for inclusion in the
analysis were used. IPD from the PACE trial were used to match the baseline characteristics of
patients on ponatinib to the baseline characteristics of patients in the bosutinib phase 1/2 trial.
Using this approach, individual patients treated with ponatinib in the PACE study were assigned
weights such that: (1) the weighted mean baseline characteristics in PACE exactly matched
those reported for patients treated with bosutinib and, (2) each patient’s weight was equal to his
or her estimated odds of being treated with bosutinib versus ponatinib. Weights meeting these
conditions were obtained from a logistic regression model for the propensity of being treated with
bosutinib vs ponatinib, with individual patient values for all matched-on baseline characteristics
included as predictors. The methods and results of the MAIC are presented in Sections 4.10.2—
4.10.15 (and in Appendix 18: Matching-adjusted indirect comparison). It should be noted that the
effect of the adjustment produced by the MAIC analysis is toward a reduction of response rates
for ponatinib (ie, adjusted response rates were lower). To this extent the adoption of the MAIC
analysis (rather than a naive comparison) could be seen as a step towards a more conservative
cost-effectiveness analysis.

The baseline characteristics of the modelled population used in the simulation are derived from
the CP-CML cohort in the PACE study after adjustment in the MAIC (Table 5-4).

Table 5-4. Baseline characteristics of the modelled CP-CML population*

Parameter Value Source
Initial age (years) 54.50 MAIC analysis
Proportion of males 44.9% MAIC analysis

MAIC, matching-adjusted indirect comparison.
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*See Section 4.10 for the description of the MAIC analysis; the results of the MAIC are reported in Section 4.10.15.

5.3.1.3 Model structure

No economic models for ponatinib in the indication population have been published. We
therefore developed a de novo cost-effectiveness model based on previously developed models
for the treatment of patients with CP-CML,23° and in conformity with requirements of NICE as
expressed in its Guide to the methods of technology appraisal.'s8

The model was built in Microsoft Excel® (Microsoft Corporation, Redmond, WA), and
incorporates several user-modifiable variables allowing customisation of the model for different
countries. The contents of this report refer specifically to the English adaptation of the cost-
effectiveness model, in which parameters have been set in accordance with the latest guidance
for conducting pharmacoeconomic submissions from NICE."%®

Based on a review of previous economic models,?*° the structure of the model was designed as
a conventional state transition (Markov) model with three CML health states (Figure 5-3):241

e CP-CML, which incorporates 4 substates corresponding to response category (CCyR,
PCyR, CHR, NR)

e Progressed disease with AP-CML and BP-CML as substates (ie, patients unsuitable for
allo-SCT)

o Progressed disease treated with allo-SCT with relapse and relapse-free substates

Figure 5-3. Schematic representation of the CP-CML model health states
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Allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response;
CHR, complete haematologic response; CML, chronic myeloid leukaemia; CP, chronic phase; IFN alpha: interferon alpha; NR,
no response; PCyR, partial cytogenetic response.

Disease response is accounted for within each living state. In the CP-CML health states, disease
response is categorised according to presence/absence of cytogenetic or haematologic
response. In the progressed CML health state post—allo-SCT, patients can remain clear of
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disease or experience relapse. Patients with advanced CML do not receive allo-SCT can be in
either AP- or BP-CML. As such, there are several transitions possible within a given time cycle: a
live patient can either remain in their present health state, change response category, progress
to the next-most-severe phase of CML and receive allo-SCT, progress and not receive allo-SCT,
or die. Death is possible in any state and, as such, is not represented in Figure 5-3.

The CML health states are applicable to all comparators except allo-SCT. Since allo-SCT can
result in cure, following allo-SCT patients could be considered as no longer having CML.
Consequently, in the model the use of allo-SCT is modelled as a unique health state with
patients being in either the relapse-free or relapsed substate (Figure 5-3).

5.3.1.3.1 CP-CML to progressed CML

Regardless of treatment option, all patients enter the Markov model in the CP-CML health state,
having failed to respond to prior treatment (ie, are not already in remission at study entry).
Patients with CP-CML either receive pharmacologic treatment or undergo direct allo-SCT.
Distribution among response rates (CCyR, PCyR, CHR, and non-response [NR]) occurs during
the first cycle. Thereafter, during any given cycle, patients can either remain in their current
health state, die, transition into the progressed-disease state (non—allo-SCT CP-CML patients
only) or experience relapse (allo-SCT patients). Each pharmacologic treatment option elicits
treatment responses in accordance with published response rates; except ponatinib, in which
responses rates are obtained from the MAIC analysis based on IPD from the PACE trial
(Sections 4.10.2—-4.10.15). Duration of response—obtained from the literature for each
comparator and from the MAIC for ponatinib—was used to determine when patients transition
from CCyR/PCyR to CHR. The method used to model response rates is described in Section
5.3.21.1.

Progression to AP-CML was modelled via a surrogate relationship based on specific disease
response within CP-CML, categorised as follows:

Complete cytogenetic response (CCyR)
Partial cytogenetic response (PCyR)
Complete haematologic response (CHR)
No response (NR)

The core assumption that response to TKI is the most important prognostic factor in CP-CML,
irrespective of the TKI used, was validated by the clinical expert and is in agreement with the
2013 ELN recommendations.*” In addition, this approach is consistent with that used in the
dasatinib technology appraisal submission to NICE,?*? which was generally accepted by the
evidence review group.®? The probability of progression from each response category was
modelled based on published data (see Section 5.3.2.1.2).

The probability of death in the CP-CML health state is assumed to be equivalent across all
treatments and is assumed to be the same as that of the general population, supported by
evidence showing no disease-specific excess mortality in this early stage of CML."32 Hence,
mortality rates of the English general population have been applied.?*3

5.3.1.3.2 Progressed CML

In patients with progressed CML who are suitable candidates for allo-SCT, the costs and benefits
accrued post—allo-SCT are estimated. Patients with progressed CML who receive allo-SCT are
assumed to be in one of two health states: in remission or relapsed. All individuals in the allo-
SCT arm accrue the cost of the operation during the first model cycle and follow-up costs
throughout the first year (ie, first four model cycles), with lower follow-up costs in years 2 and 3;
the cost in year 3 is applied in all subsequent years until relapse or death. Patients in remission
are considered as no longer having CML, and those who relapse revert to pharmacologic-based
options for the treatment of CML. Parametric functions were used to model both OS and relapse-
free survival (RFS). Because the cohort starting age is 54.50 years and allo-SCT is usually
offered to younger patients (eg, 44 years was reported in Jabbour et al. [2011]), an adjustment
factor was applied to the survival function (which was based on the allo-SCT mortality data) to
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ensure that the probability of dying due to allo-SCT in each cycle was not lower than the mortality
risk in the general population.

In patients with progressed CML who are unsuitable candidates for allo-SCT, the costs and
benefits associated with background therapy (assumed to comprise 20% imatinib, 20%
hydroxycarbamide, 20% dasatinib, 20% nilotinib, and 20% bosutinib, based on a survey of
clinical experts in the UK)*® are estimated. All individuals enter this health state in AP. During any
given cycle, patients can either remain in AP, progress to BP, or die, with transitions being
determined by PFS and OS data derived from the literature as described in Section 5.3.2.1.3.

Events occurring in the progressed CML health state are independent of the initial treatment
allocation. Hence, the only source of a differential across treatments in terms of intervention-
specific costs and benefits accrued in AP-CML and BP-CML is the time at which patients
transition to the progressed CML state, which is a function of their time-to-progression in CP-
CML.

As patients enter the progressed CML state at different time points, the costs and benefits
accrued in the health substates need to be discounted accordingly. To fully account for this
impact, a “double discounting” approach is used. Initially, discounted costs and QALYs are
calculated for the time horizon within the progressed CML health state. These values are applied
to all patients in each health state within the submodels. Secondly, the patients entering the
progressed CML state in each cycle are assigned discounted costs and QALYs from the time at
which they progressed back to t = 0, the first model cycle in which all patients are in CP-CML.
This calculation therefore captures the different times at which patients enter the progressed
CML health state.

5.3.1.4 Features and justification of the de novo analysis

5.3.1.4.1 Perspective

In accordance with the NICE guide to the methods of technology appraisal, the reference-case
CUA adopts the payer perspective for costs, specifically that that of the NHS and Personal Social
Services (PSS)."%® The NHS/PSS perspective includes direct medical costs and allo-SCT follow-
up costs.

The perspective on outcomes is that of the most relevant direct health effects on patients,
namely survival and HRQoL (as a function of CML health states and adverse effects of
treatment), in order to generate QALY outcomes.

5.3.1.4.2 Time horizon

To capture all important differences in costs or outcomes between the technologies being
compared, the time horizon of the CUA is the duration of the simulated patient cohort’s lifetime.
The model employs 3-month Markov cycles with a half-cycle correction, and costs and outcomes
are accrued within these cycles across the overall model time horizon. A 3-month cycle parallels
the length of the ponatinib response evaluation period described in the SmPC, and is short
enough to allow fitting of curves; a half-cycle correction was adopted because the cycle length is
relatively long. The starting age of all patients entering the model is 54.50 years, based on
baseline characteristics in the PACE trial after weighting in the matching-adjusted indirect
comparison (MAIC analysis, Section 4.10; Appendix 18: Matching-adjusted indirect comparison)
to match those in the bosutinib study by Khoury et al. 2012.2

5.3.1.4.3 Discount rate

In the base-case analysis, both costs and benefits are discounted at 3.5% per annum as
recommended by NICE.'®® Discount rates of 0% and 6% were used in sensitivity analyses.

5.3.1.4.4 Outcome measures

The primary and secondary outcomes of this analysis are cost per QALY gained and cost per
life-year gained (LYG), respectively.
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Table 5-5 summarises the features of the CP-CML de novo analysis. The chosen values were in
accordance with the NICE guide to the methods of technology appraisal.'%®

Table 5-5. Features of the CP-CML de novo analysis

Factor Chosen values Justification
- : To capture all important differences in costs or
Time horizon Lifetime (maximum of 400 outcomes between the technologies being
cycles, up to 100 years) compared'®®

Were health effects The r(_aference case stipulates that the cost
measured in QALYs: _effectlvene§s of treatments should be expressed
if not. what was QALY and LYG in terms of incremental cost per QALY

; For completeness, the analysis evaluates
incremental LYGs
3.5% per annum as recommended by NICE"'*®
Discount rates of 0% and 6% were used in

used?

Discount of 3.5% for

utilities and costs 3.5% o
sensitivity analyses
p " In accordance with the NICE guide to the
erspective methods of technology appraisal,’®® the
(NHS/PSS) NHS/PSS reference-case CUA adopts the payer

perspective for costs

CUA, cost-utility analysis; LYG, life-year gained; NHS, National Health Service; PSS, Personal Social Services; QALYs, quality-
adjusted life years.

5.3.1.5 Intervention technology and comparators

5.3.1.5.1 Ponatinib

The modelling of ponatinib reflects the decision problem defined by NICE. Ponatinib has
marketing authorisation in the EU for treating adult patients with CP-, AP-, or BP-CML, who are
resistant to dasatinib or nilotinib; who are intolerant to dasatinib or nilotinib and for whom
subsequent treatment with imatinib is not clinically appropriate; or who have the T315I
mutation.?? Ponatinib is included in the treatment pathways for patients who are R/I to dasatinib
or nilotinib in the most recent key clinical practice guidelines, namely the 2013 update of the ELN
recommendations for CML management*” and the 2016 update of the NCCN CML guidelines."

Ponatinib is currently available to patients with the T315] mutation in England through the CDF.&°
The model does not address patients with the T315] mutation separately from those who are R/
to 2G-TKils as high response rates to ponatinib have been demonstrated in PACE regardless of
mutation status?®*® and this approach underlies the current inequity in CDF access to ponatinib
between patients with the T315] mutation and those who fall within the indication but do not have
this mutation.

5.3.1.5.2 Comparators

The comparators included in the CUA are those defined in the NICE scope, namely the 2G-TKI
bosutinib, allo-SCT, interferon alpha, and hydroxycarbamide.

Bosutinib has marketing authorisation in the EU for treating patients with Ph+ CML who were
previously treated with one or more TKls and for whom imatinib, nilotinib and dasatinib are not
considered appropriate treatment options.” NICE recommends bosutinib as an option, within its
marketing authorisation, if the company provides bosutinib with the discount agreed in the PAS
(as revised in 2016).%3 As with ponatinib, bosutinib is included in the treatment pathways for
patients who are R/I to dasatinib or nilotinib in the 2013 ELN recommendations for CML
management*” and the 2016 NCCN CML guidelines.’

Compared with ponatinib, bosutinib provides only modest benefit to heavily pre-treated patients
with CML: for achieved CCyR, the best response with bosutinib was 24.1% (Khoury et al. 2012),2
while the CCyR rate in the PACE trial was 65% (Hochhaus et al. 2015),%* and after matching
PACE IPD to bosutinib baseline characteristics the CCyR rate with ponatinib was calculated to
be 61.3% (MAIC comparison; Section 4.10.15). In addition to the modest clinical evidence
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supporting bosutinib, there are other reasons to not consider bosutinib as an appropriate
comparator for ponatinib:

o Whereas the ponatinib label notes that ponatinib is recommended for patients with the T315lI
mutation, the bosutinib label explains that bosutinib has limited activity against this mutation,
and therefore clinical activity of bosutinib in patients with the T3151 mutation is not expected.”
22 The MAIC analysis, carried out to inform the ponatinib response rates applied in the
economic model, adjusted for differences in the proportions of patients with the T315] mutation
enrolled in the PACE trial and the bosutinib study (see Section 4.10.15).

e The CML indications for ponatinib and bosutinib are not directly comparable with respect to
TKI resistance and intolerance. That is, bosutinib is indicated for patients who have been
previously treated with =21 TKI and for whom imatinib, nilotinib and dasatinib are not considered
appropriate treatment options, which differs from the more detailed wording of the ponatinib
indication (ie, adults with CP-CML whose disease is resistant to dasatinib or nilotinib, who are
intolerant to dasatinib or nilotinib and for whom subsequent treatment with imatinib is not
clinically appropriate, or who have the T315] mutation).” 22

¢ Only limited data are available to support bosutinib in patients with an “unmet medical need”,
defined in the bosutinib EPAR as patients for whom either dasatinib or nilotinib may not be
considered suitable treatment after failure of the other 2G-TKI due to a pre-existing medical
condition, TKI intolerance, or mutation which would be expected to confer resistance to that
therapy, as well as patients who have received prior imatinib only but for whom neither
dasatinib nor nilotinib may be considered a suitable treatment for the above referenced
reasons.® In the bosutinib study upon which the conditional approval is based, among patients
with CP-CML, only 21 met these criteria for unmet medical need.%?

The other pharmacologic comparators included in the NICE scope are hydroxycarbamide and
interferon alpha. Hydroxycarbamide is a conventional chemotherapeutic drug (ie, non-TKIl),
which clinical expert opinion suggests may be used as palliative therapy although it does not
prevent or significantly delay the progression towards advanced phases of CML.?* Interferon
alpha was displaced as a CML therapy by the discovery of TKls,?** and current clinical practice
guidelines recommend it only in rare instances when a TKI cannot be used.*” Consequently,
interferon alpha is rarely used in clinical practice for CML in England, as noted by the NICE
appraisal committee in the bosutinib evaluation.®® Allo-SCT is also included as a
nonpharmacologic comparator. The ELN guidelines state that, for patients in CP-CML, it is
reasonable to reserve transplant for those who are R/l to at least one 2G-TKI.#”

5.3.1.6 Treatment continuation rule

The model applies a stopping rule for patients on ponatinib who have not achieved at least CHR
by 3 months. For patients responding to treatment, a discontinuation probability is derived from
the parametric on-treatment survival analysis on patient-level data from the PACE study (for
ponatinib) and from an exponential fit on the median on-treatment survival data (8.3 months) for
bosutinib (Khoury et al. 2012).8 When a TKIl is discontinued, we assume BSC is started and
continued until progression or death. Allo-SCT is modelled as a one-time event and therefore the
treatment continuation rule does not apply.

5.3.1.7 Summary of the de novo analysis
The CP-CML model characteristics are summarised in Table 5-6.
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Table 5-6. Summary of CP-CML model characteristics

Component Description
Population Adults with CP-CML R/I to imatinib and either dasatinib or
nilotinib
Comparators Bosutinib
Hydroxycarbamide
IFN alpha
Allo-SCT
Perspective NHS/PSS
Cycle length 3 months (half-cycle correction)
Time horizon Cohort lifetime (maximum of 400 cycles, up to 100 years)
Starting age 54.50 years
Discount rate per annum: costs 3.5%
Discount rate per annum: benefits 3.5%
Outcome measures generated Cost/QALYs gained
Cost/LYG

Allo-SCT, allogeneic haematopoietic stem cell transplantation; CML, chronic myeloid leukaemia; CP, chronic phase; IFN alpha,
interferon alpha; LYG, life-year gained; NHS, National Health Service; PSS, Personal Social Services; QALY, quality-adjusted
life-year; R/I, resistant or intolerant.

5.3.2 Clinical parameters and variables
5.3.2.1 Clinical data sources

5.3.2.1.1 Effectiveness data

As dictated by the PFS data (see Section 5.3.2.1.2), response was modelled for the following
categories of best response:

e CCyR
e PCyR
e CHR
[ ) NR

To align with the PFS data, the definition of best response was set such that, for example, if a
patient experiences a CHR followed by a PCyR then they will only be included in the PCyR
category. Patients who did not achieve a CCyR, PCyR, or CHR were assumed to be non-
responders (NR). For both ponatinib and bosutinib cytogenetic and haematologic responses in
each category were calculated excluding those patients who already had that response at
baseline.

5.3.2.1.1.1 Ponatinib

Response rates for ponatinib (Table 5-7) were obtained from the most recent PACE study IPD
(data cut-off, 3 August 2015), after adjustment in the MAIC to match patient baseline
characteristics in the pivotal bosutinib trial (see Sections 4.10 and 5.3.1.2; Appendix 18:
Matching-adjusted indirect comparison). In order to align with the comparator evidence, the rates
used in the base-case analysis were based on patients who had failed 2 prior TKIs. PACE was
identified in the clinical SLR (Section 4.11; Table 4-7 [study design], Table 4-10 [baseline
characteristics], and Table 4-13 [outcomes]).

Table 5-7. Best response to ponatinib (3 August 2015 follow-up; source: PACE clinical trial
data, adjusted in MAIC)*

Response rate, %

Best response Unadjusted Adjusted in MAIC
CCyR 64.95% 61.34%
PCyR 6.19% 8.46%
CHR 17.53% 18.19%
NR 11.34% 12.01%
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CCyR, complete cytogenetic response; CHR, complete haematologic response; MAIC, matching-adjusted indirect comparison;
NR, non-response; PCyR = partial cytogenetic response.

*See Section 4.10 for the description of the MAIC analysis; the results of the MAIC are reported in Section 4.10.15.

5.3.2.1.1.2 Bosutinib

Data for modelling response to bosutinib following failure of another 2G-TKI were derived from a
phase 1/2, open-label, two-part study by Khoury et al., identified in the clinical SLR (see Section
4.11; Table 4-7 [study design], Table 4-10 [baseline characteristics], and Table 4-13
[outcomes]).8 The second part of this study evaluated the efficacy and safety of bosutinib (500
mg/day) across multiple CP-CML patient subpopulations. The response rates applied in the
model were those for the total population (N=118), comprising patients who had failed imatinib as
well as either dasatinib or nilotinib (n=114), and patients who had failed imatinib, dasatinib, and
nilotinib (n=4). Response rates incorporated in the model for bosutinib are presented in Table
5-8.

Table 5-8. Best response to bosutinib (source: Khoury et al. 2012)2

Best response Response rate*, %
CCyR 24.07%
PCyR 8.33%
CHR 37.93%
NR 29.66%

CCyR, complete cytogenetic response; CHR, complete haematologic response; NR, non-response; PCyR, partial cytogenetic
response.

*Response rates for bosutinib are not adjusted for in the MAIC. The analysis only adjusts ponatinib response rates through
matching patient baseline characteristics between studies.

5.3.2.1.1.3 Interferon alpha

When designing our SLR for CML (prior to receipt of the pre-invitation draft scope in June 2016),
we did not include interferon alpha as a comparator because it is rarely used to treat CML in the
UK and is not part of the NICE blood and bone marrow cancers pathway.'® 47-82 |n the bosutinib
appraisal, it was also the conclusion of the committee that interferon alpha is not used in clinical
practice in England and Wales.?® Nevertheless, to align with the decision problem, we added
interferon alpha as a comparator in the economic analysis.

We assume that CCyR and PCyR do not occur with interferon alpha and that the only response
categories applicable to patients on this therapy are CHR or NR. The median overall CHR on
interferon alpha applied in the model is 47%, as reported in the HTA by Dalziel et al. 2004 based
on results of interferon alpha vs hydroxycarbamide trials in which patients either had no prior
treatment or were previously treated with hydroxycarbamide.??” We therefore assume a NR rate
of 53%. Dalziel et al. 2004 was identified in the economic SLR (Section 5.1.2) and has been cited
in previous HTAs (eg, Loveman et al. 2012,'%8 Rogers et al. 2012,82 and Pavey et al 2012)'7.

5.3.2.1.1.4 Hydroxycarbamide

No studies for hydroxycarbamide in the post—2G-TKI setting were identified in the clinical SLR. In
the absence of response data for hydroxycarbamide in patients who received prior 2G-TKI
therapy, CHR rates were obtained from Dalziel et al. 2004.%?7 In addition, due to the absence of
comprehensive data, indirect treatment comparisons were not possible between ponatinib and
hydroxycarbamide (or interferon alpha).

Based on the median response rate across two studies identified in a SLR by Dalziel et al.
2004,%?7 it was assumed that 41% of patients receiving hydroxycarbamide will achieve a CHR
and the remaining 59% will be non-responders; cytogenetic responses were assumed not to
occur with this therapy.
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5.3.2.1.1.5 Allo-SCT

5.3.2.1.1.5.1 Overall survival

The observational study by Jabbour et al. 2011, identified in the SLR, was considered the most
suitable study to provide data on OS post—allo-SCT; the study evaluates survival outcomes
following allo-SCT stratified by CML disease stage for 47 patients with CML."44 For further
justification on including Jabbour et al. in the submission, refer to Section 4.11.2. Study details
are provided see Section 4.11; Table 4-7 [study design], Table 4-10 [baseline characteristics],
and Table 4-13 [outcomes]).

An OS function was extrapolated from the published survival graph as described in Section
5.2.1.2. Based on the formal goodness of fit estimates and visual inspection of the long-term
projections of these curves (Figure 5-4 and Figure 5-5), an exponential model was selected for
inclusion in the economic evaluation for both CP-CML and AP-CML (the Gompertz function
provided best fit, but the exponential function was selected because all other functions yielded an
unrealistic OS after allo-SCT). While data extrapolated over the long-term carry uncertainty, the
clinical plausibility of the median OS predicted with the exponential fit (ie, 6 years in CP after
failing 22 TKils and 3.8 years in AP after failing 23 TKIs) were validated by the clinical expert. To
address the uncertainty with using the exponential fit, a scenario analysis was carried out using
the best fit (see Section 5.3.7.8.9). Formal goodness of fit estimates are shown in Appendix 25:
Parametric survival analysis and curve fitting.

A comparison of original and fitted data is presented in Figure 5-4 and Figure 5-5. In order to
maintain clinical plausibility, population mortality estimates were used in the modelling of
allo-SCT—based death, with the rule applied that survival in allo-SCT patients can never be better
than the age-equivalent survival rate in the general population. Hence, during each model cycle,
the mortality probability derived using the exponential function is compared to that derived using
English life table data?*3 and the larger of the two numbers is used in the model.

Figure 5-4. Comparison of observed (source: Jabbour et al. 2011)'44 and fitted OS data for
allo-SCT in patients with CP-CML
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Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.
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Figure 5-5. Comparison of observed (source: Jabbour et al. 2011)'44 and fitted OS data for
allo-SCT in patients with AP-CML

100%
90% -
80% -

70% -

——Exponential

Weibull

Survival
w
(=}
ES

Gompertz

Log-normal
——Log-logistic

05 observed

30% -

20% -

10% -

0 50 100 150 200 250 300
Time (months)
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Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.

5.3.2.1.1.5.2 Relapse-free survival

No studies reporting RFS following allo-SCT in the post—2G-TKI setting were identified in the
clinical SLR. In the absence of RFS data for allo-SCT in patients who received prior 2G-TKI
therapy, data on leukaemia relapse were extracted from a study by Craddock et al. 2000 of 189
UK patients in CP, of which 60 patients (32%) had previously relapsed, with a minimum follow-up
of 3 years.?*> Craddock et al. 2000 was identified in the economic SLR search but not the clinical
SLR because the PICOS criterion for patient population in the economic search was broader.
That is, the search strategy focussed on a more comprehensive patient population that was not
limited to patients who were R/l to prior TKI therapy. Although Craddock et al. 2000 did not meet
inclusion criteria based on study design, data from this study were used in the model in the
absence of alternative sources.

A similar curve-fitting process to that described above for allo-SCT OS was undertaken for RFS,
with a Gompertz model being selected. The comparison of observed and fitted data is presented
in Figure 5-6.
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Figure 5-6. Comparison of observed (source: Craddock et al. 2000)?4° and fitted relapse-
free data (allo-SCT only)
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Allo-SCT, allogeneic haematopoietic stem cell transplantation; RFS, relapse-free survival.
Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.

5.3.2.1.2 Progression-free survival: CP-CML to progressed disease

5.3.2.1.2.1 Data sources
The model requires values for the following survival measures for patients’ post—-2G-TKI therapy:

e Long-term data for both PFS
o PFS data stratified by clinical response category (cytogenetic or haematologic)

No suitable studies were identified in the SLR that provided relevant data in this patient
population. Data from the PACE trial were inadequate to derive PFS because only 9/267 (3.4%)
patients with CP-CML transformed to AP-CML (5 patients) or BP-CML (4 patients).?® Instead,
PFS data were extrapolated from recent appraisals by NICE of dasatinib and nilotinib in patients
who are R/I to imatinib.68

PFS data were derived from the BMS-034 study, a randomised open-label phase 3 study of
dasatinib in patients with imatinib-resistant or -intolerant CP-CML, as reported by the
Southampton Health Technology Assessments Centre (SHTAC).'®® PFS data stratified by best
response by 12 months were obtained for the 167 patients in this study who were administered
the licenced CP-CML dose (100 mg QD), as shown in Table 5-9.
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Table 5-9. Progression to AP-/BP-CML stratified by best response (source: Loveman et al.
2012)168

Best response

Month NR, % CHR, % PCyR, % CCyR, %
0 100.0 100.0 100.0 100.0
6 30.0 94.9 100.0 100.0
12 30.0 84.1 94.4 98.2
18 30.0 77.7 83.3 98.2
24 30.0 63.6 83.3 94.2
30 30.0 55.9 83.3 94.2
36 30.0 38.7 77.8 94.2
42 25.8 258 71.3 94.2
48 241 25.8 59.4 94.2

AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response; CHR, complete haematologic response; CML,
chronic myeloid leukaemia; CP, chronic phase; MCyR, major cytogenetic response; NR, non-response; PCyR, partial
cytogenetic response.

5.3.2.1.2.2 Model parameterisation

For modelling purposes, the relationship between response and progression was assumed to be
independent of the line of therapy, so the data obtained from the post-imatinib BMS-034 study
were assumed to apply to post—2G-TKI patients.

To estimate a continuous function of disease progression out of the CP-CML state, the data
reported in Table 5-9 were extrapolated as described in Section 5.2.1.2. Based on the observed
fit of the survival functions to the data presented in Table 5-9, as well as the clinical plausibility of
the extrapolated portion of the survival curves, the following distributions were selected for
modelling progression to AP-CML from each response category:

e CCyR: Gompertz
¢ PCyR: Gompertz
e CHR: Weibull

¢ NR: exponential

A comparison of observed and fitted data is provided in Figure 5-7.
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Figure 5-7. Comparison of the BMS-034 study data and the fitted parametric functions
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CCyR, complete cytogenetic response; CHR, complete haematologic response; NR, non-response; PCyR, partial cytogenetic
response.

The best fit for all response-based PFS data (CCyR, PCyR, CHR) was selected on the basis of
minimising the SSE between the data reported in Loveman et al.'®® and the predicted survival
curve. For NR, the exponential function was selected based on clinical plausibility.

The time-dependent probabilities of transitioning from CP-CML to AP-CML in a given cycle for
each response category were estimated as 1 minus the ratio of the survivor function at the end of
the cycle to the survivor function at the beginning of the cycle.?*

This approach to modelling time in CP-CML assumes the probability of remaining in the CP-CML
health state is independent of treatment within a given response category. This renders the
response profile of each treatment the driver of outcomes through the assumed surrogate
relationship between response and progression. This approach to modelling outcomes in CP-
CML is common practice, and has been adopted in previous CML technology appraisals.??

In addition to the probability of progression associated with each response category, duration of
response associated with each TKI was calculated. To obtain the duration of response for each
TKI, data from the PACE study (ponatinib) and published literature (bosutinib; 48-month update
of the phase 1/2 study, Gambacorti-Passerini et al. 2014)'8 were used. These data are biased in
favour of bosutinib, however, because the maintenance of response is based on overall
response in the bosutinib trial, including achieved response and maintained baseline response.
Unlike the bosutinib data, the duration of response with ponatinib reflects only the maintenance
of achieved response in patients who were not already responders at study baseline. Duration of
response, defined as the time spent in cytogenetic response (CCyR or PCyR), was extrapolated
for ponatinib through parametric survival analysis on patient-level data (adjusted based on the
MAIC analysis) from PACE as described in Section 5.2.1.1. For bosutinib the duration of
response was extrapolated through parametric fitting from published survival-on-response curves
as described in Section 5.2.1.2 (Figure 5-8). From the fitted function, the probability of
transitioning from CCyR and PCyR to CHR was derived, with the assumption that upon loss of
cytogenetic response, haematologic response is retained.
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Figure 5-8. Parametric extrapolation of duration of response data for ponatinib (source:
PACE data cut-off, 3 August 2015; MAIC; Gambacorti-Passerini et al. 2014)'86

CCyR, complete cytogenetic response; MAIC, matching-adjusted indirect comparison; PCyR, partial cytogenetic response.

5.3.2.1.3 Progression-free and overall survival: Progressed CML unsuitable for allo-
SCT

No suitable studies in the post—2G-TKI setting were identified to provide PFS and OS data
following progression to AP-CML. Kantarjian et al. 2007, identified in the SLR prior to filtering for
post—2G-TKI studies, and thus not included in the clinical effectiveness section of the submission
pertaining to the indicated population, nonetheless provided applicable data for PFS/OS in
progressed CML in the post-imatinib setting (see Sections 4.1.4, 4.1.6, and 4.11; Appendix 16:
Complete list of included studies identified in the SLR).

In progressed disease, treatment is interrupted and PFS and OS following progression to AP-
CML are drug-treatment—independent. Long-term outcomes in AP-CML and BP-CML were
modelled based on data reported by Kantarjian et al. 2007 for 420 patients with CML post-
imatinib failure (resistance/recurrence in 374; toxicities in 46).2° Based on an extrapolation from
the survival curves for AP- and BP-CML in this study, the mean PFS for patients in AP-CML was
set at 9.16 months.

OS functions were extrapolated as described in Section 5.2.1.2. The best-fitting curves (in terms
of minimising the SSE) were the log-normal distribution for OS in AP-CML and the log-logistic
distribution for OS in BP-CML (see Figure 5-9 and Figure 5-10).
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Figure 5-9. Comparison of observed (KM curve; source: Kantarjian et al. 2007)?° and fitted
OS data for AP-CML
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AP, accelerated phase; CML, chronic myeloid leukaemia; KM, Kaplan—Meier; OS, overall survival.

Figure 5-10. Comparison of observed (KM curve; source: Kantarjian et al. 2007)?° and
fitted OS data for BP-CML
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BP, blast phase; CML, chronic myeloid leukaemia; KM, Kaplan—Meier; OS, overall survival.

5.3.2.1.4 Mortality

Patients are at risk of both CML-related and all-cause death in all health states in the model. As
stated earlier, each patient in the CP-CML health state is assumed to have an equivalent
baseline risk of death to an age- and gender-matched member of the general public. This
mortality risk is modelled based on the average age (54.50 years) and gender distribution (44.9%
male) in the CP-CML patients in the PACE ftrial after adjustment in the MAIC, and on English
national statistics.?*®> The core assumption that there is no excess mortality (compared to the
general population) in CP-CML due to the disease itself and that the excess mortality of CML is
due to progression to advanced phases of the disease was validated by the clinical expert.
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CML-related mortality in AP-CML and BP-CML is modelled through the PFS and OS data from
Kantarjian et al. (2007).2° Death from other causes was not modelled in either state as it is
captured in the OS curve from this study.

5.3.2.1.5 Time to response

Time to response is considered in the model. In the PACE study, median time to MCyR on
ponatinib was less than 3 months in CP-CML (Cortes et al. 2013).° In the model, allocation of
patients to response categories therefore occurs in the first cycle. Patients who do not achieve
CHR in CP discontinue ponatinib per SmPC guidance.??

5.3.2.1.6 Time-on-treatment

In order to capture the differential timing between patients discontinuing treatment and
progression to AP-CML, and hence to accurately estimate treatment costs, a time-on-treatment
analysis was conducted, as described below in Sections 5.3.2.1.6.1-5.3.2.1.6.3. The data were
derived from the PACE trial (data cut-off, 3 August 2015) for ponatinib. The time-on-treatment for
bosutinib was derived based on the mean time-on-treatment reported in the clinical literature.

Our base-case analysis applies the surrogate survival approach, where the benefit of treatment
is expressed in terms of levels of response (that correlate with the probability of progression).
However, we used a time-on-treatment curve to determine the probability of discontinuing the
treatment during the simulation. The maintenance-of-response curves and the time-on-treatment
curves are applied independently during the simulation. This may result in simulated cases of
patients who discontinued the treatment but do not suffer any consequence in terms of loss of
response. To avoid the simulation of such an indiscriminate benefit beyond treatment
discontinuation, in the base-case analysis, it was assumed that only patients who had achieved
CCyR maintained response after TKI discontinuation. All other response cohorts (PCyR, CHR,
and NR) lose benefit upon treatment discontinuation and accrue the PFS rate of
hydroxycarbamide.

5.3.2.1.6.1 Source data: PACE

The time-on-treatment was calculated using a time-to-event approach, measuring the risk of
treatment discontinuation over time. To calculate the time-on-treatment for each patient, the time
from first dose to the date of the last dose was calculated and converted into months. Patients
were censored if they continued treatment after the study end date.

In order to align this element of the model with the overall modelling approach, separate
analyses were conducted for each of the key best-response categories.

5.3.2.1.6.2 Analysis

To enable estimation of time-on-treatment beyond the PACE follow-up duration, five parametric
distributions (exponential, Weibull, Gompertz, log-logistic, and log-normal) were considered for
predicting time-on-treatment. To adjust for the differences in time-on-treatment between best-
response categories, dummy variables for CCyR, PCyR, and CHR were included as covariates
with NR modelled as the baseline. The fit of each model was assessed through investigation of
AIC and BIC statistics. Although a log-logistic model had the best fit, based on the AIC and BIC
statistics, the exponential function was chosen to model time-on-treatment adjusting for best
response for consistency with the function used for bosutinib. In accordance with the approved
ponatinib SmPC,?? the base-case analysis considers ponatinib interruption if no CHR is
achieved. In this case, treatment is halted after 3 months (ie, in the next cycle) for patients who
do not demonstrate a haematologic response while on ponatinib.

5.3.2.1.6.3 Comparator time-on-treatment

The time-on-treatment for the model comparators was calculated by extrapolating an exponential
curve from the median duration of treatment because the exponential function is the only
parametric curve that can be fit using only a single parameter (in this instance, median duration
of treatment). Data from Khoury et al. 2012 provided the median time-on-treatment of 8.30
months for bosutinib, over a median follow-up 28.5 months.2 Time-on- treatment is not modelled
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for the hydroxycarbamide or interferon alpha comparators because these interventions are given
as BSC and patients are expected to stay on treatment indefinitely. Time on treatment is not a
relevant variable for allo-SCT, as a one-time procedure.

5.3.2.2 Transition probabilities

Transition probabilities that are used in the CP-CML model are described below. All probabilities,
with the exception of the mortality of the general population, are derived from survivor functions
extrapolated from clinical data. The time-dependent probabilities of transitioning between states
were in general estimated as 1 minus the ratio of the survivor function at the end of the cycle to
the survivor function at the beginning of the cycle.

¢ Loss of response (ie, transition from the CCyR and PCyR substates to CHR). The duration
of the response is a function of the treatment (this is not applicable to comparators
hydroxycarbamide and interferon alpha as their CCyR and PCyR rates are assumed to be
zero). As explained in Section 5.3.2.1.2.2, two survivor functions (depicting the fraction of the
cohort which retains response over time) were obtained for ponatinib (one for CCyR and one
for PCyR) through parametric survival analysis on patient-level data from the PACE study
(adjusted based on the MAIC analysis). For bosutinib, a single survivor function, assumed to
be valid for both CCyR and PCyR, was extrapolated through parametric fitting from published
survival-on-response curves.

o Relapse (in Allo-SCT in CP-CML and Allo-SCT in Progressed Disease states). A survivor
function, describing the fraction of patients remaining free from relapse over time, was
extrapolated through parametric fitting from published curves in Craddock et al. 2000,%*° as
described in Section 5.3.2.1.1.5. In the absence of relevant data, the same function was
assumed valid for both the Allo-SCT in CP-CML and Allo-SCT in Progressed Disease states.

¢ Discontinuation of TKI treatment. The probability of discontinuing the active treatment
before progression is applied to ponatinib and to bosutinib, as described in Section 5.3.2.1.6.
This probability does not directly determine a state transition in the Markov model, but rather
is used to accurately estimate treatment costs. However, since it was assumed that only
patients who had achieved CCyR maintained response after TKI interruption, the event of
discontinuation in the PCyR substate determines a transition to the CHR substate. Four
survivor functions depicting the fraction of the cohort which remains on treatment over time
were obtained for ponatinib (for CCyR, PCyR, CHR and NR response categories) through
parametric survival analysis on patient-level data from the PACE study. For bosutinib, a
single survivor function, calculated by extrapolating an exponential curve from the median
duration of treatment reported in the literature, was assumed valid for all four of the best-
response categories.

¢ Progression to AP-CML (ie, transition from the CP-CML state to progressed disease). The
probability of progression for patients in CCyR, PCyR, CHR and NR substates is not
dependent on the treatment. The source of the data is BMS-034 study, and for each
response category a parametric function was obtained to describe the fraction of patients
remaining free from progression at each time (survivor function) as described in Section
5.3.2.1.2.2. Since death is normally considered as a censoring event when presenting PFS
data, the actual probabilities used in the model at each cycle were obtained by subtracting
the probability of death from progression probability at the same cycle.

¢ Progression to BP-CML (ie, transition from the AP-CML substate to BP-CML [in the
Progressed Disease state]). As described in Section 5.3.2.1.3, no suitable studies in the
post—2G-TKI setting were identified to provide PFS data following progression to AP-CML.
The mean PFS for patients in AP-CML of 9.16 months was estimated as the difference from
the mean OS in AP-CML and BP-CML calculated with the survivor functions extrapolated
from Kantarjian et al. 2007.2° Finally, a survivor function, depicting the fraction of the cohort
remaining free from progression to BP-CML over time, was calculated by extrapolating an
exponential curve from the mean PFS.

e Death (from CP-CML). Probability of death in CP-CML is extracted at each cycle from the
mortality table of males and females in the general population. The overall background
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mortality rate in the model was weighted by the gender mix in the simulated population
(44.9% males). Mortality rates were converted into death probabilities. The population begins
the simulation at an age of 54.5 years and the corresponding death probability is extracted at
each model cycle to account for the ageing of the cohort.?43

¢ Death (from Progressed Disease state). Two survivor functions (for AP-CML and BP-CML
respectively) were extrapolated through parametric fitting from published OS curves in
Kantarjian et al. 2007,%° as described in Section 5.3.2.1.3.

o Death (from Allo-SCT in CP-CML and Allo-SCT in Progressed Disease states). Two
survivor functions (for OS after allo-SCT in CP-CML and in progressed disease, respectively)
were extrapolated through parametric fitting from published OS curves in Jabbour et al.
2011,'% as described in Section 5.3.2.1.1.5. To avoid unrealistic estimate of the OS, the
model controls at each cycle that the survival probability derived from the allo-SCT literature
is not higher than the survival probability of the general population with the corresponding
age.

5.3.2.3 Evidence that (transition) probabilities may change over time for the
treatment effect, condition or disease

The change over time of transition probabilities was captured as described in the previous
Section 5.3.2.2.

5.3.2.4 Clinical expert assessment of the applicability or approximation of
clinical parameters

Core assumptions of the economic analysis have been validated by a clinical expert in England.
Two clinical experts were approach and one expert participated, Dr Richard Clark, Professor of
Haematology at the University of Liverpool. The clinical expert was given a questionnaire of main
assumptions of the economic analysis and his opinions were collected by telephone interview.246
Main assumptions validated were T315I stratification (5.3.1.1), distribution of time on different
ponatinib doses (5.3.4.5.2), progression from CP to AP (5.3.1.3.1), mortality in CP-CML
(5.3.2.1.4), OS on ponatinib in CP (5.3.6.3), and OS after allo-SCT in CP and AP (5.3.2.1.1.5).

The key assumption in the model that progression to AP is a function of response to TKI therapy
is also supported by clinical expert response in the UK HCP survey: 91.7% of respondents
agreed that PFS would be dependent on the control of the disease at the time of treatment
discontinuation.*®

5.3.3 Measurement and valuation of health effects

5.3.3.1 Health-related quality-of-life data from clinical trials

Only one study identified in the clinical SLR reported results of HRQoL assessments. This study
was a retrospective observational study of ponatinib use in Israeli patients. Physicians ranked
patient quality of life using a 1-5 scale. As this was a conference abstract, few additional details
were provided. This study is not considered consistent with the reference case for several
reasons including the narrow patient population, the observational nature of the study, the use of
physician respondents, the lack of additional data, and failure to use a tool from which utilities
could be derived (eg, the EuroQoL Five Dimensions Questionnaire [EQ-5D]).'8' The PACE trial
did not evaluate HRQoL and as such no HRQoL data associated with ponatinib were available
for patients participating in this phase 2 clinical trial.

5.3.3.2 Mapping

Not applicable; health utilities from the literature were identified in a distinct SLR designed
specifically to capture relevant data for modelling. See Section 5.3.3.3 for more details.

5.3.3.3 Health-related quality-of-life studies

As with the clinical and economic search strategies, the HRQoL portion of the SLR was designed
to identify relevant evidence published from January 2000—January 2016. An updated search
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was conducted in July 2016. The SLR was conducted in accordance with the requirements of
NICE"%8 1% and the CRD guidance.'®®

Bibliographic databases were searched using the predefined search strategies outlined in
Appendix 13: Search strategy for measurement and valuation of health effects. The search
strategies were adapted from those described in the STA for bosutinib.'®" The searches were
designed to be broad to ensure adequate sensitivity.

Searches were conducted in EMBASE, MEDLINE, MEDLINE In-Process & Other Non-Indexed
Citations, and Cochrane CENTRAL and HTA using Ovid®; NHS EED using the University of York
CRD database; and EconLit using ProQuest.

In addition to bibliographic databases, abstracts from the following conferences were searched
from 2013—present: ISPOR, ASCO, ASH, and EHA. Review articles were also manually
searched for relevant publications.

The screening process was same as that for the clinical evidence (see Section 4.1.3). PICOS
criteria describing the relevant population, interventions, comparators, outcomes, and study
design were used to determine the relevance of each article (Table 5-10).

Table 5-10. Eligibility criteria used in the HRQoL search strategy

HRQoL evidence Inclusion criteria Exclusion criteria

Populati a
opulation e Adults (218 years) with CML

e Studies reporting data from surveys
of the general public if focused on

CML
| i —
nterventions . Al
Comparators . Al _

Outcomes of

interest e  Utility values, health state information e  Studies reporting only HRQoL

data obtained with generic or
disease-specific HRQoL
instruments (eg, specific HRQoL
scores)

Study desi f
1y design o e  Utility studies or HRQoL studies that e Randomised controlled trials that

interest
: report health state information report HRQoL endpoints and
validation studies of HRQoL
instruments
e Comments, letters, and editorials
Language

¢ No limitation by language in searches e Studies in languages other than
English excluded during screening

restrictions

After screening the 745 records identified during the CML searches, a total of 9 articles were
included. The process of study selection is presented in detail in Figure 5-11.
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Figure 5-11. PRISMA flow diagram for relevant HRQoL evidence in CML
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CML, chronic myeloid leukaemia.
*Did not report utilities or health state information.

5.3.3.4 Details of HRQoL studies

Table 5-11 provides details of the HRQoL studies identified in the SLR. Of the eight studies
reporting health utilities or health state information, four were conducted from a UK perspective.
Overall, three studies used the choice-based time-trade-off (TTO) approach to determining
utilities (two of which also evaluated the standard gamble [SG] approach), while the remainder
used the EQ-5D. Three studies were conducted in the general public, four were conducted in
patients in the clinical trial setting, and one was conducted in patients in the real-world setting.

Studies using the ED-Q5 (Table 5-11) were not considered applicable as they only provided
treatment-specific utility values (imatinib, interferon alpha, TKls, SCT). According to NICE
guidance, the valuation of HRQoL in patients should be based on a "valuation of public
preferences from a representative sample of the UK population using a choice-based method".
Based on this guidance, the two studies conducted by Guest et al.?4”- 248 and the study by Szabo
et al. 2010%*° were considered the most relevant sources of utilities for inclusion in the model.
Since the Guest et al. studies specifically evaluated the CP-CML health state, Szabo et al., which
provided utilities for all CML phases as well as treatment failure due to SAEs, was used in the
model. Table 5-12 details the methods and results of Szabo et al.
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Table 5-11. Summary list of published HRQoL studies identified as potentially relevant in the CML SLR

Utility provided for

Publication Objective Region Respondents Type of analysis treatment/disease?
Guest et al. To estimate preference values among members of UK General public TTO and SG Disease
2014247 the general public for individual health states
associated with CML
Guest et al. To estimate preference values for the individual UK General public TTO and SG Disease
2012248 health states which relate to the different levels of
response, as experienced within CP only
Hahn et al. To compare the QoL in patients receiving either International Patients (IRIS study) EQ-5D Imatinib
2003250 imatinib or IFN alpha plus LDAC in an international
phase 3 study IFN alpha + LDAC
Kuo et al. To evaluate QoL of CML patients us Patients (Huntsman EQ-5D-5L SCT
251 5
2014 Cancer Institute) TKIs (imatinib, dasatinib, nilotinib,
bosutinib, and ponatinib)
Szabo et al. To estimate TTO preference values for Australia, General public TTO Disease (CP, AP, BP)
2010249 standardised CML health states that consider Canada, US,
disease stage and responsiveness to treatment UK
Whiteley et To evaluate the effect of bosutinib on health utilities  NR (used UK Patients (phase 1/2 EQ-5D Bosutinib
al. 2013252 in patients with CML after failure with imatinib tariff) bosutinib study)
Whiteley et To examine the effect of bosutinib on HRQoL in NR Patients (phase 1/2 EQ-5D Bosutinib
al. 20162% patients with advanced phase CML (AP and BP) bosutinib study)
after imatinib treatment failure
Reed et al. To estimate the incremental cost-effectiveness of International Patients (IRIS study) EQ-5D Imatinib
2004254 imatinib compared with IFN + LDAC as 1L IEN aloha + LDAG
treatment for patients with newly diagnosed CP- alpha
CML
Dalziel et al.  To evaluate the effectiveness of imatinib as 1L UK Patients (IRIS study) EQ-5D Imatinib
2004227 treatment for CML compared with IFN alpha, IFN alpha

hydroxycarbamide (hydroxyurea), and bone
marrow transplantation, and the cost-effectiveness
of imatinib compared with IFN alpha and
hydroxycarbamide

Hydroxycarbamide

Mercaptopurine

1L, first line; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic phase; EQ-5D, EuroQoL Five Dimensions Questionnaire; IFN, interferon; LDAC, low-dose
cytarabine; NR, not reported; QoL, quality of life; SCT, stem cell transplantation; SG, standard gamble; TTO, time-trade-off.
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Table 5-12. Details of the relevant HRQoL study identified in the SLR

Publication

Szabo et al. 2010%4°

Population

Recruitment

Intervention and comparators
N

Response rates

Health states

Adverse reactions
Health states appropriate?
Method of elicitation

Method of valuation

Mapping

Consistency with reference case
Appropriate for CEA?

Results

Uncertainty around results

General public (without CML)
Age, mean: 44.9 years
Newspaper advertising, July 2006 to November 2007
NA
357 (97 from UK)
95% (5% omitted)
CP responding to treatment
CP not responding to treatment
AP responding to treatment
AP not responding to treatment
BP responding to treatment
BP not responding to treatment
Treatment withdrawal due to SAEs
NA
Yes
One-on-one interview using health state descriptions (no
HRQoL tool)
Choice-based
NA
Not EQ-5D, but direct TTO from sample of UK population
Yes (UK population, choice-based method, all phases of CML)
Mean utilities for UK population (95% Cl)
e CP responding to treatment: 0.91 (0.89, 0.94)
CP not responding to treatment: 0.73 (0.69, 0.78)
AP responding to treatment: 0.78 (0.74, 0.82)
AP not responding to treatment: 0.53 (0.48, 0.58)
BP responding to treatment: 0.56 (0.52, 0.6)
BP not responding to treatment: 0.29 (0.24, 0.33)
o Treatment withdrawal due to SAEs: 0.52 (0.46, 0.58)
Participants may not have been broadly representative of
population (recruited from one city in each country).

The effect on QoL of treatment-related toxicities that did not
result in treatment withdrawal was not considered.

Mean utility values by TTO may overestimate true preferences
as the duration of living in the health state was considered
independent of the individual's utility value (preferences have
been shown to decline with increasing duration of the health
state).

AP, accelerated phase; BP, blast phase; CEA, cost-effectiveness analysis; CML, chronic myeloid leukaemia; CP, chronic
phase; HRQoL, health-related quality of life; NA, not applicable; SAE, serious adverse event; TTO, time trade-off.

5.3.3.5 Key differences between values derived from the literature and those
reported in or mapped from the clinical trials

Not applicable; mapping from clinical trials was not performed.

5.3.3.6 Adverse reactions

No studies have described the impact of ponatinib TEAEs on patient HRQoL. A lack of patient-
specified HRQoL data is true of many rare disease.?®® It is, nevertheless, known that AEs
associated with treatment can impact a patient’s wellbeing and lead to treatment
discontinuation.? ® The impact of AEs on disease specific HRQoL is modelled in the economic
analysis using values obtained from the UK general population. As reported by Szabo et al.
2010, treatment withdrawal due to SAE was associated with a TTO utility (95%) of 0.52 (0.46,
0.58).24° This data was used to inform the health utilities for AEs (see Section 5.3.3.7.2.1).
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5.3.3.7 Health-related quality-of-life data used in cost-effectiveness analysis

The impact of CML on patients’ HRQoL was modelled as a decrement from that of an age-
matched member of the general population.

5.3.3.7.1 Population norms

During each cycle, the model generates age-adjusted EQ-5D norm-based scores, using UK
population norms reported by Kind et al. (1999; Table 5-13).2% These data are reported in 10-
year bands and so linear interpolation was used to generate the interim values where no data
exist.

Table 5-13. EQ-5D population norm by sex and age bands (source: Kind et al. 1999)25¢

Age category (years) Males Females
Under 25 0.94 0.94
25-34 0.93 0.93
35-44 0.91 0.91
45-54 0.84 0.85
55-64 0.78 0.81
65-74 0.78 0.78
275 0.75 0.71

5.3.3.7.2 Utility decrements

5.3.3.7.2.1 CML health states and AEs

From the age-adjusted baseline, disease-phase—specific utility decrements associated with each
health state are applied to model the impact of CML. Figure 5-12 presents this approach,
showing both the impact of disease and treatment response as described below.

Figure 5-12. HRQoL modelling approach

1 Impactof disease

Impact of treatment
0.95 response

0.9
0.85
0.8

2015
=]

0.7

0.65
0.6
0.55

0.5
50 60 70 80 90 100

Age
Population norm _ CP-CML(responder) —————— CP-CML (non-responder)

CML, chronic myeloid leukaemia; CP, chronic phase; HRQoL, health-related quality of life.

Disease-specific utility decrements incorporated into the model were derived from Szabo et al.
2010.24°
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Szabo et al. reported utility values elicited using time trade-off (TTO) methods from 339 members
of the general public in the UK (n=97), the US (n=74), Canada (n=89), and Australia (n=79) for all
relevant health states, namely CP-CML, AP-CML, and BP-CML. Utility values for CP-CML used
in the model were stratified by response status (response, no response; Table 5-14). Szabo et al.
also elicited valuations for AEs serious enough to require treatment withdrawal.

Table 5-14. Absolute health utilities for response categories (source: Szabo et al. 2010;
Table 5-12)%4°

CP-CML
Non-
Study Response response AP-CML BP-CML Adverse event
Szabo et al. 0.91 0.73 0.53 0.29 0.52

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic phase.

The utility decrements available in the model are reported in Table 5-15; as previously
mentioned, the English adaptation employs the values derived for UK respondents from Szabo et
al.?*% Since the utility estimate for CP-CML responders in Szabo et al. exceeds the population
norm for people aged 60 years, no utility decrement is assigned to this health state in the model.

Table 5-15. Utility decrements used in the economic model (sources: Szabo et al. 2010,
Table 5-12; Kind et al. 1999, Table 5-13)249 256

Health state Utility decrement
CP-CML (responder) 0.000
CP-CML (non-responder) 0.116
AP-CML 0.316
BP-CML 0.556
Adverse event 0.326

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; CP, chronic phase.

For the purpose of assigning utilities in the model, responders are defined as patients achieving
CCyR, consistent with previous CML technology appraisals.'6®

5.3.3.7.2.2 Allo-SCT

Individuals who undergo allo-SCT can expect to spend an extended period in specialist hospital
care, be exposed to a myriad of infections arising from their weakened immune system, and may
well be anxious about their condition, all of which would impair their HRQoL. The utility
decrement associated with allo-SCT in different model cycles (Table 5-16) was calculated from
HRQoL scores reported for the peri-operative period by van Agthoven et al. 2001,%%” and for the
long-term period by Loveman et al. 2012, adjusted using the population norms obtained from
Kind et al. 1999.256

Table 5-16. Allo-SCT utility values

Time period post

allo-SCT (model Utility

cycle) value Decrement Source

1 0.55 0.296 van Agthoven et al. (2001),%7 population norms

2 0.63 0.216 Assumption: midpoint of peri-operative and long-term
estimate

3+ 0.71 0.136 Loveman et al. (2012)'%®, population norms

Post-relapse 0.59 0.260 Kantarjian et al. 20022%® and Olavarria et al. 2003,%%°

Allo-SCT, allogeneic haematopoietic stem cell transplantation.

In the absence of published utility data for leukaemia relapse in CML patients, a single utility
decrement for this health state was calculated from the utilities modelled for the patients
described above and the proportion of patients in each CML phase following relapse. Estimates
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of the latter proportions were derived from studies of imatinib use for patients with relapse
reported by Kantarjian et al. 200228 and Olavarria et al. 2003,2%° yielding values of 36% of
patients in CP-CML, 30% in AP-CML, and 34% in BP-CML. These percentages were multiplied
by the respective utility decrements reported in Table 5-15, to obtain a utility decrement of 0.260
for the post-relapse state.

5.3.3.8 HRQoL over time

Within each health state, HRQoL was assumed to decrease as a function of increasing patient
age. For each health state, the impact of CML on patients’ HRQoL was modelled as a decrement
from that of an age-matched member of the general population (see Section 5.3.3.7; Table
5-13).25%6 Therefore, age-adjusted decrements over time are taken into account for all patients in
the model.

Over time, a patient may progress from CP-CML to AP- and then BP-CML, with HRQoL
worsening with advancing disease phase (see Section 5.3.3.7; Table 5-14).24° The model
assumes no effect of HRQoL in CP-CML patients responding to treatment, while patients with
CP-CML not responding to treatment experience impaired HRQoL.?*° Therefore, for CP-CML
patients who lose their response to treatment over time, the model takes into account the utility
decrement associated with loss of response.

5.3.3.9 Comparison of baseline HRQoL and utility values for each health state

All patients enter the model in the CP-CML health state and thus all initially have the same
HRQoL. Patients can then respond to treatment, progress, or undergo allo-SCT. Different utility
values are applied depending on a patient’s clinical course (see Table 5-14); utilities are applied
as a disutility to the age-specific utility of the population norms (see Table 5-13).

5.3.3.10 Adjustment of utility values for cost-effectiveness analysis

Health state utility values are norm-based and adjusted for age-specific EQ-5D—-based utility
scores in the UK general population (see Section 5.3.3.7.1).2%

5.3.3.11 Health effects found in the literature or clinical trials

Scarce data on HRQoL scores are available for patients with CML; no studies have evaluated
HRQoL in patients treated with ponatinib. Szabo et al. 2010 reported utility values for AP-CML
and BP-CML in response, in addition to the utility values for AP-and BP-CML without response
as used in the model.?*° The utility values for response in these two health states were not
incorporated into the model because cytogenetic and haematologic response categories were
not attributed to AP- or BP-CML. AEs modelled in the economic analyses were of Grade 3/4 in
severity (ie, those most likely associated with HRQoL decrement and cost); milder AEs were not
considered because of a lack of data on the magnitude of the potential HRQoL impact of mild
AEs in these patients. Due to fewer bosutinib AE data, inputs to the model were limited to data
from published literature.
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5.3.3.12 Summary of chosen utility values
Table 5-17. Summary of utility values for cost-effectiveness analysis

Utility Reference in
valuet: submission (section
State mean 95% ClI and page number) Justification
) . Section 5.3.3.4 Utility values elicited using TTO
o %'r\]"sLegw'th 0.91 0.89, 0.94 methods from UK
p Table 5-12, p140 respondents24?
Utility values elicited using TTO
CP-CML (no 0.73 0.69, 0.78 Same as above methods from UK
response) 249
respondents
Utility values elicited using TTO
AP-CML 0.53 0.48, 0.58 Same as above methods from UK
respondents249
Utility values elicited using TTO
BP-CML 0.29 0.24,0.33 Same as above methods from UK
respondents?+®
Treatment Utility values elicited using TTO
withdrawal due to 0.52 0.46, 0.58 Same as above methods from UK
SAEs respondents?+®
Peri-operative period by van
Agthoven et al. 2001, in
Section 5.3.3.7.2.2 patients with refractory or
Allo-SCT CyC'e 1 0.55 044, 0.66 Table 5-16, p142 relapsed non-Hodgkin's
lymphoma or Hodgkin’s
disease?®”
Assumption. Midpoint of peri-
Allo-SCT cycle 2 0.63 0.51, 0.75 Same as above operative and long- term
estimate
Long-term period according to
Allo-SCT cycle 3 0.71 0.57,0.85 Same as above

Loveman et al. 2012168
Based on information in
Post-relapse 0.59 0.47,0.70 — Kantarjian et al. 2002;2%8
Olavarria et al. 20032%°

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; Cl, confidence interval;
CML, chronic myeloid leukaemia; CP, chronic phase; SAE; serious adverse event; SE, standard error.

TUsing age-adjusted baseline utilities, disease-phase—specific utility decrements associated with each health state are applied
to model the impact of CML (see Section 5.3.3.7); in the model the utility for CP-CML responders was capped so as not to
exceed the population norm.

5.3.3.13 Clinical expert assessment of the applicability or approximation of
health state utility values

The applicability of the health state utility values was not validated by clinical experts. We
acknowledge that there may be uncertainty in health state utility values applied in the model, and
have provided a scenario analysis with utility values from alternative sources (bosutinib STA and
Whiteley et al. 2016; Section 5.3.7.8.4).

5.3.4 Cost and healthcare resource use identification, measurement and valuation

5.3.4.1 Parameters used to estimate cost

All parameters used to estimate cost are presented in Table 5-18 and cross-referenced to
corresponding sections in the submission. For continuous variables, mean values are presented
and used in the analyses. For all variables, measures of precision are detailed.
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Resource identification, measurement and valuation studies

5.3.4.2 Identification of cost and healthcare resource use data

Costs were sourced from NHS Reference Costs 2014 to 2015 for monitoring and follow-up, with
the exception of palliative care costs, which were sourced from Marie Curie Cancer Care. In the
absence of suitable data estimates from the published literature or previous HTAs, an expert
survey was conducted to provide relevant and up-to-date healthcare resource use estimates.*®
Twelve clinical experts who were considered to be representative of clinical practice in England
and Wales were interviewed: respondents were haematologists actively treating patients with
CML across the region, working in distinct clinical practice settings (eg, district general hospitals,
teaching hospitals, and centres of excellence). The UK CML survey report is included as an
appendix to the submission (see Appendix 14: Cost and healthcare resource identification,
measurement, and valuation).

5.3.4.3 Appropriateness of NHS reference costs for costing

The model predominantly uses NHS reference costs. The NHS reference costs are appropriate
to use in the economic analysis as they reflect the unit cost of resources used in the
management of CML. For allo-SCT, NHS reference costs were not used, because more
comprehensive cost data were available from the 2014 report by the UK Stem Cell Strategy
Oversight Committee,?%° which provided the cost of allo-SCT, including follow-up costs.

To our knowledge, there are no tariffs for specific CML management that would be more
appropriate to use in the model.

5.3.4.4 Clinical expert assessment of the applicability or approximation of cost
and healthcare resource use values

A protocol-driven survey of twelve clinical experts in England and Wales was conducted to
provide estimates of the healthcare resource use used in the model. None of the experts were
affiliated with any contravening agencies and none had undertaken healthcare resource use
research in relation to CML during the last 3 months.

The means of the values for resource use reported by the experts were used in the model except
for resources that were most frequently stated to be used for only a set number of times; eg, only
once at disease progression for bone marrow aspiration. For further details on the study
protocol, the clinical expert selection criteria, survey methods and questionnaire, and results, see
Appendix 14: Cost and healthcare resource identification, measurement, and valuation.
Intervention and comparators’ costs and resource use

The following resource use components were incorporated in the economic model:
¢ Pharmacologic therapy
e Allo-SCT as a comparator for patients in CP-CML and as a follow-on treatment in patients
who progress from CP-CML to AP-/BP-CML
¢ Monitoring and follow-up care
o AEs
o End-of-life care
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Table 5-18. Unit costs associated with the technology in the CP-CML economic model

Item Ponatinib Reference in Bosutinib Reference in Hydroxy- Reference in Allo-SCT Reference in
£ (SE) submission £ (SE) submission carbamide submission £ (SE) submission
£ (SE)
Technology cost 2,525(-) Section 5.3.4.5.5 859.17 (-) Section 5.3.4.5.5 10.47 (-) Section 5.3.4.5.5 60,092* Section 5.3.4.6
15 mg-30 tabs R 100 mg-28 tablet Table 5-21 500 mg-100 Table 5-21 (6,009.21)
Table 5-21
pack pack capsule pack
5,050.00 (-) ) 3,436.67 (-) Section 5.3.4.5.5 - - - -
30mg-30tabs  SoHON 83485 gy 028 tablet Table 5-21
Table 5-21
pack pack
455’:12?53000t;b)s Section 5.3.4.5.5
Table 5-21
pack
Resource use cost
Outpatient visits
Nurse-led 66.42 (6.64) Section 5.3.4.8 66.42 (6.64) Section 5.3.4.8 66.42 (6.64) Section 5.3.4.8 66.42 (6.64) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
Haematologist-led 150.38 (15.04) Section 5.3.4.8 150.38 (15.04) Section 5.3.4.8 150.38 (15.04) Section 5.3.4.8 150.38 (15.04) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
Tests
Full blood count 3.01 (0.30) Section 5.3.4.8 3.01 (0.30) Section 5.3.4.8 3.01 (0.30) Section 5.3.4.8 3.01 (0.30) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
Cytogenetic analysis 6.99 (0.70) 6.99 (0.70) 6.99 (0.70) 6.99 (0.70)
Bone marrow 517.50 (51.75) Section 5.3.4.8 517.50 (51.75) Section 5.3.4.8 517.50 (51.75) Section 5.3.4.8 517.50 (51.75) Section 5.3.4.8
aspiration (with Table 5-23 Table 5-23 Table 5-23 Table 5-23
biopsy)
FISH 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
PCR 25.00 (2.50) Section 5.3.4.8 25.00 (2.50) Section 5.3.4.8 25.00 (2.50) Section 5.3.4.8 25.00 (2.50) Section 5.3.4.8
Table 5-23ve Table 5-23ve Table 5-23ve Table 5-23ve
Flow cytometry 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
Cytochemistry 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8
analysis Table 5-23 Table 5-23 Table 5-23 Table 5-23
Blood film exam 3.01 (0.30) Section 5.3.4.8 3.01 (0.30) Section 5.3.4.8 3.01 (0.30) Section 5.3.4.8 3.01 (0.30) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
Blood chemistry 1.19 (0.12) Section 5.3.4.8 1.19 (0.12) Section 5.3.4.8 1.19 (0.12) Section 5.3.4.8 1.19 (0.12) Section 5.3.4.8
Table 5-23 Table 5-23 Table 5-23 Table 5-23
Kinase domain 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8 6.99 (0.70) Section 5.3.4.8
mutation* Table 5-23 Table 5-23 Table 5-23 Table 5-23

Therapies/interventions
Blood transfusion

121.85 (12.19)

Section 5.3.4.8
Table 5-23

121.85 (12.19)

Section 5.3.4.8
Table 5-23

121.85 (12.19)

Section 5.3.4.8
Table 5-23

121.85 (12.19)

Section 5.3.4.8
Table 5-23
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Item

Ponatinib
£ (SE)

Reference in
submission

Bosutinib
£ (SE)

Reference in
submission

Hydroxy-
carbamide
£ (SE)

Reference in
submission

Allo-SCT
£ (SE)

Reference in
submission

Donor lymphocyte
transfusion
Platelet transfusion

Days in hospital

Adverse events costs

Abdominal pain
Anaemia

Diarrhoea
Hyperglycaemia
Hypophosphataemia

Leukocytopaenia
Lipase increased

Neutropaenia
Pancreatitis
ALT elevation

Gamma-
glutamyltransferase
increased
Thrombocytopaenia

Serious adverse events’

Cardiovascular event

Cerebrovascular
event

Peripheral vascular
event

Venous
thromboembolism
event

79315 (19.32)

193.15 (19.32)

721.00 (72.10)

752.10 (75.21)
1,827.13 (182.71)
801.95 (80.20)
1,271.46 (127.15)
721.00 (72.10)

633.26 (63.33)
721.00 (72.10)

633.26 (63.33)
1,121.98 (112.20)
1,121.98 (112.20)

1,121.98 (112.20)

421.74 (42.17)

2,357.00 (235.70)

2,962.00 (296.20)
2,872.00 (287.20)

552.00 (235.70)

Section 5.3.4.8
Table 5-23

Section 5.3.4.8
Table 5-23
Section 5.3.4.8
Table 5-23

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24

Company evidence submission for ponatinib [ID671]

79315 (19.32)

193.15 (19.32)

721.00 (72.10)

752.10 (75.21)
1,827.13 (182.71)
801.95 (80.20)
1,271.46 (127.15)
721.00 (72.10)

633.26 (63.33)
721.00 (72.10)

633.26 (63.33)
1,121.98 (112.20)
1,121.98 (112.20)

1,121.98 (112.20)

421.74 (42.17)

Section 5.3.4.8
Table 5-23

Section 5.3.4.8
Table 5-23
Section 5.3.4.8
Table 5-23

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24

Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Table 5-24
Section 5.3.4.10
Section 5.3.4.10
Section 5.3.4.10

Section 5.3.4.10
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Table 5-23
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Item Ponatinib Reference in Bosutinib Reference in Hydroxy- Reference in Allo-SCT Reference in

£ (SE) submission £ (SE) submission carbamide submission £ (SE) submission
£ (SE)

Cardiovascular 75.19 (7.52) Section 5.3.4.8.1 - - -
monitoring® cost Table 5-23
Cost of palliative care in 463.77 (46.38) Section 5.3.4.11 463.77 Section 5.3.4.11 463.77 Section 5.3.4.11 463.77 Section 5.3.4.11
hospital Table 5-25 Table 5-25 Table 5-25 Table 5-25
Cost of community 158.23 (15.82) Section 5.3.4.11 158.23 Section 5.3.4.11 158.23 Section 5.3.4.11 158.23 Section 5.3.4.11
palliative care per day Table 5-25 Table 5-25 Table 5-25 Table 5-25
Total NA NA NA NA

Allo-SCT, allogeneic haematopoietic stem cell transplantation; FISH, fluorescence in situ hybridization; NA, not applicable; PAS, patient access scheme; PCR, polymerase chain reaction; SE,
standard error.

*Initial cost of allo-SCT procedure; per-cycle follow-up costs (SE) for year 1, 2, and 3 (in remission) are: £12,215 (1,221.47); £3,518 (351.83); and £420 (420.00), respectively. See Section 5.3.4.6.1.
TSerious adverse events and cardiovascular monitoring cost are only applied for ponatinib.
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5.3.4.5 Pharmacologic therapy

5.3.4.5.1 Drug dosing

Drug doses used in the model are presented in Table 5-19. The modelled dose of ponatinib is
the EMA-approved dosing of 45 mg QD.??> Dosages for imatinib, dasatinib, nilotinib, and bosutinib
are also based on their respective SmPCs. Dasatinib, nilotinib, and imatinib are considered only
because they are part of the mix of drugs for background therapy in AP/BP-CML and post-—allo-
SCT relapse. For nilotinib, the model uses the recommended dose for 2L therapy in all
calculations (800 mg daily) as opposed to the dose for newly diagnosed patients (600 mg daily),
since patients in the model have previously received TKI treatment and, as such, are assumed
not to be newly diagnosed.?' For hydroxycarbamide, the model employs a mean dose of 2 g per
day, as per Loveman et al. 2012."68

Table 5-19. Drug doses used in the economic model

Treatment Dosage Dose per day
Ponatinib 45 mg QD 45 mg
Dasatinib* 100 mg QD 100 mg
Nilotinib* 400 mg BID 800 mg
Bosutinib 500 mg QD 500 mg
Imatinib 400 mg QD 400 mg
Hydroxycarbamide 2000 mg QD 2000 mg

BID, twice per day; QD = once per day.
*Common values used to model both treatment switching and continuation.

5.3.4.5.2 Relative dose intensity: ponatinib

The relative dose intensity (RDI) is a measure of the differences between the prescribed dose
and what is taken in practice (ie, capturing skipped doses and dose modifications), hence
modelling treatment costs incorporating RDI supports accurate estimation of the cost of
treatment. We used this approach because the price of ponatinib is not linear with tablet dose (ie,
the price per mg is not fixed). This approach, however, was not possible for comparators; when
the price of a comparator was non-linear, we selected the package that granted the lower price
per mg to be conservative.

In the PACE trial, a number of patients experienced dose modification during the course of the
study. The PACE data (data cut-off: 3 August 2015) are utilised in the model to quantify the
proportion of days on treatment for each ponatinib dose (0 mg, 15 mg, 30 mg, 45 mgq) stratified
by best-response category, as shown in Table 5-20. These RDI values represent the number of
days on a given dose as a percentage of total days on treatment. The average cost of ponatinib
weighted by doses is calculated by response category and for the 3L cohort only. The clinical
expert agreed that the distribution of the time on treatment in different doses observed in PACE
study can be considered a proxy of ponatinib use in clinical practice.?4

Table 5-20. RDI estimates used in the economic model for ponatinib (3L cohort)

Ponatinib dose Proportion of days on treatment

(mg per day) CCyR PCyR CHR NR

0 . - N |
15 . . . I
30 I I I I
45 I I I I

CCyR, complete cytogenetic response; CHR, complete haematologic response; NR, non-response; PCyR, partial cytogenetic
response.

5.3.4.5.3 Relative dose intensity: 2G-TKls

In the absence of an alternative source of data for bosutinib, the median dose intensity reported
in Khoury et al.8, 95.6%, was used as a proxy for the mean dose intensity. Mean RDI estimates
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for imatinib, dasatinib, and nilotinib when used as background therapy following relapse were
100% (assumption), 100% (Shah et al. 2008),2¢" and 99.7% (Kantarjian et al. 2007),22
respectively.

5.3.4.5.4 Relative dose intensity: hydroxycarbamide
In the absence of data for hydroxycarbamide, RDI was assumed to be 100%.

5.3.4.5.5 Drug acquisition costs

The SKU price for both the 30-mg and 45-mg formulation of ponatinib in England is expected to
be £5,050 for a 30 day supply, while the price for the 15-mg formulation is expected to be £2,525
for a 30 day supply; thus, these values are employed in the model. English unit costs for other
drugs included in the model were obtained from the British National Formulary (BNF). No
biosimilars are available for ponatinib or bosutinib. The unit drug costs used in the model are
summarised in Table 5-21.

Table 5-21. Unit drug costs (sources: ARIAD; BNF)

Drug mg per unit Units per pack Cost per pack, £ Source
Ponatinib* 15 30 2,525.50 SKU price
30 30 5,050.00
45 30 5,050.00
Dasatinib 20 60 1,252.48 BNF263
50 60 2,504.96
80 30 2,504.96
100 30 2,504.96
140 30 2,504.96
Nilotinib 150 112 2,432.85 BNF263
200 112 2,432.85
Bosutinib 100 28 859.17 BNF263
500 28 3,436.67
Imatinib 100 60 918.23 BNF263
400 30 1,836.48
Hydroxycarbamide 500 100 10.47 BNF263

BNF, British National Formulary.
*International units.

As the drug treatments being modelled are administered orally, no drug administration costs are
assumed. It is assumed that following TKI treatment discontinuation patients receive
hydroxycarbamide, accruing a per-cycle cost of £38.24.

5.3.4.6 Allo-SCT

To reflect the reality that not all patients with progressed disease are deemed suitable for allo-
SCT, the proportion of patients in AP-CML or BP-CML receiving allo-SCT was set to 27.3%,
based on findings from a survey of clinical experts in the UK (see Appendix 14: Cost and
healthcare resource identification, measurement, and valuation).48

In the base-case analysis the costs of allo-SCT have been taken from an economic analysis for
the UK Stem Cell Strategy Oversight Committee from 2014,%%° which provided both weighted and
unweighted costs for up-front running costs, transplantation, and follow up. The figures are based
on the methodology of van Agthoven et al. 2002254 with updated components to reflect UK cord
blood transplantation practice, and current costs reported by the Personal Social Services
Research Unit (PSSRU).?%° When costs were unavailable they were scaled and converted from
the original study to be aligned with the other costs, following a UK NHS perspective. The initial
cost included transplant unit personnel and transplantation (which includes the cost of a UK-
sourced cord blood donation). Follow-up costs were estimated for 0-2 years after
transplantation. Costs were inflated from 2012/13 to 2014/15.
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Based on data from the UK Stem Cell Strategy Oversight Committee,?®° the initial cost of the
allo-SCT procedure was set at £60,092, regardless of whether the patient initially had CP-CML or
had progressed prior to the procedure.

5.3.4.6.1 Costs of allo-SCT in remission
The model incorporates the per-cycle follow-up costs described in Table 5-22.

Table 5-22. Subsequent costs for patients in remission following allo-SCT

Time period post—-allo-SCT Per-cycle cost,£ Source

Year 1 12,215 UK Stem Cell Strategy Oversight Committee?®°
Year 2 3,518 UK Stem Cell Strategy Oversight Committee?®®
Year 3+ 420 NICE bosutinib HTA'®"

5.3.4.6.2 Costs of allo-SCT relapse

It is assumed that post-relapse patients have CML, and as such will be treated
pharmacologically. The model includes background therapy following relapse, assumed (based
on the UK clinical expert survey*®) to comprise 20% imatinib, 20% hydroxycarbamide, 20%
dasatinib, 20% nilotinib, and 20% bosutinib, resulting in a per-cycle cost of £6,375.39. It is
assumed that all relapsed patients require the same general follow-up and testing protocol as
described for CP-CML non-responders in Section 5.3.4.8 (Table 5-23).

5.3.4.7 Treatment costs: Progressed CML unsuitable for allo-SCT

The data used to estimate the amount of time patients are alive as well as in AP- or BP-CML are
reported in Section 5.3.2.1.3. As such, it is important to include treatment costs for the AP- and
BP-CML health states in the model to ensure face validity and internal consistency. It is assumed
that patients with progressed CML who are ineligible for allo-SCT will receive the same
background therapy as those with relapse following allo-SCT (20% imatinib, 20%
hydroxycarbamide, 20% dasatinib, 20% nilotinib, 20% bosutinib), and thus also have a per-cycle
cost of drug treatment of £6,375.39.

5.3.4.8 Monitoring and follow-up

Resource use associated with monitoring and follow-up was modelled as a function of disease
phase and whether or not a patient responds to therapy. For the purposes of stratifying patients,
responders were defined as those achieving a CCyR.

5.3.4.8.1 CP-CML (on treatment)

Resource use for patients with CP-CML was derived from the UK clinical expert survey (see
Table 5-23; Appendix 14: Cost and healthcare resource identification, measurement, and
valuation). It was assumed that resource requirements of a post—2G-TKI population would
depend upon the presence/absence of CCyR. Expected resource use was then calculated by
weighting these data by the proportion of patients achieving a CCyR for each treatment.

Patient monitoring and follow-up costs are applied to outpatient visits, tests, and interventions
subsequent to therapy. Unit costs (Table 5-23) for each component were taken from NHS
Reference Costs and other England-specific sources. The per-cycle monitoring and follow-up
cost for responding patients with CP-CML is £208.08; for non-responding patients with CP-CML,
the cost is £494.90, reflecting the greater intensity of healthcare resource utilisation in non-
responders, as shown in Table 5-23. On top of the mentioned monitoring costs, we considered
the additional need for cardiovascular monitoring specific to ponatinib treatment. This was
accounted for as the cost for a specialist visit every 6 months.

5.3.4.8.2 AP-CML and BP-CML

Patients who progress to AP-CML and BP-CML, by definition, have lost cytogenetic response.
The expected monitoring and follow-up resource use of progressed patients was based on the
clinical expert survey.*® Based on the unit costs presented in Table 5-23, the per-cycle cost of
monitoring and follow-up in patients with AP- and BP-CML is set to £2,647.56 and £20,319.27,

Company evidence submission for ponatinib [ID671] Page 151 of 271



respectively. The higher cost for patients in BP-CML is accounted for by the longer hospital stay
for these patients (26.64 days vs 2.13 for patients in AP-CML).

5.3.4.8.3 Relapse post-allo-SCT in progressed CML

The model assumes that patients with progressed CML can be relapse-free or experience
relapse after allo-SCT. We assume that there are no monitoring costs for patients who are
relapse-free. The per-cycle monitoring and follow-up costs associated with allo-SCT relapse in
progressed CML are assumed to be the same as those for AP-CML (see Section 5.3.4.8.2
above). Moreover, patients who relapse are assumed to be treated with a mix of drugs (20%
imatinib, 20% hydroxycarbamide, 20% dasatinib, 20% nilotinib, and 20% bosutinib, based on the
UK clinical expert survey).4®
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Table 5-23. Monitoring and follow-up resource use per cycle (source: UK clinical expert survey)* and unit costs

CP-CML
Resource CCyR No CCyR AP/BP-CML Unit cost, £ Source
Outpatient visits
Nurse-led 0.29 0.38 0.51 66.42 NHS Reference Costs 2014 to 2015
Haematologist-led 0.93 1.72 3.63 150.38 NHS Reference Costs 2014 to 2015
Tests
Full blood count 1.13 1.97 4.38 3.01 NHS Reference Costs 2014 to 2015
Cytogenetic analysis 0.58 0.74 0.90 6.99 NHS Reference Costs 2014 to 2015
Bone marrow aspiration (with biopsy) 0.03 0.30 0.30 517.50 NHS Reference Costs 2014 to 2015
FISH 0.22 0.56 0.13 6.99 NHS Reference Costs 2014 to 2015
PCR 0.79 1.31 1.68 25.00 Szczepura et al. 2006 4°
Flow cytometry 0.09 0.13 0.45 6.99 NHS Reference Costs 2014 to 2015
Cytochemistry analysis - 0.05 0.12 6.99 NHS Reference Costs 2014 to 2015
Blood film exam 0.50 1.09 219 3.01 NHS Reference Costs 2014 to 2015
Blood chemistry 1.13 1.88 3.15 1.19 NHS Reference Costs 2014 to 2015
Kinase domain mutation* - - 0.13 6.99 NHS Reference Costs 2014 to 2015
Therapies/interventions
Blood transfusion 0.01 0.01 1.98 121.85 NHS Blood and Transplant Price List
2014/15
Donor lymphocyte transfusion - - - 193.15 Assumption: same as platelet
transfusion
Platelet transfusion - - 0.30 193.15 NHS Blood and Transplant Price List
2014/15
Days in hospital 721.00 Average costs for a hospital day case
based on finished consultant episodes
(NHS Reference Costs 2014 to 2015)
CP - -
AP 213
BP 26.64

AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response; CML, chronic myeloid leukaemia; CP, chronic phase; FISH, fluorescence in situ hybridization; PCR, polymerase
chain reaction.

*Once only.
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Health-state unit costs and resource use

5.3.4.9 Costs included in each health state

Not applicable. Drug dosages and unit costs did not vary by health state. Resource use
associated with monitoring and follow-up was modelled as a function of disease phase and
whether or not a patient responds to therapy. Therefore, no costs or resource use specifically
associated with health states were included in the cost-effectiveness analysis, with the exception
of allo-SCT, which was incorporated in the model as a Markov health state, with costs as
described in Section 5.3.4.6.

Adverse reaction unit costs and resource use

5.3.4.10 Costs and resource use for each adverse reaction

AEs included in the model were restricted to Grade 3/4 events occurring in 25% of the study
population for any given treatment option. Rates for ponatinib were obtained from the PACE
CSR, and rates for bosutinib were based on data for patients in a phase 1/2 trial reported by
Kantarjian et al. 2014.18

The AEs rates used in the model are presented in Table 5-24. In line with a number of recent
oncology models, the rate of AEs is applied to the first cycle only on the assumption that such
events will happen sooner rather than later. The model also incorporates the assumption that
patients experiencing an event have that event only once. In the absence of AEs information for
hydroxycarbamide, placeholder values of 0% are employed in the model. AEs rates for allo-SCT
are also set to zero, on the assumption that any associated costs would be absorbed into the
follow-up costs for allo-SCT.

A consequence of having access to IPD and the CSR for ponatinib but not the other interventions
is that rates are known for every event with ponatinib but not the comparators. This results in a
bias against ponatinib when modelling TRAEs.

In addition to the events listed in Table 5-24, the rates of SAEs for ponatinib were included,
based on the rates in the PACE trial reported in the CSR. Serious cardiovascular,
cerebrovascular, peripheral vascular, and venous thromboembolism events were modelled as
per-cycle rates in order to capture the long-term impact of treatment: 1.34%, 0.63%, 0.86%, and
0.22%, respectively. In the absence of equivalent long-term data for bosutinib, the rates of these
SAEs were set to 0%, the assumption being that any mortality effects would be captured in the
background population mortality rate.

The average costs per patient associated with AEs for each CML treatment are summarised in
Table 5-24. Cost estimates were taken from NHS reference costs and tariffs.
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Table 5-24. AE rates and costs applied in the model (sources: PACE CSR; Kantarjian et al. 2014) and associated costs

Adverse event

Abdominal pain

Anaemia

Diarrhoea

Hyperglycaemia
Hypophosphataemia
Leukocytopaenia

Lipase increased

Neutropaenia

Pancreatitis

ALT elevation
Gamma-glutamyltransferase increased
Thrombocytopaenia

Serious adverse events
Cardiovascular event
Cerebrovascular event
Peripheral vascular event
Venous thromboembolism event

Bosutinib'®

Unit cost, £

Sources for costs

o
o
3
1]

o

2

g

&

0.00%
6.78%
8.47%
0.00%
0.00%
0.00%
0.00%
15.25%
0.00%
5.93%
0.00%
26.27%

752.10
1,827.13
801.95
1,271.46
721.00
633.26
721.00
633.26
1,121.98
1,121.98
1,121.98
421.74

2,357.00
2,962.00
2,872.00

552.00

NHS Reference Costs 2014 to 2015
NHS 2015/16 Enhanced Tariff Option
NHS Reference Costs 2014 to 2015
NHS Reference Costs 2014 to 2015
Assumption: 1 day in hospital
Assumption: same as neutropaenia
Assumption: 1 day in hospital

NHS Reference Costs 2014 to 2015
NHS Reference Costs 2014 to 2015
NHS Reference Costs 2014 to 2015
NHS Reference Costs 2014 to 2015
NHS Reference Costs 2014 to 2015

NHS 2015/16 Enhanced Tariff Option
NHS 2015/16 Enhanced Tariff Option
NHS 2015/16 Enhanced Tariff Option
NHS 2015/16 Enhanced Tariff Option

ALT, alanine aminotransferase.
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Miscellaneous unit costs and resource use

5.3.4.11 End-of-life care

To reflect the fact that individuals incur additional resources shortly before death, all patients who
die in the model, regardless of treatment option, incur an additional resource use component
representing “end of life” care. Based on the UK clinical expert survey,*® the model incorporates
a 21.5-day inpatient stay immediately before death for 51.5% of patients assumed to be treated
in hospital and a 17.4-day hospice stay for the 23.1% of patients assumed to be treated in a
hospice (Table 5-25); the remaining patients were assumed to die at home. These stays were
applied regardless of whether patients were in CP-CML or AP/BP-CML.

Given the distribution of end-of-life stays across hospitals and hospices, and daily palliative care
costs of £463.77 and £158.23, respectively (based on information from Marie Curie Cancer
Care), the average end-of-life care cost was estimated at £5,765.76 (Table 5-25).

Table 5-25. End-of-life care resource use and costs

Value Daily cost, £ Source
In-patient stay, days 21.5 463.77 Marie Curie Cancer Care
Patients treated in hospital, % 51.5 — Assumption
Hospice stay, days 17.4 158.23 Marie Curie Cancer Care
Patients treated in hospice, % 23.1 _ Assumption
Average end-of-life care cost, £ 5,765.76

5.3.5 Summary of base-case de novo analysis inputs and assumptions

5.3.5.1 Summary of base-case de novo analysis inputs

Table 5-26 summarises the variables applied in the economic model. Uncertainty regarding the
parameter values was addressed via sensitivity analyses, as described below in Section 5.3.7.

Table 5-26. Summary of variables applied in the economic model

Value (reference to
appropriate table or Function used Reference to
Variable figure in submission) for extrapolation section Source

Allo-SCT suitability after 0.27250 (-) 5.3.4.6 UK HCP Survey,
progression Q7
CCyR rate
Bosutinib 0.24074 (Table 5-8) - 53.2.1.1.2 Khoury et al. 2012
Ponatinib 0.61340 (Table 5-7) - 5.3.2.1.11 MAIC analysis
CHR rate
Bosutinib 0.37931 (Table 5-8) - 5.3.211.2 Khoury et al. 2012
Hydroxycarbamide 0.41000 (-) - 5.3.2.1.14 Dalziel et al. 2004
IFN alpha 0.47000 (-) - 532113 Dalziel et al. 2004
Ponatinib 0.18190 (Table 5-7) - 5.3.2.1.1.1 MAIC analysis
Duration of response
Bosutinib — (Figure 5-8) Log-normal 53.2.1.2.2 Gambacorti-
Passerini et al.
2014
Ponatinib — (Figure 5-8) Gompertz 5.3.2.1.2.2 MAIC analysis
Mean PFS in AP phase, 9.16004 (-) - 5.3.2.1.3 Derived from
months Kantarjian et al.
2007
Median time on treatment
Bosutinib 8.30000 (-) - 5.3.2.1.6.3 Khoury et al. 2012
NR rate -
Bosutinib 0.29662 (Table 5-8) - 53.2.1.1.2 Residual calculation
Hydroxycarbamide 0.59000 (-) - 53.2.1.14 Residual calculation
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Value (reference to

appropriate table or Function used Reference to
Variable figure in submission) for extrapolation section Source
IFN alpha 0.53000 (-) - 5.3.2.1.1.3 Residual calculation
Ponatinib 0.12010 (Table 5-7) - 5.3.2.1.11 MAIC analysis
Overall survival
OS in AP — (Figure 5-9) Log-normal 5.3.2.1.3 Kantarjian et al.
2007
OS in BP — (Figure 5-10) Log-logistic 5.3.2.1.3 Kantarjian et al.
2007
OS post-allo-SCT in CP — (Figure 5-4) Exponential 5.3.2.1.1.5.1 Jabbour et al. 2011
OS post-allo-SCT in AP — (Figure 5-5) Exponential 5.3.2.1.1.51 Jabbour et al. 2011
PCyR rate
Bosutinib 0.08333 (Table 5-8) - 53.2.1.1.2 Khoury et al. 2012
Ponatinib 0.08460 (Table 5-7) - 5.3.2.1.11 MAIC analysis
Progression-free survival
In CCyR — (Figure 5-7) Gompertz 5.3.2.1.2.2 Loveman et al.
2012
In PCyR — (Figure 5-7 Gompertz 5.3.2.1.2.2 Loveman et al.
2012
In CHR — (Figure 5-7 Weibull 53.2.1.2.2 Loveman et al.
2012
In NR — (Figure 5-7 Exponential 5.3.2.1.2.2 Loveman et al.
2012
Relapse-free survival post- — (Figure 5-6) Gompertz 53.21.15.2 Craddock et al.
allo-SCT 2000
Time-on-treatment
CCyR - (=) Exponential 5.3.2.1.6 PACE CSR
PCyR - (=) Exponential 5.3.2.1.6 PACE CSR
CHR - (=) Exponential 5.3.2.1.6 PACE CSR
Adverse event unit cost (Table 5-24)
Abdominal pain 752.10 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
ALT elevation 1121.98 - 5.3.4.10 NHS 2015/16
Enhanced Tariff
Option
Anaemia 1827.13 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Cardiovascular event 2357.00 — 5.3.4.10 NHS 2015/16
Enhanced Tariff
Option
Cerebrovascular event 2962.00 - 5.3.4.10 NHS 2015/16
Enhanced Tariff
Option
Diarrhoea 801.95 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Gamma- 1121.98 - 5.3.4.10 Assumption: 1 day
glutamyltransferase in hospital
increased
Hyperglycaemia 1271.46 — 5.3.4.10 Assumption: same
as neutropaenia
Hypophosphatemia 721.00 - 5.3.4.10 Assumption: 1 day
in hospital
Leukocytopaenia 633.26 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Lipase increased 721.00 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Neutropaenia 633.26 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Pancreatitis 1121.98 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Peripheral vascular event 2872.00 - 5.3.4.10 NHS 2015/16
Enhanced Tariff
Option
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Value (reference to

appropriate table or

Function used

Reference to

Variable figure in submission) for extrapolation section Source
Thrombocytopaenia 421.74 - 5.3.4.10 NHS Reference
Costs 2014 to 2015
Venous thromboembolism 552.00 — 5.3.4.10 NHS 2015/16
event Enhanced Tariff
Option
Allo-SCT initial cost, £ 60092.13 - 5.3.4.6 UK Stem Cell
=) Strategy Oversight
Committee
Cost of community palliative 158.23 (Table 5-25) - 5.3.4.11 Marie Curie Cancer
care per day, £ Care
Cost of palliative care in 463.77 (Table 5-25) - 5.3.4.11 Marie Curie Cancer
hospital per day, £ Care
Discount rate costs 3.50% (Table 5-5) — — NICE
Discount rate outcomes 3.50% (Table 5-5) - - NICE
EOL hospice days 17.40 (Table 5-25) - 5.3.4.11 UK Survey, Q13
EOL hospital days 21.50 (Table 5-25) - 5.3.4.11 UK Survey, Q13
EOL, proportion being treated 0.23 (Table 5-25) - 5.3.4.11 UK Survey, Q13
in hospice
EOL, proportion being treated 0.51 (Table 5-25) - 5.3.4.11 UK Survey, Q13
in hospital
Per-cycle cost, £
Bosutinib 10714.40 (-) - - -
Dasatinib 7624.47 (-) - - -
Hydroxycarbamide 38.24 (-) - - -
Imatinib 5589.73 (-) — — -
IFN alpha 6832.91 (-) - - -
Nilotinib 7910.11 (-) - - -
Ponatinib in CCyR [ ] - - -
Ponatinib in CHR ] = = =
Ponatinib in NR [ - - -
Ponatinib in PCyR I - - -
CV monitoring with 75.19 (=) - - Assumed 0.5 visits
ponatinib per cycle; same
cost as
haematologist visit
(Table 5-23)
Follow-up after allo-SCT, 12214.71 (Table 5-22) — 5.3.4.6.1 UK Stem Cell
y1 Strategy Oversight
Committee
Follow-up after allo-SCT, 3518.25 (Table 5-22) - 5.3.4.6.1 UK Stem Cell
y2 Strategy Oversight
Committee
Follow-up after allo-SCT, 420.00 (Table 5-22) — 5.3.4.6.1 Bosutinib NICE
y3+ HTA
Treatment post 38.24 (-) - 5.3.4.5.5 Assumed BSC is
discontinuation hydroxycarbamide
Treatment AP/BP patients 6375.39 (-) - 5.3.4.7 Assumption based
not receiving allo-SCT on UK HCP Survey:
Treatment post-allo-SCT 6375.39 (-) - 5.3.4.6.2 20% imatinib, 20%
relapse hydroxycarb.amlde,
20% dasatinib, 20%
nilotinib, and 20%
bosutinib
Per-cycle resource use with: (Table 5-23)
CCyR in CP: Blood 1.130000 - 5.3.4.8 UK Survey, Q6
chemistry
CCyR in CP: Blood film 0.500000 = 5.3.4.8 UK Survey, Q6
exam
CCyR in CP: Blood 0.010000 - 5.3.4.8 UK Survey, Q6
transfusion
CCyR in CP: Bone marrow 0.030000 = 5.3.4.8 UK Survey, Q6
aspiration
CCyR in CP: Complete 1.130000 - 5.3.4.38 UK Survey, Q6

blood count
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Value (reference to
appropriate table or

Function used

Reference to
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Variable figure in submission) for extrapolation section Source
CCyR in CP: Cytogenetic 0.580000 - 5.3.4.8 UK Survey, Q6
analysis
CCyR in CP: FISH 0.220000 - 5.3.4.8 UK Survey, Q6
CCyR in CP: Flow 0.090000 — 5.3.4.8 UK Survey, Q6
Cytometry
CCyR in CP: 0.930000 - 5.3.4.8 UK Survey, Q6
Haematologist-led
outpatient visit
CCyR in CP: Nurse-led 0.290000 - 5.3.4.8 UK Survey, Q6
outpatient visit
CCyR in CP: PCR 0.790000 - 5.3.4.8 UK Survey, Q6
No CCyR in CP: blood 1.88000 - 5.3.4.8 UK Survey, Q6
chemistry
No CCyR in CP: blood film 1.09000 - 5.3.4.8 UK Survey, Q6
exam
No CCyR in CP: blood 0.01000 - 5.3.4.8 UK Survey, Q6
transfusion
No CCyR in CP: bone 0.30000 - 5.3.4.8 UK Survey, Q6
marrow aspiration
No CCyR in CP: complete 1.97000 - 5.3.4.8 UK Survey, Q6
blood count
No CCyR in CP: 0.05000 - 5.3.4.8 UK Survey, Q6
cytochemistry analysis
No CCyR in CP: 0.74000 - 5.3.4.8 UK Survey, Q6
cytogenetic analysis
No CCyR in CP: FISH 0.56000 - 5.3.4.8 UK Survey, Q6
No CCyR in CP: flow 0.13000 - 5.3.4.8 UK Survey, Q6
cytometry
No CCyR in CP: 1.72000 - 5.3.4.8 UK Survey, Q6
haematologist-led
outpatient visit
No CCyR in CP: kinase 0.00000 - 5.3.4.8 UK Survey, Q6
domain mutation analysis
No CCyR in CP: nurse-led 0.38000 - 5.3.4.8 UK Survey, Q6
outpatient visit
No CCyR in CP: PCR 1.31000 - 5.3.4.8 UK Survey, Q6
No response in AP/BP: 3.15 - 5.3.4.38 UK Survey, Q8 (AP
blood chemistry resources
assumed)

No response in AP/BP: 2.19 - 5.3.4.8 UK Survey, Q8 (AP

blood film exam resources
assumed)

No response in AP/BP: 1.98 - 5.3.4.38 UK Survey, Q8 (AP

blood transfusion resources
assumed)

No response in AP/BP: 0.30 - 5.3.4.8 UK Survey, Q8 (AP

bone marrow aspiration resources
assumed)

No response in AP/BP: 4.38 - 5.3.4.8 UK Survey, Q8 (AP

complete blood count resources
assumed)

No response in AP/BP: 0.12 = 5.3.4.8 UK Survey, Q8 (AP

cytochemistry analysis resources
assumed)

No response in AP/BP: 0.90 - 5.3.4.8 UK Survey, Q8 (AP

cytogenetic analysis resources
assumed)

No response in AP/BP: 0.00 = 5.3.4.8 UK Survey, Q8 (AP

donor lymphocyte resources

transfusion assumed)

No response in AP/BP: 0.13 - 5.3.4.38 UK Survey, Q8 (AP

FISH resources
assumed)

No response in AP/BP: 0.45 = 5.3.4.8 UK Survey, Q8 (AP

flow cytometry resources
assumed)



Value (reference to
appropriate table or Function used Reference to
Variable figure in submission) for extrapolation section Source

No response in AP/BP: 3.63 - 5.3.4.8 UK Survey, Q8 (AP
haematologist-led resources
outpatient visit assumed)
No response in AP/BP: 0.13 5.3.4.8 UK Survey, Q8 (AP
kinase domain mutation resources
analysis assumed)
No response in AP/BP: 0.51 5.3.4.8 UK Survey, Q8 (AP
nurse-led outpatient visit resources
assumed)
No response in AP/BP: 1.68 5.3.4.8 UK Survey, Q8 (AP
PCR resources
assumed)
No response in AP/BP: 0.30 5.3.4.8 UK Survey, Q8 (AP
platelet transfusion resources
assumed)
No response in AP: 213 5.3.4.8 UK Survey, Q8
hospital days (general ward+
ICU)
No response in BP: 26.64 5.3.4.8 UK Survey, Q10
hospital days (general ward+
ICU)
Resource unit cost, £ (Table 5-23)
Blood chemistry 1.19 5.3.4.8 NHS Reference
Costs 2014 to 2015
Blood film exam 3.01 5.3.4.8 NHS Reference
Costs 2014 to 2015
Blood transfusion 121.85 53438 NHS Blood and
Transplant Price
List 2014/15
Bone marrow aspiration 517.50 5.3.4.8 NHS Reference
Costs 2014 to 2015
Complete blood count 3.01 53438 NHS Reference
Costs 2014 to 2015
Cytochemistry analysis 6.99 5.3.4.38 NHS Reference
Costs 2014 to 2015
Cytogenetic analysis 6.99 5.3.4.8 NHS Reference
Costs 2014 to 2015
Donor lymphocyte 193.15 5.3.4.8 Assumed same as
transfusion platelet transfusion
FISH 6.99 5.3.4.8 NHS Reference
Costs 2014 to 2015
Flow Cytometry 6.99 5.3.4.8 NHS Reference
Costs 2014 to 2015
Haematologist-led 150.38 5.3.4.8 NHS Reference
outpatient visit Costs 2014 to 2015
Hospital days 721.00 5.3.4.8 NHS Reference
Costs 2014 to 2015
Kinase domain mutation 6.99 53438 NHS Reference
ana|ysis Costs 2014 to 2015
Nurse-led outpatient visit 66.42 5.3.4.8 NHS Blood and
Transplant Price
List 2014/15
PCR 25.00 5.3.4.8 Szczepura et al.
2006
Platelet transfusion 193.15 5.3.4.8 NHS Blood and

Transplant Price
List 2014/15

Cumulative incidence (Table 5-24)
Abdominal pain ponatinib ] 5.3.4.8 PACE study CSR -
Table 14.3.1.3.1.2.6
ALT elevation bosutinib ] 53.4.8 Kantarjian et al.
2014
ALT elevation ponatinib ] 5.3.4.8 PACE study CSR -
Anaemia bosutinib ] 5.3.4.8 Kantarjian et al.
2014
Anaemia ponatinib ] 5.3.4.8 PACE study CSR -
Diarrhoea bosutinib ] 5.3.4.8 Kantarjian et al.
2014
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Value (reference to

appropriate table or Function used Reference to
Variable figure in submission) for extrapolation section Source
Gamma- | ] - 5.3.4.8 PACE study CSR -
glutamyltransferase
increased ponatinib
Leukocytopaenia ] - 53.4.8 PACE study CSR -
ponatinib
Lipase increased ponatinib [ ] - 53.4.8 PACE study CSR -
Neutropaenia bosutinib ] - 53.4.8 Kantarjian et al.
2014
Neutropaenia ponatinib [ ] - 53.4.8 PACE study CSR -
Pancreatitis ponatinib ] - 53.4.8 PACE study CSR -
Thrombocytopaenia [ ] - 53.4.8 Kantarjian et al.
bosutinib 2014
Thrombocytopaenia ] - 53.4.8 PACE study CSR -
ponatinib
Per-cycle probability (Table 5-24)
(ponatinib only)
Cardiovascular event ] = 5.3.4.10 PACE study CSR -
Cerebrovascular event ] - 5.3.4.10 Section 14.3.5
Peripheral vascular event I = 5.3.4.10 Other Safety
Venous thromboembolism ] - 5.3.4.10 Measurements,
event Table 2.2
Population norm utility (Table 5-13)
Females <25 years 0.94000 - 5.3.3.7.1 Kind et al. 1999
Females 25-34 years 0.93000 - 5.3.3.7.1 Kind et al. 1999
Females 35-44 years 0.91000 - 5.3.3.7.1 Kind et al. 1999
Females 45-54 years 0.85000 - 5.3.3.7.1 Kind et al. 1999
Females 55-64 years 0.81000 - 5.3.3.7.1 Kind et al. 1999
Females 65-74 years 0.78000 - 5.3.3.7.1 Kind et al. 1999
Females 275 years 0.71000 - 5.3.3.7.1 Kind et al. 1999
Males <25 years 0.94000 - 5.3.3.7.1 Kind et al. 1999
Males 25-34 years 0.93000 - 5.3.3.7.1 Kind et al. 1999
Males 35-44 years 0.91000 - 5.3.3.7.1 Kind et al. 1999
Males 45-54 years 0.84000 - 5.3.3.7.1 Kind et al. 1999
Males 55-64 years 0.78000 - 5.3.3.7.1 Kind et al. 1999
Males 65-74 years 0.78000 - 5.3.3.7.1 Kind et al. 1999
Males 275 years 0.75000 - 5.3.3.7.1 Kind et al. 1999
Utility (Table 5-14 and Table
5-16)
During a SAE 0.52000 - 5.3.3.7.21 Szabo et al. 2010
In AP 0.53000 - 5.3.3.7.21 Szabo et al. 2010
In BP 0.29000 - 5.3.3.7.2.1 Szabo et al. 2010
In CP with response 0.91000 - 5.3.3.7.21 Szabo et al. 2010
In CP without response 0.73000 - 5.3.3.7.21 Szabo et al. 2010
In cycle 1 after allo-SCT 0.55000 - 5.3.3.7.2.2 van Agthoven et al.
2001 population
norms
In cycle 2 after allo-SCT 0.63000 - 5.3.3.7.2.2 Assumption:
midpoint of peri-
operative and long-
term estimate
In cycle 3 after allo-SCT 0.71000 - 5.3.3.7.2.2 Loveman et al.
2012, population
norms
Post-relapse after allo-SCT 0.58520 - 5.3.3.7.2.2 Kantarjian et al.
2002 and Olavarria
et al. 2003

Allo-SCT, allogeneic haematopoietic stem cell transplantation; ALT, alanine aminotransferase; AP, accelerated phase; BP,
blast phase; CCyR, complete cytogenetic response; CHR, complete haematologic response; CML, chronic myeloid leukaemia;
CP, chronic phase; CSR, clinical study report; EOL, end of life; FISH, fluorescence in situ hybridization; ICU, intensive care unit;
IFN alpha, interferon alpha; MAIC, matching-adjusted indirect comparison; NR, non-response; OS, overall survival; PFS,
progression-free survival; PCR, polymerase chain reaction; PCyR, partial cytogenetic response; SAE, serious adverse event;
SCT, stem cell transplantation.
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5.3.5.2 Assumptions
Table 5-27 summarises the main assumptions in the economic analysis.
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Table 5-27. Summary of main assumptions and justifications in the CP-CML model

Assumption

Justification

The cost of ponatinib is calculated with the % of
time on different doses, from the PACE study

Time-on-treatment for ponatinib is simulated with
an exponential function, regardless of the
function providing the best fit in the parametric
survival analysis

Response to TKIl is the most important prognostic
factor in CP-CML, irrespective of the TKI used

OS with allo-SCT is simulated with an exponential
function regardless of the goodness of the fit of
other functions

The probability of death in the CP-CML health
state is assumed to be equivalent across all
treatments and reflects mortality rates in the
English general population?4

Patients with progressed CML who receive allo-
SCT are assumed to be in one of two health
states: in remission or relapsed

It was assumed that 41% of patients receiving
hydroxycarbamide will achieve a CHR, and the
remaining 59% will be non-responders; stronger
responses were assumed not to occur with this
therapy

The relationship between response and
progression was assumed to be independent of
the line of therapy, so the data obtained from the
post-imatinib BMS-034 study were assumed to
apply to post-2G-TKI patients

Probability of remaining in the CP-CML health
state is independent of treatment within a given
response category

The presence of the T315] mutation does not
predict treatment response with ponatinib

Only patients who achieve CCyR maintain
response after TKI discontinuation

When patients discontinue a TKI (with the
exception of CCyR patients) they are assumed to
get the response rates of BSC (ie, they are re-
distributed along CHR and NR states according to
the figures specific to BSC)

Resource requirements of a post—2G-TKI
population would depend upon the
presence/absence of CCyR

The rate of AEs is applied to the first cycle only
on the assumption that such events will happen
sooner rather than later

AE rates for hydroxycarbamide set to zero
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The unit pricing of ponatinib is not linear with dose, so
the relative-dose intensity approach is unfeasible.
Moreover for other drugs that also don’t have linear
unit pricing we conservatively assume that the cost is
determined by the package that yields the lowest
price/mg

This assumption was adopted because selecting the
best-fit function would have introduced bias against
ponatinib given that available time-on-treatment data
for TKI comparators are median values, which
necessitate adopting an exponential function

Validated by clinical expert and in agreement with the
2013 ELN recommendations*”

Based on the plausibility of the extrapolated portion of
the curve (the other functions conferred an
implausible OS); validated by clinical expert

Based on the literature (Sasaki et al. 2015)'%2;
validated by clinical expert

Based on a survey of clinical experts in the UK*®

Based on the overall median CHR reported by Dalziel
et al. 2004227

Approach used in prior HTAs (eg, Loveman et al.
2012)168

Approach is common practice and has been adopted
in previous CML technology appraisals (eg, Rogers et
al. 2012)%2

Based on the literature (Mauro et al. 2012);238
validated by clinical expert

Only patients who discontinue treatment in CCyR are
in a different clinical state with a reduced burden of
cancer than at the beginning of therapy, and are
therefore in a better position to survive

PCyR and CHR are not optimal targeted responses
for 2L TKI therapy after imatinib failure.4” Therefore,
patients who fail to achieve a CCyR are not
considered to be in a better position to survive with
BSC than had patients received BSC earlier in the
treatment pathway

Based on a survey of clinical experts in the UK*8

Common practice; in line with recent oncology
models

Absence of AEs information for hydroxycarbamide
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Assumption

Justification

AE rates for allo-SCT set to zero

For bosutinib, hydroxycarbamide, and allo-SCT,
the rates of SAEs (cardiovascular,
cerebrovascular, peripheral vascular, and venous
thromboembolism events) were set to 0%

The model incorporates a 21.5-day inpatient stay
immediately before death for 51.5% of patients
assumed to be treated in hospital and a 17.4-day
hospice stay for the 23.1% of patients assumed to
be treated in a hospice; the remaining patients
were assumed to die at home

Drug administration costs were set to zero

Post-relapse patients have CML and are treated
pharmacologically

Patients with progressed CML who are ineligible
for allo-SCT will receive the same background
therapy as those with relapse following allo-SCT
(20% imatinib, 20% hydroxycarbamide, 20%
dasatinib, 20% nilotinib, 20% bosutinib)

Utility decrement associated with allo-SCT in
model cycle 2 is the midpoint of peri-operative
and long-term estimate

Associated costs would be absorbed into the follow-
up costs for allo-SCT

In the absence of equivalent long-term data for
bosutinib, the assumption was that any mortality
effects would be captured in the background
population mortality rate

Based on a survey of clinical experts in the UK*8

It is assumed that treatments administered orally
require no drug administration costs

Based on a survey of clinical experts in the UK;*®
2013 ELN treatment recommendations*’

Based on a survey of clinical experts in the UK*8

For relapse after allo-SCT most clinical experts stated
they would consider using any of the five TKls
(imatinib, nilotinib, dasatinib, bosutinib, and
ponatinib). For patients progressed to AP and
ineligible for allo-SCT, the majority of patients are
estimated by the clinical experts to be given a
previously unused TKI. In the economic model
ponatinib was substituted with hydroxycarbamide to
be conservative and an even distribution among
treatment options was assumed.

In the absence of data, the best estimate for model
cycle 2 was the midpoint of the peri-operative period
by van Agthoven et al. 2001,%%” and the long-term
period by Loveman et al. 2012168

2G, second-generation; AE, adverse event; allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best
supportive care; CCyR, complete cytogenetic response; CHR, complete haematologic response; CML, chronic myeloid
leukaemia; CP, chronic phase; ELN, European LeukemiaNet; NR, no response; OS, overall survival; SAEs, serious adverse

events; TKI, tyrosine kinase inhibitor.

5.3.6 Base-case results

5.3.6.1 Results of the analysis

Sections 5.3.6.2 to 5.3.6.6 provide the results for the de novo base-case analysis.

Base-case incremental cost effectiveness analysis results

5.3.6.2 Cost-effectiveness

The incremental cost-effectiveness ratio (ICER) results for ponatinib compared with each
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comparator in terms of LYG and QALYs, from the NHS/PSS direct medical perspective (ie, the
payer perspective), are presented in Table 5-28.
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Table 5-28. Base-case cost-effectiveness results (discounted, per person): direct medical perspective

Incremental Incremental Incremental
Total costs Total LYG Total QALYs costs (£) LYG QALYs ICER ICER
(£) (Disc) (Disc) (ponatinib vs) (ponatinib vs)  (ponatinib vs) (E/LYG) (E/QALYs)

Interferon alpha 188.917.38 4.02 2.30 ] ] ]
Hydroxycarbamide 136,666.02 3.95 2.24 - - -
Bosutinib 150,810.61 6.09 4.00 [ [ [ ]
Allo-SCT 209,257.69 6.74 3.93 [ [ [
Ponatinib ] I I — — —

Allo-SCT, allogeneic haematopoietic stem cell transplantation; Disc, discounted; ICER, incremental cost-effectiveness ratio; LYG, life-year gained; QALY, quality-adjusted life-year; Undisc,

undiscounted.
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Clinical outcomes from the model

5.3.6.3 Outcomes from the model vs clinically important outcomes

Figure 5-13 shows that the CP-CML model (assuming a 0% rate of allo-SCT after progression)
does not predict an excess survival benefit over the long term compared with the OS data from
the PACE trial. Indeed, the model is conservative with respect to ponatinib, as the OS benefit is
underestimated beginning at year 3, with data from the PACE study showing higher survival
compared to the model.

Figure 5-13. Face validity comparison between model-predicted OS and the PACE study
(Hochhaus et al. 2015)%*

0OS, overall survival.

5.3.6.4 Markov trace

The Markov traces for the CP-CML economic analysis are presented in Appendix 19: Markov
traces — CP-CML economic model.

5.3.6.5 QALYs accrued over time

Table 5-29 presents the QALYs for each health state accrued in the CP-CML economic analysis.
In the CP health state, ponatinib accrues the most QALYs. The key driver of benefits with
ponatinib in CP is superior effectiveness (higher and more durable cytogenetic response rates);?
9 hence, patients will spend longer in the CP health on ponatinib than on bosutinib, interferon
alpha, or hydroxycarbamide.

Table 5-29. QALYS accrued in the CP-CML economic analysis

Health state Total

CP AP/BP Allo-SCT Undisc Disc
Interferon alpha 1.42 0.36 0.84 2.63 2.30
Hydroxy- 1.36 0.36 0.84 257 2.24
carbamide
Bosutinib 4.53 0.31 0.72 5.55 4.00
Allo-SCT 0.00 0.00 5.07 5.07 3.93
Ponatinib N I I I I

AP, accelerated phase; BP, blast phase; CP, chronic phase; Disc, discounted; QALY, quality-adjusted life-year; Undisc,
undiscounted.
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Note: Undiscounted totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

QALYs for each health state accrued over time for each comparator in the CP-CML economic
analysis are presented in Appendix 20: QALYS over time — CP-CML economic model.

Disaggregated results of the base case incremental cost effectiveness analysis
5.3.6.6 Disaggregated QALYSs, LYGs, and costs

5.3.6.6.1 QALYs and life-years gained

A summary of the treatment-specific deterministic survival and quality-adjusted survival
estimates resulting from the analysis is presented in Table 5-30. Of the two TKI drug therapies
being compared, ponatinib is associated with the largest increase in both OS and QALYs.
Compared to bosutinib, treatment with ponatinib is predicted to improve survival (undiscounted)
by almost . After discounting future health
benefits and costs, ponatinib achieved an estimated

. Ponatinib was also the TKI associated with the
highest proportion of LYG and QALY accrued within the CP-CML health state. Ponatinib was
estimated to produce an additiona! |
In contrast, allo-SCT was associated with higher gains of undiscounted and discounted LYs than
bosutinib, whilst hydroxycarbamide yielded lower OS and QALY's than any other comparator.
The key driver of increased overall and quality-adjusted survival with ponatinib is superior
effectiveness in terms of response: ponatinib has demonstrated higher response rates than
comparators and responses are maintained for years in most patients, particularly in patients
who remain in the CP health state.? ° Thus, due to the superior efficacy of ponatinib, patients will
remain alive in the CP health state longer than with bosutinib, interferon alpha, or
hydroxycarbamide.

Table 5-30. LYG and QALY outcomes

LYG QALY
Allo- Total Allo- Total
CP APBP SCT Undisc Disc CP APBP SCT Undisc Disc
L'::;r;em" 206 122 145 472 402 142 036 084 263 230
Hydroxy- 197 122 145 464 395 136 036 084 257 224
carbamide
Bosutinb 611 104 124 838 609 453 031 072 555 4.00
Allo-SCT 000 000 877 877 674 000 000 507 507 3.93

Pporatinib [l I I EH BEH BEH EH BH = =

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CP, chronic phase;
Disc, discounted; LYG, life-year gained; QALY, quality-adjusted life-year; Undisc, undiscounted.

Table 5-31 and Table 5-32 list the incremental disaggregated QALYs and LYG by health state
results for ponatinib vs each comparator.

Table 5-31. Summary of QALY gain by health state (discounted)

QALY QALY Absolute % absolute
Health state ponatinib comparator Increment increment increment
Ponatinib vs interferon alpha
CP i 1.34 I i i
AP/BP [ | 0.30 [ ] [ | [ |
Allo-SCT [ | 0.66 [ [ | [ |
Total [ ] 2.30 [ | [ ] [ ]
Ponatinib vs hydroxycarbamide
cp - 1.28 - - -
AP/BP [ ] 0.30 [ ] [ ] [ ]
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QALY QALY Absolute % absolute

Health state ponatinib comparator Increment increment increment
Allo-SCT | ] 0.66 [ ] [ ] [ ]
Total [ 2.24 [ [ [ ]
Ponatinib vs bosutinib

cP [ 3.18 [ [ [
AP/BP [ | 0.25 [ [ [
Allo-SCT [ 0.56 [ ] [ ] [ ]
Total [ 4.00 [ [ [
Ponatinib vs allo-SCT

CcP I - I I I
AP/BP [ | - [ | [ | [ |
Allo-SCT [ ] 3.93 [ ] [ ] [
Total [ ] 3.93 [ | [ | [ |

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CP, chronic phase;
QALY, quality-adjusted life-year. Table was adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for
preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits
Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

Table 5-32. Summary of LYG gain by health state (discounted)

LYG LYG Absolute % absolute
Health state ponatinib comparator Increment increment increment
Ponatinib vs interferon alpha
CcP i 1.93 I i |
AP/BP [ | 0.96 [ ] [ | [ |
Allo-SCT [ ] 1.13 [ ] [ ] [
Total [ | 4.02 [ ] [ | [ |
Ponatinib vs hydroxycarbamide
cP I 1.85 I I I
AP/BP [ | 0.96 [ | [ | [ |
Allo-SCT [ | 1.14 [ | [ | [ ]
Total [ 3.95 [ [ [
Ponatinib vs bosutinib
CcP | 4.32 I [ [
AP/BP [ | 0.81 [ | [ | [ ]
Allo-SCT [ 0.96 [ [ [
Total [ | 6.09 [ | [ | [ ]
Ponatinib vs allo-SCT
CcP [ - I [ I
AP/BP i - I i i
Allo-SCT [ | 6.74 [ ] [ | [ |
Total | 6.74 I | |

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CP, chronic phase;
LYG, life-year gained. Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions
to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

5.3.6.6.2 Costs

Of the pharmacologic treatments under consideration, ponatinib has the highest main drug cost
(Table 5-33), which contributes to its elevated overall cost in comparison with other
pharmacologic comparators. A key driver of higher costs with ponatinib is a longer time-on-
treatment as opposed to a higher cost of acquisition. In the CP-CML economic model, compared
with ponatinib, the bosutinib time-on-treatment is very short (0.76 years on bosutinib vs 4.45
years on ponatinib). In this disease, a short time-on-treatment reflects a failure to achieve the
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goals of therapy, because the two main reasons that patients typically discontinue treatment are
lack of efficacy (eg, failure to achieve response or inability to maintain response) and intolerable
side effects. The long duration of treatment observed in patients receiving ponatinib therefore
indicates that this breakthrough therapy is both effective and well tolerated, with patients
maintaining response and remaining in the CP-CML state.?* Notably, the incremental costs with
ponatinib are substantially offset by a reduction in costs associated with other drugs, allo-SCT,
monitoring and follow-up, and end-of-life care, which reflects the fact that ponatinib maintains
patients in the unprogressed CP-CML health state longer than either bosutinib or
hydroxycarbamide. The apparently higher AE-related costs for ponatinib reflect the availability of
more AE data for ponatinib rather than a genuinely higher rate of adverse events compared to
the other drug treatments.

Overall, ponatinib is associated with a higher cost than the allo-SCT comparator, mainly as a
consequence of patients successfully maintaining response on ponatinib for a long duration, thus
incurring ongoing costs for the drug and for monitoring and follow-up.'#*

Table 5-33. Cost results (discounted)

Hydroxy- Interferon
Cost, £ Ponatinib Bosutinib Allo-SCT carbamide alpha
Main drug ] 31,697.92 - 283.32 52,826.43
Other drugs 19,753.48 33,924.63 93,694.36 39,459.41 39,324.51
Allo-SCT* 12,039.49 21,414.92 103,904.11 25,317.42 25,230.87
Monitoring/follow- 40,618.38 58,817.78 7,273.24 66,692.30 66,636.44
up
Adverse events 1,992.59 461.80 - - -
End-of-life 3,508.53 4,493.56 4,385.98 4,913.57 4,899.14
Total ] 150,810.61 209,257.69 136,666.02 188,917.38

Allo-SCT, allogeneic haematopoietic stem cell transplantation.
*Includes costs associated with procedure and relapse.

Table 5-34 summarises the costs by health state to identify which health states are responsible
for most differences in costs between ponatinib and the comparators. It can readily be seen that
the majority of the incremental costs with ponatinib are accrued in the CP health state, reflecting
the ability of ponatinib to provide high and sustained rates of response and reduce the rate of
disease progression.

Table 5-34. Summary of cost by health state (discounted)

Cost (£) Cost (£) Absolute % absolute
Health state ponatinib comparator Increment increment increment
Ponatinib vs interferon alpha
cP N 56,704 I I I
AP/BP I 84,651 I I I
Allo-SCT . 47,562 . . .
Total | 188,917 | | |
Ponatinib vs hydroxycarbamide
cp I 3,999 I I I
AP/BP . 84,942 . . .
Allo-SCT I 47,725 I I I
Total N 136,666 N N N
Ponatinib vs bosutinib
CcP . 38,594 . . .
AP/BP I 71,849 I I I
Allo-SCT . 40,368 . . .
Total I 150,811 I I I
Ponatinib vs allo-SCT
cp I - I I I
AP/BP . - . . .
Allo-SCT I 209,258 I I I
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Cost (£) Cost (£) Absolute % absolute
Health state ponatinib comparator Increment increment increment

Total | 209,258 I N e

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CP, chronic phase.
Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical
Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places , due to rounding error.

Table 5-35 summarises the predicted resource use by category of cost for ponatinib vs each
comparator.

Table 5-35. Summary of predicted resource use by category of cost (discounted)

Resource Cost (£) Cost (£) Absolute % absolute
use ponatinib comparator Increment increment increment
Ponatinib vs interferon alpha

Main drug | 52,826 I I I
Other drugs 19,753 39,325 -19,571 19,571 [ ]
Allo-SCT* 12,039 25,231 -13,191 13,191 I
Monitoring/ [ ]
s 40,618 66,636 :26.018 26,018

Adverse 1,093 1,093 .
events 1,993 - EE— =

End-of-life 3,509 4,899 -1,391 1,391 [ ]
Total | 188,917 | | |
Ponatinib vs hydroxycarbamide

Mandrug S s NS 2 EEEE BN
Other drugs 19,753 39,459 -19,706 19,706 I
Allo-SCT* 12,039 25,317 -13,278 13,278 [
Monitoring/ I
follow-up 40,618 66,692 -26,074 26,074

Adverse 1993 e
events 1,993 - ’

End-of-life 3,509 4,914 -1,405 [
Total I 136,666 I I
Ponatinib vs bosutinib

Main drug ] 31,698 I I
Other drugs 19,753 33,925 -14,171 [
Allo-SCT* 12,039 21,415 9,375 [
Monitoring/ -18.199 [ ]
follow-up 40,618 58,818 2

Adverse _
vents 1993 462 1,531 1,531

End-of-life 3,509 4,494 -985 985 [ ]
Total I 150,811 I I I
Ponatinib vs allo-SCT

Main drug ] - I I I
Other drugs 19,753 93,694 73,941 73,941 [
Allo-SCT* 12,039 103,904 -91,865 91,865 [
Monitoring/ I
follow-up 40,618 7273 33,345 33,345

Adverse 1,093 1,093 L
events 1,993 - ’ ’

End-of-life 3,509 4,386 -877 877 ]
Total I 209,258 I I I

Allo-SCT, allogeneic haematopoietic stem cell transplantation. Adapted from Pharmaceutical Benefits Advisory Committee
(2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.

*Includes costs associated with procedure and relapse.
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Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places , due to rounding error.

5.3.7 Sensitivity analyses

Probabilistic sensitivity analysis

5.3.7.1 Measure of decision uncertainty

To address the uncertainty in the parameters used within the model, a probabilistic sensitivity
analysis (PSA) was implemented. The PSA was performed on the comparison between ponatinib
vs bosutinib, since this was the comparison yielding the highest ICER.

5.3.7.2 Parameter distributions

The parameters and their corresponding distributions that were used in the PSA are presented in
Table 5-36. The beta distribution for response rates was normalised in order to have all response
categories sum to 1. For duration of response and time on treatment of ponatinib, the PSA was
obtained by applying the Cholesky decomposition method on the covariance matrix obtained
directly from the parametric survival analysis of patient-level data. For all other parameters, the
distribution used was Beta (for parameters whose possible values are constrained between 0
and 1) or Gamma. The distributions were calculated with the mean values (base case) and the
standard error (SE). Where the SE was not available, it was either estimated from the 95% ClI or
assumed as 10% of the mean. Mean results were calculated from the 1000 simulations in this
analysis.

Table 5-36. PSA distributions

Parameter Distribution
Adverse event rates Beta
Allo-SCT suitability Gamma

Costs Gamma
HRQoL Beta

Number of days in hospital per treatment course Gamma

OS curve-fitting parameters Gamma

PFS curve-fitting parameters Gamma
Proportion treated in hospital/hospice at end of life Beta
Resource use rates Gamma
Response duration Gamma
Response rates Beta (normalised)
Duration of response (ponatinib) Cholesky decomposition
Duration of response (bosutinib) Gamma

Time on treatment (ponatinib) Cholesky decomposition
Time on treatment (bosutinib) Gamma

Allo-SCT, allogeneic haematopoietic stem cell transplantation; HRQoL, health-related quality of life; OS, overall survival; PFS,
progression-free survival; PSA, probabilistic sensitivity analysis.

5.3.7.3 Results of probabilistic sensitivity analysis

Table 5-37 reports the 95% CI for incremental costs, QALY's, and ICERSs for ponatinib vs
bosutinib.

Table 5-37. 95% CI for costs, QALYs, and ICERs
Incremental cost (£) Incremental QALY ICER (£/QALY)

Base case
PSA mean
PSA 95% CI lower
PSA 95% Cl upper
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Figure 5-14 shows the incremental costs and QALY's derived from the 1000 simulations of the
PSA for ponatinib vs bosutinib. This graph demonstrates that most simulations are generally
consistent with the mean result; there are few extreme values.

Figure 5-14. Results of 1000 simulations in the PSA for the ICER of ponatinib vs bosutinib

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year.

Figure 5-15 shows the cost-effectiveness acceptability curve derived from the PSA. As can be
seen, at an ICER threshold of approximately £25,000, over [JJ% of simulations will be cost-
effective. At a willingness-to-pay (WTP) threshold of <£20,000, | of iterations were cost-
effective and at a WTP threshold of <£30,000, | of iterations were cost-effective.

Figure 5-15. Cost-effectiveness acceptability curve in the PSA for the ICER of ponatinib vs
bosutinib

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year.

5.3.7.4 ICER results from base-case vs PSA

Results of the PSA were consistent with the ICER analysis results estimated from the base-case
analysis, with few extreme values.
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Deterministic sensitivity analysis

5.3.7.5 Parameters

In order to assess the impact of each of the inputs on the overall result, a univariate analysis was
conducted to identify the parameters with greatest influence on the model results. Each
parameter selected was set to upper and lower values, holding all other parameters constant, to
understand how sensitive the ICER is to changes in the inputs. The upper and lower values for
over 200 parameters, as shown in Table 5-38, were set based on the 95% ClI or range of the
base-case value if directly available, or calculated £1.96 x the standard error (SE). When neither
the 95% CI nor the SE was available, values were varied £10% of the mean value. For resources
for monitoring and follow-up, upper and lower values in the sensitivity analysis were derived from
the survey of UK clinical experts.*® Discount rates of 0% and 6% were also assessed.

Table 5-38. Parameter values in the deterministic sensitivity analysis (parameters with
zero for base-case, lower and upper values are not presented)

Method* Lower Upper
Parameter Base case value value
Adverse event unit cost
Abdominal pain 752.10 +1.96 * SE 604.69 899.51
ALT elevation 1121.98 +1.96 * SE 902.07 1341.89
Anaemia 1827.13 +1.96 * SE 1469.01 2185.25
Cardiovascular event 2357.00 +1.96 * SE 1895.03 2818.97
Cerebrovascular event 2962.00 +1.96 * SE 2381.45 3542.55
Diarrhoea 801.95 +1.96 * SE 644.77 959.13
Gamma-glutamyltransferase increased 1121.98 +1.96 * SE 902.07 1341.89
Hyperglycaemia 1271.46 +1.96 * SE 1022.25 1520.67
Hypophosphatemia 721.00 +1.96 * SE 579.68 862.32
Leukocytopaenia 633.26 +1.96 * SE 509.14 757.38
Lipase increased 721.00 +1.96 * SE 579.68 862.32
Neutropaenia 633.26 +1.96 * SE 509.14 757.38
Pancreatitis 1121.98 +1.96 * SE 902.07 1341.89
Peripheral vascular event 2872.00 +1.96 * SE 2309.09 3434.91
Thrombocytopaenia 421.74 +1.96 * SE 339.08 504.40
Venous thromboembolism event 552.00 +1.96 * SE 443.81 660.19
Allo-SCT initial cost, £ 60092.13 +1.96 * SE 48314.08 71870.19
Allo-SCT suitability after progression 0.27250 +1.96 * SE 0.21909 0.32591
CCyR rate
Bosutinib 0.24074 +1.96 * SE 0.19356 0.28793
Ponatinib 0.61340 +1.96 * SE 0.49317 0.73363
CHR rate
Bosutinib 0.37931 +1.96 * SE 0.30497 0.45366
Hydroxycarbamide 0.41000 +1.96 * SE 0.32964 0.49036
Interferon alpha 0.47000 +1.96 * SE 0.37788 0.56212
Ponatinib 0.18190 +1.96 * SE 0.14625 0.21755
Cost of community palliative care per day, £ 158.23 +1.96 * SE 127.21 189.24
Cost of palliative care in hospital per day, £ 463.77 +1.96 * SE 372.87 554.66
Cumulative incidence
Abdominal pain ponatinib I +1.96 * SE I I
ALT elevation bosutinib 0.05932 +1.96 * SE 0.04769 0.07095
ALT elevation ponatinib I +1.96 * SE ] ]
Anaemia bosutinib 0.06780 +1.96 * SE 0.05451 0.08108
Anaemia ponatinib I +1.96 * SE ] ]
Diarrhoea bosutinib 0.08475 +1.96 * SE 0.06814 0.10136
Gamma-glutamyltransferase increased ponatinib I +1.96 * SE I I
Leukocytopaenia ponatinib ] +1.96 * SE ] ]
Lipase increased ponatinib I +1.96 * SE ] ]
Neutropaenia bosutinib 0.15254 +1.96 * SE 0.12264 0.18244
Neutropaenia ponatinib I +1.96 * SE I I
Pancreatitis ponatinib I +1.96 * SE I I
Thrombocytopaenia bosutinib 0.26271 +1.96 * SE 0.21122 0.31420
Thrombocytopaenia ponatinib I +1.96 * SE I I
Discount rate costs 3.50% - 0.00% 6.00%
Discount rate outcomes 3.50% - 0.00% 6.00%
EOL hospice days 17.40 +1.96 * SE 13.99 20.81
EOL hospital days 21.50 +1.96 * SE 17.29 25.71
EOL, proportion being treated in hospice 0.23 Range 0.04 0.50
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Method* Lower Upper
Parameter Base case value value
EOL, proportion being treated in hospital 0.51 Range 0.01 0.90
Mean PFS in AP phase, months 9.16004 +1.96 * SE 7.36467 10.95540
Median time on treatment
Bosutinib 8.30000 +1.96 * SE 6.67320 9.92680
NR rate
Bosutinib 0.29662 +1.96 * SE 0.23848 0.35475
Hydroxycarbamide 0.59000 +1.96 * SE 0.47436 0.70564
Interferon alpha 0.53000 +1.96 * SE 0.42612 0.63388
Ponatinib 0.12010 +1.96 * SE 0.09656 0.14364
PCyR rate
Bosutinib 0.08333 +1.96 * SE 0.06700 0.09967
Ponatinib 0.08460 +1.96 * SE 0.06802 0.10118
Per-cycle cost, £
Bosutinib 10714.40 +1.96 * SE 8614.38 12814.42
Dasatinib 7624.47 +1.96 * SE 6130.08 9118.87
Hydroxycarbamide 38.24 +1.96 * SE 30.75 45.74
Imatinib 5589.73 +1.96 * SE 449414 6685.31
Interferon alpha 6832.91 +1.96 * SE 5493.66 817217
Nilotinib 7910.11 +1.96 * SE 6359.73 9460.50
Ponatinib in CCyR I +1.96 * SE ] ]
Ponatinib in CHR I +1.96 * SE ] ]
Ponatinib in NR I +1.96 * SE ] ]
Ponatinib in PCyR I +1.96 * SE ] ]
CV monitoring with ponatinib 75.19 +1.96 * SE 60.45 89.93
Follow-up after allo-SCT, y1 12214.71 +1.96 * SE 9820.63 14608.79
Follow-up after allo-SCT, y2 3518.25 +1.96 * SE 2828.67 4207.83
Follow-up after allo-SCT, y3+ 420.00 +1.96 * SE 337.68 502.32
Treatment post discontinuation 38.24 +1.96 * SE 30.75 45.74
Treatment AP/BP patients not receiving allo-SCT 6375.39 +1.96 * SE 5125.81 7624.97
Treatment post allo-SCT relapse 6375.39 +1.96 * SE 5125.81 7624.97
Per-cycle probability (ponatinib only)
Cardiovascular event I +1.96 * SE ] ]
Cerebrovascular event I +1.96 * SE ] ]
Peripheral vascular event I +1.96 * SE ] ]
Venous thromboembolism event I +1.96 * SE ] ]
Per-cycle resource use with:
CCyR in CP: Blood chemistry 1.130000 HCP survey 0.500000 3.000000
CCyR in CP: Blood film exam 0.500000 HCP survey 0.000000 1.000000
CCyR in CP: Blood transfusion 0.010000 HCP survey 0.000000 0.125000
CCyR in CP: Bone marrow aspiration 0.030000 HCP survey 0.000000 0.250000
CCyR in CP: Complete blood count 1.130000 HCP survey 0.500000 3.000000
CCyR in CP: Cytogenetic analysis 0.580000 HCP survey 0.000000 3.000000
CCyR in CP: FISH 0.220000 HCP survey 0.000000 1.000000
CCyR in CP: Flow Cytometry 0.090000 HCP survey 0.000000 1.000000
CCyR in CP: Haematologist-led outpatient visit 0.930000 HCP survey 0.000000 2.140000
CCyR in CP: Nurse-led outpatient visit 0.290000 HCP survey 0.000000 1.000000
CCyR in CP: PCR 0.790000 HCP survey 0.000000 1.000000
No CCyR in CP: blood chemistry 1.88000 HCP survey 0.75000 3.00000
No CCyR in CP: blood film exam 1.09000 HCP survey 0.00000 3.00000
No CCyR in CP: blood transfusion 0.01000 HCP survey 0.00000 0.12500
No CCyR in CP: bone marrow aspiration 0.30000 HCP survey 0.00000 1.00000
No CCyR in CP: complete blood count 1.97000 HCP survey 0.75000 3.00000
No CCyR in CP: cytochemistry analysis 0.05000 HCP survey 0.00000 0.50000
No CCyR in CP: cytogenetic analysis 0.74000 HCP survey 0.00000 2.17000
No CCyR in CP: FISH 0.56000 HCP survey 0.00000 2.17000
No CCyR in CP: flow cytometry 0.13000 HCP survey 0.00000 1.00000
No CCyR in CP: haematologist-led outpatient visit 1.72000 HCP survey 0.75000 2.17000
No CCyR in CP: kinase domain mutation analysis 0.00000 HCP survey 0.00000 1.00000
No CCyR in CP: nurse-led outpatient visit 0.38000 HCP survey 0.00000 2.00000
No CCyR in CP: PCR 1.31000 HCP survey 0.00000 2.17000
No response in AP/BP: blood chemistry 3.15 HCP survey 0.00 6.00
No response in AP/BP: blood film exam 2.19 HCP survey 0.00 6.00
No response in AP/BP: blood transfusion 1.98 HCP survey 0.00 6.00
No response in AP/BP: bone marrow aspiration 0.30 HCP survey 0.00 0.99
No response in AP/BP: complete blood count 4.38 HCP survey 1.62 6.00
No response in AP/BP: cytochemistry analysis 0.12 HCP survey 0.00 0.99



Method* Lower Upper

Parameter Base case value value
No response in AP/BP: cytogenetic analysis 0.90 HCP survey 0.00 3.00
No response in AP/BP: donor lymphocyte 0.00 HCP survey 0.00 0.00
transfusion
No response in AP/BP: FISH 0.13 HCP survey 0.00 3.00
No response in AP/BP: flow cytometry 0.45 HCP survey 0.00 2.16
No response in AP/BP: haematologist-led outpatient 3.63 HCP survey 1.62 6.00
visit
No response in AP/BP: kinase domain mutation 0.13 HCP survey 0.00 0.50
analysis
No response in AP/BP: nurse-led outpatient visit 0.51 HCP survey 0.00 6.00
No response in AP/BP: PCR 1.68 HCP survey 0.00 3.00
No response in AP/BP: platelet transfusion 0.30 HCP survey 0.00 3.00
No response in AP: hospital days 213 HCP survey 0.00 12.51
No response in BP: hospital days 26.64 HCP survey 0.90 87.00

Population norm utility
Females <25 years 0.94000 +1.96 * SE 0.75576 1.00000
Females 25-34 years 0.93000 +1.96 * SE 0.74772 1.00000
Females 35-44 years 0.91000 +1.96 * SE 0.73164 1.00000
Females 45-54 years 0.85000 +1.96 * SE 0.68340 1.00000
Females 55-64 years 0.81000 +1.96 * SE 0.65124 0.96876
Females 65-74 years 0.78000 +1.96 * SE 0.62712 0.93288
Females 275 years 0.71000 +1.96 * SE 0.57084 0.84916
Males <25 years 0.94000 +1.96 * SE 0.75576 1.00000
Males 25-34 years 0.93000 +1.96 * SE 0.74772 1.00000
Males 35-44 years 0.91000 +1.96 * SE 0.73164 1.00000
Males 45-54 years 0.84000 +1.96 * SE 0.67536 1.00000
Males 55-64 years 0.78000 +1.96 * SE 0.62712 0.93288
Males 65-74 years 0.78000 +1.96 * SE 0.62712 0.93288
Males 275 years 0.75000 +1.96 * SE 0.60300 0.89700

Resource unit cost, £
Blood chemistry 1.19 +1.96 * SE 0.96 1.42
Blood film exam 3.01 +1.96 * SE 2.42 3.60
Blood transfusion 121.85 +1.96 * SE 97.97 145.73
Bone marrow aspiration 517.50 +1.96 * SE 416.07 618.93
Complete blood count 3.01 +1.96 * SE 242 3.60
Cytochemistry analysis 6.99 +1.96 * SE 5.62 8.36
Cytogenetic analysis 6.99 +1.96 * SE 5.62 8.36
Donor lymphocyte transfusion 193.15 +1.96 * SE 155.29 231.01
FISH 6.99 +1.96 * SE 5.62 8.36
Flow Cytometry 6.99 +1.96 * SE 5.62 8.36
Haematologist-led outpatient visit 150.38 +1.96 * SE 120.91 179.85
Hospital days 721.00 +1.96 * SE 579.68 862.32
Kinase domain mutation analysis 6.99 +1.96 * SE 5.62 8.36
Nurse-led outpatient visit 66.42 +1.96 * SE 53.40 79.44
PCR 25.00 +1.96 * SE 20.10 29.90
Platelet transfusion 193.15 +1.96 * SE 155.29 231.01

Utility
During a SAE 0.52000 95% ClI 0.46000 0.58000
In AP 0.53000 95% ClI 0.48000 0.58000
In BP 0.29000 95% ClI 0.24000 0.33000
In CP with response 0.91000 95% ClI 0.89000 0.94000
In CP without response 0.73000 95% ClI 0.69000 0.78000
In cycle 1 after allo-SCT 0.55000 +1.96 * SE 0.44220 0.65780
In cycle 2 after allo-SCT 0.63000 +1.96 * SE 0.50652 0.75348
In cycle 3 after allo-SCT 0.71000 +1.96 * SE 0.57084 0.84916
Post-relapse after allo-SCT 0.58520 +1.96 * SE 0.47050 0.69990

Allo-SCT, allogeneic haematopoietic stem cell transplantation; ALT, alanine aminotransferase; AP, accelerated phase; BP,
blast phase; CCyR, complete cytogenetic response; CHR, complete haematologic response; Cl confidence interval; CML,
chronic myeloid leukaemia; CP, chronic phase; EOL, end of life; FISH, fluorescence in situ hybridization; HCP, healthcare
practitioner; NR, non-response; PFS, progression-free survival; PCR, polymerase chain reaction; PCyR, partial cytogenetic
response; SAE, serious adverse event; SCT, stem cell transplantation; SE, standard error.

*SE was set to 10% base-case value for these inputs.
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5.3.7.6 Results of deterministic sensitivity analysis

Results of the univariate sensitivity analysis are presented as a tornado plot (Figure 5-16) for the
pairwise comparison of ponatinib vs bosutinib. The analysis was run on all model parameters.
From this plot, it is apparent that the ICERs are most sensitive to changes in the discount rate on
outcomes and costs, hospital days for patients in BP-CML, and the cost of ponatinib in CCyR.
Parameters that are not presented in the plot have minimal or negligible effect on the analysis.
The relative efficacy was captured by varying response rates in the one-way sensitivity analysis
(OWSA) (Figure 5-16). ICERs were also sensitive to CCyR (ponatinib and bosutinib), CHR
(ponatinib and bosutinib), and NR (bosutinib).
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Figure 5-16: Tornado plot displaying the most influential parameters for the ICER of ponatinib vs bosutinib

AP, accelerated phase; BP, blast phase; CCyR, complete cytogenetic response; CHR, complete haematologic response; CP, chronic phase; ICER, incremental cost-effectiveness ratio; NR, non-
response; QALY, quality-adjusted life-year.
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5.3.7.7 Sensitivity analysis of technology prices

Sensitivity analyses of technology prices were incorporated in the one-way and probabilistic
sensitivity analyses in terms of per-cycle costs, as described above.

5.3.7.8 Scenario analyses

5.3.7.8.1 Uncertainty on effectiveness (-25% CCyR)

This scenario addresses the uncertainty around the estimation of the effectiveness of ponatinib.
Response rates applied in the CP-CML are derived from the MAIC, an established statistical
process that attempts to minimise the inherent biases of naive indirect comparison. Regardless,
uncertainty of the effectiveness data still remains, mainly due to differences in the design of the
single-arm trials. Moreover, as in every statistical method based on a propensity score
regression, there is potential bias due to unobserved confounders. To address this uncertainty,
an arbitrary 25% reduction of the number of ponatinib patients achieving a best response of
CCyR is tested as a worst possible case. Since the mutually exclusive best-response rates must
sum to 100%, the same 25% of patients is added to the PCyR category (Table 5-39).

Table 5-39. Model inputs for uncertainty on CCyR scenario analysis

Response Base-case analysis Base-case analysis Scenario analysis
Ponatinib rates Ponatinib rates Ponatinib rates
CCyR 61.34% 24.07% 46.1%
PCyR 8.46% 8.33% 23.80%
CHR 18.19% 37.93% 18.19%
NR 12.01% 29.66% 12.01%

CCyR, complete cytogenetic response; CHR, complete haematologic response; NR, no response; PCyR, partial haematologic
response.

5.3.7.8.2 Fourth-line CP-CML

In the base-case analysis, the population is defined as CP-CML patients who received 2 prior
TKils (3L). All input data and statistics from the PACE study are based on this subpopulation
(n=97).

The base case reflects the targeted place in therapy for ponatinib—third line after treatment
failure with imatinib and either nilotinib or dasatinib, if used through the CDF. Although not
supported by strong scientific evidence, in clinical practice 2G-TKIs are sometimes used
sequentially. It is therefore possible that ponatinib might be considered in the 4L setting. We
discourage this placement in the clinical pathway of care due to the loss of benefit relative to its
use as a 3L treatment. The unmet medical need for patients who fail imatinib and a 2G-TKl is
high and there is little evidence to support the sequential use of 2G-TKIs (including bosutinib) as
an effective strategy for patients with CML who are R/I to prior therapy. Sequential use of nilotinib
and dasatinib is not an approved indication for either of these drugs'”-5' and only a minority of
patients in the phase 1/2 bosutinib trial (ie, n=21, 3L CP-CML) met the criteria for the “unmet
medical need” subpopulation defined by the EMA.'%? Bosutinib was thus only granted a
“conditional approval” in 2013 with additional efficacy data needed to confirm the benefit of
bosutinib in the intended indication.®® In comparison, the study population of the PACE trial
reflects the ponatinib indication, for use after failure of one 2G-TKI, and support the efficacy of
ponatinib in the 3L setting (since imatinib is standard 1L therapy and would thus be used before
the [subsequently failed] 2G-TKI).®

For completeness, we have carried out a scenario analysis to evaluate the cost-effectiveness of
ponatinib in the population of CP-CML patients who received at least 3 prior TKils (3 TKIs n=142;
4 TKls n=12). Table 5-40 compares the model inputs of the 4L scenario analysis with the base
case. The comparators for ponatinib are BSC and allo-SCT. The results of the 4L scenario
analysis are presented in Table 5-45.
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Table 5-40. Model inputs for 4L scenario analysis

Parameter Base case 4L scenario analysis

Population characteristics
Initial age (years) 54.5 59.9

Proportion of 44.9% 52.6%
males
Response rates
CCyR rate 61.34% 44.16%
PCyR rate 8.46% 5.84%
CHR rate 18.19% 24.68%
NR rate 12.01% 25.32%
Functions

Duration of Gompertz function Exponential function
response
Time-on-treatment

Undiscounted
LY in CP-CML,
on-treatment
Time with doses
Proportion of
days on
treatment, %

I

44 3.00

4L, fourth-line; CCyR, complete cytogenetic response; CHR, complete haematologic response; CML, chronic myeloid
leukaemia; CP, chronic phase; LY, life-year; NR, no response; PCyR, partial haematologic response.

5.3.7.8.3 Cost of allo-SCT

In the base case, the initial cost of allo-SCT and the follow-up costs for years 1 and 2 were based
on data from the UK Stem Cell Strategy Oversight Committee.?5° We carried out a scenario
analysis using the same source for allo-SCT costs as in bosutinib NICE submission. In the
bosutinib submission, allo-SCT costs were sourced from a NHS Blood and Transplant
publication, inflated to 2012/2013 (bosutinib NICE submission, page 145).'6" For follow-up year
3, as reported in the bosutinib STA, patients are assumed to receive 100 mg ciclosporin twice
daily at a monthly cost of £140, resulting in a per-cycle follow-up cost of £420. This last value
was also used in the base case analysis. Table 5-41 compares the model inputs. Table 5-45
presents the results of the cost of allo-SCT scenario analysis.

Table 5-41. Model input for cost of allo-SCT scenario analysis

Cost of allo-SCT

Base case scenario analysis
Allo-SCT initial cost (£) 60,092 76,560
Per-cycle follow-up cost after allo-SCT (£)
Year 1 12,215 2,133
Year 2 3,518 292
Year 3 420 420

Allo-SCT, allogeneic haematopoietic stem cell transplantation.

5.3.7.8.4 HRQoL utility

In the base-case analysis the utilities are derived from Szabo et al. 2010 (UK cohort data),?*° van
Agthoven et al. 2001,%” Loveman et al. 2012, Kantarjian et al. 2002,2%¢ and Olavarria et al.
2003.2%° We carried out two scenarios analyses: one using the utility values obtained from the
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bosutinib NICE submission,'®" and the other with utilities for the advanced CML population in the
bosutinib clinical trial as reported by Whiteley et al. 2016.2%3

In the first utility scenario analysis, we used the values from the bosutinib NICE submission, ¢!
which were derived from the previous NICE appraisals TA251% (reported in Hoyle et al. 2011)%¢
and TA241°2 (reported in Loveman et al. 201288 and Rogers et al. 2012%2). In both TA241 and
TA251, the utility collected in the IRIS trial in patients taking imatinib (N=1,067) was selected, as
reported by Reed et al. 200425 and used by Dalziel et al. 2004?27 in a previous HTA of imatinib
for CML. In the second scenario analysis, we tested the use of utilities for the advanced phase of
CML from the bosutinib clinical trial reported by Whiteley et al. 2016.2%2 The values we
considered are those recorded for AP and BP patients at baseline because the paper did not
report the single mean utilities for the efficacy assessment period of the trial.

Table 5-42 compares the model inputs. Table 5-45 presents the results of the HRQoL utility
scenario analysis.

Table 5-42. Model inputs for HRQoL utility scenario analyses

Whiteley et al. 2016
Bosutinib NICE STA utility utility values scenario

Base case values scenario analysis analysis
Utilities Value Source Value Source Value Source
CP-CML
CCyR 0.91 Szabo et al. 0.85 Bosutinib NICE 0.91 As in base case
2010, UK submission
cohort
NoCCyR 0.73 Szabo et al. 0.85 Bosutinib NICE 0.73 As in base case
2010, UK submission
cohort
AP-CML 0.53 Szabo et al. 0.73 Bosutinib NICE 0.78 Whiteley et al.
2010, UK submission 2016
cohort
BP-CML 0.29 Szabo et al. 0.52 Bosutinib NICE 0.66 Whiteley et al.
2010, UK submission 2016
cohort
AE 0.52 Szabo et al. 0.52 Same as in base 0.52 As in base
2010, UK case case
cohort
Allo-SCT
Cycle 1 0.55 van Agthoven 0.71 Bosutinib NICE 0.55 As in base
et al 2001 submission case
Cycle 2 0.63 Assumption. 0.71 Bosutinib NICE 0.63 As in base
Midpoint of peri- submission case
operative and
long term
estimate
Cycle 3 0.71 Loveman et al. 0.71 Bosutinib NICE 0.71 As in base
2012 submission case
Post-relapse 0.59 Based on 0.59 Same as in base 0.59 As in base
information in case case

Kantarjian et al.
2002; Olavarria
et al. 2003

AE, adverse event; Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase;
CCyR, complete cytogenetic response; CML, chronic myeloid leukaemia; CP, chronic phase; HRQoL, health-related quality-of-
life.
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5.3.7.8.5 Bosutinib price

A scenario analysis on the price of bosutinib was carried out after the bosutinib pack price was
recalculated to obtain the same daily cost as imatinib (£61.22/day). Table 5-43 compares the
model inputs. Table 5-45 presents the results of the bosutinib price scenario analysis.

Table 5-43. Model inputs for bosutinib price scenario analysis

Bosutinib

price mg per unit Units per pack Base-case price (£) Scenario price (£)
Tablet 100 28 859.17 342.83
Tablet 500 28 3,436.67 1,714.16

5.3.7.8.6 Trial-based mortality

The base case employs a surrogate survival approach where a benefit beyond treatment
discontinuation is assumed, but only for patients who are in CCyR at treatment discontinuation.
This approach assumes a post-treatment benefit with ponatinib.

A scenario analysis on OS was carried out to address the uncertainty in the assumption of
benefit beyond treatment discontinuation in CCyR. In the base case, the background mortality
was set to that of the UK general population by age and sex. In the trial-based mortality scenario,
we estimated the mortality of patients who achieved CCyR in the PACE and then discontinued
treatment (7 deaths among 26 patients over 4 years). We assumed a constant risk of death (ie,
an exponential survival function). This mortality substituted the background mortality in the base
case for patients who achieve CCyR and interrupt TKI treatment (ponatinib or bosutinib) before
they progress. Table 5-45 presents the ICER results reflecting the increased mortality in CCyR
after treatment discontinuation in this scenario analysis. In the trial-based mortality scenario, OS
on ponatinib is 11.12 years.

5.3.7.8.7 Discount rate outcomes

As survival can theoretically be extended beyond 30 years if patients remain in CP-CML, the
discount rate of 1.5% is applied as suggested in the NICE Guide to the methods of technology
appraisal.'®®

5.3.7.8.8 Background mortality
A scenario is tested with background mortality increased by a factor of 1.5.

5.3.7.8.9 Fitting functions

Scenario analyses were carried out to test the impact of alternative fitting functions for time-on-
treatment with ponatinib and OS for allo-SCT in CP-CML and in AP-CML, where the base-case
choice was made based on considerations different from the best fit. Table 5-44 compares the

model inputs. Additional scenarios were tested for other key functions (ie, duration of response
and PFS) using different fitting functions that provided a similarly good fit. Table 5-45 presents

the ICER results of the fitting functions scenario analyses.

Table 5-44. Model inputs for fitting functions scenario analyses

Fitting functions scenario

Function Base case analyses

Duration of response Gompertz Best fit Log-logistic Second best fit
ponatinib

Duration of response Gompertz Best fit Log-logistic Second best fit
bosutinib

PFS with CCyR Gompertz Best fit Log-normal Second best fit
PFS with PCyR Gompertz Best fit Weibull Second best fit
PFS with CHR Weibull Best fit Gompertz Second best fit
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Fitting functions scenario
Function Base case analyses

OS for allo-SCT in CP-CML  Exponential Only function that Gompertz Best fit
does not yield an
unrealistic OS
OS for allo-SCT in AP-CML  Exponential Only function that Gompertz Best fit
does not yield an
unrealistic OS

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; CCyR, complete cytogenetic response;
CHR, complete haematologic response; CML, chronic myeloid leukaemia; CP, chronic phase; NR, no response; PCyR, partial
haematologic response; PFS, progression-free survival; OS, overall survival; ToT, time-on-treatment.

5.3.7.9 Summary of sensitivity analysis results

5.3.7.9.1 Summary of deterministic and probabilistic sensitivity analyses

Deterministic sensitivity analyses reveal that the parameters most strongly influencing the results
include discount rates, the cost of ponatinib, hospital days for patients in BP-CML, and the CCyR
rate with ponatinib and bosutinib. Cost-effectiveness results for ponatinib compared with
bosutinib in the PSA were similar to those in the base-case analysis.

5.3.7.9.2 Scenario analyses results—Impact on ICER

Table 5-45 reports the scenario analyses impact on ICERs. Most scenario analyses yielded
similar ICERs to those obtained in the base-case analysis. The scenario analyses that produced
the highest ICERs was that in which ponatinib was used in 4L instead of 3L, the scenario using
trial-based mortality, and . However, in both of these cases, ICERs remained well below
£35,000/QALY even for the comparison that yielded the highest ICER, and in all other scenario
analyses ICERs were below £30,000/QALY.

Table 5-45. Scenario analyses ICER results

ICER (£/QALY) for ponatinib vs

Scenario Bosutinib Allo-SCT Hydroxycarbamide Interferon alpha

Base case
-25% CCyR
4L CP-CML
Cost of allo-SCT
HRQoL utility
Bosutinib STA
Whiteley et al.
Bosutinib price
Trial-based mortality
1.5% discount rate
Background mortality +1.5%
Fitting functions
DoR, ponatinib
DoR, bosutinib
PFS with CCyR
PFS with PCyR
PFS with CHR
OS for allo-SCT in CP-CML
OS for allo-SCT in AP-CML

4L, fourth-line; allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; CML, chronic myeloid
leukaemia; CP, chronic phase; DoR, duration of response; HRQoL, health-related quality-of-life; ICER, incremental cost-
effectiveness ratio; QALY, quality-adjusted life-year; OS, overall survival.
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5.4 De novo analysis — AP/BP-CML
5.4.1 Methodology

5.4.1.1 Patient population

As with the cost-effectiveness analysis for CP-CML (see Section 5.3.1), the target population in
the AB/BP-CML economic model is consistent with that defined in the NICE scope'®*—that is,
the patient population indicated in the approved EU label (see Section 2.2.2) and the subjects in
the ponatinib clinical study programme. Whereas all patients in the CP-CML economic model
commence treatment in the CP-CML health state (though they may subsequently progress to
AP- and/or BP-CML), the patients in the AP/BP-CML model initiate treatment in either AP-CML
or BP-CML.

5.4.1.1.1 Baseline characteristics of the simulated population

The baseline characteristics of the modelled population used in the simulation are derived from
those patients in the AP/BP-CML cohort in the PACE study who had received at least two prior
TKls—ie, subjects in 3L and 4L (Table 5-46).

Table 5-46. Baseline characteristics of the modelled AP-/BP-CML population

Value
Parameter AP-CML BP-CML Source
Initial age (years) 54.6 50.4 PACE
Proportion of males 41.8% 60.0% PACE

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia.

5.4.1.2 Model structure — AP/BP-CML

The de novo AP/BP-CML cost-effectiveness model was developed based on previously
developed models for the treatment of patients with CML,2%® and in conformity with requirements
of NICE as expressed in its Guide to the methods of technology appraisal.®®

As for the CP-CML model, the AP/BP-CML cost-effectiveness analysis was performed using a
Markov model constructed in Microsoft Excel®. Model parameters have been set in accordance
with the latest guidance for conducting pharmacoeconomic submissions from NICE. %8

Within a given time cycle in the Markov model (3 months), a patient can either remain in their
present health state, transition to the next state in the respective pathway, or die. Patients enter
the model either in AP-CML or BP-CML (Figure 5-17). Those who proceed directly to allo-SCT
enter the health state of allo-SCT without response (ie, remission was not induced prior to the
procedure). Patients who receive TKI treatment in the AP-CML or BP-CML health states can
either achieve a major haematologic response (MaHR; considered a proxy measure for
remission) or fail to respond (NR). Among patients initially receiving TKI treatment, only those
who achieve a MaHR are considered eligible to receive allo-SCT. Whether or not MaHR is
achieved is determined in the first time cycle, which is realistic given that the median time to
MaHR in PACE was 3 weeks for patients in AP-CML and 4.1 weeks for patients in BP-CML.° It is
assumed that patients cannot achieve a MaHR on BSC.

Patients who achieve remission in the first cycle of TKI therapy and receive allo-SCT enter the
health state of allo-SCT with response, which is assigned different outcomes than allo-SCT
without response, to reflect the improved outcomes associated with being in remission before
transplant.

Patients in AP-CML and MaHR may relapse and progress to BP-CML; patients in AP-CML and
NR may also progress to BP-CML. As BP-CML is the final health state in progressed disease, no
further disease progression is possible for nonresponders in BP-CML. Patients who enter the
model in BP-CML may achieve a MaHR on TKI therapy, whereas those who enter the model in
AP-CML and subsequently progress to BP-CML cannot subsequently achieve a MaHR because
they have already failed to respond to ponatinib or bosutinib while in the AP state.
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Figure 5-17. Schematic representation of the AP/BP-CML model health states

AP-CML Direct Allo-SCT without
Model | allo-SCT response
entry
AP-CML Remission
Ponatinib
 Bosutinib
BSC
BP-CML .
P-CM Direct Allo-SCT without
Model | allo-SCT response
entry
BP-CML
— P .
Ponatinib Rem|55|on:
 Bosutinib ———
BSC

Transition to Death
possible from every
state (not shown)

Allo-SCT with
response

BP-CML

Allo-SCT with
response

Allo-SCT, allogeneic stem cell transplantation; AP, accelerated phase; BP, blast phase; BSC, best supportive care; CML,
chronic myeloid leukaemia; MaHR, major haematologic response; NR, no response.

Note: dashed line indicates that patients receiving BSC cannot achieve MaHR, and thus remain nonresponders; patients
receiving ponatinib or bosutinib can either achieve MaHR or be nonresponders.

5.4.1.3 Features and justification of the de novo analysis

Table 5-47 summarises the features of the AP/BP-CML de novo analysis. The chosen values
were in accordance with the NICE guide to the methods of technology appraisal.

Table 5-47. Features of the AP/BP-CML de novo analysis

Factor

Chosen values

Justification

Time horizon

Were health effects
measured in QALYs;
if not, what was
used?

Discount of 3.5% for
utilities and costs

Perspective
(NHS/PSS)

Lifetime (maximum of 400
cycles, up to 100 years)

QALY and LYG

compared'5®

To capture all important differences in costs
or outcomes between the technologies being

The reference case stipulates that the cost

effectiveness of treatments should be
expressed in terms of incremental cost per

QALY

For completeness, the analysis evaluates

incremental LYGs
3.5%
NICE"58

3.5% per annum as recommended by

Discount rates of 0% and 6% were used in

sensitivity analyses
NHS/PSS

In accordance with the NICE guide to the

methods of technology appraisal,’®® the
reference-case CUA adopts the payer

perspective for costs
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CUA, cost-utility analysis; LYG, life-year gained; NHS, National Health Service; PSS, Personal Social Services; QALY, quality-
adjusted life year.

5.4.1.4 Intervention technology and comparators

5.4.1.4.1 Ponatinib

As summarised in Section 5.3.1.5.1 above, ponatinib has marketing authorisation in the EU for
treating patients with adult patients with CP-, AP-, or BP-CML, who are resistant to dasatinib or
nilotinib; who are intolerant to dasatinib or nilotinib and for whom subsequent treatment with
imatinib is not clinically appropriate; or who have the T315l mutation.?? Thus, patients initiating
treatment in AP- or BP-CML are eligible for ponatinib as incorporated in the AP/BP-CML model,
in which patients who achieve remission on ponatinib receive allo-SCT. See Section 5.3.1.5.1 for
further details.

5.4.1.4.2 Comparators

The comparators listed for CML in the NICE scope are bosutinib, allo-SCT, hydroxycarbamide,
and interferon alpha; however, this list is not stratified by CML disease stage. Patients with
advanced CML who are eligible for ponatinib are assumed to have exhausted TKI treatment with
imatinib, nilotinib, and/or dasatinib. The ELN guidelines state that TKl-pretreated patients who
have progressed from CP-CML should receive one of the TKIs that were not used before
progression (ponatinib in case of T315| mutation), then alloSCT in all patients.*” As such, the
main comparators in the AP/BP-CML analysis are direct allo-SCT, and bosutinib (followed by
allo-SCT for patients achieving remission).

Hydroxycarbamide is also incorporated as a direct comparator in the model, where it is
considered as BSC to manage patients with advanced disease until death. Since
hydroxycarbamide is incapable of significantly modifying the disease course,?** the model
assumes patients receiving BSC cannot achieve MaHR.

Although listed in the NICE scope as a comparator in CML, interferon alpha is not included as a
treatment option in the AP/BP-CML model, as there is no evidence of its effectiveness in AP- or
BP-CML. Exclusion of interferon alpha was also adopted in the prior bosutinib submission to
NICE; the Evidence Review Group recognized this as a reasonable assumption in their report.??*

5.4.1.5 Treatment continuation rule

The model assumes that patients receiving ponatinib may discontinue treatment if they do not
achieve MaHR. Time-on-treatment estimates are used to determine the discontinuation of active
treatment with ponatinib, based on data from PACE. Time-on-treatment estimates are also
considered for bosutinib, based on Gambacorti-Passerini et al. 2015, which reports the results of
the bosutinib phase 1/2 trial for patients with advanced CML (AP/BP).8 A treatment continuation
rule has not been assumed for BSC, which is continued until death, and does not apply to allo-
SCT as explained in Section 5.3.1.6.

5.4.1.6 Summary of the de novo analysis
The AP-/BP-CML model characteristics are summarised in Table 5-6.
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Table 5-48. Summary of AP-/BP-CML model characteristics

Component Description
Population Adults with AP-/BP-CML R/I to imatinib and either dasatinib
or nilotinib
Comparators Bosutinib
BSC (hydroxycarbamide)
Allo-SCT
Perspective NHS/PSS
Cycle length 3 months (with half-cycle correction)
Time horizon Cohort lifetime (maximum of 400 cycles, up to 100 years)
Starting age, years AP-CML: 54.6
BP-CML: 50.4
Discount rate per annum: costs 3.5%
Discount rate per annum: 3.5%
benefits
Outcome measures generated Cost/QALYs gained
Cost/LYG

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; BSC, best supportive
care; CML, chronic myeloid leukaemia; LYG, life-year gained; NHS, National Health Service; PSS, Personal Social Services;
QALY, quality-adjusted life-year; R/I, resistant or intolerant.

5.4.2 Clinical parameters and variables

5.4.2.1 Clinical data sources

5.4.2.1.1 Effectiveness data

5.4.2.1.1.1 Haematologic response

Response to active treatment was modelled to determine OS, PFS, and the transition to allo-
SCT. MaHR was assumed as a proxy of disease remission—in other words, the best possible
condition for patients to undergo a transplant. As explained in Section 5.4.1.2, MaHR was
relevant only for TKI therapy (ie, ponatinib and bosutinib).

MaHR rates for patients with AP- and BP-CML treated with ponatinib were obtained from the
most recent PACE study data (Table 5-49).2° The MaHR rates used in the analysis were based
on patients who had received at least two prior TKls. MaHR was defined as the proportion of
patients who achieved a CHR or who had no evidence of leukaemia after initiation of study
treatment. Notably, only patients who achieved MaHR on ponatinib were counted as responders;
those already in remission at baseline were classified as nonresponders since they only
maintained response rather than improved response.

Table 5-49. Haematologic response to ponatinib and bosutinib

MaHR rate
AP-CML BP-CML Source
Ponatinib 55.7% 31.7% PACE?
Bosutinib* 29.2% 4.3% Gambacorti-Passerini et al. 20158

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; MaHR, major haematologic response; OHR, overall
haematologic response rate.
*OHR applied for bosutinib.

MaHR rate reported by Gambacorti-Passerini et al. 2015 includes both achieved MaHR and
previously achieved MaHR maintained from baseline.'® Therefore, OHR rate was applied for
bosutinib in the model. The rationale for this choice is that the definitions of MaHR and OHR
largely overlap, though the more stringent criteria required for MaHR make it more difficult to
achieve. MaHR is defined as CHR + no evidence of leukaemia. OHR is defined as CHR + no
evidence of leukaemia + minor haematologic response + return to CP (if applicable).® 18
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MaHR rates for bosutinib (Table 5-49) were derived from Gambacorti-Passerini et al. 2015."85 As
was the case for patients on ponatinib, patients receiving bosutinib in this study who were
already in remission at baseline and maintained response were not considered to be responders.

5.4.2.1.1.2 Overall survival

5.4.2.1.1.2.1 TKIl therapy

OS data for patients with AP-CML and BP-CML who had or had not reached MaHR were derived
from the PACE study data. For patients who achieved MaHR, mortality observed on ponatinib
treatment in the PACE trial was applied in the first cycle only, as patients in the model reaching
this response stop ponatinib treatment and proceed to allo-SCT within the first cycle. It was
assumed that OS would depend on haematologic response, independently of which TKI yielded
MaHR; therefore, the same function based on PACE was applied to both ponatinib and bosutinib.
A parametric survival analysis was performed on PACE patient-level data as described in
Section 5.2.1.1. Five parametric models were estimated (Weibull, Gompertz, exponential, log-
normal, and log-logistic), with a dummy variable for MaHR included as covariate with NR
modelled as the baseline. For both AP- and BP-CML, best fit was provided by the log-normal
function for OS without MaHR (Figure 5-18).

Figure 5-18. Observed (source: PACE?’) and fitted OS data for AP-CML and BP-CML
patients without MaHR

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; MaHR, major haematologic response; OS, overall
survival.
Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.?

5.4.21.1.2.2 Allo-SCT

Data on OS of CML patients after allo-SCT were obtained from a study by Radich (2010).257 This
publication reported long-term OS data post-allo-SCT stratified by disease phase from patients
receiving allografts at the Fred Hutchinson Cancer Research Center from 1995 to 2010. Survival
curves for patients with AP-CML (125 patients), BP-CML in remission (62 patients), and BP-CML
without remission (44 patients) were provided in the publication. The three curves were digitized
and fitted with parametric functions as described in Section 5.2.1.2 (Figure 5-19 and Figure
5-20). The parametric functions that best fit the data were the Gompertz and the log-logistic
functions. Application of these functions (Gompertz and log-logistic), however, resulted in
unrealistic survival estimates. With a more credible (and conservative) mortality projection, the
exponential function was selected for inclusion in the analysis.
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Figure 5-19. Observed (source: Radich 20102¢7) and fitted OS data for AP-CML patients
post-allo-SCT
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Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; CML, chronic myeloid leukaemia; OS,
overall survival.
Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.

Figure 5-20. Observed (source: Radich 20102¢7) and fitted OS data for BP-CML patients
post-allo-SCT
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Allo-SCT, allogeneic haematopoietic stem cell transplantation; BP, blast phase; CML, chronic myeloid leukaemia; OS, overall
survival.

In the BP model, survival data from the BP-CML cohort in remission, as described by Radich,
were used to inform the probability of death after allo-SCT in patients initially treated with
ponatinib or bosutinib (ie, those who enter the model in the BP-CML health state). Survival data
from the Radich study describing BP-CML patients not in remission were used to inform the
probability of death after direct allo-SCT (ie, for patients who enter the model in the SCT without
response health state).

Radich did not report survival after allo-SCT in AP-CML patients by their initial remission state.
Given the long life expectancy associated with the AP-CML cohort, it was assumed that the
majority of patients were in remission. As a consequence, those data were used to inform the
probability of death post-allo-SCT following active treatment in the AP model. To estimate the
probability of death for the direct allo-SCT arm in the AP model, the two BP-CML curves were
compared, and the obtained ratio was applied to derive a hypothetical KM curve for AP-CML
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patients who received allo-SCT without prior remission. This KM curve was fitted with an
exponential function.

Considering that the cohort starting age is 54.6 years in the AP model and 50.4 years in the BP
model, and that allo-SCT is usually offered to younger patients, an adjustment factor was applied
to all of the survival functions to ensure that the probability of dying due to allo-SCT in each cycle
is no lower than the mortality risk in the general population.

5.4.2.1.1.2.3 BSC (hydroxycarbamide)

Long-term outcomes in AP-CML and BP-CML patients treated with BSC were modelled based
on survival data reported by Kantarjian et al.?° from a study of 420 patients with CML who had
previously failed imatinib, as described above in Section 5.3.2.1.3. Although not explicitly defined
in the publication for the AP- and BP-CML groups, other therapies in the CP-CML group included
hydroxycarbamide. As such, the OS KM plots for the AP- and BP-CML groups treated with "other
therapy" were used to derive survival functions as described in Section 5.2.1.2. As reported in
Section 5.3.2.1.3, the log-normal distribution was selected for OS in AP-CML and the log-logistic
distribution was selected for OS in BP-CML.

5.4.2.1.1.3 Progression-free survival

5.4.2.1.1.3.1 TKI therapy

The probability of progression from AP-CML to BP-CML was derived from PACE study data for
the subgroups of patients who had (first cycle only) and had not achieved MaHR at 6 months. A
parametric survival analysis on PACE patient-level data was performed. The best fit for patients
who had and had not achieved MaHR was provided by the log-normal function (Figure 5-21).

Figure 5-21. Observed (source: PACE?%) and fitted PFS data for AP-CML patients with and
without MaHR

AP, accelerated phase; CML, chronic myeloid leukaemia; MaHR, major haematologic response; PFS, progression-free survival.

5.4.2.1.1.3.2 BSC (hydroxycarbamide)

No data were available to inform the model on PFS for BSC in AP-CML. In the absence of data,
a mean PFS of 9.16 months was assumed, calculated as the difference between the mean OS in
AP and the mean OS in BP as derived from Kantarjian et al. (2007).2° The mean OS values for
AP and BP were calculated by fitting parametric functions to the published data, as described in
Section 5.3.2.1.3.

5.4.2.1.1.4 Time to response
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Time to response is considered in the model. In the PACE study, the median time to MaHR on
ponatinib was 3 weeks (AP-CML) and 4 weeks (BP-CML) (Cortes et al. 2013).° In the model,
patients are allocated to response categories at the start of the simulation. Patients who achieve
MaHR in AP or BP will proceed to allo-SCT within the first cycle.

5.4.2.1.1.5 Time on treatment

5.4.2.1.1.5.1 TKI therapy

After the first cycle, patients with a haematologic response undergo allo-SCT. For patients who
do not achieve MaHR (ie, nonresponders), time-on-treatment estimates for ponatinib are applied.
The probability of discontinuing active treatment in the AP-CML and BP-CML health states was
derived from specific time-on-treatment data obtained from the PACE clinical trial data.

Time-on-treatment with ponatinib in patients with AP-CML and BP-CML was modelled using on
the PACE study data. Tabulated survivor functions based on to parametric survival analysis of
patient-level data provide extrapolation beyond the observed follow-up period as described in
Section 5.2.1.1. The log-normal function provided the best fit in AP-CML, while the log-logistic
function provided the best fit in BP-CML (Figure 5-22). However, to be consistent with the
bosutinib data, the exponential fit was selected for time-on-treatment with ponatinib in both AP-
and BP-CML.

Figure 5-22. Observed (source: PACE?’) and fitted time-on-treatment data for AP- and BP-
CML patients treated with ponatinib

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia.

For bosutinib, time-on-treatment was obtained by extrapolating an exponential curve from the
median duration of treatment in AP-CML and in BP-CML reported by Gambacorti-Passerini et al.
2015:"85 10.2 months for patients in AP-CML and 2.8 months for patients in BP-CML.

5.4.2.1.1.5.2 BSC (hydroxycarbamide)
Patients receiving BSC are assumed to stay on treatment until death.

5.4.2.2 Transition probabilities

Transition probabilities used in the AP/BP-CML model are described below. All probabilities are
derived from survivor functions extrapolated from clinical data. The time-dependent probabilities
of transitioning between states were in general estimated as 1 minus the ratio of the survivor
function at the end of the cycle to the survivor function at the beginning of the cycle.

e Death (from AP-CML and BP-CML states). Four survivor functions (for OS in AP-CML
and in BP-CML with [first-cycle only] and without MaHR, respectively) were obtained
through parametric survival analysis on patient-level data from the PACE study. These
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functions were applied to both ponatinib and bosutinib. For BSC, as in the CP-CML
model, two survivor functions (for AP-CML and BP-CML, respectively) were extrapolated
through parametric fitting from published OS curves in Kantarjian et al. 2007.2°

e Death (from allo-SCT with and without response states). Four survivor functions (for OS
after allo-SCT in AP-CML and in BP-CML, with and without response, respectively) were
extrapolated through parametric fitting from published OS curves in Radich 2010.26” The
curves reported in the original paper relate BP-CML with and without remission and AP-
CML. We assumed the AP-CML curve applied to patients in remission, and derived the
curve for AP-CML patients without remission from the former, applying the ratio of OS in
patients in remission vs OS of those in remission calculated from the BP-CML curves. To
avoid unrealistic estimate of the OS, the model controls at each cycle that the death
probability derived from the allo-SCT literature is not lower than the death probability of
the general population with the corresponding age.

e Progression to BP-CML. ie, transition from the AP-CML state to BP-CML. Two survivor
functions (for PFS in AP-CML with and without MaHR, respectively) were obtained
through parametric survival analysis on patient-level data from the PACE study. These
functions were applied to both ponatinib and bosutinib, in the assumption that PFS is a
function of the response achieved and not of the specific TKI treatment. For BSC, as in
the CP-CML model, the mean PFS for patients in AP-CML of 9.16 months was estimated
as the difference from the mean OS in AP-CML and BP-CML calculated with the survivor
functions extrapolated from Kantarjian et al. (2007).2° Subsequently, a survivor function,
depicting the fraction of the cohort remaining free from progression to BP-CML over time,
was calculated by extrapolating an exponential curve from the mean PFS. Since death is
normally considered as a censoring event when presenting PFS data, the actual
probabilities used in the model at each cycle were obtained by subtracting the probability
of death from progression probability at the same cycle.

¢ Discontinuation of TKI treatment. The probability of discontinuing the active treatment
before progression or death is applied to ponatinib and to bosutinib. This probability does
not directly determine a state transition in the Markov model, but rather is used to
accurately estimate treatment costs. The time-on-treatment functions (depicting the
fraction of the cohort which remains on treatment over time) were obtained for ponatinib
through parametric survival analysis on patient-level data from the PACE study, and for
bosutinib by extrapolating an exponential curve from the median duration of treatment in
AP-CML and in BP-CML reported in the literature.

5.4.2.3 Evidence that (transition) probabilities may change over time for the
treatment effect, condition or disease

The change over time of transition probabilities was captured in all models and is described in
the previous section.

5.4.2.4 Clinical expert assessment of the applicability or approximation of
clinical parameters

The core assumption that ponatinib would mainly be used in patients with AP-/BP-CML in order
to achieve remission and proceed, for patients in remission, to allo-SCT, was validated by the
clinical expert (see 5.3.4).

5.4.3 Measurement and valuation of health effects

Measurement and valuation of health effects in the AP/BP-CML model are fully aligned with the
CP-CML model; please see Section 5.3.3 for details.
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5.4.4 Cost and healthcare resource use identification, measurement and valuation

5.4.4.1 Parameters used to estimate cost

All parameters used to estimate cost in the AP/BP-CML model are fully aligned with the CP-CML
model as previously presented in Table 5-18 of Section 5.3.4.4.

Resource identification, measurement and valuation studies

5.4.4.2 Identification of cost and healthcare resource use data

Please refer to the CP-CML economic analysis (Section 5.3.4.2) for detailed descriptions of how
resource use and costs were identified and measured.

5.4.4.3 Appropriateness of NHS reference costs for costing
Please refer to the CP-CML economic analysis (Section 5.3.4.3).

5.4.4.4 Clinical expert assessment of the applicability or approximation of cost
and healthcare resource use values

Please refer to the CP-CML economic analysis (Section 5.3.4.4).
Intervention and comparators’ costs and resource use

5.4.4.5 Pharmacologic therapies

5.4.4.5.1 Drug dosing

Dosages for ponatinib, bosutinib, and hydroxycarbamide used in the AP/BP model are as
presented in Section 5.3.4.5.1 for the CP-CML model.

5.4.4.5.2 Relative dose intensity: ponatinib

RDI was applied to ponatinib dosages in the AP/BP-CML model following the considerations in
the CP-CML model as explained in Section 5.3.4.5.2. PACE data (data cut-off: 3 August 2015)
for patients in AP- and BP-CML are utilised in the AP/BP-CML model, as shown in Table 5-50.

Table 5-50. RDI estimates used in the AP/BP-CML economic model for ponatinib

Proportion of days on treatment

Ponatinib dose (mg per day) AP-CML BP-CML
0 I

15 I I
30 I I
45 I I

AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; RDI, relative dose intensity.

5.4.4.5.3 Relative dose intensity: bosutinib

In the absence of data on mean dose intensity for bosutinib, the median dose intensity reported
in Khoury et al.,2 95.6%, was used as a proxy for bosutinib RDI.

5.4.4.5.4 Relative dose intensity: hydroxycarbamide

As for the CP-CML model, in the absence of data for hydroxycarbamide, RDI was assumed to be
100% in the AP/BP-CML model.

5.4.4.5.5 Drug acquisition costs

Drug unit prices for ponatinib, bosutinib, and hydroxycarbamide used in the AP/BP model are as
presented in Section 5.3.4.5.5 for the CP-CML model.

5.4.4.6 Allo-SCT

Initial procedure costs and follow-up costs for allo-SCT in the AP/BP-CML model are the same
as those in the CP-CML model (see Section 5.3.4.6). As a simplifying assumption for the AP/BP-
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CML model in the absence of data in this patient population, 100, 100% of patients who achieve
MaHR in their first cycle of TKI therapy receive allo-SCT. Since the AP/BP-CML model does not
incorporate relapse after allo-SCT, there are no associated treatment costs for post—allo-SCT
relapse.

5.4.4.7 Monitoring and follow-up

Monitoring and follow-up healthcare resource use and associated costs in the AP/BP-CML model
are identical to those applied in the CP-CML model for patients who progress to AP/BP-CML, as

presented above in Table 5-23. These parameters yield per-cycle monitoring and follow-up costs
of £2,648 in AP-CML and £20,319 in BP-CML.

Health-state unit costs and resource use

5.4.4.8 Costs included in each health state
Not applicable. See Section 5.3.4.9 of the CP-CML economic section.
Adverse reaction unit costs and resource use

5.4.4.9 Costs and resource use for each adverse reaction

Costs associated with AEs were modelled for TKI therapy only, in the absence of AE data for
hydroxycarbamide. The AE rates associated with ponatinib and bosutinib in AP- and BP-CML,
and associated average costs per patient, are summarised in Table 5-51. As in the CP-CML
model, SAEs were applied only to ponatinib in the absence of equivalent long-term bosutinib
safety data (see Section 5.3.4.10). Cost estimates were taken from NHS reference costs and
tariffs.

Company evidence submission for ponatinib [ID671] Page 193 of 271



Table 5-51. AE rates and costs applied in the AP/BP-CML model (sources: PACE CSR?5; Gambacorti-Passerini et al. 2015'%%) and associated
costs

Ponatinib Bosutinib
Adverse event AP-CML BP-CML AP-CML BP-CML Unit cost, £ Sources for costs
Anaemia ] ] 32.91% 20.31% 1,827.13 NHS 2015/16 Enhanced Tariff Option
Leukocytopaenia [ [ 6.33% 18.75% 633.26 Assumption: same as neutropaenia
Lipase increased [ ] [ ] — — 721.00 Assumption: 1 day in hospital
Neutropaenia [ [ 17.72% 25.00% 633.26 NHS Reference Costs 2014 to 2015
Pancreatitis [ ] [ - - 1,121.98 NHS Reference Costs 2014 to 2015
ALT elevation [ [ 7.59% - 1,121.98 NHS Reference Costs 2014 to 2015
Thrombocytopaenia [ [ ] 44.30% 35.94% 421.74 NHS Reference Costs 2014 to 2015
Serious adverse events
Cardiovascular event [ ] [ ] = = 2,357.00 NHS 2015/16 Enhanced Tariff Option
Cerebrovascular event [ [ ] - - 2,962.00 NHS 2015/16 Enhanced Tariff Option
Peripheral vascular event [ ] [ - - 2,872.00 NHS 2015/16 Enhanced Tariff Option
Venous thromboembolism event [ [ ] - - 552.00 NHS 2015/16 Enhanced Tariff Option

AE, adverse event; ALT, alanine aminotransferase.
Note: only AEs applied in the AP/BP-CML model are included in this table.
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Miscellaneous unit costs and resource use

5.4.4.10 End-of-life care

All parameters for end-of-life care in the AP/BP-CML model were identical to those in the CP-
CML model, as presented in Section 5.3.4.11, and thus yielded the same average end-of-life
care cost of £5,765.76.

5.4.5 Summary of base-case de novo analysis inputs and assumptions

5.4.5.1 Summary of base-case de novo analysis inputs

Table 5-52 summarises the variables applied in the economic model. Uncertainty regarding the
parameter values was addressed via sensitivity analyses, as described below in Section 5.4.7.

Table 5-52. Summary of variables applied in the economic model

Value
(reference to
appropriate

table or Function
figure in used for Lower Upper Reference
Parameter submission) extrapolation value value to section Source

MaHR rate in AP (Table 5-49)
Bosutinib* 0.29167 - 0.2345 0.34883 54.21.11 Gambacorti-Passerini
0 etal. 2015
Ponatinib 0.55700 - 0.4478 0.66617 542111 PACE study CSR
3
MaHR rate in BP =
Bosutinib* 0.04348 - 0.0349 0.05200 54.21.11 Gambacorti-Passerini
6 et al. 2015
Ponatinib 0.31670 - 0.2546 0.37877 542111 Dalziel et al. 2004
3
Mean PFS with BSC in 9.1600 - 7.3646 10.95536 53.21.3 Derived from
AP phase, months (Figure 5-9) 4 Kantarjian et al. 2007
Overall survival
OS in AP - Log-normal - - 5.4.2.1.1.21 PACE study CSR
(Figure 5-18)
OS in BP - Log-normal — — 54.2.1.1.21 PACE study CSR
(Figure 5-18)
OS post-allo-SCT in - Exponential - - 5.4.21.1.2.2 Radich 2010
AP with remission (Figure 5-19)
OS post-allo-SCT in - Exponential - - 54.2.1.1.22 Derived from Radich
AP without (Figure 5-19) 2010
remission
OS post-allo-SCT in - Exponential - - 54.21.1.2.2 Radich 2010
BP with remission (Figure 5-20)
OS post-allo-SCT in - Exponential - - 5.4.2.1.1.2.2 Radich 2010
BP without (Figure 5-20)
remission
Progression-free
survival
PFS in AP with TKI - Log-normal — - 54.2.1.1.31 PACE study CSR
therapy (Figure 5-21)
PFS in AP with 9.160 (-) - 7.3646 10.95536 5.4.2.1.1.3.2 Kantarjian et al. 2007
BSC, months 4
Time-on-treatment, —
months
Bosutinib in AP, 10.2 (-) - 8.2008 1219920 54.2.1.1.5.1 Gambacorti-Passerini
median 0 et al. 2015
Bosutinib in BP, 2.8 (-) - 2.2512 3.34880 5.4.2.1.1.5.1 Gambacorti-Passerini
median 0 etal. 2015
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Value
(reference to
appropriate

table or Function
figure in used for Lower Upper Reference
Parameter submission) extrapolation value value to section Source
Ponatinib in AP - Exponential - - 5.4.2.1.1.5.1 PACE CSR
(Figure 5-22)
Ponatinib in BP - Exponential - - 5.4.21.1.5.1 PACE CSR
Figure 5-22
Adverse event unit cost (Table 5-24)
ALT elevation 1121.98 - 902.07 1341.89 5.3.4.10 NHS 2015/16
Enhanced Tariff
Option
Anaemia 1827.13 - 1469.01 2185.25 5.3.4.10 NHS Reference
Costs 2014 to 2015
Cardiovascular 2357.00 - 1895.03  2818.97 5.3.4.10 NHS 2015/16
event Enhanced Tariff
Option
Cerebrovascular 2962.00 - 2381.45  3542.55 5.3.4.10 NHS 2015/16
event Enhanced Tariff
Option
Leukocytopaenia 633.26 - 509.14 757.38 5.3.4.10 NHS Reference
Costs 2014 to 2015
Lipase increased 721.00 - 579.68 862.32 5.3.4.10 NHS Reference
Costs 2014 to 2015
Neutropaenia 633.26 - 509.14 757.38 5.3.4.10 NHS Reference
Costs 2014 to 2015
Pancreatitis 1121.98 - 902.07 1341.89 5.3.4.10 NHS Reference
Costs 2014 to 2015
Peripheral vascular 2872.00 - 2309.09  3434.91 5.3.4.10 NHS 2015/16
event Enhanced Tariff
Option
Thrombocytopaenia 421.74 - 339.08 504.40 5.3.4.10 NHS Reference
Costs 2014 to 2015
Venous 552.00 - 443.81 660.19 5.3.4.10 NHS 2015/16
thromboembolism Enhanced Tariff
Allo-SCT initial cost, £ 60092.13 (-) - 48314.0 71870.1 5.3.4.6 UK Stem Cell
8 9 Strategy Oversight
Committee
Cost of community 158.23 (Table - 127.21 189.24 5.3.4.11 Marie Curie Cancer
palliative care per day, 5-25) Care
£
Cost of palliative care 463.77 (Table - 372.87 554.66 5.3.4.11 Marie Curie Cancer
in hospital per day, £ 5-25) Care
Discount rate costs 3.50% (Table - 0.00% 6.00% - NICE
5-47)
Discount rate outcomes  3.50% (Table — 0.00% 6.00% — NICE
5-47
EOL hospice days 17.40 (Table - 13.99 20.81 5.3.4.11 UK Survey, Q13
5-25)
EOL hospital days 21.50 (Table - 17.29 25.71 5.3.4.11 UK Survey, Q13
5-25)
EOL, proportion being 0.23 (Table - 0.04 0.50 5.3.4.11 UK Survey, Q13
treated in hospice 5-25)
EOL, proportion being 0.51 (Table - 0.01 0.90 5.3.4.11 UK Survey, Q13
treated in hospital 5-25)
Per-cycle cost, £
Bosutinib 10714.40 (-) - 8614.38 12814.4 - -
2
Hydroxycarbamide 38.24 (-) - 30.75 45.74 - -
Ponatinib in AP [ ] - I - -
Ponatinib in BP [ ] - I - -
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Value
(reference to
appropriate
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table or Function
figure in used for Lower Upper Reference
Parameter submission) extrapolation value value to section Source
CV monitoring with 75.19 (-) = 60.45 89.93 = Assumed 0.5 visits
ponatinib per cycle; same cost
as haematologist visit
Follow-up after allo- 12214.71 - 9820.63 14608.7 5.3.4.6.1 UK Stem Cell
SCT, y1 (Table 5-22) 9 Strategy Oversight
Committee
Follow-up after allo- 3518.25 - 2828.67 4207.83 5.3.4.6.1 UK Stem Cell
SCT, y2 (Table 5-22) Strategy Oversight
Committee
Follow-up after allo- 420.00 - 337.68 502.32 5.3.4.6.1 Bosutinib NICE HTA
SCT, y3+ (Table 5-22)
Treatment post 38.24 (-) — 30.75 45.74 5.3.4.5.5 Assumed BSC is
discontinuation hydroxycarbamide
Per-cycle resource use (Table 5-24)
with:
AP/BP: blood 3.15 - 0.00 6.00 5.3.4.8 UK Survey, Q8 (AP
chemistry resources assumed)
AP/BP: blood film 219 - 0.00 6.00 5.3.4.8 UK Survey, Q8 (AP
exam resources assumed)
AP/BP: blood 1.98 - 0.00 6.00 5.3.4.8 UK Survey, Q8 (AP
transfusion resources assumed)
AP/BP: bone 0.30 - 0.00 0.99 5.3.4.8 UK Survey, Q8 (AP
marrow aspiration resources assumed)
AP/BP: complete 4.38 - 1.62 6.00 5.3.4.8 UK Survey, Q8 (AP
blood count resources assumed)
AP/BP: 0.12 - 0.00 0.99 5.3.4.8 UK Survey, Q8 (AP
cytochemistry resources assumed)
analysis
AP/BP: cytogenetic 0.90 - 0.00 3.00 5.3.4.8 UK Survey, Q8 (AP
analysis resources assumed)
AP/BP: donor 0.00 - 0.00 0.00 5.3.4.8 UK Survey, Q8 (AP
lymphocyte resources assumed)
transfusion
AP/BP: FISH 0.13 - 0.00 3.00 5.3.4.8 UK Survey, Q8 (AP
resources assumed)
AP/BP: flow 0.45 - 0.00 2.16 5.3.4.8 UK Survey, Q8 (AP
cytometry resources assumed)
AP/BP: 3.63 - 1.62 6.00 5.3.4.8 UK Survey, Q8 (AP
haematologist-led resources assumed)
outpatient visit
AP/BP: kinase 0.13 - 0.00 0.50 5.3.4.8 UK Survey, Q8 (AP
domain mutation resources assumed)
analysis
AP/BP: nurse-led 0.51 - 0.00 6.00 5.3.4.8 UK Survey, Q8 (AP
outpatient visit resources assumed)
AP/BP: PCR 1.68 - 0.00 3.00 5.3.4.8 UK Survey, Q8 (AP
resources assumed)
AP/BP: platelet 0.30 - 0.00 3.00 5.3.4.8 UK Survey, Q8 (AP
transfusion resources assumed)
AP: hospital days 213 - 0.00 12.51 5.3.4.8 UK Survey, Q8
(general ward+ ICU)
BP: hospital days 26.64 = 0.90 87.00 5.3.4.8 UK Survey, Q10
(general ward+ ICU)
Resource unit cost, £ (Table 5-23) -
Blood chemistry 1.19 - 0.96 1.42 5.3.4.8 NHS Reference
Costs 2014 to 2015
Blood film exam 3.01 - 2.42 3.60 5.3.4.8 NHS Reference
Costs 2014 to 2015
Blood transfusion 121.85 - 97.97 145.73 5.3.4.8 NHS Blood and

Transplant Price List
2014/15
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Value
(reference to
appropriate

table or Function
figure in used for Lower Upper Reference
Parameter submission) extrapolation value value to section Source
Bone marrow 517.50 - 416.07 618.93 5.3.4.8 NHS Reference
aspiration Costs 2014 to 2015
Complete blood 3.01 - 2.42 3.60 5.3.4.8 NHS Reference
count Costs 2014 to 2015
Cytochemistry 6.99 - 5.62 8.36 5.3.4.8 NHS Reference
analysis Costs 2014 to 2015
Cytogenetic 6.99 - 5.62 8.36 5.3.4.38 NHS Reference
analysis Costs 2014 to 2015
Donor lymphocyte 193.15 - 155.29 231.01 5.3.4.8 Assumed same as
transfusion platelet transfusion
FISH 6.99 - 5.62 8.36 5.3.4.8 NHS Reference
Costs 2014 to 2015
Flow Cytometry 6.99 - 5.62 8.36 5.3.4.8 NHS Reference
Costs 2014 to 2015
Haematologist-led 150.38 - 120.91 179.85 5.3.4.8 NHS Reference
outpatient visit Costs 2014 to 2015
Hospital days 721.00 - 579.68 862.32 5.3.4.8 NHS Reference
Costs 2014 to 2015
Kinase domain 6.99 - 5.62 8.36 5.3.4.8 NHS Reference
mutation analysis Costs 2014 to 2015
Nurse-led 66.42 - 53.40 79.44 5.3.4.8 NHS Blood and
outpatient visit Transplant Price List
2014/15
PCR 25.00 - 20.10 29.90 5.3.4.8 Szczepura et al.
2006
Platelet transfusion 193.15 - 155.29 231.01 5.3.4.8 NHS Blood and
Transplant Price List
2014/15
Cumulative incidence, (Table 5-51)
ALT elevation I I 5.4.4.9 Gambacorti-Passerini
bosutinib et al. 2015
Anaemia bosutinib 0.32911 — 0.2646 0.39362 5.44.9 Gambacorti-Passerini
1 etal. 2015
Anaemia ponatinib I - I 54.4.9 PACE study CSR
Leukocytopaenia 0.06329 - 0.0508 0.07570 54.4.9 PACE study CSR
bosutinib 9
Leukocytopaenia I - I 54.4.9 PACE study CSR
ponatinib
Lipase increased I - I e 54.4.9 PACE study CSR
ponatinib
Neutropaenia 0.17722 — 0.1424 0.21195 54.49 Gambacorti-Passerini
bosutinib 8 et al. 2015
Neutropaenia I = I 5449 PACE study CSR
ponatinib
Pancreatitis I - I 54.4.9 PACE study CSR
ponatinib
Thrombocytopaenia 0.44304 = 0.3562 0.52987 5.4.4.9 Gambacorti-Passerini
bosutinib 0 etal. 2015
Thrombocytopaenia I - I 54.4.9 PACE study CSR
ponatinib
Cumulative incidence, (Table 5-51)
Anaemia bosutinib 0.20313 - 0.1633 0.24294 5.4.4.9 Gambacorti-Passerini
1 et al. 2015
Anaemia ponatinib I - I 54.4.9 PACE study CSR
Leukocytopaenia 0.18750 - 0.1507 0.22425 5.4.4.9 PACE study CSR
bosutinib 5}
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Value
(reference to
appropriate

table or Function
figure in used for Lower Upper Reference
Parameter submission) extrapolation value value to section Source
Lipase increased ] = B 5449 PACE study CSR
ponatinib
Neutropaenia 0.25000 — 0.2010 0.29900 5449 Gambacorti-Passerini
bosutinib 0 etal. 2015
Neutropaenia I = I e 54.4.9 PACE study CSR
ponatinib
Thrombocytopaenia 0.35938 - 0.2889 0.42981 5.4.4.9 Gambacorti-Passerini
bosutinib 4 etal. 2015
Thrombocytopaenia I = I 54.4.9 PACE study CSR
ponatinib
Per-cycle probability (Table 5-51)
(ponatinib only)
Cardiovascular I - I 5.4.4.9 PACE study CSR
event, AP
Cardiovascular I - I 54.4.9
event, BP
Cerebrovascular I = I e 54.4.9
event, AP
Peripheral vascular I - I I 5.4.4.9
event, AP
Peripheral vascular ] = B e 5.4.4.9
event, BP
Venous I - I 54.4.9
thromboembolism
event, AP
Population norm utility (Table 5-13)
Females <25 years 0.94000 - 0.7557 1.00000 5.3.3.7.1 Kind et al. 1999
6
Females 25-34 0.93000 - 0.7477 1.00000 5.3.3.7.1 Kind et al. 1999
years 2
Females 35-44 0.91000 - 0.7316 1.00000 5.3.3.7.1 Kind et al. 1999
years 4
Females 45-54 0.85000 - 0.6834 1.00000 5.3.3.7.1 Kind et al. 1999
years 0
Females 55-64 0.81000 - 0.6512 0.96876 5.3.3.7.1 Kind et al. 1999
years 4
Females 65-74 0.78000 - 0.6271 0.93288 5.3.3.7.1 Kind et al. 1999
years 2
Females 275 years 0.71000 - 0.5708 0.84916 5.3.3.7.1 Kind et al. 1999
4
Males <25 years 0.94000 - 0.7557 1.00000 5.3.3.7.1 Kind et al. 1999
6
Males 25-34 years 0.93000 - 0.7477 1.00000 5.3.3.7.1 Kind et al. 1999
2
Males 35-44 years 0.91000 - 0.7316 1.00000 5.3.3.7.1 Kind et al. 1999
4
Males 45-54 years 0.84000 - 0.6753 1.00000 5.3.3.7.1 Kind et al. 1999
6
Males 55-64 years 0.78000 - 0.6271 0.93288 5.3.3.7.1 Kind et al. 1999
2
Males 65-74 years 0.78000 - 0.6271 0.93288 5.3.3.7.1 Kind et al. 1999
2
Males 275 years 0.75000 - 0.6030 0.89700 5.3.3.7.1 Kind et al. 1999
0
Utility (Table 5-14
and Table
5-16)
During an AE 0.52000 - 0.4600 0.58000 5.3.3.7.21 Szabo et al. 2010
0
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Value
(reference to
appropriate

table or Function
figure in used for Lower Upper Reference
Parameter submission) extrapolation value value to section Source
In AP 0.53000 - 0.4800 0.58000 5.3.3.7.2.1 Szabo et al. 2010
0
In BP 0.29000 - 0.2400 0.33000 5.3.3.7.21 Szabo et al. 2010
0
In cycle 1 after allo- 0.55000 - 0.4422 0.65780 5.3.3.7.2.2 van Agthoven et al.
SCT 0 2001 population
norms
In cycle 2 after allo- 0.63000 - 0.5065 0.75348 5.3.3.7.2.2 Assumption: midpoint
SCT 2 of peri-operative and
long-term estimate
In cycle 3 after allo- 0.71000 - 0.5708 0.84916 5.3.3.7.2.2 Loveman et al. 2012,
SCT 4 population norms
Post-relapse after 0.58520 - 0.4705 0.69990 5.3.3.7.2.2 Kantarjian et al. 2002
allo-SCT 0 and Olavarria et al.
2003

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AE, adverse event; ALT, alanine aminotransferase; AP,
accelerated phase; BP, blast phase; CSR, clinical study report; EOL, end of life; FISH, fluorescence in situ hybridization; ICU,
intensive care unit; MaHR, major haematologic response; OS, overall survival; PFS, progression-free survival; PCR,

polymerase chain reaction; TKI, tyrosine kinase inhibitor.

*OHR for bosutinib was used as a proxy for MaHR; the definitions of MaHR and OHR largely overlap, though the more stringent
criteria required for MaHR make it more difficult to achieve (MaHR is defined as CHR + NEL whereas OHR is defined as CHR +
NEL + minor haematologic response + return to CP [if applicable]).® '8

5.4.5.2 Assumptions

Table 5-53 summarises the main assumptions in the economic analysis.

Table 5-53. Summary of main assumptions and justifications in the AP-/BP-CML model

Assumption

Justification

Patients who achieve a MaHR do so in the first
Markov time cycle

All patients who achieve a MaHR proceed to
allo-SCT

Patients receiving BSC (hydroxycarbamide) do
not achieve a MaHR

The cost of ponatinib is calculated with the % of
time on different doses, from the PACE study

Time-on-treatment for ponatinib is simulated
with an exponential function, regardless of the
function providing the best fit in the parametric
survival analysis

OS with allo-SCT is simulated with an
exponential function regardless of the
goodness of the fit of other functions

Patients with progressed CML who receive allo-
SCT are assumed to be in one of two health
states: in remission or relapsed
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Median time to MaHR in PACE was 3 weeks for
patients in AP-CML and 4.1 weeks for patients in
BP-CML®

ELN guidelines recommend TKIl-pretreated
patients who have progressed from CP-CML
should receive one of the TKIs that were not used
before progression (ponatinib in case of T315I
mutation), then alloSCT in all patients*’

It is established that hydroxycarbamide does not
significantly influence the disease course®*

The unit pricing of ponatinib is not linear with
dose, so the relative-dose intensity approach is
unfeasible. Moreover for other drugs that also
don’t have linear unit pricing we conservatively
assume that the cost is determined by the
package that yields the lowest price/mg

This assumption was adopted because selecting
the best-fit function would have introduced bias
against ponatinib given that available time-on-
treatment data for bosutinib are median values,
which necessitate adopting an exponential
function

Based on the plausibility of the extrapolated
portion of the curve (the other functions conferred
an implausible OS)

Based on a survey of clinical experts in the UK
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Assumption

Justification

PACE OS and PFS data is applied to bosutinib

The rate of AEs is applied to the first cycle only
on the assumption that such events will happen
sooner rather than later

AE rates for hydroxycarbamide set to zero

AE rates for allo-SCT set to zero

For bosutinib, hydroxycarbamide, and allo-SCT,
the rates of SAEs (cardiovascular,
cerebrovascular, peripheral vascular, and
venous thromboembolism events) were set to
0%

The model incorporates a 21.5-day inpatient
stay immediately before death for 51.5% of
patients assumed to be treated in hospital and a
17.4-day hospice stay for the 23.1% of patients
assumed to be treated in a hospice; the
remaining patients were assumed to die at
home

Drug administration costs were set to zero

Utility decrement associated with allo-SCT in
model cycle 2 is the midpoint of peri-operative
and long-term estimate

The relationship between MaHR and OS/PFS is
independent of the drug used

Common practice; in line with recent oncology
models

Absence of AE information for hydroxycarbamide
Associated costs would be absorbed into the
follow-up costs for allo-SCT

In the absence of equivalent long-term data for
bosutinib, the assumption was that any mortality
effects would be captured in the background
population mortality rate

Based on a survey of clinical experts in the UK*®

It is assumed that treatments administered orally
require no drug administration costs

In the absence of data, the best estimate for
model cycle 2 was the midpoint of the peri-
operative period by van Agthoven et al. 2001,%%7
and the long-term period by Loveman et al.
2012158

2G, second-generation; AE, adverse event; allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated
phase; BP, blast phase; BSC, best supportive care; CML, chronic myeloid leukaemia; CP, chronic phase; ELN, European
LeukemiaNet; MaHR, major haematologic response; NR, no response; OS, overall survival; TKI, tyrosine kinase inhibitor.

5.4.6 Base-case results

5.4.6.1 Results of the analysis

Sections 5.3.6.2 to 5.3.6.6 provide the results for the de novo base-case analysis.

Base-case incremental cost effectiveness analysis results

5.4.6.2 Cost-effectiveness

The incremental cost-effectiveness ratio (ICER) results for ponatinib compared with each

comparator in terms of LYG and QALYs, from the NHS/PSS direct medical perspective (ie, the
payer perspective), are presented in Table 5-54. For patients entering the model in AP-CML or
BP-CML, ponatinib yielded more LYs and QALY than any comparator. Ponatinib also incurred
lower total cost than bosutinib in AP-CML and both hydroxycarbamide and allo-SCT in BP-CML,
and was thus dominant in those comparisons. While ponatinib added costs overall in the other
comparisons, ICERs remained well below the acceptability threshold even for non—end-of-life
interventions, ranging from
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Table 5-54. Base-case cost-effectiveness results (discounted, per person): direct medical perspective

Incremental Incremental Incremental

Disease state Total costs Total LYG Total QALYs costs (£) LYG QALYs ICER
Ponatinib vs (£) (Disc) (Disc) (ponatinib vs) (ponatinib vs) (ponatinib vs) ICER (E/LYG) (E/QALYs)

AP-CML
Hydroxycarbamide 82,532 1.60 0.58 _ - - _ _
Bosutinib 150,957 5.04 2.62 [ [ [ [ [
Allo-SCT 116,635 2.87 1.86 [ ] ] I I
Ponatinib | | |

BP-CML
Hydroxycarbamide 86,958 1.00 0.28 _ - - _ _
Bosutinib 63,424 0.77 0.37 I I I [ [
Allo-SCT 103,748 1.27 0.85 [ [ [ [ [
Ponatinib I I I

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; Disc, discounted; ICER, incremental cost-effectiveness
ratio; LYG, life-year gained; QALY, quality-adjusted life-year.
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Clinical outcomes from the model

5.4.6.3 Outcomes from the model vs clinically important outcomes

While no formal analysis of face validity was undertaken for the AP/BP-CML model (given the
much smaller patient population in comparison with CP-CML), all key outcome parameters were
based on the best available data, as described in Section 5.4.2.1.1.

5.4.6.4 Markov trace

The Markov traces for the AP-/BP-CML economic analysis are presented in Appendix 21:
Markov traces — AP/BP-CML economic model

5.4.6.5 QALYs accrued over time

QALYs for each health state accrued over time for each comparator in the AP-/BP-CML
economic analysis are presented in Appendix 22: QALYS over time — AP/BP-CML economic
model.

Disaggregated results of the base case incremental cost effectiveness analysis
5.4.6.6 Disaggregated QALYs, LYGs, and costs

5.4.6.6.1 QALYs and life-years gained

A summary of the treatment-specific deterministic survival and quality-adjusted survival
estimates resulting from the analysis is presented in Table 5-55. Of the two TKI drug therapies
being compared, ponatinib is associated with the largest increase in both OS and QALYs.
Compared to bosutinib, treatment with ponatinib is predicted to increase real life (undiscounted)

. The LYG with bosutinib is less
than those with hydroxycarbamide, suggesting an overestimation of survival with BSC (possibly
due to limitations in the data source for BSC), which would be conservative for the comparison
between ponatinib and BSC.

-, and retained a large survival and QALY advantage over allo-SCT in BP-CML.

While ponatinib yielded more OS and QALYs than hydroxycarbamide in all cases, bosutinib
yielded fewer LY's than hydroxycarbamide in BP-CML. In the model, allo-SCT is the key driver of
OS for patients with BP-CML who achieve MaHR on ponatinib. Higher rates of achieved MaHR
with ponatinib mean more patients with BP-CML reach a state in which they can proceed to allo-
SCT. The lower rate of achieved response with bosutinib explains the poorer performance in BP-
CML with this 2G-TKI than with hydroxycarbamide.

Table 5-55. Survival and QALY results

LYG QALY

AP- BP- Allo- Total AP- BP- Allo- Total

CML CML SCT Undisc Disc CML CML SCT Undisc Disc
AP-CML
Hydroxy- 0.77 1.14 0.00 1.91 1.60 0.39 0.26 0.00 0.65 0.58
carbamide
Bosutinib 2.45 1.29 3.03 6.77 5.04 1.17 0.28 1.96 3.41 2.62
Allo-SCT 0.00 0.00 3.20 3.20 2.87 0.00 0.00 2.08 2.08 1.86

Pponatinib [l I HE BN BN BN BN BN BN ==

BP-CML

Hydroxy- - 1.16 0.00 1.16 1.00 - 0.32 0.00 0.32 0.28
carbamide

Bosutinib - 0.56 0.29 0.85 0.77 - 0.22 0.20 0.42 0.37
Allo-SCT - 0.00 1.34 1.34 1.27 - 0.00 0.90 0.90 0.85

Ponatinib [l Il Hl BN BN B B BN B =

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid
leukaemia; CP, chronic phase; Disc, discounted; LYG, life-year gained; QALY, quality-adjusted life-year; Undisc, undiscounted.
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Table 5-56 and Table 5-57 list the incremental disaggregated QALYs and LYG by health state
results for ponatinib vs each comparator. Notably, patients who receive ponatinib in either AP- or
BP-CML spend a longer time alive in the post-allo-SCT health state compared with patients who
receive direct allo-SCT without first achieving remission, demonstrating the value of first
achieving MaHR with ponatinib to help to optimise transplant outcomes. This is not the case for
bosutinib, which yields fewer LYs and QALY's post-allo-SCT than does direct allo-SCT. As a
comparator, hydroxycarbamide is unable to achieve MaHR allowing patients to receive allo-SCT,
and thus all LYs and QALYSs for this form of BSC are accrued in advanced disease health states.
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Table 5-56. Summary of QALY gain by health state (discounted)

AP-CML BP-CML

QALY QALY Absolute % absolute QALY QALY Absolute % absolute
Health state ponatinib comparator Increment increment increment ponatinib comparator Increment increment increment
Ponatinib vs bosutinib
AP I 0.98 I I I - - - - -
BP I 0.18 I I I [ 0.21 I I I
Allo-SCT I 146 I I I I 0.16 I I I
Total [ 2.62 I I I I 0.37 | I |
Ponatinib vs hydroxycarbamide
AP I 0.38 I I I - - - - -
BP I 0.20 I I I I 0.28 I I I
Allo-SCT I 0.00 I I I I - I I I
Total | 0.58 I I | | 0.28 | I I
Ponatinib vs allo-SCT
AP | : | | - : : : : :
8P | : | | | | : | | |
Allo-SCT | T | N | 0.85 ] | |
Total | 18 | | | 0.85 | | |

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; QALY, quality-adjusted life-year. Table was adapted from
Pharmaceutical Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory
Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that would be calculated using the intermediate numbers reported in this table to 2
decimal places, due to rounding error.
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Table 5-57. Summary of LYG gain by health state (discounted)

AP-CML BP-CML

LYG LYG Absolute % absolute LYG LYG Absolute % absolute
Health state ponatinib comparator Increment increment increment ponatinib comparator Increment increment increment
Ponatinib vs bosutinib
AP I 2.03 I I I - - - - -
BP I 0.76 I I I I 0.54 I I I
Allo-SCT I 2.24 I I I I 0.24 I I I
Total [ 5.04 [ [ [ [ ] 0.77 [ ] [ I
Ponatinib vs hydroxycarbamide
AP I 0.75 I I I - - - - -
BP I 0.85 I I I I 1.00 I I I
Allo-SCT I 0.00 I I I I 0 I I I
Total | 1.60 I I | | 1.00 | I I
Ponatinib vs allo-SCT
AP - 0 - - | : : : : :
BP I 0 I I I I 0 I I I
Allo-SCT I 2.87 I I I I 127 I I I
Total | 2.87 | | H | 127 H | |

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia; LYG, life-year gained. Adapted from Pharmaceutical Benefits
Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that would be calculated using the intermediate numbers reported in this table to 2
decimal places, due to rounding error.
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5.4.6.6.2 Costs
Examination of the disaggregated cost results (Table 5-58) reveals that,

. This is due to the much higher MaHR rate with ponatinib compared with
bosutinib, which results in a higher percentage of ponatinib patients rapidly receiving allo-SCT
and thus no longer consuming TKI therapy. While this means that spending on allo-SCT is higher
for patients treated with ponatinib than with bosutinib, this should be considered in the context of
more patients becoming eligible for potentially curative transplant— the treatment recommended
in clinical practice guidelines for patients with advanced CML. Table 5-58 also shows substantial
cost offsets for ponatinib in terms of reduced monitoring and follow-up costs compared with
bosutinib.

Table 5-58. Cost results (discounted)

Hydroxy-
Cost, £ Ponatinib Bosutinib Allo-SCT carbamide
AP-CML
TKI | 25,696 - -
Other drugs 256 336 - 244
Allo-SCT 67,970 35,592 111,486 -
Monitoring/follow-up 52,809 83,595 - 76,886
Adverse events 778 1,017 - -
End-of-life 4,516 4,721 5,149 5,401
Total [ 150,957 116,635 82,532
BP-CML
TKI T 8,320 - -
Other drugs 48 52 - 153
Allo-SCT 37,024 5,083 98,283 -
Monitoring/follow-up 34,063 43,612 - 81,286
Adverse events 707 793 - -
End-of-life 5,293 5,564 5,465 5,519
Total T 63,424 103,748 86,958

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid
leukaemia; TKI, tyrosine kinase inhibitor.

Table 5-59 summarises the costs by health state to identify which health states are responsible
for most differences in costs between ponatinib and the comparators.
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Table 5-59. Summary of cost by health state (discounted)

AP-CML BP-CML

Cost (£) Cost (£) Absolute % absolute Cost (£) Cost (£) Absolute % absolute
Health state ponatinib comparator Increment increment increment ponatinib comparator Increment increment increment
Ponatinib vs bosutinib
AP I 50,446 I I I - - - - -
BP I 62,887 I I I I 57,445 I I I
Allo-SCT N 37,624 [ [ [ [ 5,979 [ [ [
Total [ | 150,957 [ ] [ [ [ 63,424 [ [ ] [ ]
Ponatinib vs hydroxycarbamide
AP I 11,005 I I . - - - - -
BP I 71,527 I I I I 86,958 I I I
Allo-SCT [ - I I I I - I I I
Total I 82,532 | | | I 86,958 I I I
Ponatinib vs allo-SCT
AP . - . . . - - - - -
BP I - I I I I - I I I
Allo-SCT [ | 116,635 [ | [ [ [ 103,748 [ [ [
Total [ ] 116,635 [ ] [ [ [ 103,748 [ [ ] [ ]

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia. Adapted from Pharmaceutical Benefits Advisory Committee (2008)
Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that would be calculated using the intermediate numbers reported in this table to 2
decimal places, due to rounding error.

Table 5-60 summarises the predicted resource use by category of cost for ponatinib vs each comparator. When evaluating these results, it is important to
recognise that whereas comprehensive long-term AE data were available for ponatinib, these were lacking for the comparators, and thus the inclusion of
costs for a wider range of AEs with ponatinib is a conservative method that biases the cost results against it.
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Table 5-60. Summary of predicted resource use by category of cost (discounted)

AP-CML BP-CML
Cost (£) Cost (£) Absolute % absolute Cost (£) Cost (£) Absolute % absolute
Resource use ponatinib comparator Increment increment increment ponatinib comparator Increment increment increment
Ponatinib vs bosutinib
Main drug | 25,696 | | [ | | s320 [N | [ |
Other drugs 256 336 -80 80 [ 48 52 -4 4 [
Allo-SCT* 67,970 35,592 32,378 32,378 [ 37,024 5,083 31,941 31,941 I
"’]',g:‘lg“l’v”l:‘g’ 52,809 83,595 -30,786 30,786 . 34,063 43,612 -9,549 9,549 .
Adverse events 778 1,017 -239 239 [ ] 707 793 -86 86 [ ]
End-of-life 4,516 4,721 -205 205 [ ] 5,293 5,564 271 271 [
Total [ 150,957 ] N | I 63,424 [ [ [
Ponatinib vs hydroxycarbamide
Main drug ] - [ [ [ | - [ [ I
Other drugs 256 244 12 12 [ 48 153 -105 105 [ ]
Allo-SCT* 67,970 - 67,970 67,970 [ ] 37,024 - 37,024 37,024 N
“""g“g‘j’v’t‘g’ 52,809 76,886 -24,077 24,077 . 34,063 81,286 -47,223 47,223 L
Adverse events 778 - 778 778 [ ] 707 - 707 707 [
End-of-life 4,516 5,401 -885 885 [ 5,293 5,519 -226 226 [
Total [ 82,532 ] [ | I 86,958 [ [ [
Ponatinib vs allo-SCT
Main drug [ - [ [ [ [ - [ [ [
Other drugs 256 - 256 256 I 48 - 48 48 [
Allo-SCT* 67,970 111,486 -43,516 43,516 N 37,024 98,283 -61,258 61,258 N
"’;g:‘lg“l’v”l:‘g’ 52,809 - 52,809 52,809 . 34,063 - 34,063 34,063 .
Adverse events 778 - 778 778 N 707 - 707 707 [
End-of-life 4,516 5,149 -633 633 [ | 5,293 5,465 172 172 [ ]
Total [ 116,635 ] [ | [ 103,748 [ [ [

Allo-SCT, allogeneic haematopoietic stem cell transplantation; AP, accelerated phase; BP, blast phase; CML, chronic myeloid leukaemia. Adapted from Pharmaceutical Benefits Advisory Committee (2008)
Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

*Includes costs associated with procedure and relapse.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that would be calculated using the intermediate numbers reported in this table to 2
decimal places, due to rounding error.
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5.4.7 Sensitivity analyses

Probabilistic sensitivity analysis
5.4.7.1 Measure of decision uncertainty
To address the uncertainty in the parameters used within the model, a PSA was implemented.

5.4.7.2 Parameter distributions

The parameters and their corresponding distributions that were used in the PSA are presented in
Table 5-36.

Table 5-61. PSA distributions

Parameter Distribution
Adverse event rates Beta

Costs Gamma
HRQoL Beta

Number of days in hospital per treatment course Gamma

OS curve-fitting parameters (active treatment) Cholesky decomposition
OS with BSC Gamma

OS in allo-SCT Gamma

PFS curve-fitting parameters Cholesky decomposition
Proportion treated in hospital/hospice at end of life Gamma
Resource use rates Gamma
Response rates Beta

Time on treatment (ponatinib) Cholesky decomposition
Time on treatment (bosutinib) Gamma

Allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care; HRQoL, health-related quality of life;
OS, overall survival; PFS, progression-free survival; PSA, probabilistic sensitivity analysis.

5.4.7.3 Results of probabilistic sensitivity analysis

Results are presented for the comparison of ponatinib vs bosutinib in AP-CML (which accounts
for the majority of patients starting treatment with these TKis in advanced CML). Table 5-37
reports the 95% CI for incremental costs, QALYs, and ICERs.

Table 5-62. 95% CI for costs, QALYs, and ICERs

Incremental cost (£) Incremental QALY ICER (£/QALY)
Base case - - -
PSA mean N [ [
PSA 95% Cl lower [ ] [ ] ]
PSA 95% CI upper [ [ [

Figure 5-23 shows the incremental costs and QALY's derived from the 1000 simulations of the
PSA for ponatinib vs bosutinib. This graph demonstrates that most simulations are generally
consistent with the mean result, with ponatinib both more effective and less costly than bosutinib.
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Figure 5-23. Results of 1000 simulations in the PSA for the ICER of ponatinib vs bosutinib

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year.

Figure 5-24 shows the cost-effectiveness acceptability curve derived from the PSA. Reflecting
the dominance of ponatinib over bosutinib in the vast majority of iterations, even at the lowest
WTP threshold ponatinib would be considered cost-effective in more than [J§% of iterations.

Figure 5-24. Cost-effectiveness acceptability curve in the PSA for the ICER of ponatinib vs
bosutinib

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year.

5.4.7.4 ICER results from base-case vs PSA

Results of the PSA were consistent with the ICER analysis results estimated from the base-case
analysis, with few extreme values.
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Deterministic sensitivity analysis

5.4.7.5 Parameters

A univariate analysis was conducted following the same procedures described for the CP-CML
model in Section 5.3.7.5. The upper and lower values for the parameters in this deterministic
sensitivity analysis are reported in Table 5-52.

5.4.7.6 Results of deterministic sensitivity analysis

Results of the univariate sensitivity analysis are presented as a tornado plot (Figure 5-25) for the
pairwise comparison of ponatinib vs bosutinib. The analysis was run on all model parameters.
Variation in the relative efficacy of the comparators was captured by varying response rates for
each drug in the OWSA. From this plot, it is apparent that the ICERs are most sensitive to
changes in the days in hospital, the discount rate on costs, and the MaHR rate with ponatinib in
AP (Figure 5-16). The MaHR rate with bosutinib in AP influences the ICER, but to a lesser
degree than the rate with ponatinib. Ponatinib remains dominant in all OWSA scenarios except
the days in hospital in BP, where the upper range ICER is
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Figure 5-25: Tornado plot displaying the most influential parameters for the ICER of ponatinib vs bosutinib

AP, accelerated phase; BP, blast phase; ICER, incremental cost-effectiveness ratio; M&FU, monitoring and follow-up; MaHR, major haematologic response; QALY, quality-adjusted life-year; SCT,
stem cell transplant; ToT, time on treatment.
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5.4.7.7 Sensitivity analysis of technology prices

Sensitivity analyses of technology prices were incorporated in the one-way and probabilistic
sensitivity analyses in terms of per-cycle costs, as described above.

5.4.7.8 Scenario analysis

No scenario analyses were carried out. For scenario analyses in CP-CML, please refer to
Section 5.3.7.8.

5.4.7.9 Summary of sensitivity analysis results

5.4.7.9.1 Summary of deterministic and probabilistic sensitivity analyses

Deterministic sensitivity analyses reveal that the parameters most strongly influencing the results
include discount rates, the cost of ponatinib, hospital days for patients in BP-CML, and the CCyR
rate with ponatinib and bosutinib. Cost-effectiveness results for ponatinib compared with
bosutinib in the PSA were similar to those in the base-case analysis.

5.5 De novo analysis — Ph+ ALL
5.5.1 Methodology

5.5.1.1 Patient population

The target population in the Ph+ ALL economic model is consistent with that defined in the NICE
scope'®—that is, the patient population indicated in the approved EU label (see Section 2.2.2)
and the subjects in the ponatinib clinical study programme.

5.5.1.1.1 Baseline characteristics of the simulated population

The baseline characteristics of the modelled population used in the simulation is derived from the
Ph+ ALL cohort in the PACE study (Table 5-63).

Table 5-63. Baseline characteristics of the modelled Ph+ ALL population

Parameter Value Source
Initial age (years) 53.03 PACE Study
Proportion of males 62.5% PACE Study

5.5.1.2 Model structure — Ph+ ALL

The de novo cost-effectiveness model for Ph+ ALL was developed to conform to requirements of
NICE as expressed in its Guide to Methods of Technology Appraisal.’®® The model was built
following the same principles of model design described above for the CP-CML and AP/BP-CML
models.

The structure of the model was designed as a conventional state transition (Markov) model with
two health states (Figure 5-26):

o Ph+ ALL, which incorporates two substates corresponding to response category (in remission
and no remission) for patients treated with ponatinib, induction chemotherapy, or BSC
o Allo-SCT (for patients who achieve remission with treatment)
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Figure 5-26. Schematic representation of the Ph+ ALL model health states

Transition to Death
possible from every

Ph+ ALL state (not shown)
Model

.. Q Remission
entry Ponatinib MCyR/CR » Allo-SCT
— Chemotx —

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic stem cell transplantation; BSC, best supportive care; chemotx,
chemotherapy; CR, complete remission; MCyR, major cytogenetic response; NR, non-response; Ph+, Philadelphia
chromosome—positive.

Note: dashed line indicates that patients receiving BSC cannot achieve MaHR, and thus remain nonresponders; patients
receiving ponatinib or chemotherapy can either achieve MCyR or be nonresponders.

As shown in Figure 5-26, patients with Ph+ ALL enter the Markov cohort model in the Ph+ ALL
health state. In this health state, disease response is categorised according to the
presence/absence of cytogenetic response, with MCyR a proxy measure of remission with
ponatinib (based on response rates from the PACE study)® and complete remission a proxy
measure of remission with induction chemotherapy (per Tavernier et al. 2007)'33. Upon achieving
treatment-induced remission in the first cycle, patients are treated with allo-SCT. It is assumed
that BSC cannot induce remission.

In the base-case analysis, the duration of treatment with ponatinib is 6 weeks before allo-SCT
(given the half-cycle correction). Patients who do not achieve remission, and therefore do not
receive allo-SCT, are treated with BSC until death. Death is possible in any state and, as such, is
not represented in Figure 5-26. The model provides the option to continue treatment beyond 3
months for patients who do not achieve MCyR while on ponatinib; time-on-treatment estimates
determine the point at which ponatinib is discontinued.

5.5.1.3 Features and justification of the de novo analysis

Table 5-64 summarises the features of the Ph+ ALL de novo analysis. The chosen values were
in accordance with the NICE guide to the methods of technology appraisal.

Table 5-64. Features of the Ph+ ALL de novo analysis

Factor Chosen values Justification
_ : To capture all important differences in costs
Time horizon Lifetime(maximum of 400 or outcomes between the technologies being
cycles, up to 100 years) compared '

The reference case stipulates that the cost
Were health effects effectiveness of treatments should be
measured in QALYs; expressed in terms of incremental cost per
if not, what was QALY and LYG QALY'®
used? For completeness, the analysis evaluates

incremental LYGs
3.5% per annum as recommended by
Discount of 3.5% for NICE"®®
utilities and costs 3.5% Discount rates of 0% and 6% were used in
sensitivity analyses

p " In accordance with the NICE guide to the

erspective methods of technology appraisal,’®® the

(NHS/PSS) NHS/PSS reference-case CUA adopts the payer
perspective for costs
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CUA, cost-utility analysis; LYG, life-year gained; NHS, National Health Service; PSS, Personal Social Services; QALYs, quality-
adjusted life years.

5.5.1.4 Intervention technology and comparators

5.5.1.4.1 Ponatinib

The intervention evaluated in the Ph+ ALL economic analysis is one 45-mg tablet of ponatinib
administered orally once daily. This is aligned with the SmPC-recommended starting dose of 45
mg QD.?? Treatment with ponatinib is modelled for one 3-month cycle (Cycle 1); patients who
achieve MCyR are then treated with allo-SCT. That is, allo-SCT is incorporated into the model as
a follow-on treatment for patients who achieve remission with ponatinib. Hence, the model
demonstrates the use of ponatinib as a "bridge" to allo-SCT. If a patient fails to demonstrate a
MCyR response within the first model cycle, treatment is discontinued per SmPC guidance.??

5.5.1.4.2 Comparators

The comparator for Ph+ ALL included in the NICE scope is established clinical management
without ponatinib (including but not limited to BSC), as shown in Table 5-65. Other than
ponatinib, imatinib and dasatinib are the only TKI treatments indicated for the treatment of Ph+
ALL. However, as ponatinib is indicated in patients who are R/l to dasatinib and for whom
subsequent treatment with imatinib is not clinically appropriate, neither imatinib nor dasatinib can
be considered as a comparator in this analysis.

Table 5-65. Established clinical management comparators in the Ph+ ALL economic model

Comparator Regimen Justification
Patients suitable for allo-SCT
. LALA-94 Most common chemotherapy
T(ajllljg_tlscgl_rchemotherapy Hyper-CVAD protocols used to induce
FLAG-IDA remission prior to allo-SCT
6-week course of vincristine and PN e Ve for
BSC patients with ALL (Pagano et al.

prednisone 2000)®

Patients unsuitable for allo-SCT

Palliative regimen used for
patients with ALL (Pagano et al.
2000)%°

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic stem cell transplantation; BSC, best supportive care.

6-week course of vincristine and

BSC ;
prednisone

Comparator data for induction chemotherapy was obtained from Tavernier et al. 2007,'3% a
prospective observational study of 421 relapsed patients who were enrolled in the LALA-94 trial.
Tavernier et al. was identified in the Ph+ ALL SLR and provides the most comprehensive data for
reinduction chemotherapy followed by allo-SCT in patients with ALL after first relapse. This study
reports both outcomes of reinduction therapy by salvage regimen (data available for Ph+ ALL)
and OS in CR2 following allo-SCT.'33 Reinduction chemotherapy regimens for patients with
relapsed Ph+ ALL included LALA-94, hyper-CVAD, and FLAG-IDA.

BSC was used as a comparator to ponatinib in patients who were both suitable for allo-SCT and
unsuitable for transplantation. BSC was used indefinitely in both situations, regardless of whether
a patient was suitable/unsuitable for allo-SCT, to assess the cost-effectiveness of ponatinib when
used as a bridge to transplant or when used in patients eligible for transplantation. Comparator
data for BSC come from Pagano et al. (2000),° a single-centre, retrospective analysis of
treatment in ALL patients. The palliative BSC regimen used in this study consisted of a 6-week
course of vincristine and prednisone, which was incorporated into the model.

5.5.1.5 Treatment continuation rule

The model applies a stopping rule for patients on ponatinib who have not responded to treatment
by 3 months, as described previously in the de novo CP-CML economic analysis (see Section
5.3.1.6).Induction chemotherapy is only administered for 6 weeks. When a TKI or chemotherapy
is discontinued, we assume BSC is started and continued until progression or death.
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5.5.1.6 Summary of the de novo analysis
The Ph+ ALL model characteristics are summarised in Table 5-6.

Table 5-66. Summary of Ph+ ALL model characteristics

Component Description
Population Adults with Ph+ ALL R/I to imatinib and dasatinib
Comparators Chemotherapy
BSC
Perspective NHS/PSS
Cycle length 3 months; half-cycle correction applied
Time horizon Cohort lifetime (maximum 400 cycles; up to 100 years)
Starting age 53.03 years
Discount rate per annum: costs 3.5%
Discount rate per annum: 3.5%
benefits
Outcome measures generated Cost/QALYs gained
Cost/LYG

Allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care; LYG, life-year gained; NHS, National
Health Service; PSS, Personal Social Services; QALY, quality-adjusted life-year.

5.5.2 Clinical parameters and variables
5.5.2.1 Clinical data sources

5.5.2.1.1 Effectiveness data

5.5.2.1.1.1 Response rates

Response to ponatinib treatment was modelled to determine the transition to the allo-SCT state.
Response rates for ponatinib (Table 5-67) were obtained from the most recent PACE study IPD
of all patients with Ph+ ALL (n=32) (data cut-off, 3 August 2015). PACE was identified in the
clinical SLR (see Section 4.1.1; Table 4-7[study design], Table 4-10 [baseline characteristics],
and Table 4-13 [outcomes]).

MCyR was assumed as a proxy of disease remission—in other words, the best possible
condition for patients to undergo a transplant. MCyR rate for patients with Ph+ ALL treated with
ponatinib (47%) was obtained from the PACE study (Table 5-67).° The MCyR rate used in the
base-case analysis was based on IPD from the population who were R/I to either dasatinib or
nilotinib, or those with the T315] mutation (ie, all Ph+ ALL patients in the PACE dataset). We
assume response to treatment is instantaneous. This is supported by evidence for PACE study,
where the reported median time to MCyR in patients with Ph+ ALL was 1 month (Cortes et al.
2013).° Thus, the achievement of response and consequent transition to allo-SCT is simulated
within the first cycle of the model.

Data for modelling response to induction chemotherapy in patients with relapsed ALL were
derived from a prospective observation study by Tavernier et al. 2007,'3 identified in the clinical
SLR (see Section 4.1.1; Table 4-7 [study design], Table 4-10 [baseline characteristics], and
Table 4-13 [outcomes]). Tavernier et al. 2007 was selected as the data are in line with other
published studies and the rate of remission with salvage treatment was reported for patients with
Ph+ ALL (see Section 4.11.2)

In the absence of MCyR data in this publication, CR was used as the proxy for remission. The
response rate to induction chemotherapy in patients with Ph+ ALL was 37% (Table 5-67).1%3

Table 5-67. Cytogenetic response (ponatinib) and complete remission (induction
chemotherapy) rates applied in the model

Parameter Ponatinib Chemotherapy BSC Source
Remission (MCyR) 46.88% - - PACE study
Remission (CR) 37.04 — Tavernier 2007
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BSC, best supportive care; CR, complete remission; MCyR, major cytogenetic response.

5.5.2.1.1.2 Overall survival

The OS data for patients with Ph+ ALL treated with ponatinib who had or had not reached MCyR
were derived from the PACE trial data. A parametric survival analysis was performed on PACE
patient-level data, as described in Section 5.2.1.1. Five parametric models were estimated
(Weibull, Gompertz, exponential, log-normal, and log-logistic) with a MCyR as a covariate. The
AIC and BIC criteria were not in agreement, as the AIC indicated the Gompertz, while the BIC
indicated the exponential. The exponential fit was the most plausible and conservative among
the two fittings and was thus selected (Figure 5-27).

Figure 5-27. Comparison of observed (source: PACE study) and fitted OS data for patients
with Ph+ ALL with and without MCyR

ALL, acute lymphoblastic leukaemia; MCyR, major cytogenetic response; OS, overall survival; Ph+, Philadelphia chromosome—
positive.
Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.

In the model, patients are treated with allo-SCT after achieving remission induced by ponatinib or
induction chemotherapy. The OS in Ph+ ALL patients after allo-SCT was obtained from the study
published by Tavernier et al., which reported results from 421 patients with ALL (81 with Ph+
ALL) who experienced a relapse on first-line therapy.'3 Clinical evidence supports that the
overall patient data from this study (across Ph mutation status) are reasonably representative of
Ph+ ALL with respect to post—allo-SCT outcomes in that Ph+ ALL is not a risk factor for lower
survival post—allo-SCT (Cornelissen et al. 2001)%" and Ph+ disease status does not influence
OS in patients undergoing allo-SCT (Tekgunduz et al. 2016).2°° The publication provided the KM
curve for OS of the subgroup of patients allografted after achieving a second remission (61
patients, median OS: 10.4 months). The OS derived from the KM curve (SCT in remission,
Figure 5-28) was applied in the simulation of allo-SCT following response to ponatinib or
induction chemotherapy. The best fit for the data was provided by the log-logistic function, which
was used to extrapolate OS for allo-SCT in patients in remission.
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Figure 5-28. Comparison of observed (source: Tavernier et al. 2007)'33 and fitted OS data
for patients in remission
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Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.

No studies reporting OS with BSC in patients with Ph+ ALL R/l to prior therapy were identified in
the clinical SLR. The OS in Ph+ ALL patients treated with palliative chemotherapy was based on
clinical evidence derived from a single-centre retrospective study in ALL by Pagano et al. 2000
(identified in a targeted literature search).® This study reports a median OS of 2.6 months for
patients receiving BSC. This value was used to derive an exponential function and calculate a
per-cycle probability of 0.5508.

5.5.2.1.1.3 Time to response

Time to response is implicitly considered in the model as patients who achieve MCyR proceed to
allo-SCT within the first cycle. The rationale for this is that in the PACE study the median time to
MCyR on ponatinib was less than 1 month for patients with Ph+ ALL (Cortes et al. 2013).° In the
model, patients are allocated to response categories at the start of the simulation and patients
who achieve MCyR proceed to allo-SCT at 6 weeks (due to the half-cycle model correction).

5.5.2.1.1.4 Time-on-treatment

In order to capture the differential timing between treatment discontinuation and disease
progression, which is necessary for an accurate estimation of treatment costs, time-on-treatment
data were included in the model. The probability of discontinuing active ponatinib treatment was
derived from specific time-on-treatment data obtained from the PACE clinical trial data.

Time-on-treatment with ponatinib in patients with Ph+ ALL was modelled from the PACE trial
data as described in Section 5.2.1.1. The log-logistic function provided the best fit (Figure 5-29)..
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Figure 5-29. Observed and fitted time-on-treatment data for Ph+ ALL patients treated with
ponatinib

ALL, acute lymphoblastic leukaemia; Ph+, Philadelphia chromosome—positive.
Formal goodness of fit estimates are shown in Appendix 25: Parametric survival analysis and curve fitting.

5.5.2.2 Transition probabilities

Transition probabilities used in the Ph+ ALL model are described below. All probabilities are
derived from survivor functions extrapolated from clinical data. The time-dependent probabilities
of transitioning between states were in general estimated as 1 minus the ratio of the survivor
function at the end of the cycle to the survivor function at the beginning of the cycle.

¢ Death (from the Ph+ ALL state). Two survivor functions (for OS in Ph+ ALL with and
without MCyR, respectively) were obtained for ponatinib through parametric survival
analysis on patient-level data from the PACE study. For BSC, a survivor functions was
obtained by extrapolating an exponential curve from published median OS in Pagano et
al. 2000. For induction chemotherapy it was assumed, in the case of no remission, the
same OS of BSC.

¢ Death (from allo-SCT state). A survivor function (for OS after allo-SCT) was extrapolated
through parametric fitting from published OS curves in Tavernier et al. 2007.

o Discontinuation of TKI treatment. The probability of discontinuing the active treatment
before death is applied to ponatinib. This probability is not directly determining a state
transition in the Markov model, and it is rather used to accurately estimate treatment
costs. Two survivor functions (depicting the fraction of the cohort which remains on
treatment over time) were obtained for ponatinib (with and without MCyR, respectively)
through parametric survival analysis on patient-level data from the PACE study. After the
discontinuation of ponatinib, the administration of the BSC (fixed course of 6-weeks
palliative chemotherapy) is assumed. For induction chemotherapy it is assumed a fixed
course of 6 weeks, and no subsequent drug administration is conservatively assumed.

5.5.2.3 Evidence that (transition) probabilities may change over time for the
treatment effect, condition or disease
The change over time of transition probabilities was captured in all models and is described in
the previous section.
5.5.2.4 Clinical expert assessment of the applicability or approximation of
clinical parameters

The applicability of clinical parameters was not validated by clinical experts. The economic
model, however, is the final outcome of a thorough development process during which key
experts in the field, including health economists, have extensively reviewed it, as described in
Section 5.7.
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5.5.3 Measurement and valuation of health effects

5.5.3.1 Health-related quality-of-life data from clinical trials

The PACE trial did not evaluate HRQoL and as such no HRQoL data associated with ponatinib
were available for patients of the phase 2 clinical trial.

5.5.3.2 Mapping
Not applicable; mapping from clinical trials was not performed.

5.5.3.3 Health-related quality-of-life studies

As with the clinical and economic search strategies, the HRQoL portion of the SLR was designed
to identify relevant evidence published from January 2000—February 2016, with an updated
search conducted in July 2016. The search strategy and PICOS criteria for the HRQoL portion of
the Ph+ ALL SLR were the same as for the CML SLR, as described in Section 5.3.3.3, with the
exception that the patient population was that of Ph+ ALL instead.

After screening the 97 records identified, none were found to be relevant, and so no articles were
included. The process of study selection is presented in detail in Figure 5-30.

Figure 5-30. PRISMA flow diagram for relevant HRQoL evidence in Ph+ ALL
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ALL, acute lymphoblastic leukaemia.
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In the absence of HRQoL data in Ph+ ALL, the utilities used in the CML economic analysis were
also used in the Ph+ ALL economic model (see Sections 5.3.3.4-5.3.3.12), with the exception of
post-relapse utility, which was not applied in the Ph+ ALL mode. Briefly, during each cycle, the
model generates age-adjusted EQ-5D norm-based scores, using UK population norms reported
by Kind et al. (1999; Table 5-13).2% These data are reported in 10-year bands and so linear
interpolation was used to generate the interim values where no data exist. Disease-specific
utilities incorporated into the model were derived from Szabo et al. 2010.24° In the absence of
data specific for ALL, the same utilities used for patients with BP-CML were used in this model
(see Table 5-14 and Table 5-15). For the purpose of assigning utilities in the model, responders
are defined as patients achieving MCyR(ponatinib) or complete remission (induction
chemotherapy).

The allo-SCT utility values were the same as those used in the CP-CML model (see 5.3.3.7.2.2).

5.5.4 Cost and healthcare resource use identification, measurement and valuation

5.5.4.1 Parameters used to estimate cost

The following resource use components were incorporated into the economic model:
pharmacologic therapy, allo-SCT, monitoring and follow-up care, AEs, end-of-life care. All
parameters used to estimate cost in the Ph+ ALL model are aligned with the CP-CML model as
previously presented in Table 5-18., with the exception of costs associated with induction
chemotherapy and BSC, which are detailed in Table 5-68.

Table 5-68. Unit costs associated with the induction chemotherapy and BSC in the Ph+
ALL economic model

Item Induction Reference in BSC Reference in
chemotherapy submission (6-week course) submission
(6-week course) £ (SE)
£ (SE)
Technology cost 17,999.73 (1799.97) Section 5.5.4.5 4,063.87 (406.39) Section 5.5.4.5
Table 5-70 Table 5-70
Supportive
therapy
Day in 714.64 (-) Section 5.5.4.5 - -
hospital
Total NA NA

Allo-SCT, allogeneic haematopoietic stem cell transplantation; FISH, fluorescence in situ hybridization; NA, not applicable;
PCR, polymerase chain reaction; SE, standard error.

Resource identification, measurement and valuation studies

5.5.4.2 Identification of cost and healthcare resource use data

Please refer to the CP-CML economic analysis (Section 5.3.4.2) for detailed descriptions of how
resource use and costs were identified and measured. The NICE TA399 (Azacitidine)?®® was
used to inform resource use and cost for supportive therapy during a 6-week course of induction
chemotherapy. The source for BSC, a 6-week course of palliative chemotherapy, was an ltalian
study by Pagano et al. 2000 3°

5.5.4.3 Appropriateness of NHS reference costs for costing
Please refer to the CP-CML economic analysis (Section 5.3.4.3).

5.5.4.4 Clinical expert assessment of the applicability or approximation of cost
and healthcare resource use values

Please refer to the CP-CML economic analysis (Section 5.3.4.4).
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Intervention and comparators’ costs and resource use

5.5.4.5 Pharmacologic therapies

Table 5-69 outlines the unit drug costs considered in the model. The ponatinib SmPC
recommends a starting dose of 45 mg once daily, with optional dose reduction at the treating
physician's discretion.?? Induction chemotherapy was assumed to follow the three most common
regimens based on clinician advice: LALA-94, hyper-CVAD, and FLAG-IDA treatment protocols.
We assumed a uniform distribution, with equal proportions of patients (33%) receiving each
regimen.

Table 5-69. Unit drug costs for Ph+ ALL

Units per Cost per Daily cost
Drug Daily dose mg per unit pack pack (€) (€)
15 15 30 2,525.00 84.17
Ponatinib 30 15 30 5,050.00 168.33
45 45 30 5,050.00 168.33
Units per Cost per Cost per mg
Daily dose mg per unit pack pack (€)
Induction 500 5 100.00 500 0.04
chemotherapy
Cytarabine 20 1 121.85 20 6.09
Mitoxantrone 1,000 1 85.00 1,000 0.09
Methotrexate 5 5 30.00 5 1.20
v
Methotrexate 10,000 5 3065.00 10,000 0.06
IT
Asparaginase 2 1 26.66 2 13.33
Vincristine 25 56 40.00 25 0.03
Prednisolone 500 1 9.66 500 0.02
Cyclophospha 50 1 131.75 50 2.64
mide IV
Daunorubicin 10 1 165.98 10 16.60
Idarubicin 50 1 103.00 50 2.06
Doxorubicin 50 1 155.00 50 3.10
Fludarabine 30 5 263.52 30 1.76
Filgrastim 500 5 100.00 500 0.04
(million units)
BSC
Vincristine —* 56 40.00 2 0.03
(non-
proprietary)
Prednisolone 40 mg/m? 1 9.66 25 0.02
(non-
proprietary)

Source: BNF2°
*Vincristine dose is 1.5mg/m? weekly.

To account for the potential for dosage variation in clinical practice, the model incorporates
ponatinib dosing data from the PACE clinical study (see Table 5-70). The cost of induction
chemotherapy and BSC was applied to the first cycle only.
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Table 5-70. Products, proportion of time spent on each dose in the trial, and resulting cost
per treatment

Proportion of time patients in  Cost of treatment

Treatment the trial spent on each dose (€ per cycle) Source
Ponatinib PACE study; ARIAD
Pharmaceuticals
Induction — 17,999.73* BNF263
chemotherapy
(6-week course)
BSC (6-week course) = 4,063.87* Pagano et al. 2000%°

BNF; British National Formulary; BSC, best supportive care; QD, once per day.
*Cost applied during first cycle only.

Supportive therapy

Supportive therapy during the 6-week course of induction chemotherapy was based on the NICE
TA399 (azacitidine), which reported 13.91 hospital days per month at a daily cost of £714.64.268

Additional costs incurred by patients receiving palliative chemotherapy were assumed to be zero.
Blood and platelet transfusions and inpatient hospital days during a 6-week palliative care
treatment period were included as monitoring and follow-up costs for all patients.3°

5.5.4.6 Allo-SCT

The Ph+ ALL model incorporates the same initial cost of allo-SCT and per-cycle follow-up costs
as in CP-CML, described in Section 5.3.4.6.

5.5.4.7 Monitoring and follow-up

Resource use associated with monitoring and follow-up was modelled as a function of whether or
not a patient responds to therapy. For the purposes of stratifying patients, responders were
defined as those achieving a MCyR. Resource use for patients with Ph+ ALL with/without
response was assumed to be the same as in CP-CML with response/BP-CML, respectively;
resource use was derived from the UK clinical expert survey (see Table 5-23; Appendix 14: Cost
and healthcare resource identification, measurement, and valuation). Patient monitoring and
follow-up costs are applied to outpatient visits, tests, and interventions subsequent to therapy
and are fully aligned with CP-CML model. Unit costs (Table 5-23) for each component were
taken from NHS Reference Costs and other England-specific sources. The per-cycle monitoring
and follow-up cost for responding patients with Ph+ ALL is £208.08; for non-responding patients
with Ph+ ALL, the cost is £4,862.23, reflecting the greater intensity of healthcare resource
utilisation in non-responders.

Health-state unit costs and resource use

5.5.4.8 Costs included in each health state

Not applicable. Drug dosages and unit costs did not vary by health state. Resource use
associated with monitoring and follow-up was modelled as a function of disease phase and
whether or not a patient responds to therapy.

Adverse reaction unit costs and resource use

5.5.4.9 Costs and resource use for each adverse reaction

AEs included in the model were restricted to Grade 3/4 events occurring in 25% of the study
population for any given treatment option. Rates for ponatinib were obtained from the PACE
CSR, and rates. The AE rates and costs applied in the Ph+ ALL model are summarised in Table
5-71. Cost estimates were taken from NHS reference costs and tariffs. In the absence of AEs
information for induction chemotherapy and BSC, placeholder values of 0% are employed in the
model.
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Table 5-71. AE rates and costs applied in the model (source: PACE CSR) and associated
costs

Unit cost,
Adverse event Ponatinib £ Sources for costs
Abdominal pain [ ] 752.10 NHS Reference Costs 2014 to 2015
Anaemia [ 1,827.13 NHS 2015/16 Enhanced Tariff Option
Diarrhoea [ 801.95 NHS Reference Costs 2014 to 2015
Hypophosphataemia [ ] 721.00 Assumption: 1 day in hospital
Leukocytopaenia [ 633.26 Assumption: same as neutropaenia
Lipase increased [ 721.00 Assumption: 1 day in hospital
Neutropaenia [ ] 633.26 NHS Reference Costs 2014 to 2015
Pancreatitis [ 1,121.98 NHS Reference Costs 2014 to 2015
Thrombocytopaenia [ 421.74 NHS Reference Costs 2014 to 2015
Serious adverse events
Cardiovascular event [ 2,357.00 NHS 2015/16 Enhanced Tariff Option
Cerebrovascular event [ 2,962.00 NHS 2015/16 Enhanced Tariff Option
Peripheral vascular event [ ] 2,872.00 NHS 2015/16 Enhanced Tariff Option
Venous thromboembolism event [ 552.00 NHS 2015/16 Enhanced Tariff Option

ALT, alanine aminotransferase.

Miscellaneous unit costs and resource use

5.5.4.10 End-of-life care

End-of-life care resource use and costs are assumed to be the same as in the CP-CML
economic model (see 5.3.4.11), as shown in Table 5-72.

Table 5-72. End-of-life care resource use and costs

Value Daily cost, £ Source
In-patient stay, days Marie Curie Cancer Care?®®
21.5 463.77 2009 costs inflated to 2014/15
Assumed same as in acute phases
of leukaemia
Hospice stay, days Marie Curie Cancer Care?®
7.4 o828 2009 costs inflated to 2014/15
Assumed same as in acute phases
of leukaemia

Patients treated in hospital, % 515 .

Patients treated in hospice, % 231 .

Average end-of-life care cost, £ 5,765.76
CML. chronic myeloid leukaemia.

5.5.5 Summary of base-case de novo analysis inputs and assumptions

5.5.5.1 Summary of base-case de novo analysis inputs

Base-case inputs that are fully aligned with the CP-CML economic analysis are shown in Table
5-26. All other variables applied to the Ph+ ALL economic model are summarised in Table 5-73.
Uncertainty regarding the parameter values was addressed via sensitivity analyses, as described
below in Section 5.5.7.

Table 5-73. Summary of variables applied in the economic model

Value (reference to
appropriate table or  Function used for Reference to
Parameter figure in submission) extrapolation section Source

Remission rate
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Value (reference to

appropriate table or  Function used for

Reference to

Parameter figure in submission) extrapolation section Source
Induction chemotherapy 0.37037 (Table 5-67) - 5.5.2.1.1.1 Tavernier et al.
(CR) 2007
Ponatinib (MCyR) 0.46875 (Table 5-67) - 55.2.1.11 PACE study

Overall survival
OS in allo-SCT — (Figure 5-28) Log-logistic 55.21.1.2 Tavernier et al.

2007
OS in BSC, months 2.6 (-) 5.5.2.1.1.2 Pagano et al. 2000
OS in Ph+ ALL with — (Figure 5-27) Exponential 5.5.2.1.1.2 PACE study
ponatinib

Time-on-treatment
ponatinib — (Figure 5-29) Log-logistic 55.21.14 PACE study

Per-cycle cost, £
BSC 4,063.87 (Table 5-70) - 55.4.5 -
Induction chemotherapy 17,999.73 (Table - 5545 -

5-70)
Ponatinib [ - 55.4.5 -

Cumulative incidence

~

(Table 5-71)

Abdominal pain [ - 5.5.4.9 PACE study CSR -
ponatinib Table
14.3.1.8.2.10.2

Anaemia ponatinib [ ] - 5.5.4.9 PACE study CSR -
Lipase increased [ - 5.5.4.9 PACE study CSR -
ponatinib
Neutropaenia ponatinib [ - 5.5.4.9 PACE study CSR -
Febrile neutropaenia [ - 5.5.4.9 PACE study CSR -
ponatinib
Thrombocytopaenia [ ] = 554.9 PACE study CSR -
ponatinib

Per-cycle probability (Table 5-71)

(ponatinib only)
Cardiovascular event - - PACE study CSR -
Cerebrovascular event . - - Section 14.3.5
Peripheral vascular - 5.5.4.9 Other Safety
event Measurements,
Venous [ - 5.5.4.9 Table 2.2

thromboembolism event

AEs, adverse events; ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC,
best supportive care; CSR, clinical study report; HRQoL, health-related quality of life; MCyR, major cytogenetic response; OS,
overall survival; Ph+, Philadelphia chromosome—positive.

5.5.5.2 Assumptions

Base-case inputs that are fully aligned with the CP-CML economic analysis are justified as
shown in Table 5-52.Table 5-74 summarises the main assumptions in the economic analysis.

Table 5-74. Summary of main assumptions and justifications in the Ph+ ALL model

Justification

Based on a median time to MCyR of 1 month
reported in Cortes et al. 2013°

Assumption

Treatment response was assumed to be
instantaneous

BSC consists of weekly administration of
vincristine is 1.5 mg/m? and daily
methylprednisolone is 40 mg/m? for 6 weeks;
an average body surface of 1.69 m? is assumed

As considered by Pagano et al. 2000%°
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Assumption

Justification

Equal proportions of patients (33%) receive
one of the following induction chemotherapy
regimen: LALA-94, hyper-CVAD, or FLAG-IDA
All patients with a MCyR response with
ponatinib / induction chemotherapy undergo
allo-SCT

Monitoring cost was the same as for CP-CML
response and BP-CML without response

The same utilities used for patients with BP-
CML were used for patients with Ph+ ALL,
derived from Szabo et al. 2010%4°

Quality of life reduction associated with AEs is
applied in the first model cycle only

AE rates are set to 0 for induction
chemotherapy and BSC

Induction chemotherapy protocols as reported in
Tavernier et al. 200733

For patients who achieve complete remission and
are suitable candidates for transplantation, allo-
SCT is considered to be the best therapeutic
option?®

These costs were used in the absence of data
specific to Ph+ ALL.

Absence of data specific for ALL; survival in BP is
generally only a few month, as in Ph+ ALL, and BP
health state utilities are the closest approximation
for health state utilities in acute leukaemia

Based on the assumptions that AEs happen
sooner rather than later and that patients
experience an event only once

Based on a lack of clinical evidence for
comparators most conservative assumption

AE, adverse event; ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC,
best supportive care; BP, blast phase; CML, chronic myeloid leukaemia; MCyR, major cytogenetic response; Ph+, Philadelphia

chromosome—positive.

5.5.6 Base-case results

5.5.6.1 Results of the analysis

Base-case incremental cost effectiveness analysis results

5.5.6.2 Cost-effectiveness

The ICER results for ponatinib compared with each comparator in terms of LYG and QALYSs,
from the NHS/PSS direct medical perspective, are presented in Table 5-75. For patients

receiving allo-SCT in remission, ponatinib compared with induction chemotherapy yields an

incremental cost-effectiveness of
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Table 5-75. Base-case cost-effectiveness results (discounted, per person): direct medical perspective

Incremental Incremental Incremental
Total costs Total LYG Total QALYs costs (£) LYG QALYs ICER ICER
(£) (Disc) (Disc) (ponatinib vs) (ponatinib vs) (ponatinib vs) (E/LYG) (E/QALYSs)

Patients suitable for
allo-SCT

ohemotherapy 60,180.82 2.96 e+ NN BEEE BEEE $BEEE .

BSC 15,982.70 0.32 0.09 I ] ] I I

Ponatinib ] I ] - - - - -
Patients unsuitable
for allo-SCT

BSC 15,982.70 0.32 0.09 I ] ] ] ]

Ponatinib ] ] ] - - - - -

Allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care; Disc, discounted; ICER, incremental cost-effectiveness ratio; LYG, life-year gained; QALY, quality-adjusted
life-year; Undisc, undiscounted.
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Clinical outcomes from the model

5.5.6.3 Outcomes from the model vs clinically important outcomes

While no formal analysis of face validity was undertaken for the AP/BP-CML model (given the
much smaller patient population in comparison with CP-CML), all key outcome parameters were
based on the best available data.

5.5.6.4 Markov trace
The Markov traces for the Ph+ ALL economic analysis are presented in Appendix 23: Markov
traces — Ph+ ALL economic model.

5.5.6.5 QALYs accrued over time
QALYs for each health state accrued over time for each comparator in the Ph+ ALL economic
analysis are presented in Appendix 24: QALYS over time — Ph+ ALL economic model.

Disaggregated results of the base case incremental cost effectiveness analysis
5.5.6.6 Disaggregated QALYSs, LYGs, and costs

5.5.6.6.1 QALYs and life-years gained

A summary of the treatment-specific deterministic survival and quality-adjusted survival
estimates resulting from the analysis is presented in Table 5-55. Of the therapies being
compared, ponatinib is associated with the largest increase in both OS and QALYs, with the

greatest benefit seen in patients who proceed to allo-SCT in remission. Compared to induction
chemotherapy, treatment with ponatinib is predicted to increase real life (undiscounted) by

. BSC yielded lower OS and QALYs than any other

comparator.
Table 5-76. Survival and QALY results
LYG QALY
Total Total
Ph+ ALL Allo-SCT Undisc Disc Ph+ ALL Allo-SCT Undisc Disc

Patients suitable for allo-SCT

Induction 0.25 6.19 6.44 2.96 0.09 3.88 3.96 1.84

chemotherapy

BSC 0.33 0.00 0.33 0.32 0.10 0.00 0.10 0.09

Ponatinib [ ] [ | [ ] [ |

Patients unsuitable for allo-SCT
BSC 0.33 0.00 0.33 0.32

Ponatinib - -

o
-
o
o
o
o
o

1

o
o
o
©

Allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care; Disc, discounted; LYG, life-year
gained; QALY, quality-adjusted life-year; Undisc, undiscounted.

Table 5-77 and Table 5-78 list the incremental disaggregated QALYs and LYG by health state
results for ponatinib vs each comparator.

Table 5-77. Summary of QALY gain by health state (discounted)

QALY QALY Absolute % absolute
Health state ponatinib comparator Increment increment increment
Ponatinib vs induction chemotherapy
Ph+ ALL [ | 0.08 [ | [ | [ |
Allo-SCT [ | 1.75 [ [ [ |
Total [ ] 1.84 [ ] [ ] [ ]
Ponatinib vs BSC
Ph+ ALL [ ] 0.09 [ ] [ ] [ ]
Allo-SCT [ 0.00 [ [ [ |
Total [ 0.09 [ | [ | [
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QALY QALY Absolute % absolute

Health state ponatinib comparator Increment increment increment
Ponatinib vs BSC (patients unsuitable for allo-SCT)

Ph+ ALL [ ] 0.09 [ | [ | [ |
Allo-SCT - - - - -
Total [ ] 0.09 [ ] [ ] [ ]

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care;
Ph+, Philadelphia chromosome—positive; QALY, quality-adjusted life-year. Table was adapted from Pharmaceutical Benefits
Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version
4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

Table 5-78. Summary of LYG gain by health state (discounted)

LYG LYG Absolute % absolute
Health state ponatinib comparator Increment increment increment
Ponatinib vs induction chemotherapy
Ph+ ALL [ 0.25 [ [ [
Allo-SCT [ ] 2.71 [ [ [ |
Total [ 2.96 [ [ [
Ponatinib vs BSC
Ph+ ALL [ ] 0.32 [ [ [
Allo-SCT [ ] 0.00 [ [ [ |
Total [ 0.32 [ [ [
Ponatinib vs BSC (patients unsuitable for allo-SCT)
Ph+ ALL [ ] 0.32 [ | [ ] [ |
Allo-SCT - - - - -
Total [ ] 0.32 [ | [ ] [ |

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care;
Ph+, Philadelphia chromosome—positive; LYG, life-year gained. Adapted from Pharmaceutical Benefits Advisory Committee
(2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra:
Pharmaceutical Benefits Advisory Committee.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

5.5.6.6.2 Costs

Of the pharmacologic treatments under consideration, ponatinib has the highest main drug cost
(Table 5-79). The TKI cost of ponatinib for patients unsuitable for allo-SCT is twice that of
ponatinib treatment for patients who achieve remission and proceed to allo-SCT as these
patients remain on treatment longer than patients who receive transplantation. The total cost of
ponatinib is only marginally higher than the cost of induction chemotherapy. The apparently
higher AE-related costs for ponatinib reflect the availability of more AE data for ponatinib rather
than a genuinely higher rate of AEs compared to the other treatments.

Table 5-79. Cost results (discounted)

Ponatinib
(patients
Induction unsuitable for

Cost, £ Ponatinib chemotherapy BSC allo-SCT)
Main drug [ ] 0.00 0 [ ]
Other drugs 1,020.81 17,845.59 4,029.07 2,189.92
Allo-SCT* 53,413.70 42,203.41 0.00 0.00
Monitoring/follow-up 6,904.64 4,005.64 6,301.23 7,608.61
Adverse events 568.27 0.00 0.00 663.92
End-of-life 4,951.22 5,126.17 5,652.40 5,478.40
Total ] 69,180.82 15,982.70 ]

Allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care.
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*Includes costs associated with procedure and relapse.

Table 5-80 summarises the costs by health state to identify which health states are responsible
for most differences in costs between ponatinib and the comparators.

Table 5-80. Summary of cost by health state (discounted)

Cost (£) Cost (£) Absolute % absolute
Health state ponatinib comparator Increment increment increment
Ponatinib vs induction chemotherapy
Ph+ ALL I 23,484 I I I
Allo-SCT I 45,696 I I I
Total I 69,181 I I I
Ponatinib vs BSC
Ph+ ALL . 15,983 . . .
Allo-SCT I 0 I I I
Total I 15,983 I I I
Ponatinib vs BSC (patients unsuitable for allo-SCT)
Ph+ ALL ] 15,983 ] I I
Allo-SCT - - - - -
Total I 15,983 I I I

ALL, acute lymphoblastic leukaemia; allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care;
Ph+, Philadelphia chromosome—positive. Adapted from Pharmaceutical Benefits Advisory Committee (2008) Guidelines for
preparing submissions to the Pharmaceutical Benefits Advisory Committee (Version 4.3). Canberra: Pharmaceutical Benefits
Advisory Committee

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

Table 5-81 summarises the predicted resource use by category of cost for ponatinib vs each
comparator.

Table 5-81. Summary of predicted resource use by category of cost (discounted)

Resource Cost (£) Cost (£) Absolute % absolute
use ponatinib comparator Increment increment increment

Ponatinib vs induction chemotherapy

Main drug ] - I I I
Other drugs 1,021 17,846 -16,825 16,825 [
Allo-SCT* 53,414 42,203 11,210 11,210 [ ]
Monitoring/ ]
follow-up 6,905 4,006 2,899 2,899

Adverse _
events 568 - 568 568

End-of-life 4,951 5,126 -175 175 [
Total ] 69,181 ] I I
Ponatinib vs BSC

Main drug ] - I I I
Other drugs 1,021 4,029 -3,008 3,008 [ ]
Allo-SCT* 53,414 - 53,414 53,414 [ ]
Monitoring/ ]
follow-up 6,905 6,301 603 603

Adverse _
events 568 - 568 568

End-of-life 4,951 5,652 -701 701 [ ]
Total N 15,983 I I I
Ponatinib vs BSC (patients unsuitable for allo-SCT)

Main drug ] - I I
Other drugs 2,190 4,029 -1,839 1,839 [
Allo-SCT* - - - - [ ]
Monitoring/ ]
follow-up 7,609 6,301 1,307 1,307
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Resource Cost (£) Cost (£) Absolute % absolute

use ponatinib comparator Increment increment increment
Adverse |
events 664 - 664 664

End-of-life 5,478 5,652 -174 174 ]
Total I 15,983 I . .

Allo-SCT, allogeneic haematopoietic stem cell transplantation; BSC, best supportive care. Adapted from Pharmaceutical
Benefits Advisory Committee (2008) Guidelines for preparing submissions to the Pharmaceutical Benefits Advisory Committee
(Version 4.3). Canberra: Pharmaceutical Benefits Advisory Committee.

*Includes costs associated with procedure and relapse.

Note: increments and totals reported in this table are as calculated by the model and may differ slightly from the numbers that
would be calculated using the intermediate numbers reported in this table to 2 decimal places, due to rounding error.

5.5.7 Sensitivity analyses

Probabilistic sensitivity analysis

5.5.7.1 Measure of decision uncertainty

To address the uncertainty in the parameters used within the model, a PSA was implemented.
The PSA was performed on the comparison between ponatinib vs induction chemotherapy, since
this the main comparator in Ph+ ALL.

5.5.7.2 Parameter distributions

The parameters and their corresponding distributions that were used in the PSA are presented in
Table 5-82. For all parameters, the distribution used was Beta (for parameters whose possible
values are constrained between 0 and 1), Normal, or Gamma. The distributions were calculated
with the mean values (base case) and the standard error (SE). Where the SE was not available,
it was assumed as 10% of the mean. Mean results were calculated from the 1000 simulations in
this analysis.

Table 5-82. PSA distributions

Parameter Distribution
Adverse event rates Beta

Costs Gamma
HRQoL Beta

Number of EOL hospital days Gamma

OS curve-fitting parameters (ponatinib) Cholesky decomposition
OS curve-fitting parameters (allo-SCT) Gamma

0S, median (BSC) Gamma
Proportion treated in hospital/hospice at end of life Gamma
Resource use rates Gamma
Response rates Beta

Time on treatment Cholesky decomposition

Allo-SCT, allogeneic haematopoietic stem cell transplantation; EOL, end of life, HRQoL, health-related quality of life; OS,
overall survival; PFS, progression-free survival; PSA, probabilistic sensitivity analysis.

5.5.7.3 Results of probabilistic sensitivity analysis
Table 5-37 reports the 95%CI for incremental costs, QALYs, and ICERs.

Table 5-83. 95% CI for costs, QALYs, and ICERs

Incremental cost (£) Incremental QALY ICER (£/QALY)
Base case [ ] [ ]
PSA mean [ ] [ ]
PSA 95% Cl lower [ [
PSA 95% Cl upper [ ] [ ]
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Figure 5-31 shows the incremental costs and QALY's derived from the 1000 simulations of the
PSA for ponatinib vs induction chemotherapy. This graph demonstrates that most simulations are
generally consistent with the base-case ICER.

Figure 5-31. Results of 1000 simulations in the PSA for the ICER of ponatinib vs induction
chemotherapy

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year.

Figure 5-32 shows the cost-effectiveness acceptability curve derived from the PSA. As can be
seen, at an ICER threshold of approximately £12,000, over -% of simulations will be cost-
effective. At a WTP threshold of <£20,000, % of iterations were cost-effective and at a WTP
threshold of <£30,000, % of iterations were cost-effective.

Figure 5-32. Cost-effectiveness acceptability curve in the PSA for the ICER of ponatinib vs
induction chemotherapy

ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life-year.

5.5.7.4 ICER results from base-case vs PSA

Results of the PSA were consistent with the ICER analysis results estimated from the base-case
analysis, with few extreme values.
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Deterministic sensitivity analysis

5.5.7.5 Parameters

In order to assess the impact of each of the inputs on the overall result, a univariate analysis was
conducted to identify the parameters with greatest influence on the model results. Each
parameter selected was set to extreme values, holding all other parameters constant, to
understand how sensitive the ICER is to changes in the inputs. The upper and lower values for
parameters fully aligned with the CP-CML model, are shown in Table 5-38. The upper and lower
values unique to the Ph+ ALL economic analysis are presented in Table 5-84. Values were set
based on the 95% CI of the base-case value if directly available, or calculated £1.96 x the
standard error (SE). If the SE was not available it was assumed as £10% of the mean value. For
resources for monitoring and follow-up, upper and lower values in the sensitivity analysis were
derived from the CML survey of UK clinical experts.*® Discount rates of 0% and 6% were also
assessed.

Table 5-84. Parameter values in the deterministic sensitivity analysis (parameters with
zero for base-case, lower and upper values are not presented)

Parameter Base case Method* Lower value Upper value
Cumulative incidence
Abdominal pain ponatinib [ ] +1.96 * SE [ ] [ ]
Anaemia ponatinib ] +1.96 * SE ] ]
Lipase increased ponatinib [ ] +1.96 * SE [ ] [ ]
Neutropaenia ponatinib ] +1.96 * SE ] ]
Febrile neutropaenia ponatinib [ ] +1.96 * SE [ ] [ ]
Thrombocytopaenia ponatinib ] +1.96 * SE ] ]
Remission rate
Induction chemotherapy 0.37037 +1.96 * SE 0.29778 0.44296
Ponatinib (MCyR) 0.46875 +1.96 * SE 0.37688 0.56063
Per-cycle cost, £
BSC 4,063.87 +1.96 * SE 3,267.35 4,860.39
Induction chemotherapy 17,999.73 +1.96 * SE 14471.8 21527.7
Ponatinib I +1.96 * SE I I
Per-cycle probability (ponatinib only)
Cardiovascular event [ ] +1.96 * SE [ ] [ ]
Cerebrovascular event I +1.96 * SE I I
Peripheral vascular event I +1.96 * SE I I
Venous thromboembolism event I +1.96 * SE I I

BSC, best supportive care; MCyR, major cytogenetic response: SE, standard error.
*SE was set to 10% base-case value.

5.5.7.6 Results of deterministic sensitivity analysis

Results of the univariate sensitivity analysis are presented as a tornado plot (Figure 5-33) for the
pairwise comparison of ponatinib vs BSC (patients unsuitable for allo-SCT). The analysis was
run on all model parameters. The relative efficacy was captured by varying response rates in the
OWSA. The ICERs are most sensitive to changes in the cost of ponatinib and response rate with
ponatinib. Other influential parameters included the utility value for Ph+ ALL in response and the
discount rate for outcomes.
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[235]
Figure 5-33: Tornado plot displaying the most influential parameters for the ICER of ponatinib vs BSC (patients unsuitable for allo-SCT)

BSC, best supportive care; EOL, end of life; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; OS, overall survival; Util, utilities.
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5.5.7.7 Sensitivity analysis of technology prices
Sensitivity analyses of technology prices were incorporated in the one-way and probabilistic
sensitivity analyses in terms of per-cycle costs, as described above.

5.5.7.8 Scenario analysis
No scenario analyses were carried out.

5.5.7.9 Summary of sensitivity analysis results

5.5.7.9.1 Summary of deterministic and probabilistic sensitivity analyses

Deterministic sensitivity analyses reveal that the parameters most strongly influencing the results
include the cost of ponatinib, response rate with ponatinib, utility value for Ph+ ALL in response,
and discount rate for outcomes. Cost-effectiveness results for ponatinib compared with induction
chemotherapy in the PSA were similar to those in the base-case analysis.

5.6 Subgroup analysis
Not applicable.

5.7 Validation

5.7.1 Validation of de novo cost-effectiveness analysis

Design of the model

For the CP-CML, AP/BP-CML, and Ph+ ALL models, in the stage of model design, the structure
of the model, the main assumptions and data sources as well as key features of the model such
as health states, time horizon, survival, and quality of life, have been presented and discussed in
one advisory board meeting with expert UK health economists who had previously been involved
in NICE submission in CML and who authored several publications in this field, as well as in a
separate meeting with an eminent UK professor in health economics (February 2014). Their
comments were incorporated into model design and the full economic model was developed.

In addition, the following core assumptions of the final CP-CML model were validated by Dr
Richard Clark, a Professor of Haematology at the University of Liverpool:246

1) Response to TKl is the most important prognostic factor in CP-CML, irrespective of the
TKI used.

In CML in CP there is no excess mortality (compared to the general population) due to
the disease itself and the excess mortality of CML is due to progression to advanced
phases of the disease.

I~

The presence of T315] mutation does not predict treatment response to ponatinib.

B e

Distribution of the time on treatment in different doses observed in PACE study can be
considered a proxy of ponatinib use in clinical practice.

OS with ponatinib in CP-CML predicted by the model is clinically plausible.

e

Median OS post—allo-SCT in CP and AP predicted in the model is clinically plausible.
Model QC

The accuracy of the calculation performed in the cost-effectiveness models was checked in a
number of ways. First, the interim and final results produced by the model were compared with
the input data for clinical and economic plausibility. Second, random checks were made on
specific elements of the calculation. Finally, the entire model has been revised by a senior health
economist not previously involved in the project whose comments and suggestions were
incorporated into the model.
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A further step of internal validity was performed by comparing the OS predicted by the CP-CML
model in the case of ponatinib treatment against the OS recorded in the PACE study and its
potential extrapolation (see Section 5.3.6.3).

External review

Due to the market access process followed by the manufacturer of ponatinib, substantially the
same design of cost-effectiveness models and clinical input data have been used to support
reimbursement applications in a number countries, including Wales and Scotland, Ireland,
Canada, Australia, Sweden, Norway, Finland, Italy, Portugal, and Poland, among others. The
current models submitted here reflect the outcome of this long revision process, which included
review and discussion with local clinical experts, and questions and comments (including the
amendments done in response to their questions) received from HTA authorities in many
countries.

As a last step, prior to the submission to NICE, the entire submission document, with a
predominant focus on the cost-effectiveness sections, has been reviewed by an expert UK health
economist previously involved only marginally in the project (to conduct the survey for healthcare
resources).

5.8 Interpretation and conclusions of economic evidence

The ponatinib economic models are structurally transparent and clinically relevant tools to
estimate the costs and benefits associated with treatment in the post-2G-TKI CML and Ph+ ALL
patient populations. Central to the model structure are the assumptions that depth of response is
predictive of time to disease progression and that this relationship holds across therapies.
Hence, a person who achieves at best a PCyR at one year will have a poorer prognosis than a
person who achieves a CCyR. Differences in general prognosis between lines of therapy are
incorporated via the probability of an individual achieving a given strength of response. These
approaches were validated by an international panel of clinicians, modellers, and reimbursement
specialists.

CML

Cost-effectiveness results for ponatinib in CP-CML showed that, compared with the drug
comparators, ICERs were below £30,000/QALY for all comparisons.

Ponatinib incurred lower total cost than bosutinib in AP-CML and than both hydroxycarbamide
and allo-SCT in BP-CML, and was thus dominant in those comparisons. In the other
comparisons, ICERs remained well below the acceptability threshold even for non—end-of-life
interventions, ranging from

Ph+ ALL

For patients receiving allo-SCT in remission, ponatinib yielded an ICER of

The cost-effectiveness results for ponatinib in CML and Ph+ ALL should be considered in the
context of the high clinical need for an effective 3L treatment, the substantially higher response
rates achieved with ponatinib compared to those seen with bosutinib, and the use of ponatinib as
a bridge to allo-SCT as clinically appropriate.

A main finding of the model is that ponatinib offers a substantial clinical benefit compared to
existing therapy in the target population defined in the EMA-approved indication. The gain of
QALYs with ponatinib exceeded that of all comparators. When all clinical inputs are extrapolated
over patient lifetime in the CP-CML model, ponatinib was shown to offer an increase in
discounted OS of il compared with bosutinib, and when the discussion is limited to time in
the CP-CML disease stage, the use of ponatinib resulted in a substantial increase in time-in-
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state. Hence the long-term clinical outlook associated with ponatinib use is highly encouraging.
The CP-CML model does not predict an excess benefit (OS), but rather underestimates the
benefit starting in year 3 (Figure 5-13). It should be emphasised that many new interventions in
oncology are costly but produce relatively small gains in life expectancy or HRQoL in relation to
existing treatments;?’° thus, the large increases in QALYs and OS seen with ponatinib in this
model are noteworthy. Also notable is the improvement in outcomes predicted following allo-SCT
in patients in AP/BP-CML who first achieve remission with ponatinib instead of proceeding
directly to allo-SCT.

In terms of cost-utility, the ICERSs of ponatinib relative to other treatment can be interpreted as
being acceptably cost-effective, given the widespread recognition of the unique circumstances of
care for cancer patients who have exhausted other treatment options; several countries have
adopted more flexible reimbursement criteria for cancer drugs, accepting treatments with ICERs
that may fall above the threshold applied to other diseases.?’? The incremental cost-utility in CP-
cML ranges from | n AP/BP-CML,
ponatinib is in some scenarios dominant over comparators, and highly cost-effective in other
comparisons, as itis in Ph+ ALL. These values fall well within the range of cost-effectiveness
ratios for numerous interventions (not only in cancer indications) that have been granted
reimbursement in England?”" and in other developed countries.?"?

The model revealed that as a result of ponatinib patients remaining within the CP-CML phase for
longer than they would have with pharmacologic comparator treatments, costs related to disease
progression are reduced compared to the other treatments. Therefore, ponatinib should be
viewed as a meaningful addition to the therapeutic options available to reduce the burden of CML
on patients, the healthcare system, and society.

5.8.1 Strengths and limitations

The models used in this analysis have a number of strengths and important limitations. The
structure was informed by a formal review of previous economic models of CML and was
validated in advance of construction by an international panel of clinicians and health technology
assessment experts. Access to patient-level data from the pivotal ponatinib clinical trial permitted
a detailed approach to modelling key parameters including cytogenetic response category, dose-
specific time-on-treatment, and best response rates for ponatinib. Nonetheless, there are some
limitations to the analysis undertaken, most of which relate to CML being an orphan disease and
thus few patients who have failed or are intolerant to 2G-TKl-based therapy are available for
data generation.

A main source of uncertainty in the model is the use of non-comparative data from the PACE
trial. A comparative study was not possible for ethical reasons, and both the EMA and FDA
confirmed the single-arm study approach during scientific adv