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Pre-meeting briefing
Ceritinib for untreated anaplastic lymphoma
kinase-positive non-small cell lung cancer [ID1117]

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 when the company checked the ERG report and model for factual
inaccuracies it identified some errors in the ERG exploratory analyses (see issues
1, 2 and 3 of the company response). The ERG produced an erratum to address
these errors, and the corrected results have been included in this document.

The lead team may use, or amend, some of these slides for their presentation at
the Committee meeting
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Key issues (1)

Key clinical issues

+ How reliable are results from the matched adjusted indirect comparison (MAIC)?
— Which is more relevant: MAIC1 (PROFILE-1014) or MAIC2 (ALEX)?
— Is PROFILE-1014 generalisable to clinical practice in the UK?

« How does the tolerability profile of ceritinib compare with crizotinib?

+ Does ceritinib improve response rate and duration compared with crizotinib?

Key cost-effectiveness issues

« Survival: In practice, approximately what proportion of people receiving a 1 line
ALK inhibitor would live for 5 years or more?

« Treatment duration: When would it be clinically appropriate to stop treatment

with 1%t line ALK inhibitor in practice? How long is 15 line crizotinib taken in
practice?
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Key issues (2)

Key cost-effectiveness issues continued

Costs: Should the model account for drug wastage? Would pharmacists be
responsible for monitoring and dose adjustments?

Utilities: Consider a patient with RECIST-defined disease progression, who is
still receiving 1t line ALK inhibitor treatment because they continue to
demonstrate clinical benefit. Would their quality of life be:

— better than someone with disease progression who switched to 2" line
treatment? (and who may or may not still be receiving 2™ line treatment)

— worse than someone who had a 15t line ALK inhibitor and is progression-
free? (and who may or may not still be receiving 1 line treatment)

Costs and QALYs of subsequent treatment after 1%t line ALK inhibitor:

— What proportion of ALK +ve NSCLC patients in UK clinical practice receive
active 2"9/3'9/41" |ine treatments? (30-40%? 60%? 80%7?)

— Should the % of people on subsequent treatments be based on trial data or
real world prescribing? Should costs and utilities of 2™ line treatments use
the distribution of treatments from the trial or real world prescribing?

Innovation: Is ceritinib innovative? Are any benefits not captured in the model?

National Institute for Health and Care Excellence
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Disease background

Lung cancer
« Usually no early signs, presents in advanced stages lI/1V (75%)
+ Persistent cough, blood in sputum, breathlessness, weight loss
+ 2 histological types: non-small-cell (85-90%) and small cell
ALK fusion gene mutation
+ ~5% of stage lIlI/IVNSCLC (1,170 patients in England)
— estimates for prevalence of ALK mutation range from 1.6% to 11.7%
+ ALK positive tumours are almost exclusively non-squamous
« Tumour growth depends on ALK (ALK is inhibited by ceritinib)

+ ALK testingis routine practice at diagnosis of hon-squamous tumour —
most UK centres use immunochemistry followed by FISH

+ Brain metastases are common (more than in ALK negative NSCLC),
associated with poorer prognosis and increased symptom burden

— presentin 15-35% of people at diagnosis, >60% after treatment

The company submission suggested that crizotinib provides poor control of intracranial
disease, but the ERG did not entirely agree. The data from the Phase lll trial of crizotinib
(PROFILE-1014), that included patients with treated and neurologically stable brain
metastases, found that intracranial lesions progressed, or new intracranial lesions
developed, in 25 patients in the crizotinib group and in 26 patients in the chemotherapy
group (15% each). However, crizotinib was associated with statistically significant
improvements in the intracranial-disease control rate in patients with brain metastases, and
non-statistically significant improvements in intracranial time to progression, in patients with
and without brain metastases at baseline, compared with treatment with chemotherapy.
The ERG’s clinical advisor suggested that the additional survival provided by crizotinib
allows time for the appearance of brain metastases (which are common in NSCLC), which
would not have been seen with chemotherapy.

National Institute for Health and Care Excellence
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Management of advanced NSCLC

‘ ALK status unknown ‘ \ Confirmed ALK positive at diagnosis ‘

Pemetrexed-platinum

Crizotinib (TA406)

chemotherapy

 Confirm ALK positive |

Crizotinib (TA422) Ceritinib (TA395)

Chemotherapy

Best supportive care

People whose cancer tests positive for the ALK mutation receive first line treatment with
crizotinib. When the disease relapses, patients are offered second line systemic treatment
with ceritinib if progression has occurred on crizotinib, or crizotinib if it was not used in the
first line setting. Entry into clinical trials may be considered in the first, second, third and
fourth line settings. Patients with poor performance status may be offered best supportive
care (which may include radiotherapy).

ESMO guidelines recommend that brain metastases are treated with local radiotherapy.
However the company’s clinical advisers suggest that radiotherapy may only be given to
approximately 15% of patients with brain metastases. The company noted results from a in
the UK and Australia (QUARTZ) which suggest radiotherapy does not improve outcomes.

If recommended, ceritinib would displace crizotinib in the first line setting and the second
line treatment would change to chemotherapy, or the patient could be considered for a
clinical trial of an alternative second generation, or a third generation, ALK inhibitor
(lorlatinib, brigatinib and alectinib). Clinical experts suggest it would not be appropriate to
follow ceritinib treatment with crizotinib treatment because mutations that lead to resistance
to second-generation ALK inhibitors (ceritinib) confer an increased risk of resistance to
crizotinib as a first-generation ALK inhibitor. The clinical expert statement for this appraisal

National Institute for Health and Care Excellence
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suggests that there are case reports of response to crizotinib after ceritinib, but
notes that the third generation ALK inhibitors in development would be more
effective in this setting.
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relief

chemotherapy

Patient perspectives

« Treatment not curative, therefore patients value:
— improved quality of life
— symptom control
— even small extensions in survival
+ Advanced NSCLC has multiple debilitating and distressing symptoms
— some are very difficult to manage clinically eg breathlessness
— therapies with anti-tumour activity provide best option for symptom

* Anecdotally, ceritinib has been well tolerated, especially compared with

National Institute for Health and Care Excellence
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Clinician perspectives

* Very poor prognosis; more effective treatments needed
— median OS for ALK positive NSCLC = 27 months (Smith 2016)
— brain metastases are common and a poor prognostic factor
« Most important outcomes: survival, quality of life and symptom control

— response rate is relevant because often see quick response, and
symptom improvement usually correlates with response

+ Clinically significant response can be defined as:

— improvement in progression free survival of >3 months with an
associated improvement in quality of life

— objective response/stable disease important, but meaningful benefits
can be seen even if RECIST definition of response is not achieved

« Crizotinib = step change, but expect that 2" generation ALK inhibitors
will replace crizotinib as standard of care (more effective)

+ Retrospective data demonstrates that patients receiving ALK inhibitor
therapy live longer than those who don’t (Shaw 2011)

References from clinical expert statements

« Smith M, Yip K, Doherty G et al 2016 NCRI conference abstracts (recent UK audit data)

+ Shaw A, Yeap BY, Solomon B, et al Lancet Oncology 2011; doi.org/10.1016/s1470-
2045(11)70232-7

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017



CONFIDENTIAL

Decision problem

Population People with untreated, anaplastic lymphoma kinase-positive
(ALK-positive) advanced non-small cell lung cancer
Ceritinib
(o)1 EIEI I «  Crizotinib
« Pemetrexed in combination with a platinum drug (carboplatin
or cisplatin) (for people with adenocarcinoma or large cell
carcinoma only)

o with or without pemetrexed maintenance treatment
(following cisplatin-containing regimens only)

overall survival
progression-free survival
response rate

adverse effects of treatment
health-related quality of life.

The company did not include:

+ Pemetrexed as a comparator because it is only relevant for people who
have not had (results of) ALK test therefore not eligible for ceritinib.

« Cost of testing for ALK mutations because it is already part of routine
clinical practice at diagnosis

The company’s rationale for deviating from the scope (excluding a comparator and the cost
of ALK testing) is supported by statements from clinical experts for this appraisal.

The trials of ceritinib and crizotinib used different tests for the ALK mutation:
 Ceritinib trial: Ventana anti-ALK (D5F3) immunohistochemistry (IHC) test
 Crizotinib trial: Vysis ALK Break Apart FISH Probe Kit (Abbott Molecular)

Testing for the ALK mutation using immunohistochemistry, as in the ceritinib trial, is the
more common method used in current UK practice. With respect to the difference between
the trials - the company explained that at least 12 studies have compared the D5F3 ICH
test with FISH testing and reported an excellent correlation between the results of the 2
tests. One of the clinical experts for this appraisals agreed that results from both tests are
fairly concordant. The ERG did not see any reason to suspect that using different ALK
testing methods would have any significant implications regarding the patient populations
or the results reported from these studies.

National Institute for Health and Care Excellence
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_ Intervention Comparator
 [cemtmb  [Crizotnb
Marketing First-line treatment of adults with anaplastic lymphoma
authorisation kinase-positive advanced NSCLC
Mechanism of action 2nd generation ALK inhibitor 15t generation ALK inhibitor
CEURUEYUUEIRT LT TGI8 0.15 nM (lower IC50 = 3 nM
concentration (IC50) greater binding affinity)
Administration & Oral, 750 mg once daily Oral, 250 mg twice daily
dosage (without food) (with/without food)
ITEN L R0 G M “As long as clinical benefit  Not stated in SmPC
is observed” (SmPC)

Cost Both technologies have a confidential patient access
scheme (PAS), agreed by the Department of Health,
which provides a simple discount to the list price

ASCEND-4 PROFILE-1014

ALEX (published after
company submission, not
included in base case)

Treating for “as long as clinical benefit is observed”: the clinical expert statements explain
how clinical benefit is defined in practice and when the decision to stop treatment would be
made. One expert gave examples of when it would be appropriate to continue treatment
after disease progression as defined by the RECIST criteria, which might not be clinically
meaningful.

National Institute for Health and Care Excellence
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Clinical effectiveness

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
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ASCEND-4 (ongoing trial)

Study design Multicentre, randomised, open-label study with 7 UK sites

Population Adults with untreated stage [lIB/IV ALK positive NSCLC
Majority non-squamous, 96.5% had non-adenocarcinoma
Asymptomatic/neurologically stable brain metastases (=2 wks)

Randomisation  « WHO performance status (0 versus 1-2)

stratified by » prior adjuvant therapy (yes versus no)
+ brain metastases at screening (yes versus no)
Technologies Intervention: ceritinib 750 mg/day (n=189), continued as long as

clinical benefit observed (beyond RECIST-defined progression)

Comparator: platinum-based chemotherapy (n=187): cisplatin or
carboplatin (investigator choice) with pemetrexed, followed by
pemetrexed maintenance for those with un-progressed disease

Cross over Chemo arm: 105 (72% of pts who stopped) had an ALK inhibitor
permitted after ~ « 80 patients crossed over to ceritinib, 23 had crizotinib
progression Ceritinib arm: 34 (18%) had subsequent anti-cancer therapy

» 24 had platinum-based chemo, 6 had an ALK inhibitor
Primary endpoint Progression-free survival (RECIST), central assessment
Median follow up 19.7 months (data cut off June 2016)
HRQoL EQ-5D-5L, EORTC QLQ-C30, LCSS, QLQ-LC13

Abbreviations: EORTC-QLQX, European Organisation for Research and Treatment of
Cancer’s core QoL questionnaire; HRQoL, health-related quality of life; LCSS, lung cancer
symptom scale; QLQ-LC13, lung cancer specific questionnaire

See table 5 of the company submission for a summary of the ASCEND-4 trial methodology.

The company mapped the EQ-5D-5L data to the EQ-5D-3L using NICE-recommended
methods. The NICE position statement on the EQ-5D-5L valuation set is here:
https://www.nice.org.uk/Media/Default/About/what-we-do/NICE-guidance/NICE-technology-
appraisal-guidance/eq5d5|_nice_position_statement.pdf

National Institute for Health and Care Excellence
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ASCEND-4: baseline characteristics
e
n=189 n=187
Age, median years (range) 55 (22-81) 54 (22-80)
Female, n (%) 102 (54) 114 (61)
WHO performance status, n (%)
0 69 (37) 70 (37)
1 107 (57) 105 (56)
“ 13 (7) 11 (6)
Missing 0 (0) 1(1)
Current smoker, n (%) 15 (8) 15 (8)
Histology or cytology, n (%)
Adenocarcinoma 180 (95) 183 (98)
Stage at time of study entry, n (%)
Locally advanced (stage IlIb) 9 (5) 5(3)
Metastatic (stage IV) 180 (95) 182 (97)
Metastatic site of cancer, n (%)
Bone 77 (41) 80 (43)
Brain 59 (31) 62 (33)
Liver 34 (18) 39 (21)
Source: table 6 company submission

National Institute for Health and Care Excellence
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ASCEND-4 primary endpoint: PFS

Number at risk
Ceritinib
Chemotherapy

187 136 114 82

100 Median PFS (central assessment?)
90 - Ceritinib 16.6 months (95% CI 12.6 to 27.2)
i~ Chemo 8.1 months (95% Cl 5.8 to 11.1)
- HR 0.55 (95% CI 0.42, 0.73)
= p value <0.0001
% 60
g 50
T 40
K=}
2 30
£ 20 A L.
10 — — Ceritinib —& Chemotherapy
0 T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Time (Months)

189 155 139 125 116 105 98 76 59 43 32 23 16 11 1 1 1 0
71 60 53 35 24 16 11 5 3 1 1 0 0 o

a2Concordance between central and local assessment: 88% (ceritinib), 87% (chemo)
Source: Figure 6 company submission :

The difference between arms in progression-free survival (PFS) was apparent from
approximately 3 months onwards in the Kaplan—Meier plots.

National Institute for Health and Care Excellence
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Ceritinib did not have a statistically significant
PFS benefitin people with brain metastases

Central Patients with brain Patients without brain
assessment metastases metastases

Ceritinib Chemo Ceritinib Chemo

(n=58) (n=57) (n=131) (n=130)
Median PFS, 10.7 7.0 26.3 8.2
months (8.1t016.4) (4.2to11.1) (15.4t027.7) (5.8t012.8)
95% ClI
HR 0.80 0.45
(95% ClI) (0.50t0 1.28) (0.32t0 0.64)

p=NS p<0.05

Source: table 12 company submission

* Local assessment also showed no significant difference
between treatment arms for people with brain metastases

In ASCEND-4, 121 patients (61 patients in the ceritinib group and 60 patients in the

chemotherapy group) had brain metastases (measurable or non-measurable) at baseline.

PFS results are presented on the slide above, and response rates below.

Of the 121 patients with brain metastases at baseline, intracranial response was assessed
only 22 patients in each group. These results provide evidence for the intracranial activity of

ceritinib, but are necessarily limited by the small size of the patient population in each
treatment group.

overall intracranial response rate: 72.7% in the ceritinib group (95% CI 49.8 to 89.3) and
27.3% in the chemotherapy group (95% CI 10.7 to 50.2)

median duration of intracranial response: 16.6 months in the ceritinib group, and not
estimable in the chemotherapy group

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017
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ASCEND-4 overall survival

- Ceritinib —& Chemotherapy

%7 70.6% (62.2 to 77.5)

70

6o |982% (47.6t067.5) T
50

40 7| Median OS (central assessment) :

30 - Ceritinib not estimable (95% CI 29.3 to NE) |
Chemo 26.2 months (95% Cl 22.8 to NE) |

207 HR 0.73 (95% CI 0.50, 1.08)

104 p 0.056

Overall survival (%)

0 T T T T T T T T T T T T T T T 1

T
0 2 4 6 8 10 12 14 16 18 20 2226 28 30 32 34

Number at risk Time (Months)

Ceritinib 189 180 175 171 165 155 150 138 103 77 56 39 26 18 6 3 2 0
Chemotherapy 187 172 161 150 146 141 134 124 97 69 49 35 19 10 5 1 0 0

After adjusting for crossover (chemo to ceritinib): HR 0.73 (95% CI 0.49 to 1.10)
Source: Figure 7 company submission

At the time of the analysis, the overall survival (OS) data were immature: only 107 events
(42% of the required OS events) had occurred. At the data cut-off in June 2016 (19.7
months), 48 (25.4%) patients in the ceritinib group had died. Ceritinib reduced the risk of
death by 27%. Two further OS analyses of ASCEND-4 are planned: one after observing
215 deaths, and a final analysis for OS after observing 253 deaths.

The company did a sensitivity analysis using rank-preserving structural failure time
(RPSFT) to correct for the confounding introduced by patients crossing over from
chemotherapy to ceritinib after disease progression. in the chemotherapy arm, 105 (72%)
of 145 patients received an ALK inhibitor after stopping chemotherapy. This included 80
patients who crossed over to receive ceritinib and 23 who received crizotinib. In the ceritinib
arm 34 (18%) of 189 patients received subsequent anti-cancer therapy: 24 received
platinum-based doublet chemotherapy, and 6 received an ALK inhibitor (ceritinib, n=1;
crizotinib, n=3; or lorlatinib, n=2).

The hazard ratio after adjusting for crossover was similar to that from the primary analysis,
suggesting that cross-over did not affect the difference in OS between the treatment groups
for this data-cut. The company noted that the duration of follow-up is currently insufficient to
conclude whether there is a difference in OS according to the RPSFT analysis.

National Institute for Health and Care Excellence
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ASCEND-4 secondary endpoints
(central assessment)

n=189 n=187

Overall response rate, 725 26.7

% (95% Cl) (65.5t078.7) (20.5t0 33.7)
Median time to 6.1 13.4
response, weeks (5.1t061.7) (5.1t090.1)
(range)

Median duration of 239 11.1
response, months (16.6 to not estimable) (7.8t0 16.4)
(95% ClI)

EQ-5D utility (during 0.81 0.77
treatment)

Other health-related quality of life outcomes are detailed in section 2.6.6 (pages 46-51) of
the company submission.

The company did not include response rates in its matched-adjusted indirect comparison of
ceritinib with crizotinib because the definitions of response were different in each trial (see
subsequent slides). The response rates with crizotinib in PROFILE-1014, as reported in the
NICE appraisal (TA406) were as follows:

* Overall response rate: 74% (95% ClI, 67% to 81%)

» Median time to response: 1.4 months (range 0.6 to 9.5 months)

* Median duration of response: 11.3 months (95% CI. 8.1 to 13.8 months)

A medical chart review of patients who received crizotinib in the first-line setting (Davis et
al. 2015) reported an overall response rate of 69% with crizotinib.

National Institute for Health and Care Excellence
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Match-adjusted indirect comparison 1 (PROFILE-1014):
baseline characteristics

% of patients Before Matching After Matching
to PROFILE-1014

ASCEND-4 PROFILE p- ASCEND-4 PROFILE p-

(n=376) 1014 value (n=376) 1014 value
(n=343) (ESS=340) (n=343)

78.5 84.0 ] H
57.4 61.8 ] |
53.7 51.3 ] | [ ]
42.0 458 [ ] [ ] ]
8.0 4.4 || || | ||
30.9 32.1 ] - H B
96.5 93.9 [ | [ [ | [ ]
e
score O or 1
Metastatic disease 96.3 98.0 [ ] [ ] [ ] [ ]
32.2 268 W [ H B

*p-values <0.05 were considered significant
ESS, effective sample size
Source: table 19 company submission

In the absence of head-to-head trial data for ceritinib and crizotinib, the company
conducted a matching-adjusted indirect comparison (MAIC) using ASCEND-4 (ceritinib)
and PROFILE-1014 (crizotinib). The MAIC approach indirectly compares 2 treatments while
adjusting for cross-trial differences in patient characteristics. The company applied weights
to patients enrolled in ASCEND-4 to match all of the reported baseline characteristics with
those of the PROFILE 1014 trial population, as the latter was considered to reflect the
characteristics of the UK patient population. Although both trials included chemotherapy as
a comparator, the company considered that the chemotherapy regimens used in each trial
were not comparable (for example, PROFILE-1014 did not include pemetrexed
maintenance therapy, which is known to improve survival), and therefore the MAIC was
unanchored (that is, the treatment network was disconnected because there was no
common comparator across the trials).

Prior to matching, the only statistically significant difference between trial populations was
number of current smokers. After applying weights, all baseline characteristics were exactly
balanced. The effective sample size in ASCEND-4 was reduced by 10% after weighting to
340 (compared to the actual sample size of 376). The company concluded that the extent
of weighting required in the MAIC was mild and there was no evidence of extreme weights.
The company noted that this is consistent with good overlap between the populations.

National Institute for Health and Care Excellence
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The MAIC did not adjust for potential differences in adverse event rates
between subgroups, or the differences in inclusion criteria with respect to
presence of brain metastases at baseline (in PROFILE-1014 only patients with
brain metastases were only eligible if they had received radiotherapy, whereas
in ASCEND-4 all patients with brain metastases were included provided that
metastases were asymptomatic or neurologically stable, and any previous
radiotherapy to the brain had been completed at least 2 weeks before study
treatment initiation). The company gave the following rationale for not adjusting
for these differences:

» Adverse events (AEs): subgroup analyses showed that AE rates were
similar across subgroups. In addition, the ICER was not sensitive to the cost
of AEs (see clarification question B7 and the results of sensitivity analyses
on the model in table 51 of the company submission).

» Presence of brain metastases at baseline: the MAIC adjusted for the
baseline presence of brain metastases in the PROFILE 1014 population, but
the difference in the inclusion criteria for patients with brain metastases
between the 2 trials was not adjusted for. All patients with brain metastases
in PROFILE-1014 had received brain radiotherapy prior to study entry,
compared with only 39% of patients with brain metastases in the ceritinib
arm of ASCEND-4. The company suggested that this difference in inclusion
criteria is likely to favour crizotinib, and that not adjusting for the difference
was conservative; if prior radiation treatment is associated with long-term
benefit, this would have contributed to the response observed in PROFILE-
1014 and created a bias against ceritinib in the MAIC of PFS and OS
outcomes (see clarification question A8).

National Institute for Health and Care Excellence
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MAIC1 (PROFILE-1014):
results used in company’s base case model

| Before matching | After matching |
Ceritinib Crizotinib Ceritinib Crizotinib
(ASCEND-4) (PROFILE- (ASCEND-4) (PROFILE-
n=189 1014) n=189 1014)
n=172 (ESS=171) n=172

Progression-free survival (PFS)

Median, months 16.6 10.8 [ | 10.8
(95% ClI) (1261t027.2) (8.5t013.8) [ (8.5t0 13.8)
HR (95% CI) I I

p=Il

r=IH

1-year PFS rate 59.9% 47 8% [ ]

p value || ||

Overall survival (OS) (median OS not reached)
HR (95% Cl) . I

o | s |
1-year OS rate 83.6%

- 83.3% [

Cl, confidence interval; ESS, effective sample size; HR, hazard ratio; NR, not reached
Source: table 20 company submission

47.8%

83.3%

The outcomes included in the MAIC were progression-free survival (PFS) and overall

survival (OS). The company did not formally compare:

* response rates because the definitions of response were different in each trial

» PFS in subgroups with/without brain metastases because of the difference in inclusion
criteria with respect to brain metastases.

Without matching, the indirect comparison between the ASCEND-4 and PROFILE-1014
trials showed that ceritinib was associated with a significantly longer PFS than crizotinib.
After matching to PROFILE-1014, the MAIC generated a slightly improved hazard ratio and
a much higher median PFS with ceritinib. Before matching, the 95% confidence intervals
(Cis) for median PFS of crizotinib and ceritinib had a slight overlap, whereas after
adjustment the 95% Cls were no longer overlapping, which the company noted is
consistent with a statistically significant difference in median PFS between ceritinib and
crizotinib.

Before and after matching, ceritinib was associated with numerically longer OS compared
to crizotinib (this was not statistically significant). The matched hazard ratio for OS was
lower than the unmatched estimate.

National Institute for Health and Care Excellence
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% of patients

score 0 or 1

Metastatic disease

MAIC2 (ALEX):

baseline characteristics

ASCEND-4  ALEX p- ASCEND-4 ALEX p-
(ceritinib  (crizotinib value (ceritinib arm (crizotinib value
arm n=189) arm n=189) arm
n=151) (ESS=174) n=151)
46.6 50.0 0.528 50.0 50.0 1.00
54.0 57.6 0.501 57.6 57.6 1.00
40.2 457 0.310 457 45.7 1.00
7.9 3.3 0.072 3.3 3.3 1.00
349 31.8 0.543 31.8 31.8 1.00
95.2 94.0 0.624 94.0 94.0 1.00
93.1 93.4 0.926 93.4 93.4 1.00
95.2 96.0 0.725 96.0 96.0 1.00
Si{2 38.4 0.165 38.4 38.4 1.00

Brain metastases

*p-values <0.05 were considered significant
ESS, effective sample size
Source: table B2.1 company response to clarification

The ALEX trial comparing crizotinib with alectinib had not been published at the time of the
company submission and therefore was not included in its base case MAIC or base case
cost-effectiveness analysis. The company provided the results of a second MAIC (MAIC2)
in response to clarification question B2, in which the data for crizotinib came from the ALEX
trial instead of PROFILE-1014. Because there was no common comparator between all 3
studies (ASCEND-4, PROFILE-1014 and ALEX), they could not all be combined in one
indirect analysis.

The main differences between ALEX and the 2 other trials were:

* The primary outcome in ALEX was investigator-determined, rather than centrally
determined, PFS. However, independent review committee PFS was a secondary
outcome.

» Treatment with crizotinib continued until disease progression, and it was not clear if
some patients continued to receive treatment post-progression. This difference is only
relevant to the comparison of overall survival.

Prior to matching, there were no statistically significant differences between the trial
populations; the ceritinib patients had a numerically higher proportion of current smokers
compared to the crizotinib patients (7.9% vs. 3.3%). After applying weights, all baseline
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characteristics were exactly balanced. The effective sample size in the ceritinib
arm of ASCEND-4 was reduced by 8% after weighting to 174 (compared to the
actual sample size of 189).

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017

19



CONFIDENTIAL

MAIC2 (ALEX):

results used in scenario analyses
" Before matching | ____After matching |

Ceritinib Crizotinib Ceritinib Crizotinib
(ASCEND-4) (ALEX) (ASCEND-4) (ALEX)
n=189 n=151 n=189 n=151

(ESS=174)
Progression-free survival (PFS)

Median, months 16.6 10.4 [ | [ |

(1271t0272) (76t0145) [ .

. =
p=lll p=Ill

Overall survival (0OS) (median OS not reached)

HR (95% Cl) I I
r-ll r-Il

1-year OS rate [ ] [ ] [ ] [ ]

Cl, confidence interval; ESS, effective sample size; hazard ratio (HR); NR, not reached
Source: response to clarification question B2a

Without matching, the indirect comparison between the ASCEND-4 and ALEX trials
showed that ceritinib was associated with a significantly longer PFS than crizotinib, with the
same hazard ratio as in the unmatched comparison with the PROFILE-1014 trial. After
matching to ALEX, the median PFS with ceritinib remained similar but the 95% confidence
interval widened, and the compared with crizotinib increased slightly. The unmatched and
matched hazard ratios for OS were similar to the estimates from the first MAIC. The
matched hazard ratio for OS was lower than the unmatched estimate.
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Treatment-related AEs in ASCEND-4
Ceritinib trial arm
Total treatment-related AEs 97.4% 65.1%
Total treatment-related serious AEs 15.9% 12.2%
Diarrhoea 80.4% 4.2%
Nausea 64.0% 2.6%
Alanine aminotransferase (ALT) increased 59.3% 29.6%
Vomiting 57.1% 4.8%
Aspartate aminotransferase (AST) increased 50.8% 15.9%
Gamma-glutamyltransferase (GGT) increased 34.9% 26.5%
Decreased appetite 25.4% 0.5%
Alkaline phosphatase increased 24.9% 6.3%
Fatigue 22.2% 2.6%
Abdominal pain 20.6% 2.1%
Creatinine increased 19.6% 1.6%
Upper abdominal pain 17.5% 1.1%
Weight decreased 15.3% 2.1%
Asthenia 11.1% 2.6%
Rash 11.1% 0.5%
Electrocardiogram QT prolonged 10.1% 1.6%
Withdrawal due to treatment-related AEs 5%

Dose reductions 68%

The most common adverse events (AEs) were gastrointestinal: diarrhoea, nausea and
vomiting, followed by elevation in the serum levels of liver enzymes and alkaline
phosphatase. Nausea, vomiting and elevated AST were the only serious Aes considered
related to treatment, and they were reported in 22% of patients. Dose reductions and
treatment interruptions occurred throughout the treatment period, but their frequency was
highest during weeks 3 to 6, and these were primarily due to Gl toxicity and liver function
abnormalities, respectively.

The company compared the safety results from ASCEND-4 with the results from PROFILE-

1014 and concluded that ceritinib offers clinically meaningful improvements over crizotinib:

+ treatment-related grade 3/4 serious AEs were reported in 12.2% of patients receiving
ceritinib compared with 35.1% receiving crizotinib, which the company suggest is
clinically meaningful, especially in the context of the longer duration of treatment (~16
months for ceritinib and 10.3 months for crizotinib)

» grade 3/4 neutropenia was observed in only 1% of patients receiving ceritinib compared
with 11% receiving crizotinib

» any-grade vision disorders (70%), constipation (43%) and oedema (49%) were reported
in 240% of patients receiving crizotinib but only 19% (constipation) or <15% (vision
disorders and oedema) of patients receiving ceritinib.

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017

21



CONFIDENTIAL

» rates of discontinuation due to treatment-related AEs were 5% for both

ceritinib and crizotinib
» grade 1/2 Gl toxicities were the most frequently reported AEs in both

ASCEND-4 and PROFILE-1014

See sections 2.10 and 2.13.2 of the company submission.
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ERG critique of ASCEND-4

« Good quality trial, population generalisable to UK clinical practice
+ 2" |ine treatments do not reflect practice; face validity of OS results uncertain
* OS results confounded because patients

— remained on treatment beyond disease progression

— could switch from chemotherapy to ceritinib

— company’s adjustment for crossover does not adjust for the post-ceritinib
treatments received in those randomised to ceritinib, nor does it account for
patients who remained on ceritinib beyond disease progression

+ No evidence for a specific intracranial benefit with ceritinib

— ASCEND-4 did not assess intracranial outcomes in people without
metastases at baseline, so the impact of ceritinib in preventing the
development of new brain metastases is unknown

— ASCEND-4 subgroup results for median PFS with ceritinib show a bigger
difference between patients with and without brain metastases at baseline
(10.7 months versus 26.3 months) than subgroup analysis of crizotinib in
PROFILE-1014 (9 months versus 11.1 months)

« No clear difference between rate of AEs in ceritinib and crizotinib trials

The ERG noted that compared to a real world cohort from the UK and Europe, the patients
in all the relevant trials are slightly younger, have a higher proportion of females and a
lower proportion of former of current smokers and a higher proportion of trial patients are
ECOG status 0 or 1. The ERG'’s clinical adviser commented that, except that a higher
proportion of men might be expected in clinical practice, the ASCEND-4 trial population can
be considered generalisable to NHS practice.
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ERG critique of the evidence synthesis

« An indirect comparison of the ALK inhibitor arms of the identified trials was the
only option available, but results of the MAIC are highly uncertain:

— MAIC method not appropriate without a common comparator arm
— Comparisons are still observational and subjectto a high risk of bias
— Matching process reduces precision by reducing the amount of data

— OS results are even more uncertain than PFS: highly simplistic comparison
of highly uncertain immature data

— Company’s approach to matching for brain metastases inappropriate; the
direction of the effect on the ICER of this (mis)matching is unclear

« MAIC1 matched the whole ASCEND-4 population to the whole PROFILE-1014
population — this is inappropriate

— only the ceritinib and crizotinib arms should be matched, as in MAIC2
+ Key baseline characteristics similar across trials, questioning the need to ‘match’

+ Unclear which MAIC is more accurate (MAIC1 with PROFILE-1014 or MAIC2
with ALEX)

The ERG acknowledged that an indirect comparison of individual trial arms was the only
option available to compare ceritinib and crizotinib, but cannot be certain whether the
results derived from the MAIC are any more reliable than that from a naive comparison of
the unadjusted data. The ERG explained that the MAIC method was developed as an
improvement on standard indirect comparison methods, which use aggregate data only; it
was not developed as a method to be used without a common comparator arm. An
unanchored comparison assumes that all effect modifiers and prognostic factors are
accounted for and this assumption is largely considered impossible to meet (see Decision
Support Unit Technical Support Document 18). The ERG explained that without a common
comparator there is nothing to use as a measure of the success of the matching to reduce
confounding, and therefore the results are still observational and subject to a high risk of
bias. Despite matching, the analysis can be subject to the effects of residual confounding
due to unobserved differences between trials. In addition, the matching process reduces
the precision of results by reducing the amount of data (the ‘effective sample size’).

The ERG noted that HR generated by MAIC is an important parameter in the model
because it directly informs the quality-adjusted life year gains on treatment, and was
therefore concerned about the reliability of the company’s base case model results.
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Cost effectiveness
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Company model:
3-state partitioned survival model

« 20 year horizon; 2% (ceritinib) and
1% (crizotinib) patients alive at end

Progression Progressed * 1 month cycles

-free disease * Relative efficacy of ceritinib versus
crizotinib estimated using hazard
ratios from MAIC1 (that is, crizotinib
efficacy based on PROFILE-1014)

« Ceritinib and crizotinib costs based
on trials’ mean relative dose intensity
(77.3% and 92.0%, respectively)

« Model structure appropriate, but cannot differentiate costs and QoL for patients
on-treatment compared with those off-treatment within each health state

« Acquisition and administration cost of ceritinib may be underestimated

In a partitioned survival model (also known as ‘area under the curve’ analysis) the
proportion of patients in the progression-free state is based on estimates of PFS, while the
proportion of patients in the death state is 1 minus the estimate of OS. The proportion of
patients in the pre-progression state is calculated as the difference between OS and PFS.
The PFS and OS curves for ceritinib were derived from the ASCEND-4 trial by fitting
parametric functions to patient-level time-to-event data (Kaplan-Meier curves). The relative
efficacy of ceritinib compared with crizotinib was estimated using indirect comparison;
hazard ratios from the company MAIC were applied to the PFS and OS curves for ceritinib.
The ERG considered the model structure was largely appropriate. However, it noted that it
was difficult for the model to distinguish between costs and quality of life in patients who
are on- and off-treatment in the progression-free and post-progression health states. The
ERG explained that the current model would require re-structuring to properly implement
these analyses, by including health states for patients being on- and off-treatment. But the
ERG performed exploratory scenario analyses to distinguish quality of life between patients
on- and off-treatment within health states (see subsequent slides on utility values).

The ERG was concerned that ceritinib costs were underestimated:
» Acquisition costs: the ERG noted that the dose intensity in ASCEND-4 is low and may be
unrealistic in real-world setting eg due to drug wastage.
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« Administration costs: the company assumed that treatment was
administered by a pharmacist alone, which the ERG considered implausible.
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Estimating PFS and OS

Company approach
| (Certinb_________[Crizotinib_______________|

Hazard ratios for crizotinib versus
ceritinib (from MAIC1, using
PROFILE-1014) applied to the

Parametric models fitted
Base case to ASCEND-4 patient

ot parametric models of ceritinib
) As in base case
Data weighted to match . .
Key PROEILE-1014 before Parametric models fitted to estimated

scenarios fitting parametric models patient level data (using digitisation
software)

ERG comments

MAIC introduces substantial uncertainty in the modelled outcomes
+ Proportional hazards assumption may not be supported

+ Differences between ASCEND-4 and PROFILE-1014 patients might influence
PFS & OS; data should be weighted to balance population characteristics

ERG comment on proportional hazards:

The ERG was not fully satisfied with the company’s rationale for assuming proportional
hazards (that is, the hazard for disease progression, death or treatment discontinuation
with crizotinib remains constant over the model duration). The ERG explored the impact of
relaxing the proportional hazards assumption in scenario analyses, by fitting parametric
models to the patient level data for ceritinib and crizotinib independently. Patient level data
from the PROFILE-1014 trial of crizotinib was not available, so the ERG used the Kaplan-
Meier curves estimated by the company using digitisation software (in response to
clarification question B1b).

ERG comments on population used to model survival:

The ERG noted that differences between populations in ASCEND-4 and PROFILE-1014
might influence PFS and OS. It was therefore concerned that the efficacy data in the base
case model was based on the ASCEND-4 population (that is, the relative efficacy of
crizotinib used the ASCEND-4 patient level data as a starting point). The ERG requested a
scenario analysis from the company in which the ASCEND-4 data was weighted to the
PROFILE-1014 trial to balance population characteristics, before extrapolating using a
parametric function (clarification question B1a). Weighting the data caused a slight upward
shift in the parametric functions of PFS and OS compared to the base case but the
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company used the same parametric function to extrapolate the data (see next
slide for details) because the shape of the different parametric functions, and
their relative ranking in terms of fit with the observed data, was similar to the
base-case.
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Selected parametric models

Company approach
L os

Base case Exponential Exponential

Key All functions were explored  All functions explored; Weibull and

scenarios  but exponential was most Gompertz important because
clinically plausible exponential might overestimate OS

ERG comments

+ OS data uncertain because data immature and confounded by 2™ line
treatments that do not reflect current UK practice

« Exponential function overestimates OS; model sensitive to alternatives
— Clinical experts suggest 5-year survival of 20%
+ 5-year survival in model: [J|(ceritinib) and J(crizotinib)
— Real world data (Davis et al. 2017): 3-year survival with crizotinib is ||}
+ 3-year survival in model: [J(ceritinib) and [l (crizotinib)
— Gompertz more appropriate for OS (~20% in ceritinib arm survive 5 years)

Progression-free survival (PFS)

The company explained that although the Gompertz function had the best fit with the
observed trial data for PFS, it gave implausible long-term results: 23.1% of patients treated
with ceritinib were progression-free after 5 years using the Gompertz function. By contrast,
the exponential function predicted that 8.8% of patients treated with first-line ceritinib would
remain progression-free at five years. The ERG was satisfied with the choice of curve for
PFS.

Overall survival (OS)

The company noted that clinical experts supported using the exponential function to model
overall survival, but that they considered that it overestimated long-term survival compared
with clinical practice. The company defended its choice of the exponential function to
extrapolate PFS and OS because the estimates of post-progression survival in the model
were nearly equivalent to the first-line ceritinib and crizotinib treatment arms in ASCEND-4
and PROFILE 1014, respectively. However, the ERG considered that the estimates of long
term survival produced with the exponential curve were inconsistent with clinical experience
of ALK inhibitors and real world data on the survival of patients who had received crizotinib.

In the company’s response to the factual accuracy check, it noted that recently published
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OS data from PROFILE-1014 support using the exponential function to
extrapolate OS; PROFILE-1014 predicted that 56.6% of patients will be alive
at 4 years. Median OS for crizotinib in PROFILE-1014 has not be reached at a
median follow-up of 46 months, median OS for chemotherapy was 47.5
months.

The ERG used the Gompertz curve to model overall survival in its alternative
base case. As mentioned on the previous page, the ERG explored the impact
of relaxing the proportional hazards assumption in additional scenario
analyses.
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Observed and predicted PFS for ceritinib
using different parametric functions
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Source: figure 17 company submission 28
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Time on treatment (ToT)

Company base case

+ Used truncated median ToT from clinical trials and extrapolated with
exponential function to get mean ToT
— Truncated median (months): 15.3 for ceritinib and 10.90 for crizotinib
— Mean ToT (months): [} for ceritinib and [Jilifor crizotinib

ERG comments

« Model results are very sensitive to assumptions about ToT
« Using the truncated median ToT underestimates actual ToT
— patients in model didn't continue treatment beyond progression, which
contradicts trial and practice
 Inappropriate to assume non-proportional hazards
— using individual ToT curves to model each arm was inconsistent with how
PFS modelled; ToT and PFS should be modelled in same way

« Differences between populationsin ASCEND-4 and PROFILE-1014 might
influence ToT,; data should be weighted to balance population characteristics

The ERG noted that the duration of therapy has a significant impact on total drug
acquisition costs, which are the key driver of the incremental costs in the model. Sensitivity
and scenario analyses showed that the model results are very sensitive to assumptions
about time on treatment. The ERG’s concerns with the company’s base case assumptions
are expanded below.

Using the truncated median time on treatment underestimates treatment duration

* The mean duration of treatment with ceritinib in the company’s base case model
(estimate academic-in-confidence, see slide) is lower that the mean time on treatment
calculated using the individual patient data from the ASCEND-4 trial, indicating that the
company’s method for estimating time on treatment is not appropriate. The company
and ERG did not have access to patient-level data for crizotinib so could not comment
on its true treatment duration, but the ERG suggest that it is reasonable to expect that
the company’s estimate for duration of crizotinib therapy is also inaccurate.

+ The ERG also noted that the time on treatment curves in the company base case
model are below the progression-free survival curves, implying that patients do not
remain on treatment after disease progression. This contradicts the protocol for
ASCEND-4, and ceritinib’s marketing authorisation, which state that treatment can
continue beyond RECIST-defined progression, for as long as clinical benefit is
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observed.

* In ASCEND-4: of the ceritinib patients who had RECIST-confirmed
disease progression, 84% received at least 1 dose of ceritinib after
disease progression and 49% continued ceritinib for at least 2
cycles after progression. This resulted in a median additional
exposure of 9.6 weeks.

* In the NICE technology appraisal of crizotinib (TA406), 73% of
patients received treatment beyond progression for a median of 3.1
months.

Using individual curves to model each arm (non-proportional hazards)

was inconsistent with modelling PFS

+ The ERG assert that time on treatment and progression-free survival (PFS)
should be modelled in same way, because the 2 outcomes are likely to be
correlated. That is, if proportional hazards are assumed for PFS then they
should also be assumed for treatment duration. The ERG requested this as
a scenario analysis from the company at clarification (see next slide). The
ERG considered that using patient level data from ASCEND-4 should
produce more accurate estimates.

Differences between trial populations might influence ToT

+ The ERG suggested that the patient level data from ASCEND-4 should be
adjusted to the crizotinib population in PROFILE-1014 before extrapolating
(see next slide).
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Time on treatment (ToT)

Company scenario analysis
Ceritinib arm: mean ToT months (versus [Jl months in base case)

« ToT based on extrapolated patient level data

— KM curve for ToT from ASCEND-4 was weighted to match PROFILE-1014
(to account for differences in baseline characteristics)

— Weighted patient data extrapolated using exponential function

Crizotinib arm: mean ToT [Jflimonths (versus ] months in base case)

+ ToT estimated by applying the hazard ratio for crizotinib versus ceritinib (i)
to the exponential ceritinib curve

« Hazard ratio calculated using truncated median ToT
— 10.90 months for crizotinib (PROFILE-1014 trial)
— [l months for ceritinib (ASCEND-4 weighted to PROFILE-1014)

« ERG used the approach from the company’s scenario analysis in its alternative
base case

The company performed the scenario described above in response to a clarification
request from the ERG (question B6). The ERG used the approach from the company’s
scenario analysis in its alternative base case (described in the ERG report as ‘proportional
hazards of treatment duration’ and ‘clinical data matched to the PROFILE-1014
population’).
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Costs in the progressed disease state

Company approach

* 60% of patients in each arm received second-line systemic treatment
« Second-line treatments differ in each arm
— Base case distribution of treatments based on trial data
— Scenario used distribution of second line treatments based on practice

« Both arms included same per-cycle costs of routine management and
supportive medication (using estimates from previous TAs)

ERG comments

« Costs and clinical data in the model are inconsistent

+ In trials: 35% (ceritinib) and 43% (crizotinib) of people had 2™ line treatment
« In practice: 80% of people would receive subsequenttreatment

« Does not account for patients receiving >1 line of subsequent active therapy

* Not appropriate to assume same duration and dose intensity for second-line
therapy regardless of first-line treatment because post-progression survival
likely to differin each arm (although uncertain which arm would have longest
post-progression survival)

The company’s base case assumed that 60% of patients received second line systemic
treatment, based on feedback from clinical experts. The company’s justification for
assuming more people received second line active treatment than reported in the clinical
trials of ceritinib (where 35% of patients had second line treatment) and crizotinib (where
43% of patients had second line treatment) was that the trials have limited post-progression
follow up time. The company expect that more patients would have started second line
treatment after the data cut off for the trials.

The distributions of second line treatment differed according to the first line treatment, and
in the base case were informed by distributions in the clinical trials of ceritinib and
crizotinib. A scenario analysis used distributions based on clinical advice, because the
distributions of treatments used in the clinical trials did not reflect current prescribing.

The ERG was concerned that, in both the company base case and the scenario analysis,

second line treatments were inconsistent with the clinical data used in the model:

* In the base case, more people received subsequent treatment than in the trials, but
efficacy was based on trial data.

* In the scenario analysis which reflected real world prescribing of subsequent treatments,
the company did not account for how the different distribution of subsequent therapies
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might affect post-progression survival.

Furthermore, the ERG was concerned that the inconsistency between the
second-line treatments used in the trials (and therefore in the model) and in
UK clinical practice suggests that the clinical data used in the model is unlikely
to fully reflect the relative benefits of ceritinib and crizotinib in practice. The
ERG considered this to be a major source of uncertainty that will impact the
ICER substantially.

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017

32



CONFIDENTIAL

Distribution of second-line treatment
according to first-line treatment arm

Base case Scenario
based on trial based on real world

15t line 15t line 15t line 15t line
Second-line treatment ceritinib (%) crizotinib (%) ceritinib (%) crizotinib (%)

1.9 10.8 0.0 60.0

38 46 0.0 0.0
0.0 0.0 0.0 0.0
450 431 60.0 0.0
45.0 431 60.0 0.0
22.5 20.0 30.0 0.0
22.5 23.1 30.0 0.0
40.0 40.0 40.0 40.0

Cost of PD treatment, £ 8,135.41 8,645.67 3,957.08 28,083.54

9.4 15 0.0 0.0

+ Distribution in base case does not reflect clinical practice (eg wouldn’t have
crizotinib after ceritinib)

« Scenario analysis more realistic, but inconsistent with clinical data in model

In the company’s base case, nearly half of patients received second-line platinum doublet
therapy (45% in the first-line ceritinib arm and 43.1% of patients in the first-line crizotinib
arm), approximately 10% of patients in each arm received ceritinib or crizotinib (whichever
drug they have not received first line), and the remaining patients received docetaxel.

In the company’s scenario analysis it assumed that all patients who received subsequent
treatment would receive:

+ platinum doublet therapy after first line ceritinib

« or ceritinib after first line crizotinib.

As in the base case, the remaining 40% of patients in both arms received no further
systemic treatment.
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Utilities

[Healthstate | Utilityvalue | ___ Source |
Ceritinib
Progression-free? 0.810 ASCEND-4
Progressed disease 0.641 Chouaid et al. 2013
Crizotinib
Progression-free? 0.810 PROFILE-1014
Progressed disease 0.641 Chouaid et al. 2013

2 pecause these are treatment-specific, company did not separately apply AE-
related disutilities or make adjustments for different treatment response rates

ERG comments

+ Model structure can’t distinguish between patients on- and off-treatment
« Progression-free utilities appropriate, concerns about progressed disease:
— Inappropriate to apply same utility for progressed disease in both arms
— Chouaid most appropriate source, but issues with generalisability
— QoL for people on 1st line therapy beyond progression is underestimated
— Company method for calculating weighted average not appropriate

Neither ASCEND-4 nor PROFILE-1014 provided data that could be used to derive utility

values for the progressed disease health state. The company identified Chouaid et al.

(2013) in a systematic literature review. Chouaid et al. (2013) reports the results from a

multi-national cross-sectional study among patients receiving any treatment for advanced

NSCLC in real-world settings. The study collected EQ-5D from 263 patients receiving any

treatment for advanced NSCLC and reported utility scores according to progression status

and line of therapy. The company derived the progressed disease utility value of 0.641

using a weighted average of the utilities reported by Chouaid et al. (2013) among patients

in the following disease states:

« first-line progressed disease (that is, patients who continue first-line treatment beyond
progression) (0.67; n=26)

» second-line progression-free (0.74; n=44) or progressed disease (0.59; n=17)

 and third-/fourth-line progression-free (0.62; n=24) or progressed disease (0.46; n=21).

The company used the sample size for each state as the weight for the post-progression
utility estimate.

The ERG was satisfied with the company’s calculation and application of progression-free
utilities in both arms, but had the following concerns about the utility for progressed
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disease:

* It might be inappropriate to apply the same utility for progressed disease in
each arm given that patients would receive a different mix of therapy in each
arm (regardless of whether trial-based second line treatments or the real
world prescribing is used).

» The study by Chouaid et al. (2013) was not generalisable to this decision
problem and might have underestimated the utility value for progressed
disease (that is, predicted a worse quality of life than would be expected):

» Chouaid et al. (2013) was not specific to people with ALK positive
NSCLC (who are thought to be younger, fitter and with a better
quality of life than ALK-negative NSCLC patients)

» Chouaid et al. (2013) was conducted before ALK inhibitors were in
routine use; targeted ALK therapy is associated with a better quality
of life than other second line chemotherapy options.

» Chouaid et al. (2013) reported a utility value specific to people who
continued first-line treatment beyond disease progression (0.67), which was
included in the company’s weighted average utility for progressed disease.
The ERG considered that Chouaid’s estimate of 0.67 was too low, because
it was based on patients receiving chemotherapy instead of an ALK inhibitor,
as well as the issues with the generalisability of the study population. The
ERG concluded that the utility for progressed disease would not represent
patients who remained on first-line therapy after progression (that is, it
would underestimate the utility for these patients, possibly to a different
extent in each treatment arm).

» The ERG did not agree with the company’s approach to calculating the
weighted average value for progressed disease - the company include the
Chouaid et al. (2013) estimate for people on second-line treatment who are
progression-free (0.74), however this value correspond to patients within the
progression-free health state and should not be used to inform the utility for
progressed disease.
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Adverse events

Company approach

« Treatment-related grade 3/4 AEs included if they affected =5% of patients

receiving ceritinib or crizotinib in ASCEND-4 and PROFILE 1014, respectively
Neutropenia 0.5 1.1

Diarrhoea 53 23
Pulmonary embolism 0.0 6.4

Vomiting 23 1.8
Hyperglycaemia 6.3 0.0

ALT elevation 30.7 14.0

AST elevation 16.9 0.0

GGT increased 286 0.0

Alkaline phosphatase increased 7.4 0.0

« Safety was not a key model driver and the ERG did not explore uncertainty
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Summary of ERG critique

Main areas of uncertainty relate to the clinical evidence available to
populate the model:

+ relative treatment effect is based on the highly uncertain MAIC analysis

+ hazard ratios from MAIC were applied to unadjusted survival curves from
ASCEND-4 (instead of weighting data to PROFILE-1014)

+ OS data are immature
+ extrapolation of OS is optimistic

Also uncertainty regarding the:

+ assumption of proportional hazards for PFS and OS

+ methods used to estimate of duration of first-line treatment

+ distribution of second-line therapies (in both treatment arms)

+ duration of post-progression treatment (in both treatment arms)
« utility values in the post-progression health state

« acquisition and administration costs of ceritinib and crizotinib
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ERG alternative base case
| |ERGbasecase | Company base case |

Time on Assumed proportional hazards Used trial-derived
treatment » Ceritinib: patient-level data truncated medians for
» Crizotinib: hazard ratio from MAIC1  both arms
(PROFILE-1014)

Overall survival Gompertz curve Exponential curve
Clinical data Adjusted ceritinib data to match Unadjusted ceritinib
(OS, PFS, ToT) PROFILE-1014 population data
% of patients on Based on ASCEND-4 (35%) and 60% of patients have
2"d-line PROFILE 1014 (40%) 2 line treatment
treatment distribution of treatments was based on trials in both base cases
Post- » Recalculated post-progression utility On-treatment post-
progression » Added a health state: ‘sustained progression utility not
utility utility on progression’ differentiated
Acquisition cost  Included drug wastage Assumed no wastage
Administration Additional cost for to reflect need to Included only the cost
cost monitor tolerance to dose of a pharmacist’s time
to dispense

After correcting minor calculation errors in the company’s model, the ERG applied 7
changes to produce its alternative base case (see table above). The first 2 changes (to
time on treatment calculation and overall survival extrapolation) had the biggest impact on
the model results.

The ERG’s alternative base case could not account for all of the limitations in the
company’s model, such as the:

highly uncertain results of the MAIC analysis

uncertain survival benefit

uncertain assumption of proportional hazards for PFS and OS (see later for exploratory
analyses)

inconsistency between the modelled second line treatments and those used in practice,
and the underestimation of the number of people receiving second line treatment;
although the ERG considered this a serious limitation, it concluded it was preferable for
the costs in the model to reflect those of the trial on which the survival benefit was
modelled

uncertainty in the duration of post-progression treatment.

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017

37



CONFIDENTIAL

ERG alternative base case:
changes to post-progression utility

+ ERG made 2 changes to the modelled utility values in its alternative base case:
1. recalculated post-progression utility

2. added a health state: ‘sustained utility on progression’ to reflect patients
who continued receiving first-line treatment beyond disease progression

« The updated utility values are tabulated below

Health state* | _Company utility | _____ERG utility ___|
Progression-free 0.810 0.81

Source ASCEND-4 and Company base case

PROFILE-1014

Progressed disease 0.641 0.56

Source Weighted average = Amended weighted average

from Chouaid (2013) from Chouaid (2013)

Sustained utility on progression N/A 0.68

Source N/A Midpoint of utilities in other

2 health states
*the same uftilities were used in the ceritinib and crizotinib arm

The ERG made 2 changes to the calculation of utility values in the model. First, it

recalculated the utility value in the progressed disease health state. The ERG’s progressed

disease utility was, as in the company base case, based on a weighted average of the

utilities reported by Chouaid et al. (2013), however the ERG amended the calculation by

removing 2 of the utility estimates:

 the estimate for people who continue first-line treatment beyond progression (0.67);
these people were represented by a new health state (see below)

 the estimate for people on second-line treatment who are progression-free (0.74); this
value correspond to patients within the progression-free health state and should not be
used to inform the utility for progressed disease.

The ERG’s second change was to differentiate quality of life in people receiving first-line
treatment beyond progression. To do this, the ERG created an additional health state
(‘sustained utility on progression‘) using the difference between the time on treatment curve
and the PFS curve. The utility value in this health state (0.68) was the midpoint of the
progression-free utility (estimated by the company as 0.81) and the ERG’s updated utility
for the progressed disease health state (0.56).

The revised utility analysis reduced the total QALYS gained in each arm of the model, and
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the ICER for ceritinib increased. Because the same utility values were used in
each treatment am, the ICER was not substantially impacted.

National Institute for Health and Care Excellence
Pre-meeting briefing — ceritinib for untreated ALK-positive non-small cell lung cancer
Issue date: October 2017

38



CONFIDENTIAL

Base case results (using list prices)

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

Company base case

Crizotinib 91,970 2.68

Ceritinib 106,954 3.22 14,985 0.54 27,936
ERG alternative base case (with Gompertz 0S)

Crizotinib 119,687 2.03

Ceritinib 139,573 2.40 19,887 0.37 58,808
ERG alternative base case (with exponential OS)

Crizotinib 123,005 2.67

Ceritinib 143,792 3.22 20,787 0.56 37,410

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year

Source: table 47 company submission, table 54 ERG erratum (corrected in response to
issues 1, 2 and 3 of the company’s factual accuracy check), table 6 ERG addendum
Results using the confidential patients access schemes for both drugs are presented in the
confidential appendix to the PMB.

Disaggregated costs and QALY are presented on table 49 of the company submission.

The main differences in costs and QALYs in the company base case model were as

follows:

 First-line drug and drug administration costs were the largest component of the total
costs for both ceritinib (75.1% without PAS) and crizotinib (71.87% without PAS).
Ceritinib patients spent a longer time on treatment, hence the higher cost; although the
difference was reduced due to the relative dose intensity adjustments made, where
ceritinib was associated with a lower dose intensity compared with crizotinib.

» Pre-progression medical costs were noticeably higher for ceritinib, compared with
crizotinib (34.35%). This was due to ceritinib patients spending longer on treatment
(longer PFS with ceritinib than crizotinib).

 Ceritinib generated higher QALY's and higher life-years than crizotinib.

 Ceritinib generated nearly all of its additional QALYs and life-years in the
progression-free health state; post-progression QALYs and life-years were
approximately equal to those with crizotinib
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ERG additional exploratory analyses

Additional scenario analyses:
+ Relaxing the proportional hazards assumption
— the ERG had concerns about the robustness of these analyses (see below)
+ Crizotinib outcomes based on ALEX trial (hazard ratios from MAIC2)
— 1 scenario used unadjusted ceritinib data from ASCEND-4
— 1 scenario used adjusted ceritinib data (weighted to match ALEX population)

+ Using the real-world distribution of second-line treatments to calculate alternative
post-progression utilities (including extra health state)

— real-world treatment distribution resulted in different post-progression utilities
in each arm (higher for crizotinib)

— increased the ICER for ceritinib substantially (more QALYs gained in the
crizotinib arm)

— ERG did not favour this scenario because does not reflect clinical trial data

Results using the confidential patients access schemes for both drugs are
presented in the confidential appendix to the PMB

Relaxing the proportional hazards assumption

To explore the impact of relaxing the proportional hazards assumption, the ERG fitted

parametric models to the patient level data for ceritinib and crizotinib independently (using

the same parametric function for each treatment arm). Time on treatment was estimated as

per the company base-case using the truncated median time on treatment. The ERG

presented the results of 2 scenarios:

» Exponential function for PFS and OS (as in the company base case), fitted
independently to ceritinib and crizotinib data

» Weibull function for OS (because it is more clinically plausible than the exponential
function) and exponential function for PFS, fitted independently to ceritinib and crizotinib
data.

The results of the ERG’s exploratory analyses indicated that the assumptions of

proportional hazards may be inappropriate. However, the ERG noted several limitations

with these analyses:

» the immaturity of the OS data means that fitting independent parametric curves is
subject to significant uncertainty and extrapolations may be unreliable

« the alternative method of estimating treatment duration in the ERG’s alternative base
case cannot be implemented because it relies on the proportional hazard assumption

+ the alternative set of utility values in the ERG’s alternative base case cannot be used.
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See section 6.5 of the ERG report and section 1.9 of its confidential appendix
for more information on the methods and results of these analyses.
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Innovation (comments from the company)

* Promising Innovative Medicine designation for previously treated NSCLC
* Unmet need in untreated ALK-positive NSCLC: crizotinib is the only option
— primary resistance to crizotinib in 5% of patients
— median time to disease progression on crizotinib is 12 months
» Greater potency, specificity and penetration of blood-brain barrier than
crizotinib
— allows once daily dosing
— translates into clinically meaningful improvement in PFS
» Benefits not captured in the QALY:

— better tolerability than crizotinib: less grade 3/4 neutropenia and any-
grade constipation, oedema and vision disorders (of these, the model
costs included only grade 3/4 neutropenia)

— reduced productivity loss, carer burden, impact on patient’s family

— psychological impact of prolonging the duration of remission and
reducing the number of disease progressions a patient experiences

The company did not make a case for considering ceritinib as an end-of-life treatment
because the criterion for short life expectancy is not met.
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Submission summary

A1 Health condition (see section B1.3)

Anaplastic lymphoma kinase-positive non-small cell lung cancer (ALK+ NSCLC) is a unique
subpopulation of patients with NSCLC having a specific mutation in the gene encoding ALK, a
receptor tyrosine kinase involved in the regulation of the RAS and JAK/STAT signalling pathways.
Mutations in the ALK gene result in constitutive activation of ALK which in turn leads to activation of
downstream regulator proteins, promoting cell growth and proliferation, angiogenesis and decreased
apoptosis.'?

Patients with ALK+ NSCLC represent 2-7% of all patients with NSCLC?*® and they are generally
younger, often being diagnosed in their 50s, rather than their mid-60s.67 Most present with advanced
disease,® so their prognosis is poor. Estimated 5-year overall survival (OS) for NSCLC is 7%—24%
for stage lll disease and 2%—13% for stage |V disease,® and, prior to the introduction of ALK
inhibitors, outcomes were generally worse in patients with ALK+ versus ALK-negative disease.°

Advanced NSCLC is associated with a high symptom burden, including chest-related symptoms,
fatigue, appetite loss and psychological distress.!-* Metastases further add to this symptom burden.
In particular, 15-35% of patients with ALK+ tumours have brain metastases at initial diagnosis 517
and the incidence can increase to 60% over the course of first-line therapy.'® Patients with brain
metastases can experience seizures, numbness, altered sensations, motor weakness, visual
disturbances and speech difficulties'® and may be prohibited from driving.2°

A.2 Clinical pathway of care (see section B1.3)

The management of patients with advanced NSCLC in clinical practice in the UK follows the
guidelines and recommendations of NICE and European Society for Medical Oncology (ESMO).2".22
For untreated ALK+ advanced NSCLC the NICE Clinical Guideline 121 recommends crizotinib, and
options for previously treated ALK+ advanced NSCLC are: crizotinib, or ceritinib for adults who have
previously received crizotinib. Current ESMO guidelines broadly concur with NICE guidance. 2!

Ceritinib is a next-generation ALK inhibitor therapy which extends the armamentarium available for
treating ALK+ NSCLC,2 by providing a new first-line therapeutic option.2* Thus it is envisaged that
ceritinib would be an alternative first-line option to crizotinib. Following disease progression, patients
receiving first-line ceritinib would then progress to chemotherapy (CT), followed by best supportive
care (BSC). Of note, crizotinib is not appropriate following ceritinib, as confirmed by clinical experts,
as mutations that lead to resistance to second-generation ALK inhibitors confer an increased risk of
resistance to crizotinib as a first-generation ALK inhibitor.25 Currently, patients receiving crizotinib as
first-line therapy receive ceritinib as second-line therapy, followed by CT and then BSC.
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Figure 1 Place of ceritinib in the treatment of ALK+ NSCLC

| ALK+ advanced NSCLC |

| Ceriinib |
‘ Chemotherapy ‘ l
‘ Chemotherapy ‘
BSC BSC

BSC, best supportive care

A3 The technology (see section B1.2)

Table 1 summarises the mechanism of action, method of administration and status of the marketing
authorisation for ceritinib as a first-line treatment for adult patients with ALK+ advanced NSCLC.

Table 1 Ceritinib for first-line treatment of ALK+ advanced NSCLC

UK approved Zykadia®; ceritinib?2

name and

brand name

Mechanism of Ceritinib is a highly selective, potent, second-generation TK inhibitor of ALK, a
action protein involved in regulation of the RAS and JAK/STAT signalling pathways.

ALK is a TK receptor protein. Under normal conditions, ALK is only activated in
response to ligand binding, which induces dimerisation and, in turn,
autophosphorylation. Activated ALK phosphorylates downstream signalling
proteins in the RAS and JAK/STAT signalling pathways, leading to cell growth
and proliferation, promoting angiogenesis and decreasing apoptosis. 2

ALK+ tumours have rearrangements of the ALK gene, which result in constitutive
activation of the ALK protein.?627 In the majority of ALK+ NSCLCs, a somatic
gene rearrangement generates an EML4-ALK fusion protein that contains the N-
terminal domain of EML4 fused to the C-terminal domain of ALK.2.27-31
Constitutive activation of the ALK protein results in aberrant downstream
signalling of the RAS and JAK/STAT pathways, leading to uncontrolled
proliferation.

Ceritinib specifically targets the ALK protein, competing with adenosine
triphosphate for binding to the active site. Ceritinib thus directly inhibits
autophosphorylation of ALK and its subsequent activation thus, in turn, inhibiting
ALK-mediated phosphorylation and activation of the downstream regulatory
proteins in the signalling pathways. In this way, in ALK+ NSCLC, ceritinib inhibits
signalling pathways that would otherwise promote cell proliferation.28.32.33

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved Page 5 of 26



Ceritinib is a second-generation ALK inhibitor that has greater affinity and
specificity for ALK than the first-generation ALK inhibitor, crizotinib. Ceritinib has
been shown to overcome resistance to crizotinib in preclinical and clinical (phase
1) studies,?2%34 and has demonstrated superior efficacy to crizotinib as a first-
line therapy for ALK+ NSCLC

Marketing Marketing authorisation for ceritinib as a first-line treatment option for adult
authorisation/CE | patients with ALK+ advanced NSCLC was received on 26 June 2017.
mark status

Ceritinib received marketing authorisation on 6 May 2015 as a second-line
treatment for adult patients with ALK+ advanced NSCLC previously treated with

crizotinib.
Indications The indication (in relation to this submission) is the first-line treatment of adult
patients with ALK+ advanced NSCLC.
Method of Ceritinib is an oral therapy, taken once daily continuously. The capsules must be
administration taken on an empty stomach and no food should be eaten for at least 2 hours
and dosage before and 2 hours after the dose is taken.?2 The recommended dose of ceritinib

is 750 mg (5 x 150 mg capsules) and therapy should be continued for as long as
clinical benefit is observed.?

Dose reductions may be required due to adverse reactions, and should be
achieved using decrements of 150 mg daily. Approximately 68% of patients
initiating treatment at the recommended dose of 750 mg required at least one
dose adjustment due to adverse reactions, with a median time to first dose
reduction of approximately 9 weeks.3%

Additional tests | Identification of the specific ALK+ NSCLC patient population in whom first-line
or investigations | ceritinib is indicated requires genetic testing. This testing is currently
recommended for all patients with advanced NSCLC to determine eligibility for
therapy with an ALK inhibitor.2' Thus, no additional tests over and above current
clinical practice are required for selection of patients to receive first-line therapy
with ceritinib.

Recommended monitoring during treatment with ceritinib is largely the same as
that recommended for first-line crizotinib in this patient population, and includes:?2

o Liver laboratory tests (including ALT, AST and total bilirubin) prior to the start
of treatment, every 2 weeks for the first month and monthly thereafter

¢ Monitoring for gastrointestinal toxicity and for pulmonary symptoms indicative
of pneumonitis

e Periodic monitoring of ECG and electrolytes, heart rate and blood pressure

¢ Monitoring fasting plasma glucose prior to treatment and periodically
thereafter

¢ Monitoring of lipase and/or amylase prior to treatment and thereafter as
clinically indicated

Use of ceritinib in the first-line treatment of adult patients with ALK+ advanced

NSCLC will not adversely impact or alter the current infrastructure and service

provision requirements, and is not expected to increase resource use.

This reflects the fact that:

e Currently, the majority of patients with ALK+ advanced NSCLC receive
crizotinib. The tests for identifying these eligible patients and the monitoring
required during therapy are largely the same as for ceritinib (although full
blood counts and monitoring for renal function are additionally recommended
during therapy with crizotinib36)
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¢ Interventions for the management of gastrointestinal adverse events (e.g.
anti-emetics and anti-diarrhoeals) are likely to be comparable for ceritinib and

crizotinib

List price and
average cost of
a course of
treatment

The list price is £4,923.45 for a 30-day supply, and this is the price agreed with
the Department of Health for 3 packs of 50 x 150 mg capsules each.

Patient access
scheme (if
applicable)

A confidential simple discount PAS of - is currently in place.

ALK, anaplastic lymphoma kinase; ALK+, anaplastic lymphoma kinase-positive; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CHMP, Committee for Medicinal Products for Human Use; ECG,
electrocardiogram; EML4, echinoderm microtubule-associated protein-like 4; JAK/STAT, janus kinase/signal
transducer and activator of transcription; NSCLC, non-small cell lung cancer; PAS, patient access scheme; RAS,
rat sarcoma; TK, tyrosine kinase

A4

Decision problem (see section B1.1)

Ceritinib is currently approved and recommended by NICE for the treatment of adult patients with
ALK+ advanced NSCLC previously treated with crizotinib.23” This submission relates to the extension
of the indication for ceritinib to include first-line treatment of adult patients with ALK+ advanced
NSCLC and covers the full marketing authorisation for this first-line indication.

Table 2 The decision problem

Final scope issued by
NICE

Decision problem
addressed in the
company submission

Rationale if different
from the final NICE
scope

Population People with untreated People with untreated
ALK+ advanced NSCLC | ALK+ advanced NSCLC
Intervention Ceritinib Ceritinib
Comparator(s) | ¢ Crizotinib Crizotinib Crizotinib is now the
e Pemetrexed in standard of care for first-
combination with a line treatment of ALK+
platinum drug advanced NSCLC.
(carboplatin or Clinical expert opinion
cisplatin) (for people suggests that > 90% of
with adenocarcinoma these patients would be
or large cell treated with crizotinib in
carcinoma only) and England and Wales.38
with or without
pemetrexed
maintenance
treatment
Outcomes e Overall survival e Overall survival

e Progression-free
survival

¢ Response rate

e Adverse effects of
treatment

e Health-related quality
of life

e Progression-free
survival

¢ Response rate

e Adverse effects of
treatment

e Health-related quality
of life
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Economic Cost-effectiveness is
analysis expressed in terms of
incremental cost per
quality-adjusted life year
gained.

The time horizon of the
model is 20 years, which
is sufficient for this
patient population to
reflect any differences in
costs or outcomes
between the
technologies being
compared.

Costs have been
considered from an NHS
and Personal Social
Services perspective.

Special ALK testing will not be ALK testing is currently
considerations included in the analysis. | performed routinely in
including this group of patients
issues related due to the availability of
to equity or crizotinib as a first-line
equality ALK inhibitor.

ALK+, anaplastic lymphoma kinase-positive; NSCLC, non-small cell lung cancer

A.5 Clinical effectiveness evidence (See section B2.6)

Evidence for the efficacy and safety of ceritinib as first-line therapy in patients with ALK+ NSCLC is
provided by the phase 3 RCT, ASCEND-4, as described in Table 3, and data from this study are used
in the economic model. This multicentre, randomised, open-label study conducted in 134 sites across
28 countries assessed the efficacy and safety of ceritinib versus platinum-based chemotherapy (CT)
in patients with ALK+ advanced non-squamous NSCLC, untreated with any systemic anti-cancer
therapy (except neoadjuvant or adjuvant therapy). Results have been reported for the first planned
interim analysis, performed after a median follow up of 19.7 months (data cut off, June 2016) and
include the primary endpoint — progression-free survival (PFS) — the key secondary endpoint — overall
survival (OS) — and a number of other secondary endpoints including response rates and patient
reported outcomes (PROs).?435 Safety data have also been reported. No further studies were
identified that investigated ceritinib in this patient population. However, three non-RCTs (ASCEND-
1,39 ASCEND-2,%0 ASCEND-3*") and an RCT comparing ceritinib versus CT (ASCEND-52) have
investigated ceritinib in patients with ALK+ advanced NSCLC who had received prior therapy (CT
and/or an ALK inhibitor) for advanced disease. These studies provide supporting evidence for the
safety profile of ceritinib; data from these studies are not used in the economic model, as they relate
to a different patient population to that which is relevant in this submission. Preliminary safety data
have also been reported for two further ongoing studies, ASCEND-64% and ASCEND-8.44

In ASCEND-4, patients untreated with systemic therapy were randomised 1:1 to receive ceritinib or
CT (cisplatin or carboplatin plus pemetrexed). If present, brain metastases were required to be
asymptomatic or neurologically stable. Randomisation was stratified according to World Health
Organization (WHO) performance status (0 vs. 1-2), prior adjuvant therapy (yes vs. no) and the
presence or absence of brain metastases at screening. Ceritinib was administered orally once daily
(in the fasted state, i.e. at least one hour before or two hours after food), at a dose of 750 mg (5 x 150
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mg capsules) continuously for the 21-day treatment cycle. CT was administered intravenously,
comprising cisplatin (75 mg/m?) or carboplatin (area under the concentration time curve 5—

6 mg/mL.min) plus pemetrexed (500 mg/m?) given every 21 days for four cycles, and patients who
completed the four cycles of CT without disease progression subsequently received pemetrexed
maintenance therapy (500 mg/m?) every 21 days. In both treatment groups, patients continued to
receive therapy until disease progression (according to Response Evaluation Criteria In Solid
Tumours [RECIST] 1.1 criteria, central assessment) or unacceptable toxicity. Patients could continue
therapy beyond disease progression if the investigator judged that they were experiencing clinical
benefit, but they were not followed for efficacy or PROs beyond progression. Patients could undergo
dose reductions or treatment interruptions for management of AEs. A maximum of three dose
reductions were allowed for patients treated with ceritinib (150 mg per reduction, to a minimum dose
of 300 mg/day). Patients randomly assigned to CT were allowed to cross over to ceritinib after
centrally confirmed, RECIST-defined progressive disease.

Efficacy outcomes were based on determination of tumour response according to RECIST 1.1 criteria
and were performed both locally and centrally, based on computed tomography scans or MRI of the
chest and abdomen. Assessments were completed at baseline, every 6 weeks from cycle 1 day 1 to
month 33 and then every 9 weeks thereafter and at the end of treatment. Intracranial responses were
assessed in patients with brain metastases by computed tomography scan or MRI performed at each
tumour assessment time point. PROs were assessed using the European Organisation for Research
and Treatment of Cancer (EORTC) quality-of-life core questionnaire (QLQ-C30),*® the corresponding
lung cancer module (QLQ-LC13), 46 the Lung Cancer Symptom Scale (LCSS),%” and the EuroQol
Group 5-Dimension (EQ-5D-5L) self-report questionnaire.*® The primary endpoint was PFS, assessed
centrally according to RECIST 1.1, and the key secondary endpoint was OS. The investigators and
patients were not masked to treatment assignment, but the study sponsor personnel remained
blinded until data lock for the primary analysis.

Table 3 Clinical effectiveness evidence (B2.2 table 4)

Study ASCEND 4, NCT01828099, CLDK378A2301:
Soria et al., 2017

Study design Phase 3 open-label RCT

Population Untreated adult patients with stage IlIB/IV ALK+ NSCLC

Intervention(s) Ceritinib

Comparator(s) Platinum-based chemotherapy, i.e. cisplatin or carboplatin plus
pemetrexed, followed by pemetrexed maintenance therapy

Indicate if trial supports Yes v Indicate if trial used in the | Yes

application for marketing No economic model No

authorisation

Rationale for use/non-use in Efficacy data for ceritinib from ASCEND-4 are used in the model, as

the model this study provides relevant data for ceritinib in the patient population
of interest.

Reported outcomes specified Primary outcome: PFS

in the decision problem Key secondary outcome: OS
Other outcomes: response rate, safety and HRQoL

All other reported outcomes Other secondary outcomes: PFS (local assessment), ORR, DOR,
DCR, TTR, OIRR, IDCR, DOIR, PRO: EORTC QLQ-C30, QLQ-
LC13, LCSS, EQ-5D and safety

Soria et al., 2017%*

ALK+, anaplastic lymphoma kinase-positive; DCR, disease control rate; DOIR, duration of intracranial response;
DOR, duration of response; EORTC-QLQ, European Organisation for Research and Treatment of Cancer core
Quality of Life questionnaire; HRQoL, health-related quality of life; IDCR, intracranial disease control rate; LCSS,
lung cancer symptom scale; NSCLC, non-small cell lung cancer; OIRR, overall intracranial response rate; ORR,
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objective overall response rate; OS, overall survival; PFS, progression-free survival, PRO, patient reported
outcomes; QLQ-LC13, lung cancer specific questionnaire; TTR, time to response

A.6

Table 4 summarises the key efficacy data for ASCEND-4 (see Section B2.6.1).

Table 4 Summary of efficacy data for the phase Il trial ASCEND-4

Key results of the clinical effectiveness evidence

Central assessment

Local assessment

. Ceritinib Chemotherapy | p-value or Ceritinib Chemotherapy | p-value or
Endpoints (n=189) (n=187) HR (n=189) (n=187) HR
Median PFS, 16.6 8.1 HR 0.55 16.8 7.2 HR 0.49
months (95% CI) (12.6-27.2) (5.8-11.1) p <0.001 | (13.5-25.2) (5.8-9.7) p <0.001a
Median OS, NE 26.2 HR 0.73 - - -
months (95% CI) (29.3—NE) (22.8-NE) p = 0.056
2-year OS, % 70.6 58.2 NA - - -
(95% CI) (62.2-77.5) (47.6-67.5)

ORR,* % (95% 72.5 26.7 - 73.5 321 -
Cl) (65.5-78.7) (20.5-33.7) (66.7-79.7) (25.5-39.3)
Median TTR, 6.1 13.4 - 6.3 12.6 -
weeks®(range) (5.1-61.7) (5.1-90.1) (5.1-71.9) (4.7-84.0)
Median DOR,¢ 23.9 111 - 23.3 8.0 -
months (95% CI) (16.6—NE) (7.8-16.4) (17.6-NE) (5.8-13.4)
EFS, % (95% CI) - -
At 21 months 59.0 NEd 53.9 13.8

(49.3-67.4) (42.9-63.6) (1.6-39.1)
At 24 months 48.2 NEd 415 NE¢

(32.3-62.4) (26.6-55.8)

Soria et al., 2017%*, Soria et al Supplementary appendix*®, ASCEND-4 CSR3?

aNominal p-value
bORR = CR+PR

°Patients with a best overall response of CR or PR

9Not estimable as no responders were at risk at the time point

Cl, confidence interval; CR, complete response; CSR, clinical study report; DOR, duration of response; EFS,
event-free survival; HR, hazard ratio; NA, not applicable; NE, not estimable; ORR, overall response rate; OS,
overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable

disease; TTR, time to response

A.6.1

Primary efficacy outcome — PFS (Section B2.6.2)

Ceritinib provided a median PFS of 16.6 months in the overall population

The ASCEND-4 study met its primary objective, demonstrating a statistically significant and clinically
meaningful improvement in PFS for ceritinib over CT. The median PFS was 16.6 months for ceritinib
compared with 8.1 months for CT (central assessment) (HR, 0.55; p<0.00001). The PFS advantage
was apparent from approximately three months onwards in the Kaplan—Meier plots, and the event-

free probability estimates remained higher throughout the study period for ceritinib compared with CT.
At 24 months, the Kaplan—Meier-estimated PFS was 47.6% for ceritinib compared with 18.6% for CT.

Results for local assessment corroborated those reported for central assessment, with median PFS
being 16.8 months for ceritinib (Table 4). Concordance rates between central and local review were
high, being 88% for ceritinib, and 87% for CT.
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Figure 2 Kaplan—Meier plots of PFS in ASCEND-4 (central assessment)
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Soria et al., 201724
Cl, confidence interval; HR, hazard ratio

Ceritinib prolonged PFS compared with CT in patients both with and without brain metastases.?4:3%
Median PFS achieved with ceritinib was 26.3 months in patients without brain metastases (vs 8.2
months for CT) and 10.7 months (vs 7.0 months) in patients with brain metastases according to
central assessment, and similar results were reported for local assessment.

A.6.2 Key secondary efficacy outcome — OS (Section B2.6.3)

The interim analysis reported a 2-year OS of 71% for ceritinib

At the time of the analysis, the OS data were immature; only 107 events (42% of the required OS
events) had occurred. The study did not cross the efficacy stopping boundary for OS (-3.2546 [Z-
scale], corresponding to p=0.0006 on the p-value scale), and is therefore ongoing.

At the data cut-off, 48 (25.4%) patients in the ceritinib group had died, resulting in an estimated 24-
month OS rate of 70.6%. This compares with a 24-month OS of 58.2% for CT. Median OS was ‘not
reached’ in the ceritinib group and was estimated as 26.2 months in the CT group (HR, 0.73;
p=0.056). Thus, ceritinib reduced the risk of death by 27% compared with CT. The OS Kaplan—Meier
plots for the two treatment groups diverged from four months onwards, indicating a positive trend in
favour of ceritinib (Figure 3).

At the time of the OS analysis, 105 (72%) of 145 patients initially randomised to CT had received an
ALK inhibitor after CT discontinuation; this included 80 patients who crossed over to receive ceritinib.
Of the other 25 patients, 23 received crizotinib. Conversely, in the ceritinib group, 34 (18%) of 189
patients had received subsequent anti-cancer therapy, of whom 24 received platinum-based doublet
CT, and six received an ALK inhibitor (ceritinib, n=1; crizotinib, n=3; lorlatinib, n=2). A sensitivity
analysis using rank-preserving structural failure time (RPSFT) methodology was performed to correct
for the confounding introduced by patients crossing over from CT to ceritinib. The resulting HR
estimate was similar to that from the primary OS analysis, suggesting that cross-over from CT to
ceritinib on disease progression did not affect the difference in OS between the treatment groups for
this data-cut (HR 0.73; 95% CI, 0.49-1.10). The duration of follow-up is currently insufficient to
conclude whether there is a difference in OS according to the RPSFT analysis.
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Figure 3 Kaplan—Meier plot of OS in ASCEND-4

-i Ceritinib —&- Chemotherapy

40 7| Median OS

30 Ceritinib: NE

Chemotherapy: 26-2 months
20 -] HR:0-73 (95% Cl: 0-50-1-08)
10 o P=0-056

Overall survival (%)
(41
o
1

0 T T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Time (Months)
Number at risk
Ceritinib 189 180 175 171 165 155 150 138 103 77 56 39 26 18 6 3 2 0
Chemotherapy 187 172 161 150 146 141 134 124 97 69 49 35 19 10 5 1 0 0

Soria et al., 201724
Cl, Confidence interval; HR, Hazard ratio

A.6.3 Whole-body tumour response rates (Section B2.6.4)

Almost three-quarters of patients achieved a tumour response to ceritinib and
responses were sustained for a median of two years

Overall, 72.5% of patients receiving ceritinib achieved a tumour response, with most being classified
as a partial response (PR, 72.0%) (Table 5). The median time to response was 6.1 weeks. Among
patients with a confirmed CR or PR, the median duration of response (DOR) was 23.9 months. These
results compare favourably with those for the CT group, where the ORR was 26.7%, time to response
was 13.4 weeks and median DOR was only 11.1 weeks. Similar results were reported for local
assessment, with concordance rates between central and local assessment for best overall response
being 79.9% for ceritinib and 73.3% for CT.

Table 5 Summary of whole-body tumour response rates in ASCEND-4

Response Central assessment Local assessment
Ceritinib Chemotherapy Ceritinib Chemotherapy
(n=189) (n=187) (n=189) (n=187)

ORR, n (%) 137 (72.5) 50 (26.7) 139 (73.5) 60 (32.1)

(95% CI) (65.5-78.7) (20.5-33.7) (66.7-79.7) (25.5-39.3)

CR, n (%) 1(0.5) 0 5 (2.6) 0

PR, n (%) 136 (72.0) 50 (26.7) 134 (70.9) 60 (32.1)

SD, n (%) 23 (12.2)2 88 (47.1)° 30 (15.9) 82 (43.9)

PD, n (%) 19 (10.1) 26 (13.9) 11 (5.8) 21 (11.2)

Unknown, n (%) 10 (5.3) 23(12.3) 9(4.8) 24 (12.8)

Median time to first 6.14 13.36 (5.1-90.1) 6.29 (5.1- 12.64 (4.7-84.0)

response (in (5.1-61.7) 71.9)

responders), weeks

(range)

Median DOR (in 23.9 (16.6— 11.1 (7.8-16.4) 23.3 (17.6— 8.0 (5.8-13.4)

responders), months NE) NE)

(95% CI)
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Estimated 21-month 59.0 (49.3— NE 53.9 (42.9, 13.8 (1.6-39.1)
event-free rate, % (95% 67.4) 63.6)
Cl)

Soria et al Supplementary appendix*®

aThree NCRNPD cases are based on patients with non-measurable disease.

®PNine NCRNPD cases are based on patients with non-measurable disease,

Cl, confidence interval; CR, complete response; DOR, duration of response; NCRNPD, non-CR/non-PD; NE, not
evaluable; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease

In the Kaplan—Meier plots for duration of response, the curves separated from approximately

three months onwards and the event-free probability remained higher in the ceritinib arm, indicating a
longer duration of response with ceritinib. The estimated event-free rate at 24 months was 48.2% for
patients in the ceritinib arm (Figure 4).

Figure 4 Kaplan—Meier plot of duration of response per central assessment by treatment arm
in ASCEND-4 (FAS - patients with confirmed CR or PR)
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A.6.4 HRQoL (Section B2.6.6)

Symptom severity and HRQoL were assessed while patients were receiving treatment using the QLQ-
C30, QLQ-LC13, LCSS and EQ-5D instruments. Results clearly demonstrated that patients in general
experience less severe symptoms (including both those related to lung cancer and to the side effects
of treatment), together with better functioning and HRQoL, during therapy with ceritinib compared with
CT. The only exception was Gl symptoms, which were more severe with ceritinib compared with CT.
Furthermore, median time to a definitive deterioration in lung cancer symptoms was 24 months
according to scores obtained with the QLQ-LC13, indicating that ceritinib provides patients with a
prolonged period with minimal worsening of disease-specific symptoms. This is supported by the EQ-
5D score (0.81) and EQ-VAS score (77.0) reported for patients receiving ceritinib, which are indicative
of a good HRQoL. These data suggest that the clinical benefits reported for ceritinib therapy translate
into meaningful improvements in symptoms and HRQoL, and that the effects of AEs are mitigated by
the impact of treatment on disease-related symptoms.
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A.6.5 Safety profile (Section B2.10)

In ASCEND-4, while most (97%) patients reported AEs related to treatment with ceritinib, and 65% of
patients experienced grade 3/4 treatment-related AEs, only 5% of patients discontinued therapy due
to treatment-related AEs. Thus AEs due to ceritinib were generally manageable and reversible with
dose adjustments, dose interruptions, and with supportive medication. Importantly, no new safety
information emerged that would substantially alter the safety profile of ceritinib demonstrated in earlier
studies in ALK+ NSCLC. The most common AEs (any grade, 235% of patients) were Gl (i.e.
diarrhoea, nausea and vomiting), followed by elevation in the serum levels of liver enzymes [aspartate
aminotransferase (AST), alanine aminotransferase (ALT) and gamma-glutamyltransferase (GGT)].
Elevated liver enzymes were also the most frequently reported grade 3/4 AEs (reported in 215% of
patients); most other grade 3/4 AEs related to treatment were reported in less than 5% of patients.

A7 Evidence synthesis (Section 2.9)

A systematic review identified that there are no direct head-to-head trials of ceritinib versus crizotinib
in ALK+ advanced NSCLC but identified the pivotal phase lll trial for crizotinib in the relevant
indication, PROFILE 1014.5° Comparing the design and patient populations involved in the pivotal
phase Il trials for ceritinib (ASCEND-4) and crizotinib (PROFILE 1014) indicated that a matching-
adjusted indirect comparison (MAIC) would be feasible, and the most appropriate approach for
comparing key efficacy outcomes for ceritinib and crizotinib in the relevant patient population.

In the MAIC, weights were applied to patients enrolled in ASCEND-4 to exactly balance all baseline
characteristics between the two trial populations. The extent of weighting required to achieve this was
mild, with the effective sample size (ESS) in ASCEND-4 being reduced by 10% after weighting, and
there was no evidence of extreme weights.

After weighting, ceritinib was found to reduce the risk of disease progression or death compared with
crizotinib by [} (_). Median PFS was [JJJll months for ceritinib
versus 10.8 months for crizotinib, and 1-year PFS increased from 47.8% for crizotinib to i for
ceritinib (J fll) Comparison of OS data from both studies showed that, after weighting, ceritinib
provided a greater reduction in the risk of death compared with crizotinib of - but the difference
was not statistically significant ([ GcIENcNIGNGNGSGSGEEEEEEE). 1hcsc results suggest that
ceritinib offers significant clinical benefits over crizotinib for the management of adults with ALK+
advanced NSCLC untreated with prior systemic therapy.

A.8 Key clinical issues

The following assumptions should be considered when interpreting the available clinical data
regarding the efficacy and safety of ceritinib and the comparison versus crizotinib:

o There are no direct head-to-head comparative data for ceritinib and crizotinib in the relevant
indication. However, the pivotal phase Il trials for both agents involved similar patient
populations that closely correspond to the anticipated patient population and both used a
similar trial design. Thus a MAIC was considered an appropriate approach to compare the
efficacy for both agents.

e OS data for ceritinib and crizotinib are currently immature. Thus the impact of treatment on OS
cannot be conclusively deduced from the available evidence.

e Both pivotal trials assessed the efficacy and safety of ceritinib and crizotinib given according to
the licensed indication and in the relevant patient population, and eligible patients were
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identified through ALK+ testing as would be used in routine clinical practice. Thus the results for
both studies can be considered to be representative of the expected outcomes achieved in
routine clinical practice.

e Both trials included PRO assessments performed while patients continued to receive study
treatment. They thus provide a valuable assessment of the impact of ceritinib and crizotinib on
disease-specific symptoms and HRQoL during treatment.

A.9 Overview of the economic analysis

Figure 5 summarises the model structure and the key features of the cost-effectiveness analysis are
summarised in Table 6

Figure 5 Partitioned survival model structure — B.3.2.3
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‘ Death ]
: [ Progressed Disease

Table 6 Features of the economic analysis (Section B3.2, table 29)

Current appraisal

Chosen values Justification

Time horizon 20 years Sufficiently long that the majority of
patients in the model have died by the end
of the modelled time horizon

Health states Progression free, progressed disease, Reflects the aim of treatment: to maintain
death patients in progression-free state
Comparator Crizotinib Current standard of care
Treatment Treatment continued beyond progression Reflects the data source used for efficacy
discontinuation based on data from the pivotal trial estimates
Transition through Based on the pivotal trial, ASCEND-4 for Reflects the expected clinical outcomes
the model ceritinib, the MAIC for crizotinib, and
extrapolation using parametric survival
models
Source of utilities ASCEND-4 data for PF, published data ASCEND-4 collected EQ-5D utilities for
from PROFILE 1014 for crizotinib, and ceritinib during treatment and PROFILE
published literature for PD 1014 collected equivalent data for

crizotinib. Patients could continue on
treatment beyond disease progression.
However, data post-progression were not
collected consistently in all patients in
either study

Source of costs Drug acquisition costs were from the
Monthly Index of Medical Specialities
(MIMS) for branded products, and the
electronic market information tool (eMit)
for generic products.
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Drug administration costs were from
PSSRU 2016 for the hourly rate of a
hospital pharmacist.

Administration costs and health state costs
were from NHS reference costs 2015-16.

Palliative care costs were from Georghiou
& Bardsley, 20145

EQ-5D, EuroQol Group 5-Dimension questionnaire ; MAIC, matching-adjusted indirect comparison; PF,
progression free; PF, progressed disease

A.10 Incorporating clinical evidence into the model

A.101 Progression-free survival and overall survival (Section
B3.3.2)

PFS and OS inputs for ceritinib were based on ASCEND-4,35 PFS and OS curves were derived by
fitting different parametric models (Weibull, exponential, Gompertz, log-logistic, and log-normal
distributions) to patient-level data from the ASCEND-4 trial to extrapolate efficacy outcomes beyond
the trial period.3® Based on AIC/BIC fit statistics and expert opinion, the exponential function was
selected as the most appropriate base-case parametric model for PFS and OS. PFS and OS inputs
for crizotinib were based on estimates of the relative efficacy of ceritinib versus crizotinib were
obtained from the MAIC that adjusted for observed differences between the two trial populations, as
described in section Error! Reference source not found.. In this MAIC, all the baseline
haracteristics of the reweighted ASCEND-4 trial population were exactly matched to the
characteristics of the PROFILE 1014 trial population, as the latter was considered to reflect the
characteristics of the UK patient population (see also section Error! Reference source not found.).52
se of exponential PFS and OS functions for ceritinib yielded estimates of post-progression survival
that were nearly equivalent to the first-line ceritinib and crizotinib treatment arms in ASCEND-4 and
PROFILE 1014, respectively.

A.10.2 Adverse events (Section B3.3.3)

Treatment-related grade 3/4 AEs were included in the model if they affected 25% of patients receiving
ceritinib or crizotinib in ASCEND-4 and PROFILE 1014, respectively, as summarised in Table 7.

Table 7 Treatment-related grade 3/4 adverse events included in the economic model

Adverse events, % Ceritinib Crizotinib
Neutropenia 0.5 11.1
Diarrhoea 5.3 23
Pulmonary embolism 0.0 6.4
Vomiting 5.3 1.8
Hyperglycaemia 6.3 0.0
Alanine transaminase (ALT) elevation 30.7 14.0
Aspartate aminotransferase (AST) elevation 16.9 0.0
Gamma-glutamyltransferase increased 28.6 0.0
Blood alkaline phosphatase increased 7.4 0.0

ASCEND-4 CSR?3; Solomon et al., 2014%°
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A.10.3 Treatment duration (Section B3.3.4)

In the base case, patients were assumed to continue first-line treatment until discontinuation, based
on treatment duration data reported from the ASCEND-4 and PROFILE 1014 trials. The proportion of
patients on treatment in each cycle was estimated using an exponential survival function for each
treatment. In the base case, the rate parameter (A) of the exponential functions for ceritinib and
crizotinib was estimated using the truncated median treatment durations reported in their respective
clinical trials. This data approach was selected due to the unavailability of time-to-event data for
crizotinib treatment discontinuation.

For ceritinib, the exponential rate of treatment discontinuation was estimated based on the truncated
median duration of 15.3 months reported in the ASCEND-4 trial CSR, in which treatment duration was
counted from the first ceritinib dosing date until the last ceritinib dosing date prior to the data cut-off.
For crizotinib, the exponential rate of treatment discontinuation was estimated using the truncated
median treatment duration of 10.9 months reported in the PROFILE-1014 trial. In sensitivity analyses,
several alternative treatment duration scenarios (see Table 8).

Table 8 Summary of mean treatment duration by treatment arm: base case and scenario
analyses

Treatment duration assumption Mean treatment

duration (months)’

Ceritinib Crizotinib

Base case: Treatment until discontinuation (based on truncated median
duration for both ceritinib and crizotinib)

Scenario 1a: Treatment until discontinuation (assuming equivalent time on
treatment for ceritinib and crizotinib, with both based on ASCEND-4)

Scenario 1b: Treatment until discontinuation (assuming equivalent time on
treatment for ceritinib and crizotinib, with both based on PROFILE 1014)

Scenario 2: Treatment until progression

Scenario 3: Treatment until discontinuation or progression, whichever
occurs first

*After applying a half-cycle correction

A.104 Utility inputs (Section B3.4)

Utility values for the progression free (PF) health state were obtained for each treatment arm based
on EQ-5D data reported from the ASCEND-4 and PROFILE 1014 trials. In the ASCEND-4 trial, mean
utility values were compared for ceritinib and CT using a repeated-measures regression model of EQ-
5D index scores (based on the EQ-5D crosswalk value set for the UK using the time trade-off
method).3® The PF utility value for crizotinib was taken from a repeated measures regression model
comparing overall EQ-5D index scores for the treatment arms of PROFILE 1014, as reported by Felip
et al. (2015).53

Because EQ-5D scores were not collected systematically after disease progression in ASCEND-4 or
PROFILE 1014, trial-based estimates of PD utility do not accurately reflect the health status of
patients during the entire PD period before death. Thus the base-case utility value for the progressed
disease (PD) health state for both treatment arms was estimated based on the utility study by
Chouaid et al., (2013), a multi-national cross-sectional study among patients receiving any treatment
for advanced NSCLC in real-world settings.5* Table 9 summarises the utility values used in the base
case.
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Table 9 Base case health state utilities

Health state ‘ Utility value Source
Ceritinib
Progression free (stable disease or objective response) 0.81 ASCEND-4 CSR
Progressed disease 0.64 Chouaid et al., 2013
Crizotinib
Progression free (stable disease or objective response) 0.81 PROFILE 1014
(Felip et al., 2015)
Progressed disease 0.64 Chouaid et al., 2013

ASCEND-4 CSR3%; Chouaid et al., 2013%; Felip et al., 2015*1

A1

Key model assumptions and inputs (Section B3.6)

Table 10 and Table 11 summarise the key model assumptions and inputs into the model (see section

B3.6).

Table 10 Key assumptions of the model

Parameter

Assumption

Treatment
discontinuation
rules (Section
B3.3.4)

Patients receive first-line treatment according to the following treatment
discontinuation rules:

o Base case: Treatment until discontinuation, based on reported
median treatment duration (right-truncated at the data cut-off) for
ceritinib in ASCEND-4 and crizotinib in PROFILE 1014

o Alternatives to the above scenario were tested as part of the
sensitivity analysis, including:

= Based on patient-level time-to-event data in ASCEND-4 for
ceritinib and reported truncated median treatment duration
in PROFILE 1014 for crizotinib

= Assuming equivalent time on treatment for ceritinib and
crizotinib, with both based on ASCEND-4

= Assuming equivalent time on treatment for ceritinib and
crizotinib, with both based on PROFILE 1014

o Other sensitivity analyses included:

= Treatment until progression

= Treatment until discontinuation or progression, whichever
occurs first

Treatment costs:

First-line
treatment
(Section B3.5.1)

Patients incur costs for first-line drug acquisition and administration during
the period of time that they remain on treatment

Treatment costs:

second-line
treatments
(Section 3.5.4)

Patients incur costs of second-line treatments upon discontinuation of the
first-line treatment. In the base case, the second-line treatments reflected
those observed in the respective trials (i.e., ASCEND-4 and PROFILE 1014).
In a scenario analysis, second-line treatments instead reflected current real-
world practice based on input from medical experts

Health state
costs and AE
costs (Sections
B3.5.2, 3.5.3 and
3.5.5)

Medical costs in the PF health state include monthly monitoring and other
medical costs. In addition, the cost of treatment-associated AEs was applied
as a one-time cost in the first model cycle

Medical costs in the PD health state include monthly monitoring and
outpatient costs

All patients incur one-time terminal care costs before death
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Parameter Assumption

ALK testing ALK testing was assumed to be a routine diagnostic test, and was therefore
costs not considered as a cost component in the model

(Section 3.5.7)

Utility and Base-case health utilities are dependent on health state; additionally, the
disutility utility value for PF health state depends on the first-line treatment received.

(Section 3.4)

PF utilities for ceritinib were obtained from the CSR for ASCEND-4; the PF
utility for crizotinib was obtained from PROFILE 1014, and the PD utility
(used for both the ceritinib and crizotinib treatment arms) was obtained from

published literature.

Felip et al., 2015%3; Chouaid et al., 20135

Table 11 Summary of variables applied in the economic model

Variable Value Measurement of Reference to
uncertainty: SE section in
or 95% ClI submission
Model settings Discount rate 3.5% NA Refer to CE Model
(costs)
Discount rate 3.5% NA
(benefits)
Time horizon 20 years NA
PFS and OS with Exponential rate 0.041 SE=0.004 Refer to CE Model
ceritinib parameter: PFS
Exponential rate 0.015 SE=0.002
parameter: OS
Hazard ratios for Hazard ratio: PFS | 1.56 95% CI: 1.15-2.13 | Refer to CE Model
PFS and OS with
crizotinib vs.
ceritinib
Hazard ratio: OS 1.21 95% CI: 0.79-1.85
Drug costs: first-line | Ceritinib £4,923.45 NA Section B3.5.1
treatments (list price
per package)
Crizotinib £4,689.00 NA
Relative dose Ceritinib 77.3% SE=1.4% Section B3.5.1
intensity: first-line
treatments
Crizotinib 92.0% SE=1.0%
Drug administration | Monthly cost of £14.26 NR Section B3.5.1
costs oral drug
administration
Exponential rate of | Ceritinib 0.045 NR Refer to CE Model
first-line treatment
discontinuation
Crizotinib 0.064 NR
Health state utilities | Utility for PF: 0.810 SE=0.015 section B 3.4.2
ceritinib
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Variable Value Measurement of Reference to
uncertainty: SE section in
or 95% ClI submission
Utility for PF: 0.810 NR
crizotinib
Utility for PD 0.641 SE=0.024
Health state costs Medical costs per | £184.42 NR Section B3.5.2
cycle in PF
Medical costs per | £267.19 NR Section B3.5.3
cycle in PD
One-time terminal | £7,328.93 NR section B3.5.6
care cost
Cost of second-line | Ceritinib £8,135.41 NR Section B3.5.4
treatment, by first-
line treatment
Crizotinib £8,645.67 NR
Cost of AEs, by first-| Ceritinib £340.27 NR Section 3.5.5
line treatment
Crizotinib £218.23 NR

Cl, confidence interval; NA, not applicable; NR, not reported; OS, overall survival; PD, progressed disease; PF,
progression-free; PFS, progression-free survival; SE, standard error

A.12 Base-case ICER (deterministic) (Section B3.7)

Table 12 and Table 13 summarise the results for the base case (with and without application of the
PAS price for ceritinib). At the list price ceritinib is a cost-effective treatment for the first-line treatment
of ALK+ advanced NSCLC having an ICER of £27.936 per QALY:; ceritinib is dominant when the
agreed PAS price is applied to ceritinib.

Table 12 Base-case results

Technology Total Total Total Incremental | Incremental | Incremental ICER
costs (£) LYG | QALYs costs (£) LYG QALYs incremental
(E/QALY)
Ceritinib 106,954 | 4.51 3.22 14,985 0.66 0.54 27,936
Crizotinib 91,970 3.85 2.68 - - - -
ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
Table 13 Base-case results with PAS
Technology Total Total Total Incremental | Incremental | Incremental ICER
costs (£) | LYG | QALYs costs (£) LYG QALYs incremental
(£/QALY)
ceriiniv [l N I | TN I | Dominant
Crizotinib 89,714 3.85 | 2.68 - - - -

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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A.13  Probabilistic sensitivity analysis (Section B3.8.1)

Across the 1,000 iterations of the PSA, the average incremental cost was £14,978, and the average
incremental QALY gain was 0.51 for ceritinib vs. crizotinib. The resulting probabilistic ICER per QALY
for ceritinib vs. crizotinib was £29,239, similar to the deterministic base-case ICER. Based on the
scatter plot, ceritinib was associated with higher costs than crizotinib in all iterations, and higher
QALYs than crizotinib in 87% of iterations (Figure 6). When ceritinib is provided at list price, ceritinib
had a 53.2% probability of being cost-effective vs. crizotinib at a willingness-to-pay threshold of
£30,000 per QALY gained.

Figure 6. Incremental cost-effectiveness plane for ceritinib vs. crizotinib
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A.14  Key sensitivity and scenario analyses (Section B3.8.2)

Results of the DSAs are shown in Figure 7. Across the sensitivity analyses, ceritinib ranged from
being a dominant strategy to having an incremental cost per QALY of £61,070 vs. crizotinib. The
ICER was particularly sensitive to parameters related to OS (including the hazard ratio of OS for
crizotinib vs. ceritinib and the choice of parametric function for modelling OS under ceritinib), as these
parameters directly enter the calculation of expected QALYs for each treatment arm. Other important
drivers of cost-effectiveness included parameters related to drug costs — including relative dose
intensity and the list prices of ceritinib and crizotinib — and assumptions about treatment duration.
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Figure 7. Tornado diagram based on DSA results for ceritinib vs. crizotinib

AE, adverse event; OS, overall survival; PFS, progression-free survival; ToT, time on treatment
e Ceritinib is dominant over crizotinib in this sensitivity analysis

A.15 Innovation (Section B2.11)

Ceritinib is an innovative therapy that has helped transform the management of patients with ALK+
NSCLC through its use in the second-line setting, and it is expected to provide further substantial
benefits with its extension to the first-line setting. The innovative nature of ceritinib was acknowledged
in the Promising Innovative Medicine designation of the product by the Medicines and Healthcare
Products Regulatory Agency, on 10 February 2015, for the treatment of adult patients with previously
treated ALK+ NSCLC.5% The unmet need also applies to the first-line setting where, currently,
crizotinib is the only treatment option. Ceritinib has a greater potency and specificity than crizotinib,
the current standard of care for newly diagnosed ALK+ advanced NSCLC. This has translated into
improved clinical efficacy compared with crizotinib, resulting in a [JJJlj reduction in the risk of disease
progression or death and providing a substantially longer PFS (median, | vs 10.8 months). These
therapeutic benefits are accompanied by a reduction in lung cancer-specific symptoms and an
improvement in HRQoL compared with CT. Ceritinib also offers clinically meaningful benefits over
crizotinib in terms of tolerability, including a much lower incidence of grade 3/4 neutropenia and any-
grade constipation, oedema and vision disorders. Furthermore, ceritinib is administered once daily, as
opposed to the twice-daily administration required for crizotinib. The improved efficacy and safety
profile of ceritinib is expected to reduce productivity loss, carer burden, and the impact of disease on
the patient’s family.

A.16  Budget impact (Section D)
Table 14 summarises the results of the budget impact analysis described in document D.

Table 14 Budget impact
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Company estimate Cross reference
Number of people in England who would have | [JJ(from year 2 Section D3
treatment onwards)
Average treatment cost per person I Section D4 table 4
Estimated annual budget impact on the NHS I om year 3 Section D7 table 7
in England onwards)

A.17 Interpretation and conclusions of the evidence

The introduction of ceritinib as an alternative to crizotinib for first-line treatment of ALK+ advanced
NSCLC addresses a current unmet need for the management of a group of patients with a poor
prognosis in the absence of effective ALK inhibitor therapy. Ceritinib is a highly selective, potent,
second-generation ALK inhibitor that has greater affinity and specificity for ALK than crizotinib. The
efficacy of ceritinib has been demonstrated in a large, international, open-label phase Il trial,
ASCEND-4. Results for ASCEND-4 are expected to be generalizable to the anticipated patient
population given that the baseline characteristics of enrolled patients were similar to those for patients
with diagnosed with ALK+ advanced NSCLC in England and Wales. Furthermore, the trial
investigated ceritinib given according to the licenced indication, and the dose adjustments and
monitoring employed corresponded to those recommended for ceritinib.2

Ceritinib offers significant clinical benefits over crizotinib, including a more prolonged remission and
an improved safety profile. Results of a MAIC have shown that, compared to crizotinib, ceritinib
significantly reduces the risk of disease progression or death by - Ceritinib is also associated with
a lower incidence of grade 3/4 neutropenia and any-grade oedema and vision disorders.

These clinical benefits mean ceritinib is associated with an increase in QALYs and LYs compared
with crizotinib, and a minimal increase in cost when provided at the list price. The resulting ICER is
£27,936 per QALY over a 20-year time horizon for ceritinib at the list price. Sensitivity analyses
indicated the ICER is robust to plausible changes in most parameters considered, while a budget
impact analysis suggests that the introduction of ceritinib in this indication will result in a net budget
impact of approximately [l from year 3 onwards. Thus ceritinib represents a clinically-effective
and cost-effective option for NHS England and NHS Wales.
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Instructions for companies

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

requirements for pharmaceuticals and devices are in the user guide.

This submission must not be longer than 150 pages, excluding appendices and the pages covered by

this template. If it is too long it will not be accepted.

Companies making evidence submissions to NICE should also refer to the NICE guide to the methods

of technology appraisal and the NICE guide to the processes of technology appraisal.

In this template any information that should be provided in an appendix is listed in a box.

Highlighting in the template (excluding the contents list)

Square brackets and grey highlighting are used in this template to indicate text that should be
replaced with your own text or deleted. These are set up as form fields, so to replace the prompt text
in [grey highlighting] with your own text, click anywhere within the highlighted text and type. Your text

will overwrite the highlighted section.
To delete grey highlighted text, click anywhere within the text and press DELETE.

Grey highlighted text in the footer does not work as an automatic form field, but serves the same
purpose — as prompt text to show where you need to fill in relevant details. Replace the text
highlighted in [grey] in the header and footer with appropriate text. (To change the header and footer,
double click over the header or footer text. Double click back in the main body text when you have
finished.)
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B 1. Decision problem, description of the technology and
clinical care pathway

B 1.1 Decision problem

Ceritinib is currently approved and recommended by NICE for the treatment of adult patients with
anaplastic lymphoma kinase (ALK)-positive (ALK+) advanced non-small cell lung cancer (NSCLC)
previously treated with crizotinib.'2 This submission relates to the extension of the indication for
ceritinib to include first-line treatment of adult patients with ALK+ advanced NSCLC. The submission
covers the full marketing authorisation for this first-line indication. Table 1 summarises the decision

problem considered in this submission.

Table 1 The decision problem

Final scope issued by Decision problem Rationale if different
NICE addressed in the from the final NICE
company submission scope
Population People with untreated People with untreated
ALK+ advanced NSCLC ALK+ advanced NSCLC
Intervention Ceritinib Ceritinib
Comparator(s) | e Crizotinib Crizotinib Crizotinib is now the
e Pemetrexed in standard of care for first-
combination with a line treatment of ALK+
platinum drug advanced NSCLC.
(carboplatin or cisplatin) Clinical expert opinion
(for people with suggests that > 90% of
adenocarcinoma or these patients would be
|arge cell carcinoma treated with crizotinib in
only) and with or England and Wales.?
without pemetrexed
maintenance treatment
Outcomes e Overall survival e Overall survival
e Progression-free e Progression-free
survival survival
Response rate Response rate
o Adverse effects of o Adverse effects of
treatment treatment
o Health-related quality of | e Health-related quality
life of life
Economic Cost-effectiveness is
analysis expressed in terms of
incremental cost per
quality-adjusted life year
gained.
The time horizon of the
model is 20 years, which
is sufficient for this
patient population to
reflect any differences in
costs or outcomes
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between the
technologies being
compared.

Costs have been
considered from an NHS
and Personal Social
Services perspective.

Special ALK testing will not be ALK testing is currently
considerations included in the analysis. | performed routinely in
including this group of patients
issues related due to the availability of
to equity or crizotinib as a first-line
equality ALK inhibitor.

ALK+, anaplastic lymphoma kinase-positive; NSCLC, non-small cell lung cancer

B 1.2 Description of the technology being appraised

Table 2 summarises the mechanism of action, method of administration and status of the marketing

authorisation for ceritinib as a first-line treatment for adult patients with ALK+ advanced NSCLC.

Table 2 Ceritinib for first-line treatment of ALK+ advanced NSCLC

UK approved name and brand | Zykadia®; ceritinib’
name

Mechanism of action Ceritinib is a highly selective, potent, second-generation TK
inhibitor of ALK, a protein involved in regulation of the RAS and
JAK/STAT signalling pathways.

ALK is a TK receptor protein. Under normal conditions, ALK is
only activated in response to ligand binding, which induces
dimerisation and, in turn, autophosphorylation. Activated ALK
phosphorylates downstream signalling proteins in the RAS and
JAK/STAT signalling pathways, leading to cell growth and
proliferation, promoting angiogenesis and decreasing apoptosis.
14

ALK+ tumours have rearrangements of the ALK gene, which
result in constitutive activation of the ALK protein.>8 In the
majority of ALK+ NSCLCs, a somatic gene rearrangement
generates an EML4-ALK fusion protein that contains the N-
terminal domain of EML4 fused to the C-terminal domain of
ALK."6-10 Constitutive activation of the ALK protein results in
aberrant downstream signalling of the RAS and JAK/STAT
pathways, leading to uncontrolled proliferation.

Ceritinib specifically targets the ALK protein, competing with
adenosine triphosphate for binding to the active site. Ceritinib
thus directly inhibits autophosphorylation of ALK and its
subsequent activation thus, in turn, inhibiting ALK-mediated
phosphorylation and activation of the downstream regulatory
proteins in the signalling pathways. In this way, in ALK+ NSCLC,
ceritinib inhibits signalling pathways that would otherwise
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promote cell proliferation.”.11.12

Ceritinib is a second-generation ALK inhibitor that has greater
affinity and specificity for ALK than the first-generation ALK
inhibitor, crizotinib. Ceritinib has been shown to overcome
resistance to crizotinib in preclinical and clinical (phase 1)
studies, 34 and has demonstrated superior efficacy to
crizotinib as a first-line therapy for ALK+ NSCLC (as described
in section B 2.6).

Marketing authorisation/CE Marketing authorisation for ceritinib as a first-line treatment
mark status option for adult patients with ALK+ advanced NSCLC was
received on 26 June 2017.

Ceritinib received marketing authorisation on 6 May 2015 as a
second-line treatment for adult patients with ALK+ advanced
NSCLC previously treated with crizotinib.

Indications and any The indication (in relation to this submission) is the first-line
restriction(s) as described in treatment of adult patients with ALK+ advanced NSCLC.
the summary of product
characteristics (SmPC)

Method of administration and | Ceritinib is an oral therapy, taken once daily continuously. The
dosage capsules must be taken on an empty stomach and no food
should be eaten for at least 2 hours before and 2 hours after the
dose is taken.! The recommended dose of ceritinib is 750 mg (5
x 150 mg capsules) and therapy should be continued for as long
as clinical benefit is observed.!

Dose reductions may be required due to adverse reactions, and
should be achieved using decrements of 150 mg daily.
Approximately 68% of patients initiating treatment at the
recommended dose of 750 mg required at least one dose
adjustment due to adverse reactions, with a median time to first
dose reduction of approximately 9 weeks.'®

Ceritinib is formulated as hard gelatine oral capsules, to be
swallowed whole.

Additional tests or Identification of the specific ALK+ NSCLC patient population in
investigations whom first-line ceritinib is indicated requires genetic testing. This
testing is currently recommended for all patients with advanced
NSCLC to determine eligibility for therapy with an ALK inhibitor
(see section B 1.3.4).'® Thus, no additional tests over and above
current clinical practice are required for selection of patients to
receive first-line therapy with ceritinib.

Recommended monitoring during treatment with ceritinib is
largely the same as that recommended for first-line crizotinib in
this patient population, and includes:"

e Liver laboratory tests (including ALT, AST and total bilirubin)
prior to the start of treatment, every 2 weeks for the first
month and monthly thereafter

¢ Monitoring for gastrointestinal toxicity and for pulmonary
symptoms indicative of pneumonitis
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e Periodic monitoring of ECG and electrolytes, heart rate and
blood pressure

¢ Monitoring fasting plasma glucose prior to treatment and
periodically thereafter

¢ Monitoring of lipase and/or amylase prior to treatment and
thereafter as clinically indicated

Use of ceritinib in the first-line treatment of adult patients with
ALK+ advanced NSCLC will not adversely impact or alter the
current infrastructure and service provision requirements, and is
not expected to increase resource use.

This reflects the fact that:

e Currently, the majority of patients with ALK+ advanced
NSCLC receive crizotinib. The tests for identifying these
eligible patients and the monitoring required during therapy
are largely the same as for ceritinib (although full blood
counts and monitoring for renal function are additionally
recommended during therapy with crizotinib'?)

¢ Interventions for the management of gastrointestinal adverse
events (e.g. anti-emetics and anti-diarrhoeals) are likely to be
comparable for ceritinib and crizotinib

List price and average cost of | The list price is £4,923.45 for a 30-day supply, and this is the

a course of treatment price agreed with the Department of Health for 3 packs of 50 x
150 mg capsules each.

Patient access scheme (if A confidential simple discount PAS of - is currently in place.

applicable)

ALK, anaplastic lymphoma kinase; ALK+, anaplastic lymphoma kinase-positive; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CHMP, Committee for Medicinal Products for Human Use; ECG,
electrocardiogram; EML4, echinoderm microtubule-associated protein-like 4; JAK/STAT, janus kinase/signal
transducer and activator of transcription; NSCLC, non-small cell lung cancer; PAS, patient access scheme; RAS,
rat sarcoma; TK, tyrosine kinase

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved Page 13 of 131



B 1.3 Health condition and position of the technology in the
treatment pathway

B 1.3.1 Disease overview and pathogenesis

Lung cancer is the most common cancer in the world and the second most common cancer in the UK,
after breast cancer in women and prostate cancer in men.'® In both men and women, lung cancer is
the most common cause of cancer-related mortality in the UK.181® Most lung cancers (80-90%) are
NSCLC; the National Lung Cancer Audit for 2015 recorded 38,269 cases of lung cancer (all types) in
England and Wales, and reported that 88% of these cases were NSCLC.'"® NSCLC can be further
subdivided into three histological subtypes: squamous cell carcinoma (25-30%), adenocarcinomas
(~40%) and large cell undifferentiated carcinoma (10-15%).2°2' The last two categories are grouped
together as non-squamous NSCLC. Approximately 75% of patients are diagnosed with advanced

disease (i.e. stage lll/1V).22

Patients with ALK+ NSCLC are a unique lung cancer subpopulation

Patients with ALK+ NSCLC are a unique subpopulation, estimated to represent around 2-7% of all
NSCLC,%32* and these tumours are almost exclusively non-squamous.?® For England and Wales, this
corresponds to approximately 466 patients (Table 3). ALK positivity and other genetic mutations (e.g.
mutations in the endothelial growth factor receptor [EGFR] tyrosine kinase [TK]) tend to be mutually
exclusive, except in a few rare cases.'22528 Therefore, patients with ALK+ tumours do not benefit from
treatment with EGFR TK inhibitors (TKIls) and vice versa,?*?® and the absence of other oncogenic
drivers in ALK+ lung cancers is consistent with the idea that ALK rearrangement defines a unique
molecular subset of NSCLC.29-3" Patients diagnosed with an EGFR mutation are therefore a separate

molecular subgroup of NSCLC and they are not relevant to this submission.

Table 3 Estimate of the number of patients in England and Wales diagnosed with ALK+
advanced NSCLC

Proportion, % Number of patients

Annual number of lung cancer cases in England | - 38,269
and Wales'®

Patients presenting with NSCLC'® 88 33,677
Patients diagnosed at stage Ill/1V22 74 24.921
Patients with non-squamous histology?%-2! 55 13706
Patients with ALK+ advanced NSCLC?3? 34 466

EML4-ALK is a key driver of tumourigenesis in NSCLC
Study of ALK mutations has shown that the ALK gene can be aberrantly activated by mutation, gene

amplification or chromosomal rearrangement, leading to the expression of a potent oncogenic
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driver.’ ALK rearrangements result from the fusion of so-called end partners, such as echinoderm
microtubule-associated protein-like 4 (EML4), to the intracellular TK domain of the ALK protein,
leading to aberrant expression of the ALK fusion protein in the cytoplasm (rather than on the cell
membrane).®!" In addition, the domains in the partner proteins promote dimerisation and
oligomerisation of the fusion proteins, leading to constitutive activation of the ALK kinase, and of
downstream signalling pathways.®'! This results in cell transformation and tumourigenesis (Figure
1).51233 EML4 is the most common ALK fusion partner in lung cancer, and the fusion oncogene

EML4-ALK defines a molecular subset of NSCLC with distinct clinical and pathological features.!"26

Figure 1 Activation of signalling pathways by constitutively activated ALK
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ALK, anaplastic lymphoma kinase; EML4, echinoderm microtubule-associated protein-like 4; JAK, janus kinase;
MEK, mitogen-activated protein kinase/extracellular signal-regulated kinase; mTOR, mammalian target of
rapamycin; PI3K, phosphoinositide 3-kinase; RAF, rapidly accelerated fibrosarcoma; RAS, rat sarcoma; STAT,
signal transducer and activator of transcription
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Patients with ALK+ NSCLC are generally younger than other patients diagnosed with
NSCLC, and most have adenocarcinomas

Most patients with ALK-rearranged NSCLC are younger than other subgroups of NSCLC patients,
often being diagnosed in their 50s, rather than their mid-60s.26:34 Furthermore, the majority of ALK+
patients have never smoked (or have a light smoking history), and the tumours generally have
adenocarcinoma histology.526:3435 |n addition to these distinct clinical and pathological features, data
from Europe show that most patients with NSCLC (>70%) present with advanced disease (stage 11I1B
or 1V),2 and a meta-analysis of studies defining the characteristics of ALK+ NSCLC further confirms
that ALK+ disease is predominantly observed in patients diagnosed at an advanced clinical stage.?8
Testing for ALK rearrangements is now recommended for all patients with advanced non-squamous

NSCLC, given the availability of specific targeted therapies for ALK+ tumours.®

B 1.3.2 Prognosis and survival

ALK+ NSCLC has a poor prognosis, but this is being transformed by the introduction
of ALK inhibitors

As stated above, most patients with ALK+ NSCLC are diagnosed at an advanced stage of disease,
for which prognosis is poor. The 5-year survival for NSCLC drops precipitously as disease stage
progresses. Cancer Research UK notes that 5-year survival in NSCLC is between 7% and 24% for
patients with stage Il disease, and between 2% and 13% for those patients with stage IV disease.3®
Prior to the introduction of ALK inhibitors, the outcome for patients with ALK+ was less favourable
than for patients with ALK-negative disease.?® For example, one study reported that the risk of
disease progression at 5 years was at least two-fold higher in patients with ALK+ versus ALK-

negative disease (Figure 2).3%
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Figure 2 Progression free survival in patients with and without ALK+ NSCLC (untreated with
ALK inhibitors)
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However, the advent of ALK inhibitors has considerably improved the outlook for patients with ALK+
disease. While the published overall survival (OS) data from the pivotal phase Il trial for crizotinib (the
only ALK+ inhibitor therapy currently reimbursed in the UK) are immature, a median OS of 21.7
months and mean of 29.0 months have been estimated for crizotinib, based on the results of the
PROFILE 1014 trial.3” This value is further supported by the results from a real-world study of

crizotinib, which reported a median OS of 24 months.3"

Although the introduction of crizotinib has improved the outlook for patients with ALK+ NSCLC,
approximately a quarter of patients failed to respond to crizotinib in the phase Il trial. Furthermore,
intracranial disease control is poor, with many patients developing brain metastases during therapy
with crizotinib.383° One study reported that among the patients without brain metastases at baseline
who developed progressive disease (n=253), 20% developed brain metastases during therapy with
crizotinib.#® Of particular concern is the observation that OS may be shorter in patients who develop
brain metastases while receiving crizotinib, compared with those who had brain metastases before
starting the drug.*? Other studies have shown that progression-free survival (PFS) is significantly

shorter in patients with brain metastases at initiation of therapy.42-44
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B 1.3.3 Effects of ALK+ advanced NSCLC on patients and carers

ALK+ advanced NSCLC is associated with a high symptom burden

In addition to the significant mortality associated with ALK+ NSCLC, patients experience a high
symptom burden, as they are often diagnosed when the disease is already advanced and they may
have metastases.?° The presenting symptoms of ALK+ advanced NSCLC are similar to those in any
NSCLC patient, although the type of symptoms may vary according to the extent of tumour
metastases.*® Patients with advanced lung cancer typically experience chest-related symptoms
including dyspnoea (shortness of breath), cough, haemoptysis (coughing blood), wheezing,
hoarseness and pain.#546 Fatigue, lack of appetite and psychological distress are also common.45-48
Indeed, one study has reported that depression and anxiety were each detected in approximately a
third of patients with recently diagnosed advanced NSCLC, and both were associated with a decrease
in aspects of health-related quality of life (HRQoL).#8 Furthermore, the presence of metastases is
often associated with additional non-pulmonary symptoms. For example, patients with bone
metastases experience bone pain and fractures, while those with brain metastases suffer neurological

symptoms, as described below.

Brain metastases occur in up to 60% of patients with advanced NSCLC, and they are

associated with many complications

The brain is one of the most frequent sites of metastases in patients with ALK+ disease, and there is
evidence to suggest that brain metastases are more likely to recur or progress in patients with ALK+
NSCLC compared with patients with ALK-negative tumours.35404249.50 Data from clinical studies in
patients with ALK+ advanced NSCLC suggest that brain metastases may be present at initial
diagnosis in 15-35% of patients,2%51:52 and the incidence can increase to approximately 60% over the

course of first-line therapy.®3

Brain metastases add to the debilitating symptomatic burden of disease. Focal neurological symptoms
can include: seizures, numbness, altered sensations, motor weakness, visual disturbances and
speech difficulties. Patients may also have general symptoms secondary to raised intracranial
pressure such as fatigue, shortness of breath, nausea, vomiting, dull non-throbbing headache and
pain.? Furthermore, the incidence of symptoms such as fatigue, headache and depression has been
reported to more than double following the development of brain metastases in patients with ALK+
NSCLC.5 A further concern for these patients is the legal requirement to report a diagnosis of brain
metastases to the Driver and Vehicle Licensing Agency (DVLA) for consideration of suspension or
withdrawal of a licence.5® Thus, the presence of brain metastases can have a significant impact on
many aspects of a patient's everyday functioning, and the poor prognosis associated with these
metastases in ALK+ NSCLC further exacerbates their diminished HRQoL .56
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Advanced NSCLC exacts a heavy burden on caregivers

Caregivers often support lung cancer patients in managing multiple symptoms and in dealing with the
patient’'s changing nutritional needs as the disease advances and function declines. The caregiver
burden in NSCLC can result in deterioration in carer psychological well-being and overall HRQoL over
time. For example, a study assessing psychological distress and HRQoL in caregivers of patients with
NSCLC found that caregivers experienced high levels of burden related to patients’ subjective
demands and these increased significantly over time.5” As symptoms became more severe, the costs

of carer time also increased.%®

Direct medical costs associated with the management of lung cancer include those related to
hospitalisation, A&E attendance and outpatient visits, as well as treatment costs.5® Within Europe, the
healthcare burden attributed to lung cancer accounts for 15% of overall cancer cost according to an

analysis performed in 2009.0

B 1.3.4 Clinical pathway and current guidelines

Mutation testing has allowed a paradigm shift in the management of advanced NSCLC
There has been a major paradigm shift in the treatment of advanced NSCLC, first established with the
discovery of EGFR mutations sensitive to TKls and, more recently, with the discovery of NSCLC ALK
translocations sensitive to ALK inhibitors.® As a result, molecular subtyping is considered an important
component of the NSCLC diagnostic process and is essential to guide personalised treatment of
advanced NSCLC.'® The current European Society for Medical Oncology (ESMO) guidelines on the
diagnosis, treatment and follow-up of metastatic NSCLC recommend ALK testing in patients with
NSCLC using fluorescence in situ hybridisation or immunohistochemistry.’® In the UK, The Royal
College of Pathologists has also suggested a pathway for NSCLC that encompasses testing for ALK

positivity.!

The management of NSCLC in the UK follows National Institute for Health and Care
Excellence (NICE) and ESMO guidance

The management of patients with advanced NSCLC in clinical practice in the UK follows the

guidelines and recommendations of NICE and ESMO.6:62

For Stage Ill or IV NSCLC, NICE Clinical Guideline 121 recommends crizotinib for untreated ALK+
advanced NSCLC in adult patients, based on the agreed patient access scheme (PAS).%2 Options for
previously treated ALK+ advanced NSCLC are: crizotinib, and ceritinib for adults who have previously

received crizotinib.

Current ESMO guidelines on the management of NSCLC broadly concur with NICE guidance and

recommend that patients with ALK+ advanced NSCLC should receive crizotinib first-line, with ceritinib

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved Page 19 of 131



and alectinib being recommended for patients who progress or who are intolerant of crizotinib,

including for patients with intracranial progression on crizotinib.®

Local radiotherapy can be used to treat brain metastases.'® However, results recently reported from
the QUARTZ trial, performed in centres in the UK and Australia, suggest that radiotherapy does not
improve OS or HRQoL over best supportive care.®3 Expert UK clinical opinion clearly takes account of
this trial and suggests that radiotherapy may now only be given to approximately 15% of patients with

brain metastases.3

Current treatment options for ALK+ NSCLC are limited

The current options for untreated patients with ALK+ advanced NSCLC remain limited. Available data
from randomised controlled trials (RCTs) suggest that chemotherapy (CT) regimens have limited
benefit as first-line treatment for advanced NSCLC, including ALK+ NSCLC, with a reported median
PFS of around 4-8 months®4-%¢ (compared with 2.8 months for placebo®®) and a reported OS for CT of
between 10 and 26 months.%4% CT has therefore been superseded by crizotinib, which is the
currently recommended treatment option for patients with newly diagnosed ALK+ NSCLC. According
to medical expert opinion, over 90% of eligible patients in England and Wales currently receive
crizotinib in the first-line setting. However, despite initial responses to crizotinib, the majority of
patients relapse within 12 months, and PFS is shorter in patients with brain metastases, as reported in
the pivotal trial comparing crizotinib and CT (PROFILE 1014).3942

B 1.3.5 The place of ceritinib in the treatment pathway for ALK+ advanced
NSCLC

Ceritinib targets key oncogenic drivers of ALK+ NSCLC with improved potency and
central nervous system (CNS) penetration compared with crizotinib

Ceritinib is a next-generation ALK inhibitor therapy that extends the armamentarium available for
treating ALK+ NSCLC by providing a new first-line therapeutic option.'36¢ Thus, it is envisaged that
ceritinib would be an alternative first-line option to crizotinib (Figure 3). Following disease progression,
patients receiving first-line ceritinib would then progress to CT, followed by best supportive care
(BSC). Of note, crizotinib is not appropriate following ceritinib, as confirmed by clinical experts, as
mutations that lead to resistance to second-generation ALK inhibitors confer an increased risk of
resistance to crizotinib as a first-generation ALK inhibitor.6® Currently, patients receiving crizotinib as

first-line therapy receive ceritinib as second-line therapy, followed by chemotherapy and then BSC.
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Figure 3 Place of ceritinib in the treatment of ALK+ NSCLC

ALK+ advanced NSCLC
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ALK+, anaplastic lymphoma kinase-positive; BSC, best supportive care

Ceritinib as a second-generation ALK inhibitor offers a number of advantages over crizotinib. Ceritinib
has a higher potency than crizotinib, having a 20-times greater target affinity for the ALK protein, with
a half maximal inhibitory concentration of 0.15 nM compared with 3 nM for crizotinib.'3 Ceritinib also
has greater specificity for binding and inhibition of the ALK protein compared with crizotinib.'® These
differences can be expected to translate into improved efficacy for ceritinib compared with crizotinib,
as is observed from a PFS comparison reported for the pivotal phase Il trials for both drugs (see
section B 2.9). Furthermore, ceritinib effectively crosses the blood brain barrier."88 This is an
important innovation, since penetration of crizotinib into the cerebrospinal fluid is negligible, and the
CNS remains one of the prominent sites for tumour progression during crizotinib treatment.39:40.42
Indeed, the ESMO guidelines describe this pharmacological limitation of crizotinib as extremely
relevant in treatment decisions, given the high propensity of ALK-rearranged NSCLC to metastasise
to the brain.'® In addition, ceritinib is an oral, once daily therapy, offering a simpler dosing regimen

than twice-daily crizotinib therapy.

B 1.4 Equality considerations

The introduction of ceritinib is not anticipated to raise any equality issues. There is nothing in the
profile of ceritinib, or regarding its first-line indication for ALK+ advanced NSCLC, to suggest the
exclusion of anyone protected by the NICE equality legislation within this indication. There are no

issues that would make it more difficult in practice for a specific group to access the technology, or
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that could lead to recommendations that have an adverse impact on people with a particular disability
or disabilities. Furthermore, no equality issues were raised when considering crizotinib in this

indication.°
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B 2. Clinical effectiveness

Summary of Clinical Evidence

The clinical effectiveness of ceritinib in patients with ALK+ NSCLC, untreated with any systemic
anti-cancer therapy (except neoadjuvant or adjuvant therapy), has been established in a
multicentre, randomised, open-label, phase 11l study (ASCEND-4) comparing ceritinib versus CT
(cisplatin or carboplatin plus pemetrexed, followed by pemetrexed maintenance therapy). Data
are reported for a median duration of follow-up of 19.7 months (data cut off, June 2016).

Primary outcome — PFS

e The study met its primary endpoint (PFS), demonstrating a significant improvement in
median PFS for ceritinib over CT (hazard ratio [HR] 0.55; p<0.00001)

¢ Median PFS was 16.6 months in patients receiving ceritinib (vs. 8.1 months for CT) and
estimated 24-month PFS was 47.6% for ceritinib (vs. 18.6% for CT)

e The improvement in PFS achieved with ceritinib over CT was observed across most
patient subgroups considered, including demographics and clinical presentation

e Median PFS in patients receiving ceritinib was greater in patients without brain
metastases at baseline compared with those with brain metastases (26.3 vs. 10.7
months)

Key secondary outcome — OS

e OS data were immature at the time of data cut-off, and thus the study is ongoing

e At the time of the data cut-off, 48 (25.4%) patients in the ceritinib group had died; 2-year
OS was estimated at 70.6% (vs. 58.2% for CT)

Other secondary outcomes — tumour response, symptoms and HRQoL

e An overall response rate of 72.5% was achieved with ceritinib (vs. 26.7% for CT)

e The median time to first response was 6.1 weeks in the ceritinib group (vs. 13.4 months
in the CT group), and the median duration of response in patients with a confirmed
complete response or partial response was 23.9 months (vs. 11.1 months for CT)

e Ceritinib prolonged the time to definitive deterioration in lung cancer specific symptoms
(pain, cough and dyspnoea) compared with CT, with the median time to definitive
deterioration being 24 months according to the European Organisation for Research and
Treatment of Cancer (EORTC) quality-of-life lung cancer module (QLQ-LC13); it was not
reached according to the Lung Cancer Symptom Scale

e Ceritinib was associated with an improved HRQoL compared with CT, as evident from
the least square mean utility score of 0.81 vs. 0.77 (p < 0.001)

e The safety profile for ceritinib was consistent with that previously observed in studies in
patients with ALK+ NSCLC

e All patients receiving ceritinib experienced adverse events (AEs); grade 3/4 AEs related
to ceritinib were seen in 65% of patients

e Most AEs were grade 1/2 in severity. The most commonly observed AEs (any grade,
235% of patients) suspected to be related to the study drug were elevation of liver
enzymes, diarrhoea, nausea and vomiting

e Elevated liver enzymes were the most frequently reported treatment-related grade 3/4
AEs, reported in 215% of patients; all other grade 3/4 AEs related to treatment were
reported in <5% of patients

e Most of the AEs were managed by dose adjustment or interruptions, which were
required in 68% and 78% of the patients, respectively. Only 5% of patients discontinued
ceritinib due to AEs suspected to be related to treatment
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B 2.1 Identification and selection of relevant studies

The systematic literature review used to identify relevant studies reporting the effectiveness of
ceritinib as a first-line treatment for ALK+ NSCLC is described in Appendix D 1.1 and D 1.2.

B 2.2 List of relevant clinical effectiveness evidence

One relevant phase Il RCT, the ASCEND-4 trial, was identified (Table 4).

Table 4 Overview of the relevant RCT, ASCEND-4

Study ASCEND 4, NCT01828099, CLDK378A2301
Soria et al., 2017
Study design Phase lll open-label RCT
Population Untreated adult patients with stage 111B/IV ALK+ NSCLC
Intervention(s) Ceritinib
Comparator(s) Platinum-based chemotherapy, i.e. cisplatin or carboplatin plus
pemetrexed, followed by pemetrexed maintenance therapy
Indicate if trial supports Yes v Indicate if trial used in the | Yes
application for marketing economic model
authorisation No No

Rationale for use/non-use in | Efficacy data for ceritinib from ASCEND-4 are used in the model,
the model as this study provides relevant data for ceritinib in the patient
population of interest.

Reported outcomes specified | Primary outcome: PFS
in the decision problem Key secondary outcome: OS
Other outcomes: response rate, safety and HRQoL

All other reported outcomes | Other secondary outcomes: PFS (local assessment), ORR, DOR,
DCR, TTR, OIRR, IDCR, DOIR, PRO: EORTC QLQ-C30, QLQ-
LC13, LCSS, EQ-5D and safety

Soria et al., 201756

ALK+, anaplastic lymphoma kinase-positive; DCR, disease control rate; DOIR, duration of intracranial response;
DOR, duration of response; EORTC-QLQ, European Organisation for Research and Treatment of Cancer core
Quality of Life questionnaire; HRQoL, health-related quality of life; IDCR, intracranial disease control rate; LCSS,
lung cancer symptom scale; NSCLC, non-small cell lung cancer; OIRR, overall intracranial response rate; ORR,
objective overall response rate; OS, overall survival; PFS, progression-free survival; PRO, patient reported
outcomes; QLQ-LC13, lung cancer specific questionnaire; TTR, time to response

B 2.3 Summary of methodology of the vrelevant clinical
effectiveness evidence

A summary of the methodology of the phase IIl RCT, ASCEND-4, is given in Table 5 and the following
sections provide a detailed description of the study design and methodology. ASCEND-4 was a
multicentre, randomised, open-label, phase Ill study conducted in 134 sites across 28 countries
including seven sites in the UK.58671 This trial assessed the efficacy and safety of ceritinib versus
platinum-based CT in patients with advanced non-squamous ALK+ NSCLC, untreated with any
systemic anti-cancer therapy (except neoadjuvant or adjuvant therapy). Results have been reported

for the primary endpoint, PFS, the key secondary endpoint, OS, and a number of other secondary
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endpoints including response rates and patient reported outcomes (PROs). Safety data are also

reported.

Table 5 Summary of methodology for ASCEND-4

Trial number NCTO01828099, CLDK378A2301 (ASCEND-4)
(acronym)
Location Multinational (134 sites in 28 countries: Australia, New Zealand, Austria,

Brazil, China, Colombia, Denmark, France, Germany, Greece, India, Ireland,
Italy, Japan, South Korea, Lebanon, Mexico, Netherlands, Norway, Portugal,
Russia, Singapore, Spain, Sweden, Taiwan, Thailand, Turkey, and UK)

Trial design Randomised, open-label phase Il trial
Eligibility criteria Inclusion criteria:
for participants o Adult patients with a histologically or cytologically confirmed diagnosis of

non-squamous NSCLC that is ALK+ as assessed by the Ventana
immunohistochemistry test

¢ Newly diagnosed stage IlIB or stage IV NSCLC, or relapsed locally

advanced or metastatic NSCLC, not previously treated with any systemic

anti-cancer therapy (e.g. cytotoxic drugs, monoclonal antibody therapy,
crizotinib or other ALK inhibitors, or other targeted therapies, either
experimental or not), with the exception of neoadjuvant or adjuvant
therapy. Patients who had received previous neoadjuvant or adjuvant
systemic therapy were eligible for enrolment only if relapse had occurred
more than 12 months from the end of the systemic therapy

Measurable disease as per RECIST 1.1 criteria

WHO performance status 0-2

Asymptomatic or neurologically stable brain metastases (for 22 weeks)

In patients who had received previous radiotherapy to the brain,

radiotherapy must have been completed at least 2 weeks prior to

commencing ceritinib

o Life expectancy 212 weeks

¢ The following criteria were to be met at the screening visit:

=  WBC count 24.0x10°/L

Absolute neutrophil count 21.5x10°/L

Platelets 2100x10°/L

Haemoglobin 29 g/dL

Serum creatinine <1.5 mg/dL and/or calculated creatinine

clearance (using Cockcroft—Gault formula) 250 mL/min

= Total bilirubin <1.5xULN, except for patients with Gilbert’s

syndrome, who were included only if total bilirubin <3.0xULN or
direct bilirubin <1.5xULN

= AST<2.5xULN, except for patients with liver metastasis, who

were included only if AST <5xULN

= ALT<2.5xULN, except for patients with liver metastasis, who

were included only if ALT<5xULN

Alkaline phosphatase <5.0xULN

Serum amylase <2xULN

Serum lipase < ULN

Fasting plasma glucose <175 mg/dL (9.8 mmol/L)

o The following laboratory parameters were to be within normal limits or
corrected to within normal limits with supplements during screening:
potassium, magnesium, phosphorus and total calcium (corrected for
serum albumin)
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Trial number NCTO01828099, CLDK378A2301 (ASCEND-4)
(acronym)

Exclusion criteria:

o Patients with known hypersensitivity to ceritinib, platinum-containing drugs,
pemetrexed, or any known excipients of these drugs

¢ History of interstitial lung disease or interstitial pneumonitis, including
clinically significant radiation pneumonitis

e History of carcinomatous meningitis

¢ A concurrent malignancy or history of a malignant disease diagnosed or
requiring therapy within the previous 3 years?

¢ Patients with symptomatic CNS metastases who were neurologically
unstable or had required increasing doses of steroids within the 2 weeks
prior to screening to manage CNS symptoms

e Patients who had received thoracic radiotherapy to lung fields <4 weeks
before starting the study treatment, or who had not recovered from
radiotherapy-related toxicities

o Patients who had undergone major surgery <4 weeks before starting study
treatment (<2 weeks for resection of brain metastases), or had not
recovered from the side effects of these procedures

¢ Clinically significant, uncontrolled heart disease and/or a recent cardiac
event (within 6 months)

¢ Impairment of Gl function or Gl disease that could significantly alter the
absorption of ceritinib

¢ Patients treated with medications that met one of the following criteria and
that could not be discontinued at least 1 week prior to the start of
treatment with ceritinib and for the duration of the study:

= Strong inhibitors or strong inducers of CYP3A4/5

= Medications with a low therapeutic index that are primarily
metabolised by CYP3A4/5 or CYP2C9

= Medications with a known risk of prolonging the QT interval, or
inducing Torsades de Pointes

o Patients who had received unstable or increasing doses of corticosteroids.
If patients were receiving corticosteroids for endocrine deficiencies or
tumour-associated symptoms (non-CNS), the dose was to be stabilised (or
decreased) for at least 5 days before the first dose of study treatment

e Patients treated with warfarin sodium (Coumadin®) or any other coumarin-
derivative anticoagulants

o Patients treated with any enzyme-inducing anticonvulsant that could not
be discontinued at least 1 week before first dose of study treatment, and
for the duration of the study. Patients receiving non-enzyme-inducing
anticonvulsants were eligible

e Pregnant or nursing (lactating) women and women of child-bearing
potential, unless using highly effective contraception during the study and
for 3 months after stopping ceritinib treatment (or 6 months after stopping
CT)

o Sexually active men were required to use a condom during intercourse
while taking the drug, and for 3 months after the last dose of ceritinib
treatment

o History of pancreatitis, or history of increased amylase or lipase relating to
pancreatic disease

¢ Any other severe (acute or chronic) medical or psychiatric conditions, or
laboratory abnormalities that might increase the risk associated with study
participation, or that may interfere with the interpretation of study results

Settings and Tertiary care
locations where
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Trial number
(acronym)

NCTO01828099, CLDK378A2301 (ASCEND-4)

the data were
collected

Trial drugs (the
interventions for
each group with
sufficient details
to allow
replication,
including how and
when they were
administered)

o Ceritinib group (n=189): ceritinib 750 mg administered orally once daily
(and continuously) in a fasted state

e Chemotherapy group (n=187): pemetrexed (500 mg/m?) plus cisplatin (75
mg/m?2) or (based on investigator’s choice) carboplatin (AUC 5-6),
administered every 21 days. Patients who completed 4 cycles of treatment
(induction) without progressive disease subsequently received pemetrexed
as single-agent maintenance every 21 days

o Patients in the chemotherapy group in the treatment and post-treatment
follow-up phases were allowed to cross over to ceritinib after centrally
confirmed, RECIST-defined progressive disease

Permitted and
disallowed
concomitant
medications

Permitted concomitant medications/treatments

e Stable doses of corticosteroid therapy (such as dexamethasone and
prednisone) and topical, inhaled or intra-ocular corticosteroid therapies
(e.g. for rash, obstructive airways disease or eye conditions)

o Gastric protective agents, including antacids, Hz-receptor antagonists, and
proton pump inhibitors

¢ Bisphosphonates, palliative radiotherapy, and surgery

¢ Non-enzyme-inducing anti-epileptic medication

Concomitant medications requiring caution

¢ NSAIDs with short elimination half-lives (e.g. diclofenac or indomethacin)
were to be avoided for a period of 2 days before, the day of, and 2 days
following administration of pemetrexed

e Caution was to be exercised in patients receiving carboplatin or cisplatin
and aminoglycosides, especially with other nephrotoxic drugs

Prohibited concomitant medications

e Warfarin sodium and coumarin derivatives, EIAEDs, strong inhibitors and
inducers of CYP3A4/5, and CYP2C9 and CYP3A4/5 substrates with a
narrow therapeutic index

e Drugs known to have a high risk of increasing the QTc interval and drugs
known to increase the QTc interval that are also primarily metabolised by
CYP3A4/5

Primary outcomes
(including scoring
methods and
timings of
assessments)

¢ Median PFS, defined as the time from the date of randomisation to the
date of the first radiologically documented disease progression per central
review, or death due to any cause, was the primary outcome

e Tumour assessments for response/progression determination were to be
performed by computed tomography scan or MRI of the chest and
abdomen at baseline and then every 6 weeks (2 cycles) after day 1 cycle 1
to month 33, and then every 9 weeks (3 cycles) thereafter. A final scan
was required at the end of treatment

o RECIST 1.1 criteria were used to assess response, and responses were to
be confirmed within 4 weeks of the initial observation of a response

Secondary/tertiary
outcomes
(including scoring
methods and
timings of
assessments)

Key secondary objective: OS, defined as the time from date of randomisation
to date of death due to any cause

Other secondary endpoints®:
PFS (local assessment)
ORR

DOR

DCR
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Trial number NCT01828099, CLDK378A2301 (ASCEND-4)
(acronym)
e TTR
¢ OIRR
¢ IDCR
¢ DOIR
¢ PROs: EORTC QLQ-C30, QLQ-LC13, LCSS, EQ-5D
o Safety
Tumour responses were assessed by computed tomography scan or MRI as
described for the primary efficacy outcome. Computed tomography scans or
MRI assessments of the brain were performed at each assessment point for
patients with brain metastases. PROs were assessed at the same time points
as the tumour assessments
Pre-planned Subgroups defined based on baseline characteristics
subgroups e Geographic area: South America, Europe, Asia Pacific
o Age
o Gender
¢ Brain metastasis at screening: absence or presence
¢ WHO status: 0 or 21
¢ Race: Asian, Caucasian
e Previous adjuvant chemotherapy
o Disease burden per central assessment: baseline SOD for target lesions
<median SOD for target lesions; baseline SOD for target lesions 2median
SOD for target lesions
e Smoking history

Soria et al., 2017%, ASCEND-4 CSR'®

aExceptions included patients with completely resected basal cell and squamous cell skin cancers, and
completely resected carcinoma in situ of any type.

bFor definitions of the outcomes, see section B 2.3.5 and Table 7.

ALK+, anaplastic lymphoma kinase-positive; ALT, alanine transaminase; AST, aspartate transaminase; AUC,
area under the concentration time curve in mg/mL.min; CNS, central nervous system; CSR, clinical study report;
CT, chemotherapy; CYP, cytochrome P; DCR, disease control rate; DOR, duration of response; DOIR, duration
of intracranial response; EIAED, enzyme inducing anti-epileptic drugs; EORTC-QLQX, European Organisation for
Research and Treatment of Cancer’s core QoL questionnaire; EQ-5D, EuroQol Group 5-Dimension
questionnaire; Gl, gastrointestinal; IDCR, intracranial disease control rate; LCSS, lung cancer symptom scale;
MRI, magnetic resonance imaging; NSAIDs, non-steroidal anti-inflammatory drugs; NSCLC, non-small cell lung
cancer; OIRR, overall intracranial response rate; ORR, objective overall response rate; OS, overall survival; PD,
progressive disease; PFS, progression-free survival; PPIs, proton pump inhibitors; PRO, patient reported
outcomes; QLQ-LC13, lung cancer specific questionnaire; RECIST, Response Evaluation Criteria In Solid
Tumours; SOD, sum of diameters; TTR, time to response; ULN, upper limit of normal; WBC, white blood cell;
WHO, World Health Organization

B 2.3.1 Patients

The study included patients with advanced or metastatic non-squamous ALK+ NSCLC, untreated with
systemic therapy (with the exception of adjuvant or neoadjuvant therapy if relapse had occurred at
least 12 months after the end of therapy). If present, brain metastases were required to be
asymptomatic or neurologically stable. Patients with symptomatic CNS metastases who were

neurologically unstable or had required increasing doses of steroids within the two weeks prior to
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screening to manage CNS symptoms were excluded. The detailed inclusion and exclusion criteria are
listed in Table 5.

B 2.3.2 Baseline patient demographics and clinical characteristics

Patient baseline disease and demographic characteristics are summarised in Table 6, and they were
well balanced between the two treatment groups. Overall, the median age of patients was 54 years,
and approximately three-quarters of patients (78.5%) were aged <65 years. In both groups there were
slightly more women than men (overall, 57.4% were women), approximately half (53.7%) were
Caucasian and 42.0% were Asian. Most patients had a World Health Organization (WHO)
performance status of 21 (63% of both groups). At the time of study entry, the majority of patients in
both groups (ceritinib, 95%; CT, 97%) had stage IV disease and approximately one-third (ceritinib,
31%; CT, 33%) had brain metastases. Overall, 36.4% of patients had received at least one prior anti-
neoplastic therapy (radiotherapy/surgery/adjuvant or neoadjuvant chemotherapy), and the number of
patients who had received prior therapy was well balanced between the two treatment groups. Of
those with brain metastases, 24/61 (39.3%) of those in the ceritinib group had received prior
radiotherapy, as had 24/60 (40.0%) of the CT group.

Table 6 Characteristics of patients in ASCEND-4 (FAS)

Baseline characteristics Ceritinib Chemotherapy
(n=189) (n=187)

Age, median years (range) 55 (22-81) 54 (22-80)
Gender, n (%)

Female 102 (54) 114 (61)

Male 87 (46) 73 (39)
Race, n (%)

Asian 76 (40) 82 (44)

Caucasian 104 (55) 98 (52)

Other 9 (5) 7 (4)
WHO performance status, n (%)

0 69 (37) 70 (37)

1 107 (57) 105 (56)

2 13 (7) 11 (6)

Missing 0(0) 1(1)
Smoking history, n (%)

Current smoker 15 (8) 15 (8)

Ex-smoker 66 (35) 50 (27)

Never smoked 108 (57) 122 (65)
Histology or cytology, n (%)

Adenocarcinoma 180 (95) 183 (98)
Stage at time of study entry, n (%)

Locally advanced (stage llIb) 9 (5) 5 (3)

Metastatic (stage V) 180 (95) 182 (97)
Metastatic site of cancer, n (%)

Bone 77 (41) 80 (43)
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Baseline characteristics Ceritinib Chemotherapy
(n=189) (n=187)
Brain 59 (31) 62 (33)
Liver 34 (18) 39 (21)
Previous antineoplastic therapy, n (%)
Surgery
No 145 (77) 144 (77)
Yes 44 (23) 43 (23)
Radiotherapy
No 152 (80) 147 (79)
Yes 37 (20) 40 (21)
Previous radiotherapy to the brain
No 165 (87) 161 (86)
Yes 24 (13) 26 (14)
Time from radiotherapy to the brain to
randomisation <3 months, n/N@ (%) 22/24 (92) 23/26 (89)
Medication: chemotherapy setting
Adjuvant 10 (5) 7 (4)
Neoadjuvant 0 2(1)
Receipt of one previous regimen of
neoadjuvant or adjuvant chemotherapy 10 (5) 9 (5)

Soria et al., 2017, ASCEND-4 CSR'®
FAS, full analysis set; WHO, World Health Organization
aDenominator is the number of patients with previous radiotherapy to the brain.

B 2.3.3 Trial design

The ftrial design and treatment plan for ASCEND-4 are summarised in Figure 4. Patients were
randomised 1:1 to ceritinib or CT (cisplatin or carboplatin plus pemetrexed, followed by pemetrexed
maintenance therapy, if appropriate). Randomisation was performed via interactive response
technology and was stratified according to WHO performance status (0 vs. 1-2), prior adjuvant

therapy (yes vs. no) and brain metastases at screening (yes vs. no).

Ceritinib was administered orally once daily (in the fasted state, i.e. at least one hour before or two
hours after food), at a dose of 750 mg (5 x 150 mg capsules) continuously for the 21-day treatment
cycle. Chemotherapy was administered intravenously, comprising cisplatin (75 mg/m?) or carboplatin
(area under the concentration time curve [AUC] 5-6 mg/mL.min) plus pemetrexed (500 mg/m?) given
every 21 days for four cycles, and patients who completed the four cycles of CT without disease
progression subsequently received pemetrexed maintenance (500 mg/m?) every 21 days. In both
treatment groups, patients continued to receive therapy until disease progression (according to
Response Evaluation Criteria In Solid Tumours [RECIST] 1.1 criteria, central assessment) or
unacceptable toxicity. Patients could continue therapy beyond disease progression if the investigator
judged that they were experiencing clinical benefit, but these patients were not followed for efficacy or

PROs beyond progression.
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Patients could undergo dose reductions or treatment interruptions for management of AEs. A
maximum of three dose reductions were allowed for patients treated with ceritinib (150 mg per
reduction, to a minimum dose of 300 mg/day). Patients randomly assigned to CT were allowed to
cross over to ceritinib after centrally confirmed, RECIST-defined progressive disease. Table 5

provides details for allowed and prohibited concomitant therapies.

This being an open label study, the investigators and patients were not masked to treatment
assignment, but the study sponsor personnel remained blinded until data lock for the primary

analysis.

Figure 4 Trial design and treatment plan for ASCEND-4

Stage IlIB/IV ALK+ NSCLC

1%t line (no prior chemotherapy or ALK inhibitor)

Randomise 1:1
Stratified: PS; brain metastasis;
adjuvant chemotherapy

l l

Chemotherapy (q21d) | Ceritinib (daily) |
PEM + cisplatin
or
PEM + carboplatin

l

CR, PR, SD

PEM
Maintenance (q21d)

Soria et al., 20176
ALK+, anaplastic lymphoma kinase-positive; CR, complete response; NSCLC, non-small cell lung cancer; PEM,
pemetrexed; PR, partial response; PS, performance status; SD, stable disease

B 2.3.4 Efficacy and PRO assessments

Efficacy outcomes were based on determination of tumour response according to RECIST 1.1 criteria
and were performed both locally and centrally, based on computed tomography scans or MRI of the
chest and abdomen. Assessments were completed at baseline, every six weeks from cycle 1 day 1 to
month 33, every nine weeks thereafter, and then at the end of treatment. Responses (complete
response [CR] and partial response [PR]) were to be confirmed within four weeks of the initial
assessment. Intracranial responses were assessed in patients with brain metastases by computed

tomography scan or MRI performed at each tumour assessment time point. The intracranial response
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was determined based on images assessed by an independent central neuroradiologist, who was
masked to treatment. RECIST 1.1 criteria were modified to allow a more rigorous evaluation of
intracranial response to the treatment. Thus, a maximum of five target lesions located in the brain

could be selected at baseline and evaluated at each subsequent time point.

PROs were assessed using the European Organisation for Research and Treatment of Cancer
(EORTC) quality-of-life core questionnaire (QLQ-C30), the corresponding lung cancer module (QLQ-
LC13), the Lung Cancer Symptom Scale (LCSS), and the EuroQol Group 5-Dimension (EQ-5D)

self-report questionnaire.

= The EORTC-QLQ-C30 contains 30 questions that incorporate nine multi-item scales: five
functional scales (physical, role, cognitive, emotional and social); three symptom scales
(fatigue, pain, and nausea and vomiting); and a global health and quality-of-life scale.”?
Several single-item symptom measures are also included: dyspnoea (i.e. shortness of
breath), insomnia, appetite, constipation, diarrhoea and financial impact. All scales range
from 0 to 100, with a higher score indicating better level of functioning or a worse symptom
experience.

= The EORTC QLQ-LC13 complements the QLQ-C30, and measures disease symptoms and
treatment-related AEs.” The lung cancer module incorporates one multi-item scale to
assess dyspnoea and nine other single items: pain (three items — chest, arm/shoulder and
other parts), coughing, sore mouth, dysphagia (difficulty swallowing), peripheral neuropathy,
alopecia (hair loss) and haemoptysis (coughing blood). All scales and item scores are
linearly transformed to a 0 to 100 scale, with higher scores indicating increased symptom
levels.

= The LCSS patient scale uses a 24-hour recall period and contains nine items: six measuring
major symptoms of lung cancer (appetite loss, fatigue, cough, dyspnoea, haemoptysis,
pain), and three summary items related to total symptom distress, normal activity status, and
overall HRQoL.”™ The LCSS uses a 100 mm visual analogue scale (VAS) to measure the
intensity of patient responses, with 0 corresponding to the lowest rating (best status) and
100 representing the highest rating (worst status).

= The EQ-5D is a standardised measure of health status that provides a simple, generic
measure of health for clinical and economic appraisal.”™

As for tumour responses, assessments were completed at baseline, every six weeks from cycle 1 day

1 to month 33, every nine weeks thereafter, and then at the end of treatment.

B 2.3.5 Efficacy and PRO outcomes

The primary endpoint was PFS, assessed centrally according to RECIST 1.1, and the key secondary
endpoint was OS. A complete list of the efficacy endpoints (and their definitions) is provided in Table
7.
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Table 7 Definitions of efficacy outcomes

Endpoint

|

Definition

Primary

Progression-free
survival (PFS)

Time from the date of randomisation to the date of the first radiologically
documented disease progression per central assessment, or death due to
any cause

Key secondary

Overall survival (OS) ‘ Time from date of randomisation to date of death due to any cause

Other secondary

Overall response rate
(ORR)

Proportion of patients with a best overall response (BOR) defined as
complete response or partial response (i.e. CR+PR)

Duration of response
(DOR)

Time from first documented response (PR or CR) to the date of first
documented progressive disease (PD), or death due to any cause

Disease control rate
(DCR)

Proportion of patients with BOR of CR, PR, stable disease (SD), or non-
CR/non-PD as per RECIST 1.1

Time to response
(TTR)

Time from the date of randomisation to the date of the first documented
response (CR or PR, which was confirmed subsequently) for patients with
confirmed CR or PR

Overall intracranial
response rate (OIRR)

ORR was based on assessment of target and non-target lesions (and new
lesions, if applicable) in the brain. Rates are calculated as the proportion
of patients with a best overall confirmed response of CR or PR in the brain
as per modified RECIST 1.1 criteria. Responses were assessed by a
blinded central neuroradiologist

Intracranial disease
control rate (IDCR)

IDCR was based on assessment of target and non-target lesions (and
new lesions, if applicable) in the brain. Rates are calculated as the
proportion of patients with a best overall confirmed response of CR or PR
or a response of SD (or non-CR/non-PD) in the brain as per modified
RECIST 1.1 criteria. Responses were assessed by a blinded central
neuroradiologist

Intracranial clinical
benefit rate (ICBR)

Proportion of patients with a best overall response of CR or PR, or an
overall lesion response of SD or non-CR/non-PD that lasts for a minimum
time duration (i.e. 12, 18 and 24 weeks)

Duration of
intracranial response
(DOIR)

DOIR was based on assessment of target and non-target lesions (and
new lesion, if applicable) in the brain. DOIR is calculated from the time of
first documented intracranial response (PR or CR) to the date of first
documented intracranial PD or death due to any cause, as per modified
RECIST 1.1 criteria. Responses were assessed by a blinded central
neuroradiologist

ASCEND-4 CSR?"®

The primary analysis of interest for the PRO outcomes was the time to definitive deterioration of
symptom scores for chest pain, cough, or dyspnoea (composite end point), assessed using the LCSS
and the QLQ-LC13 questionnaires.”® This was determined using Kaplan-Meier methodology and was
defined as the time from randomisation to the time at which a patient’s score had a 210-point increase
from baseline in any of the QLQ-LC13 scores, or death due to any cause. Similarly, a threshold of 215
mm increase from baseline was used for the LCSS. A Cox regression model, stratified by

randomisation stratification factors, was used to estimate the hazard ratio (HR), along with a 2-sided

95% confidence interval (Cl).
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In addition, descriptive statistics were used to summarise the scored scales for each cycle of the
EORTC QLQ-C30, QLQ-LC13, LCSS, and EQ-5D questionnaires, both at baseline and during
treatment. A repeated measures model for longitudinal data was used to compare the two treatment

arms in terms of domain scores for each measure.

B 2.3.6 Safety assessment and monitoring

Safety assessments included recording of all AEs and serious AEs (SAEs). In addition, vital signs,
blood chemistry, and haematology were assessed and an electrocardiogram (ECG) was performed at
the screening visit, day 1 and day 15 of cycle 1, day 1 of all subsequent cycles, and at the end of

treatment.

B 2.3.7 Pre-planned subgroup analyses

Subgroup analysis of PFS as per central assessment was to be performed if the primary analysis of
this endpoint was statistically significant, to determine whether the benefits of ceritinib over CT were
consistent across different patient subgroups. The pre-planned subgroups to be analysed were
geographic region, age group, gender, race, baseline metastases, prior adjuvant CT, WHO

performance status, disease burden per central assessment, and smoking history (see Table 5).

B 2.4 Statistical analysis and patient disposition

Table 8 summarises the statistical analyses included in ASCEND-4.

B 2.4.1 Populations

The following populations were considered:

¢ The full analysis set (FAS) consisted of all randomised patients and was used for the primary
efficacy analysis
o The safety analysis was based on the safety set that included all patients who received at least

one dose of study drug (ceritinib, pemetrexed, carboplatin or cisplatin).

B 2.4.2 Sample size calculation

Assuming a median PFS of eight months in the CT group, it was expected that ceritinib would result in
a 38% risk reduction in the hazard rate.¢ On the basis of an expected true HR of 0.62, under the
alternative hypothesis, about 205 PFS events were required to have 90% power at a one-sided 2.5%
level of significance to reject the null hypothesis (HR=1). This was using a log-rank test and a two-
look group sequential design. Thus, approximately 348 patients were required to be randomly

assigned to the two treatment groups in a 1:1 ratio.
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B 2.4.3 Planned analyses

One futility interim analysis was planned for the primary endpoint of PFS as per the central
assessment when approximately 72/205 (35%) PFS events were documented. A final PFS analysis

was planned for when 205 PFS events had occurred, and results are reported in section B 2.6.

A maximum of four analyses was planned for OS: 1) an interim analysis at the time of the interim
analyses for PFS (provided PFS was significant); 2) an interim analysis at the projected time of the
final analysis for PFS (provided PFS was significant); 3) an interim analysis for OS after observing
215 deaths, and 4) a final analysis for OS after observing 253 deaths. The second of these OS

analyses has been performed, and results are reported in section B 2.6.3.

B 2.4.4 Statistical tests

A Cox regression model stratified by randomisation stratification factors was used to estimate the HR
of the PFS and 95% Cls were estimated based on the Wald test. PFS was tested using the stratified
log-rank test. Kaplan—Meier methodology was used for time-to-event endpoints. The statistical basis
for a claim of efficacy was the statistical significance (at the 2.5% one-sided level of significance) for

PFS in favour of ceritinib.
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Table 8 Summary of statistical analyses in ASCEND-4

Trial number Hypothesis Statistical analysis Sample size, power calculation Data management, patient

(acronym) objective withdrawals

NCT01828099, | To compare the anti- | ¢ PFS was tested using the stratified | ¢ Assuming a median PFS of e Patients could cross over to the

CLDK378A2301 | tumour activity of log-rank test (stratified according to eight months in the CT group, it extension treatment phase if they
ceritinib versus CT, randomisation stratification factors) was expected that ceritinib would had centrally confirmed

ASCEND-4 as measured by PFS | ¢ A hierarchical testing strategy, result in a 38% risk reduction in progressive disease and met all

determined by a
central assessment

where OS was to be statistically
evaluated and interpreted only if
PFS was significantly different
between treatment groups, was to
be used to control the overall type-I
error rate

o A stratified log-rank test was used
for comparison of OS

e The primary analysis was planned
after approximately 72/205 (35%)
PFS events were documented by
central assessment

o Afinal PFS analysis is planned for
when 205 PFS events have
occurred

e A maximum of four analyses were
planned for OS: 1) an interim
analysis at the time of the interim
analyses for PFS (provided PFS is
significant); 2) an interim analysis at
the projected time of the final
analysis for PFS (provided PFS is
significant); 3) an interim analysis
for OS when 215 deaths are
observed, and 4) a final analysis for
OS when 253 deaths are observed

the hazard rate

e About 205 PFS events were
required to have 90% power at a
one-sided 2.5% level of
significance to reject the null
hypothesis (HR=1) using a log-
rank test and a two-look group
sequential design

e The final analysis (PFS) was
expected at approximately 253
deaths

e The statistical basis for a claim of
efficacy was the statistical
significance (at 2.5% one-sided
level of significance) for PFS in
favour of ceritinib

required criteria for cross-over

¢ All patients who discontinued
treatment during the treatment
phase for reasons other than
death, lost to follow-up,
pregnancy or disease
progression as per central
assessment were to continue
tumour and PRO assessments
as per schedule

e Patients who discontinued study
treatment were not considered
withdrawn from the study unless
the final visit assessments were
performed, or when it was clear
that the patient would not return
for these assessments

Soria et al., 201756, ASCEND-4 CSR"®

CT, chemotherapy; PFS, progression-free survival; PRO, patient reported outcomes
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B 2.4.5 Patient disposition

Figure 5 summarises the patient disposition for ASCEND-4. In total, 376 patients completed
screening, of whom 189 patients were randomised to ceritinib and 187 patients were randomised to
CT. Among the 187 patients in the CT group, 87 patients started therapy with cisplatin/pemetrexed
and 88 patients started therapy with carboplatin/pemetrexed; 127 patients received pemetrexed

maintenance therapy.

At database lock, 95 (50%) patients in the ceritinib group and 30 (16%) patients in the CT group were
still receiving treatment. Rates of discontinuation were considerably higher in the CT group (78%)
compared to the ceritinib group (50%), largely reflecting the higher rate of discontinuation due to
disease progression in the CT group. Thus, although the primary reason for discontinuation was
disease progression in both groups, the proportion of patients discontinuing for disease progression
was approximately two-fold higher in the CT group (50% vs. 27%). Similarly, discontinuation due to
AEs considered related to treatment occurred in a higher proportion of patients in the CT group (5%
for ceritinib and 11% for CT).

Figure 5 Patient disposition in ASCEND-4

| 425 patients assessed for eligibility ‘

49 failed screening

45 did not meet inclusion criteria
- 3 patient or guardian decision
1 death

A 4

| 376 eligible patients randomly assigned ‘

!
! v

189 randomly assigned to receive ceritinib ‘ 187 randomly assigned to receive chemotherapy

750 mg/day in fasted state

12 did not receive chemotherapy
7 patient or guardian decision

—> 2 adverse events

2 physical decision

1 death

v v

189 received ceritinib 175 received chemotherapy
87 with pemetrexed-cisplatin at starting dose
88 with pemetrexed-carboplatin at starting dose
127 received pemetrexed maintenance

' v

94 discontinued treatment 95 remain on 145 discontinued treatment 30 remain on
51 disease progression treatment® 94 disease progression treatment®
15 adverse events 16 adverse events

9 deaths 10 deaths
7 patient or guardian 16 patient or guardian
decision decision
12 other 9 other

Soria et al., 2017%¢

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved Page 37 of 131



aAt data cut-off, 24 June 2016

B 2.5 Quality assessment of the relevant clinical effectiveness
evidence

Assessment of the risk of bias for ASCEND-4 (see Table 9) indicates that the study has a low risk of
bias except for the open-label design, necessitated by the different routes of administration for
ceritinib and the comparator treatment. However the primary endpoint, PFS, was assessed by central

assessors who were masked to treatment, thus avoiding bias in the primary endpoint.

Table 9 Quality assessment for ASCEND-4

Trial number (acronym)

NCT01828099 (ASCEND-4)

Was randomisation carried out
appropriately?

Yes, 376 patients were randomised 1:1 to ceritinib or CT
using interactive response technology.

Was the concealment of treatment
allocation adequate?

Not applicable, as this was an open label study.
However, measurement of response was based on
blinded central assessment of computerised tomography
scans.

Were the groups similar at the outset of
the study in terms of prognostic factors?

Yes, baseline characteristics were well balanced.

Were the care providers, participants
and outcome assessors blind to
treatment allocation?

No, care providers and participants were not blinded, as
ceritinib is an oral therapy and CT is given via the
intravenous route. Central assessors (primary endpoint)
were masked to treatment.

Were there any unexpected imbalances
in drop-outs between groups?

No. As expected, more discontinuations were observed
in the CT group than in the ceritinib group, reflecting the
greater incidence of disease progression.

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

No. All the primary and secondary objectives (as defined
in the CSR), are reported in the primary paper, except
characterisation of the pharmacokinetics of ceritinib.

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

Yes, the primary analysis of PFS used an ITT approach.
PFS was censored at the date of the last adequate
tumour assessment before an event or reason for
censoring occurred. PFS censoring reasons included:
ongoing without event, lost to follow-up, withdrew
consent, adequate assessment no longer available, new
cancer therapy received prior to an event, and an event
occurring after 22 missing tumour assessments.

Soria et al., 2017%, ASCEND-4 CSR'®

CSR, clinical study report; CT, chemotherapy; ITT, intention-to-treat; 1V, intravenous; PFS, progression-free

survival
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B 2.6 Clinical effectiveness results for ASCEND-4

B 2.6.1 Overview

Results for ASCEND-4 are based on an analysis performed after 202 PFS events (central
assessment), corresponding to a median duration of follow-up of 19.7 months (data cut off, June
2016), and are summarised in Table 10.'%887 The study met its primary endpoint, demonstrating a
median PFS of 16.6 months for ceritinib compared to 8.1 months for CT. An ORR of 73% was
attained with ceritinib, responses were achieved within a median of six weeks, and these responses
were sustained for a median of 24 months. Furthermore, these efficacy outcomes translated into a 2-
year event-free survival of 48% and 2-year OS of 71%, and were accompanied by a delay in the time
to significant worsening in lung cancer-specific symptoms compared with CT. HRQoL was also better
in the ceritinib group, as evident from an EQ-5D utility value of 0.81 vs. 0.77 for CT.

Table 10 Summary of efficacy data for the phase lll trial ASCEND-4

Central assessment Local assessment
Ceritinib Chemotherapy | p-value Ceritinib | Chemotherapy | p-value
Endpoints (n=189) (n=187) or HR (n=189) (n=187) or HR
Median PFS, months 16.6 8.1 HR 0.55 16.8 7.2 HR 0.49
(95% Cl) (12.6-27.2) (5.8-11.1) p <0.001 | (13.5-25.2) (5.8-9.7) p
<0.001a
Median OS, months NE 26.2 HR 0.73 - - -
(95% ClI) (29.3-NE) (22.8-NE) p = 0.056
2-year OS, % (95% Cl) 70.6 58.2 NA - - -
(62.2-77.5) (47.6-67.5)
ORR.,® % (95% ClI) 725 26.7 - 73.5 32.1 -
(65.5-78.7) (20.5-33.7) (66.7-79.7) | (25.5-39.3)
Median TTR, 6.1 13.4 - 6.3 12.6 -
weeks(range) (5.1-61.7) (5.1-90.1) (5.1-71.9) (4.7-84.0)
Median DOR,° 23.9 11.1 - 23.3 8.0 -
months(95% Cl) (16.6-NE) (7.8-16.4) (17.6-NE) (5.8-13.4)
EFS, % (95% Cl) - -
At 21 months 59.0 NE® 53.9 13.8
(49.3-67.4) (42.9-63.6) (1.6-39.1)
At 24 months 48.2 NE® 415 NE®
(32.3-62.4) (26.6-55.8)

Soria et al., 20175, Soria et al Supplementary appendix’', ASCEND-4 CSR"®

@Nominal p-value
PORR = CR+PR

¢Patients with a best overall response of CR or PR

dNot estimable as no responders were at risk at the time point
Cl, confidence interval; CR, complete response; CSR, clinical study report; DOR, duration of response; EFS,
event-free survival; HR, hazard ratio; NA, not applicable; NE, not estimable; ORR, overall response rate; OS,
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overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable
disease; TTR, time to response

B 2.6.2 Primary efficacy outcome — PFS

Ceritinib provided a median PFS of 16.6 months in the overall population

The ASCEND-4 study met its primary objective, demonstrating a statistically significant and clinically
meaningful improvement in PFS for ceritinib over CT (Figure 6 and Table 11). The median PFS was
16.6 months for ceritinib compared with 8.1 months for CT (central assessment) (HR, 0.55;
p<0.00001). The PFS advantage was apparent from approximately three months onwards in the
Kaplan—Meier plots, and the event-free probability estimates remained higher throughout the study
period for ceritinib compared with CT. At 24 months, the Kaplan—Meier-estimated PFS was 47.6% for
ceritinib compared with 18.6% for CT.

Figure 6 Kaplan—Meier plots of PFS in ASCEND-4: a) central assessment, b) local assessment
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Soria et al., 201758
Cl, confidence interval; HR, hazard ratio

Table 11 Summary of PFS (central assessment) in ASCEND-4

Ceritinib Chemotherapy
(n=189) (n=187)
Median PFS, months (95% ClI) 16.6 (12.6-27.2) 8.1 (5.8-11.1)
HR (95% Cl), p-value 0-55 (0.42—0.73); p<0.00001
n/N (%) 89/189 (47.1) 113/187 (60.4)
Censored (%) 52.9 39.6
Percent event-free probability estimate
At 12 months, % (95% ClI) 59.9 (52.1-66.8) 40.4 (32.5-48.2)
At 24 months, % (95% CI) 47.6 (39.3-51.4) 18.6 (10.9-27.9)

Soria et al., 2017;%6 ASCEND-4 CSR'"®
Cl, confidence interval; CSR, clinical study report; HR, hazard ratio; n, number of events; N, total number of
patients in the subgroup; PFS, progression-free survival

The primary reason for censoring patients in the PFS analyses was that the patient was still receiving
therapy and was event-free (progression or death) at the time of the data cut-off (40.2% in the

ceritinib arm and 16.6% in the chemotherapy arm).

Results for local assessment corroborated those reported for central assessment, with median PFS
being 16.8 months for ceritinib (Table 10 and Figure 6). The concordance rates between central and

local review were high, being 88% for ceritinib, and 87% for CT.

Ceritinib prolonged PFS compared with CT in patients both with and without brain metastases (Table
12).1566 Median PFS achieved with ceritinib was 26.3 months in patients without brain metastases
and 10.7 months in patients with brain metastases according to central assessment, and similar
results were reported for local assessment. In patients without brain metastases, a statistically
significant improvement in PFS was observed for ceritinib vs. CT according to both central and local
assessment. In contrast, in patients with brain metastases (where the improvement in PFS was less
marked), the difference between treatments was not statistically significant according to either

assessment.
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Table 12 Median PFS in patients with or without brain metastases at baseline in ASCEND-4

Patients with brain metastasis

Patients without brain metastasis

Ceritinib

‘ Chemotherapy

Ceritinib

‘ Chemotherapy

Central assessment

PFS events, n/N (%)

35/ 58 (60.3)

36/ 57 (63.2)

54/131 (41.2)

77/130 (59.2)

Median PFS months 10.7 7.0 26.3 8.2
(95% CI) (8.1-16.4) (4.2-11.1) (15.4-27.7) (5.8-12.8)
HR (95% Cl) 0.80 0.45
(0.50-1.28) (0.32-0.64)
p=NS p<0.05

Local assessment

PFS events, n/N (%)

35/58 (60.3)

39/57 (68.4)

57/131 (43.5)

87/130 (66.9)

Median PFS months 13.5 7.0 25.2 8.2
(95% Cl) (9.0-16.7) (4.2-11.1) (15.2-NE) (5.7-10.9)
HR (95% Cl) 0.66 0.42
(0.41-1.05) (0.30-0.59)
P=NS p<0.05

Soria et al., 2017%, Soria et al Supplementary appendix;”' ASCEND-4 CSR'®
Cl, confidence interval; HR, hazard ratio; n, number of events; N, total number of patients in the subgroup; NE,
not estimable; NS, not significant; PFS, progression-free survival

B 2.6.3 Key secondary efficacy outcome — OS

The interim analysis reported a 2-year OS of 71% for ceritinib
At the time of the analysis, the OS data were immature; only 107 events (42% of the required OS
events) had occurred. The study did not cross the efficacy stopping boundary for OS (-3.2546 [Z-

scale], corresponding to p=0.0006 on the p-value scale), and is therefore ongoing.

At the data cut-off, 48 (25.4%) patients in the ceritinib group had died, resulting in an estimated 24-
month OS rate of 70.6% (Table 13). This compares with a 24-month OS of 58.2% for CT. Median OS
was ‘not reached’ in the ceritinib group and was estimated as 26.2 months in the CT group (HR, 0.73;
p=0.056). Thus, ceritinib reduced the risk of death by 27% compared with CT. The OS Kaplan—Meier
plots for the two treatment groups diverged from four months onwards, indicating a positive trend in
favour of ceritinib (Figure 7).
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Figure 7 Kaplan—Meier plot of OS in ASCEND-4
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Table 13 OS- events and percent survival at data cut-off in ASCEND-4

Ceritinib Chemotherapy
n/N (%) 48/189 (25.4) 59/187 (31.6)
Median OS NE (29.3-NE) 26.2 (22.8-NE)
HR (95% Cl), p-value 0.73 (0.50—1.08) p=0.056
Percent event-free probability estimate
At 12 months, % (95% CI) 83.6 (77.4-88.2) 78.7 (71.9-84.1)
At 24 months, % (95% CI) 70.6 (62.2-77.5) 58.2 (47.6-67.5)

Soria et al., 2017%, ASCEND-4 CSR'®
Cl, confidence interval; CSR, clinical study report; HR, hazard ratio; n, number of events; N, total number of
patients in the subgroup; NE, not estimable; OS, overall survival

Crossover and sensitivity analysis

At the time of the OS analysis, 105 (72%) of 145 patients initially randomised to CT had received an
ALK inhibitor after CT discontinuation; this included 80 patients who crossed over to receive ceritinib.
Of the other 25 patients, 23 received crizotinib. Conversely, in the ceritinib group, 34 (18%) of 189

patients had received subsequent anti-cancer therapy, of whom 24 received platinum-based doublet
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CT, and six received an ALK inhibitor (ceritinib, n=1; crizotinib, n=3; lorlatinib, n=2). A sensitivity
analysis using rank-preserving structural failure time (RPSFT) methodology was performed to correct
for the confounding introduced by patients crossing over from CT to ceritinib. The resulting HR
estimate was similar to that from the primary OS analysis, suggesting that cross-over from CT to
ceritinib on disease progression did not affect the difference in OS between the treatment groups for
this data-cut (HR 0.73; 95% CI, 0.49-1.10). The duration of follow-up is currently insufficient to

conclude whether there is a difference in OS according to the RPSFT analysis.

B 2.6.4 Whole-body tumour response rates

Almost three-quarters of patients achieved a tumour response to ceritinib and
responses were sustained for a median of two years

Table 14 summarises the tumour responses achieved in ASCEND-4. Overall, 72.5% of patients
receiving ceritinib achieved a tumour response, with most being classified as a PR (72.0%). The
median time to response was 6.1 weeks. Among patients with a confirmed CR or PR, the median
duration of response (DOR) was 23.9 months. These results compare favourably with those for the
CT group, where the ORR was 26.7%, time to response was 13.4 weeks and median DOR was only
11.1 weeks. Similar results were reported for local assessment, with concordance rates between

central and local assessment for best overall response being 79.9% for ceritinib and 73.3% for CT.

Table 14 Summary of whole-body tumour response rates in ASCEND-4

Response Central assessment Local assessment
Ceritinib Chemotherapy Ceritinib Chemotherapy
(n=189) (n=187) (n=189) (n=187)
ORR, n (%) 137 (72.5) 50 (26.7) 139 (73.5) 60 (32.1)
(95% ClI) (65.5-78.7) (20.5-33.7) (66.7-79.7) (25.5-39.3)
CR, n (%) 1(0.5) 0 5(2.6) 0
PR, n (%) 136 (72.0) 50 (26.7) 134 (70.9) 60 (32.1)
SD, n (%) 23 (12.2)? 88 (47.1)p 30 (15.9) 82 (43.9)
PD, n (%) 19 (10.1) 26 (13.9) 11 (5.8) 21 (11.2)
Unknown, n (%) 10 (5.3) 23 (12.3) 9 (4.8) 24 (12.8)
Median time to first response 6.14 13.36 (5.1- 6.29 (5.1- 12.64 (4.7-
(in responders), weeks (5.1-61.7) 90.1) 71.9) 84.0)
(range)
Median DOR (in responders), 23.9 (16.6— 11.1 (7.8-16.4) | 23.3(17.6— 8.0 (5.8-13.4)
months (95% CI) NE) NE)
Estimated 21-month event- 59.0 (49.3— NE 53.9 (42.9, 13.8 (1.6-39.1)
free rate, % (95% ClI) 67.4) 63.6)

Soria et al Supplementary appendix”’

aThree NCRNPD cases are based on patients with non-measurable disease.

bNine NCRNPD cases are based on patients with non-measurable disease,

Cl, confidence interval; CR, complete response; DOR, duration of response; NCRNPD, non-CR/non-PD; NE, not
evaluable; ORR, overall response rate; PD, progressive disease; PR, partial response; SD, stable disease
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In the Kaplan—Meier plots for duration of response, the curves separated from approximately
three months onwards and the event-free probability remained higher in the ceritinib arm, indicating a
longer duration of response with ceritinib. The estimated event-free rate at 24 months was 48.2% for

patients in the ceritinib arm (Figure 8 and Table 15).

Figure 8 Kaplan—Meier plot of duration of response per central assessment by treatment arm
in ASCEND-4 (FAS - patients with confirmed CR or PR)
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Table 15 Summary of data for duration of response in ASCEND-4

Ceritinib Chemotherapy
n/N (%) 54/137 (39.4) 22/50 (44.0)
Median DOR, months (95% Cl) 23.9 (16.6—NE) 11.1 (7.8-16.4)
Percent event-free probability estimate
At 12 months, % (95% CI) 69.8 (61.1-76.8) 44.2 (26.8-60.4)
At 24 months, % (95% ClI) 48.2 (32.3-62.4) NE

Soria et al Supplementary appendix,”" ASCEND-4 CSR'"®
Cl, confidence interval; CSR, clinical study report; DOR, duration of response; n, number of events; N, total
number of patients in the analysis; NE, not estimable
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B 2.6.5 Intracranial responses

In total, 121 patients (61 patients in the ceritinib group and 60 patients in the CT group) had brain
metastases (measurable or non-measurable) at baseline. Of these 121 patients, only 22 patients in
each group had 21 post-baseline assessment for measurable brain metastases. Table 16 summarises

their responses to treatment.

Firstly, the overall intracranial response rate in patients with measurable brain metastases at baseline
was 72.7% in the ceritinib group and 27.3% in the CT group. Secondly, the median duration of
intracranial response (DOIR) was 16.6 months in the ceritinib group, and not estimable in the CT
group (as four of six patients had not progressed at the time of the analysis). These results provide
evidence for the intracranial activity of ceritinib, but are necessarily limited by the small size of the

patient population in each treatment group.

Table 16 Summary of intracranial tumour responses in patients with measurable brain

metastases at baseline in ASCEND-4

Ceritinib Chemotherapy

(n=22) (n=22)
OIRR, n (%, 95% CI) 16 (72.7, 49.8-89.3) 6 (27.3, 10.7-50.2)
CR, n (%) 2(9.1) 2(9.1)
PR, n (%) 14 (63.6) 4 (18.2)
SD, n (%) 3(13.6) 14 (63.6)
PD, n (%) 1(4.5) 1(4.5)
Unknown, n (%) 2(9.1) 1(4.5)
ICBR at 212 weeks, n (%, 95% CI) 19 (86.4, 65.1-97.1) 15 (68.2, 45.1-86.1)
ICBR at 224 weeks, n (%, 95% CI) 19 (86.4, 65.1-97.1) 11 (50.0, 28.2-71.8)

Soria et al., 201756
Cl, confidence interval; CR, complete response; ICBR, intracranial clinical benefit rate; OIRR, overall intracranial
response rate; PD, progressive disease; PR, partial response; SD, stable disease

B 2.6.6 Impact on symptoms and HRQoL

Symptom severity and HRQoL were assessed while patients were receiving treatment using the QLQ-
C30, QLQ-LC13, LCSS and EQ-5D instruments. Compliance was good, with =280% of patients
completing the questionnaires at most time points. The results of these assessments thus provide a
comprehensive measure of the impact of treatment on lung-cancer specific symptoms, general
functioning, and HRQoL.
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Ceritinib significantly delayed time to definitive deterioration in symptoms (pain,
cough and dyspnoea) compared with chemotherapy

The primary PRO outcome of interest was the time to definitive symptom deterioration for the
composite endpoint of lung cancer specific symptoms (pain, cough and dyspnoea). This was
assessed using both the LCSS and QLQ-LC13 questionnaires, and results for both tools
demonstrated a statistically significant difference in favour of ceritinib. According to the LCSS, median
time to definitive deterioration (an increase of 215 mm) was not reached in the ceritinib group,
compared with 18.4 months in the CT group (p<0.005, Figure 9). Similarly, according to the QLQ-
LC13 assessment, median time to definitive deterioration (an increase of 210 points) was 23.6 months

for the ceritinib group, compared with 12.6 months in the CT group (p<0.001).76

Figure 9 Time to definitive deterioration in symptoms (pain, cough and dyspnoea) in ASCEND-
4 as assessed using the a) LCSS and b) QLQ-LC13 questionnaires
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Ceritinib provided greater improvements over time in lung cancer symptoms

compared with chemotherapy

Data collected using the LCSS and QLQ-LC13 were also used to compare improvements in symptom
severity during the time on therapy in the two treatment groups. According to these assessments,
ceritinib demonstrated significantly greater improvements over time in most scores compared with CT
(Figure 10). Thus, ceritinib was associated with improvements in all LCSS symptom scores compared
with CT, with the difference being statistically significant for four out of six of the individual scores.
Furthermore, average symptom burden index, total symptom distress and normal activity status
improved significantly, as well as total score and overall HRQoL. All QLQ-LC-13 symptom scores
were also indicative of a greater improvement with ceritinib compared with CT, and the difference was

statistically significant for eight of the 10 symptoms.

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved Page 48 of 131



Figure 10 Improvement in lung cancer symptoms over time with ceritinib versus CT in
ASCEND-4: a) LCSS and b) EORTC QLQ-LC13
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Ceritinib was associated with greater improvements in HRQoL and cancer-related
symptoms over time compared with chemotherapy

Comparison of scores for functional domains as well as symptoms scores in the EROTC QLQ-C30
demonstrated greater improvements over time in the ceritinib group compared with the CT group for
most domains (Figure 11). The difference between treatment groups was statistically significant for

Global Health Status/QoL, four of the five functional domains and six of the nine symptom scales.
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However, two of the symptom scores — nausea and vomiting, and diarrhoea — were significantly

higher (indicating more severe symptoms) in the ceritinib group.

Figure 11 a) Improvements in functional domains and b) changes in symptoms scores
according to the EORTC QLQ-C30 over time during treatment with ceritinib or chemotherapy in
ASCEND-4
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Based on EQ-5D scores, patients experienced a better HRQoL during therapy with
ceritinib compared with chemotherapy

HRQoL was also assessed using the EuroQol (EQ-5D) index and the VAS (EQ-VAS). Scores for both
measures were indicative of better HRQoL during treatment for the ceritinib group than for the CT

group (Table 17) (see section B 3.4 for further details)

Table 17 EQ-5D scores during treatment with ceritinib or chemotherapy in ASCEND-4

Time window Ceritinib Chemotherapy Treatment difference p-value

(overall) (N=189) (N=187) (Ceritinib vs.
chemotherapy)

EQ-5D Index

N 180 159 -

LS Mean 0.8132 0.7708 0.04 <0.001

95% CI (0.78408-0.84231) | (0.73905-0.80264) (0.02, 0.07)

EQ-VAS

N 180 156 -

LS Mean 77.0 747 2.3 0.053

95% CI (74.18-79.73) (71.64-77.71) (-0.03, 4.59)

ASCEND-4 CSR;" Tan et al., 201676
Cl, confidence interval; CSR, clinical study report; LS, least squares; n, number of patients with observed score
at the corresponding time point

In conclusion, the results of the PRO assessments clearly demonstrate that patients in general
experience less severe symptoms (including both those related to lung cancer and to the side effects
of treatment), together with better functioning and HRQoL, during therapy with ceritinib compared with
CT. The only exception was gastrointestinal (Gl) symptoms, which were more severe with ceritinib

compared with CT, and these are discussed further in section B 2.10.

Furthermore, median time to a definitive deterioration in lung cancer symptoms was 24 months
according to scores obtained with the QLQ-LC13, indicating that ceritinib provides patients with a
prolonged period with minimal worsening of disease-specific symptoms. This is supported by the EQ-
5D score (0.81) and EQ-VAS score (77.0) reported for patients receiving ceritinib, which are indicative
of a good HRQoL. These data suggest that the clinical benefits reported for ceritinib therapy (section
B 2.6.1) translate into meaningful improvements in symptoms and HRQoL, and that the effects of AEs

are mitigated by the impact of treatment on disease-related symptoms.
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B 2.7 Subgroup analysis

B 2.7.1 Subgroups and rationale

Given that the primary endpoint was met, a Cox regression model stratified by randomisation
stratification factors was performed to evaluate the effect of baseline demographic and disease
characteristics on the estimated HR for PFS per central assessment. The fitted model adjusted the
treatment difference for key prognostic factors including: stage of disease, geographic region, age,

race and gender.

The results of the sub-group analysis are shown in Figure 12, and these indicate that the effects of
ceritinib were consistent across all subgroups considered, except for the subgroups where the sample

size was very small.

Figure 12 PFS in different subgroups in ASCEND-4

Number of patients (%) HR (95% CI) HR (95% CI) Median PFS (95% CI; months)

Ceritinib (n=189)  Chemotherapy (n=187)

Geographic region

South America 18 (5%) - 0.65 (0.17-2.54) 7.0 (11.1-NE) 5.0(1.4-11.2)
Europe 199 (53%) - 0.54 (0.37-0.80) 17.1 (11.7-27.7) 7.1(4.8-11.1)
Asia Pacific 159 (42%) - 0.60 (0.38-0.96) 26.3 (11.0-NE) 9.7 (5.8-13.9)
Age (years)
<65 years 295 (78%) - 0.58 (0.42-0.80) 171 (12.5-27.7) 8.1(5.8-12.4)
265 years 81(22%) - 0.45 (0.24-0.86) 14.0 (8.3-NE) 6.8 (4.2-12.8)
Sex
Male 160 (43%) - 0.41 (0.27-0.63) 15.2 (11.0-NE) 4.3(3.3-7.1)
Female 216 (57%) - 0.63 (0.43-0.93) 252 (11.0-27.7) 10.6 (7.6-14.5)
Race
Caucasian 202 (54%) - 0.44 (0.30-0.66) 16.4 (12.1-27.7) 7.0 (4.3-8.5)
Asian 158 (42%) L 0.66 (041-1.08) 26.3 (B.6-NE) 10.6 (6.7-15.0)
Brain metastases at screening
Absence 255 (68%) - 0.48 (034-0.69) 26.3 (15.4-27.7) 8.3 (6.0-13.7)
Presence 121 (32%) - 0.70 (0.44-1.12) 10.7 (8.1-16.4) 6.7 (4.1-10.8)
WHO status
0 139 (37%) - 0.59 (0.37-0.96) 17.1 (11.3-NE) 9.7 (7.0-14.2)
>1 236 (63%) - 0.52 (0.37-0.74) 16.6 (10.9-27.7) 6.7 (4.3-8.5)
Previous adjuvant chemotherapy
Yes 19 (5%) o= 1.41 (0.12-15.84) NE (6.9-NE) NE (14.5-NE)
No 357 (95%) - 0.55 (0.41-0.73) 16.4 (12.1-27.2) 7.5(5.7-9.7)
Disease burden per central assessment
Baseline SOD for target lesions <median SOD for target lesions 177 (47%) - 0.51 (0.32-0.80) 26.3 (14.0-NE) 10.6 (7.0-14.5)
Baseline SOD for target lesions <median SOD for target lesions 184 (49%) - 0.53 (0.36-0.79) 13.9 (9.5-27.2) 56 (4.1-8.1)
Smaoking history
Never smoked 230 (61%) - 0.56 (0.38-0.80) 16.6(11.7-27.7) 8.3 (7.0-12.5)
Ex-smoker or current smoker 146 (39%) - 0.48 (0.30-0.77) 15.7 (9.7-26.3) 5.8 (4.1-12.4)
All patients 376 - 0.55 (0.42-0.73) 16.6 (12.6-27.2) 8.1(5.8-11.1)

0.1 1.0 10

»

Favours ceritinib Favours chemotherapy

Soria et al., 2017%

B 2.8 Meta-analysis

Only one relevant RCT was identified, as described in section B 2.2. Thus, a meta-analysis could not

be performed.
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B 2.9 Indirect and mixed treatment comparisons

Summary

¢ A systematic review identified that there are no direct head-to-head trials of ceritinib versus
crizotinib in ALK+ advanced NSCLC

o Comparing the design and patient populations involved in the pivotal phase Ill trials for
ceritinib (ASCEND-4) and crizotinib (PROFILE 1014) indicated that a matching-adjusted
indirect comparison (MAIC) would be feasible, and the most appropriate approach for
comparing key efficacy outcomes for ceritinib and crizotinib in the relevant patient
population

¢ Inthe MAIC, weights were applied to patients enrolled in ASCEND-4 to exactly balance all
baseline characteristics between the two trial populations. The extent of weighting required
to achieve this was mild, with the effective sample size (ESS) in ASCEND-4 being reduced
by 10% after weighting, and there was no evidence of extreme weights

e After weighting, ceritinib was found to reduce the risk of disease progression or death
compared with crizotinib by [ (I G \\/\<dian PFS was
Il months for ceritinib versus 10.8 months for crizotinib, and 1-year PFS increased from

47 .8% for crizotinib to [l for ceritinib ()

e Comparison of OS data from both studies showed that, after weighting, ceritinib provided a
greater reduction in the risk of death compared with crizotinib of , but the difference
was not statistically significant ( )

e These results suggest that ceritinib offers significant clinical benefits over crizotinib for the
management of adults with ALK+ advanced NSCLC untreated with prior systemic therapy

B 2.9.1 Introduction and objectives

The ALK inhibitor, crizotinib, is indicated for the first-line treatment of adults with ALK+ advanced
NSCLC and is considered the only relevant comparator to ceritinib for this submission as
chemotherapy has now been succeeded by crizotinib as the standard of care for ALK+ advanced
NSCLC (see section B 1.3.4). The efficacy and safety of crizotinib in this indication has been
demonstrated in the phase Il trial, PROFILE 1014 (which compared crizotinib and cisplatin-based
CT),% but no direct head-to-head studies have compared ceritinib and crizotinib in the relevant patient

population.

In the absence of relevant head-to-head randomised trials, an indirect comparison approach is
required to provide evidence for the relative efficacy of ceritinib and crizotinib. However, an anchor-
based indirect comparison is not feasible, due to lack of an appropriate common comparator.
Although the two relevant trials — ASCEND-4 and PROFILE 1014 — both included CT as the
comparator group, the CT treatments used in the two studies were not comparable (see section B
2.9.2) and thus cannot serve as a proper anchor. A matching-adjusted indirect comparison (MAIC)
approach in a non-anchor based setting was therefore used to compare efficacy outcomes between
these two treatments. The MAIC approach indirectly compares two treatments while adjusting for
cross-trial differences in patient characteristics. It is also well-suited to compare time-to-event
outcomes, whereas other existing indirect comparison methodologies rely on multivariable regression,

and hence could possibly introduce bias.””
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The objective was to indirectly compare efficacy outcomes for ceritinib and crizotinib as first-line
treatments for patients with untreated advanced or metastatic ALK+ NSCLC based on data for
ceritinib from ASCEND-4 and for crizotinib from PROFILE 1014.

B 2.9.2 Identification of relevant trials and assessment of feasibility of
performing an indirect comparison

A systematic literature review was conducted to identify relevant studies providing evidence for the
efficacy and safety of ceritinib and crizotinib in patients with advanced or metastatic non-squamous
ALK+ NSCLC, untreated with systemic therapy (see Appendix D 1.1). Two relevant studies were
identified (Table 18):

e ASCEND-4, the pivotal phase Il trial concerning ceritinib (as described in sections B 2.3 to B
2.7). Individual patient data for patients from the ceritinib and chemotherapy arms were
obtained for this study from the ASCEND-4 CSR'®

¢ PROFILE 1014 (NCT01154140), a phase lll randomised trial for patients with advanced or
metastatic ALK+ NSCLC who received crizotinib (250 mg orally twice daily) or chemotherapy
as the first-line treatment. Aggregate data for baseline characteristics and efficacy outcomes in
patients treated with crizotinib or chemotherapy in this study were obtained from the primary

publication.3®

Table 18 Summary of the trials used in the MAIC

References of trial Ceritinib Platinum-based CT? Crizotinib

ASCEND-4¢6 Yes Yes, followed by -
pemetrexed
maintenance therapy

PROFILE 1014539 - Yes, but without Yes
pemetrexed
maintenance therapy

a Cisplatin or carboplatin plus pemetrexed

A further trial was identified from the systematic literature review — a phase Il trial (NCT01639001)78
comparing crizotinib and pemetrexed-cisplatin/carboplatin as the first-line treatment for ALK+ NSCLC.
However, it was decided that this was not relevant for the MAIC, as it only enrolled Asian patients and

hence was not representative of the UK population.79.80

While ASCEND-4 and PROFILE 1014 enrolled similar patient populations and included CT as a
comparator, the treatment protocols for the CT arms differed. Four cycles of CT were administered in
ASCEND-4, whereas up to six cycles were permitted in PROFILE 1014. In addition, while
maintenance pemetrexed was included in the chemotherapy treatment protocol for ASCEND-4 (for
eligible patients who did not progress during the initial cycles), patients randomised to chemotherapy

in PROFILE 1014 did not have on-protocol access to maintenance pemetrexed or other
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chemotherapies. Maintenance pemetrexed has been shown to improve survival among advanced
NSCLC patients who have not progressed during pemetrexed-cisplatin induction therapy.?' Thus the
chemotherapy group in the ASCEND-4 trial would be expected to have a better outcome than the
corresponding group in PROFILE 1014. This means that comparing the treatment difference between
chemotherapy and the ALK inhibitor in the two studies would underestimate the benefit of ceritinib.
(Details of the design of ASCEND-4 are described in section B 2.3 and B 2.4. The design of PROFILE
1014 is described in Appendix D 2.1).

A further difference between the two trials was the inclusion criteria relating to patients with brain
metastases. Among patients with brain metastases at baseline, all patients in the PROFILE 1014 trial
had received radiotherapy, had stable disease for at least two weeks before entering the trial and
were no longer receiving corticosteroid therapy. In contrast, in ASCEND-4 only 39% of patients with
brain metastases received radiotherapy prior to study entry. This difference in inclusion criteria is
likely to favour crizotinib, as the benefits of radiotherapy may have contributed to the intracranial
responses observed in PROFILE 1014.

Based on the difference between CT regimens in the two trials, it was considered not possible to
perform an 'anchor-based' analysis of first-line ceritinib and crizotinib. An alternative option would be a
doubly indirect comparison in which a 'bridge' between ceritinib and crizotinib is constructed using a
third randomised trial that includes a head-to-head comparison of the chemotherapy regimens used in
ASCEND-4 and PROFILE 1014. However, such doubly indirect comparisons have important
limitations even when suitable bridging trials are available,82 and no suitable trial was identified for the
present analysis based on a further systematic literature review (not described here). Thus, based on
the similarity in patient populations (see section B 2.9.4) and differences between the CT regimens
used in ASCEND-4 and PROFILE 1014, it was decided that a MAIC would be the best approach to
compare the efficacy for ceritinib and crizotinib. Clinical experts and specialists in Health Technology
Assessment (School of Health and Related Research, Sheffield) agreed with this decision, and this

approach was accepted as being the most appropriate during discussions with NICE.3

B 2.9.3 Efficacy outcomes

The efficacy outcomes compared were PFS and OS. The definition of each outcome measure is

detailed below:

e PFS: the time from randomisation to progression or death due to any cause, assessed by
central review. Disease progression was assessed by the blinded independent review
committee in ASCEND-4 and by independent radiologic review in PROFILE 1014

e OS: the time from randomisation to death due to any cause
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Response rates were not formally compared between ASCEND-4 and PROFILE 1014 due to
differences in assessment. In ASCEND-4, a conservative definition was used, with responses having
to be confirmed no less than four weeks after the response criteria were first met (see section B
2.3.4). Conversely, confirmation of response was not required in PROFILE 1014, which could
potentially have resulted in patients being considered to have a response in PROFILE 1014 that

would not have been classified as a response in ASCEND-4.

Both ASCEND-4 and PROFILE 1014 also reported PFS for patients with and without brain
metastases. However, given the differences between the two trials in the use of radiotherapy prior to

study entry it was considered inappropriate to perform the analysis for these subgroups.

See Appendix D2.2 for details of the statistical methods employed.

B 2.9.4 Results

Matching of the baseline characteristics required only mild weighting

The comparison of baseline characteristics between the pooled populations in the ceritinib and
crizotinib trials is shown in Table 19. Prior to matching, the ceritinib trial population had a significantly
higher proportion of current smokers compared to the crizotinib trial population (8.0% vs. 4.4%, p =
0.046). After applying weights to patients enrolled in ASCEND-4, however, all baseline characteristics
were exactly balanced between the two trial populations, and the effective sample size for ASCEND-4
was 340 (as compared to the actual sample size of 376). The extent of weighting required to achieve
this balance was mild and there was no evidence of extreme weights (Figure 13), consistent with

good overlap between the populations.

Table 19 Comparison of baseline characteristics before and after matching (primary analysis)?

Before Matching After Matching

ASCEND-4 PROFILE 1014 p- ASCEND-4 PROFILE
(ceritinib (crizotinib and | value (ceritinib 1014 value
and CT) CT) and CT) (crizotinib
(N =376) (N=343) (N =376) and CT)
(ESS = 340) (N=343)
Age < 65 years, % 78.5 84.0 |
Female, % 57.4 61.8 [
Race — White®, % 53.7 51.3 |
Race — Asian®, % 42.0 45.8 [
Current smoker, % 8.0 4.4 -
Former smoker, % 30.9 32.1 |
Adenocarcinoma® 96.5 93.9 B
ECOG performance 93.6 94.8 |
score 0 or 18f, %
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Metastatic disease?, % 96.3 98.0 | |

]
Brain metastases", % 32.2 26.8 - - -

CT, chemotherapy

“p-values < 0.05 were considered significant

@ The matching-adjusted indirect comparison (MAIC) was implemented to balance baseline patient and disease
characteristics. All variables are categorical variables and were matched on proportions only.

b Chi-square tests were used to compare baseline characteristics between the two trials before matching.
Weighted chi-square tests were used to compare baseline characteristics between the two trials after matching.
¢ Other race included black, Native American, and other (ASCEND-4 vs. PROFILE 1014: 4.3% vs. 2.9%).

4 In ASCEND-4, other histologic types included adenosquamous cell carcinoma, large cell carcinoma,
undifferentiated carcinoma, and other types and were reported in 3.5% of patients. In PROFILE 1014, non-
adenocarcinoma was reported in 6.1% of patients.

¢ The ECOG performance status score assessed at baseline in ASCEND-4 was assumed to be comparable to
that assessed at screening in PROFILE 1014. The score was not reported for one chemotherapy patient in
ASCEND-4 and one crizotinib patient in PROFILE 1014; both were imputed as having an ECOG performance
status score of 0 or 1.

6.4% of patients in ASCEND-4 and 5.2% of patients in PROFILE 1014 had an ECOG performance status score
of 2 at baseline.

9 3.7% of patients in ASCEND-4 and 2.0% of patients in PROFILE 1014 had locally advanced disease.

h The presence of brain metastases assessed at randomisation in ASCEND-4 was assumed to be comparable to
that reported at baseline in PROFILE 1014.

Figure 13 Histogram of weights for patients in ASCEND-4

According to the MAIC, ceritinib was associated with a significantly longer

PFS compared with crizotinib
Median follow-up for ASCEND-4 and PROFILE 1014 was similar, being 19.7 months for ASCEND-4
and 17.4 months for PROFILE 1014. The comparison of efficacy outcomes between ceritinib and

crizotinib before and after matching is shown in Table 20. Compared to crizotinib, ceritinib was
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associated with a significantly longer PFS before matching (median: 16.6 vs. 10.8 months; || EGzN
). /o odjustment, the HR became |
and median PFS increased to [l months for ceritinib (versus 10.8 months for crizotinib, [ .
The adjustment did not alter the 95% ClI for ceritinib substantially (| il before matching; I
I -tc' matching). This was consistent with the shift of an apparent plateau on the Kaplan-
Meier curve, which was below the median PFS before adjustment and above after adjustment (Figure
14). Before matching, the 95% Cls for median PFS of crizotinib and ceritinib had a slight overlap,
whereas after adjustment, the 95% Cls were no longer overlapping, consistent with a statistically

significant difference in median PFS. In terms of OS, there was no significant difference between

ceritinib and crizotinib before (| EGcGTTNNEEEEEEEEEEEEEEEEEE) o' -itcr matching
(). -5 would be expected given the immaturity of the

data (see section B 2.6.3).

The proportional hazards assumption held for PFS both before (| | ]Il and after matching
(). 2nd similarly held for OS before () and after matching (). Log-cumulative

hazard plots are presented in Figure 15 and support the same conclusion (that the proportional
hazards assumption is reasonable in this case), as for both PFS and OS, the curves for ceritinib and

crizotinib are approximately parallel during the period of time in which most events occurred.
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Table 20 Comparison of efficacy outcomes of ceritinib and crizotinib before and after matching

Before matching

After matching

Log-rank test, p-value

HR (CER vs. CRZ), 95% CI

IS

Ceritinib Crizotinib Response p-value? Ceritinib Crizotinib Response p-value®
(ASCEND-4) | (PROFILE difference (ASCEND-4) | (PROFILE 1014) | difference
N=189 1014) (95% CI) N=189 N=172 (95% CI)
[A] N=172 [A]- [B] (ESS=171) (D] [CI- [D]
[B] [C]
Progression-free survival
Median, month (95% Cl)° 16.6 10.8 [ ] 10.8
(12.6-27.2) (8.5-13.8) [ (8.5-13.8)
Log-rank test, p-value | ] I
HR (CER vs. CRZ), 95% Cl ] | B
1-year PFS rate, 95% CI¢ 59.9 47.8 12.0 | [ ] 47.8 | I
I I
Overall survival
Median (month) NR NR NR NR
B
B
N

1-year OS rate, 95% Cld

83.6

83.3

0.3

I

83.3

ASCEND-4 CSR;"® Felip et al., 2015%
Median follow-up was 19.7 months for ASCEND-4 and 17.4 months for PROFILE 1014.
* p<0.05 was considered significant; CER, ceritinib; Cl, confidence interval; CRZ, crizotinib; ESS, effective sample size after weighting; KM, Kaplan-Meier; NR, not reached

a Before matching, PFS/OS rates at 1-year were compared using the Chi-squared test; PFS and OS were compared using the log-rank test and the Cox proportional hazards
model. If the proportional hazards assumption was violated, the HR estimated from the Cox model may not be valid.

b After matching, the weighted Chi-squared test, the weighted log-rank test, and the weighted Cox model were used for the comparison. The weights were estimated from

matching the patient baseline characteristics between ASCEND-4 and PROFILE 1014.
¢ Before matching, the 95% Cls for median PFS in both trials were calculated on the log-log scale using the KM estimator. After matching, the weighted 95% CI for ASCEND-4
was calculated on the log scale using the Nelson-Aalen estimator. The 95% CI for PROFILE 1014 was the same before and after matching.
d After matching, the PFS and OS rates at 1-year were estimated using the weighted KM method.
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Figure 14 KM curves for PFS and OS before and after matching - ceritinib vs. crizotinib
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Figure 15 Log-cumulative hazard plot for PFS and OS before and after matching - ceritinib vs.

crizotinib
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B 2.9.5 Discussion

In the absence of head-to-head randomised clinical trials of ceritinib and crizotinib, MAIC
methodology was used to conduct an indirect comparison for patients with untreated, advanced or
metastatic ALK+ NSCLC. MAIC are becoming widely used in Health Technology Assessments where
data are not available for anchor-based indirect comparisons, including a number of recent NICE
submissions,®* and a MAIC was deemed to be the most appropriate methodology to use for this
comparison. Using this approach, cross-trial differences in patient characteristics (including
demographics and multiple disease features that are potentially associated with efficacy outcomes),

were balanced between the ceritinib and crizotinib trials.

After adjusting for heterogeneity in patient characteristics between the two clinical trials, ceritinib was
associated with significantly prolonged PFS, and numerically longer OS compared to crizotinib. The
adjusted median PFS for ceritinib was [l months compared with 10.8 months for crizotinib (i}
. and ceritinib reduced the risk of disease progression or death by [ (G
I < adjusted OS rate for ceritinib was numerically higher than that for crizotinib
(. - ceritinib was associated with an [JJli] reduction in the risk
of death (I IGNNGNEEEEEEEEEEEEEEEEEEEEE). -4 together, these results suggest that ceritinib

provides a statistically significant and clinically meaningful reduction in the risk of disease progression
or death compared with crizotinib, and that it may also improve OS. However, OS data from both

studies are immature and should be interpreted cautiously.

As this indirect comparison evaluates non-randomised treatment groups, the potential for unobserved
confounding is of primary concern. Like any other comparison of non-randomised treatment groups,
the MAIC should be evaluated based on the similarity of the populations being compared and the
objectivity and adequacy of the variables included for adjustment. The current MAIC adjusted for all of
the baseline characteristics that were available from both the ceritinib and crizotinib trials. Therefore,
the list of adjustment factors was objectively selected. The multiple baseline characteristics available
for adjustment, including age, gender, race, ECOG performance score, tumour histology, extent of the
disease, presence of brain metastases, and smoking status, are also consistent with previously
reported prognostic factors for NSCLC outcomes.'430.858 This suggests that the adjustments are
likely to have accounted for any clinically meaningful differences in baseline characteristics between
the two populations. Furthermore, the extent of weighting required to achieve this balance was mild,
with the ESS in ASCEND-4 being reduced by only 10% after weighting.

The overall study designs were largely consistent across the ceritinib and crizotinib trials in terms of
inclusion/exclusion criteria and protocols for assessing key efficacy outcomes (e.g.,, PFS, OS),
although differences in the definition for CR made it inappropriate to compare CR rates across the two

studies. This consistency in study designs further limits the potential for unobserved confounding.
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However, MAICs, like any comparison of non-randomised treatment groups, are subject to potential
unobserved confounding and model misspecification bias. Only a well-conducted head-to-head
randomised trial can avoid these limitations. In addition, despite the adjustment for multiple
characteristics, the lack of a common comparator arm in the ceritinib and crizotinib trials is an
important limitation. A valid common comparator arm would have provided an opportunity to detect
and potentially further adjust for residual confounding differences between the ceritinib and crizotinib

populations.

In summary, the MAIC presented here represents the best currently available comparative evidence
for ceritinib and crizotinib in NSCLC. The analyses utilised studies with highly similar trial designs and
adjusted for an objective and adequate list of important baseline characteristics. In addition, the MAIC

provided valid 95% Cls to quantify uncertainty in comparative estimates for relevant decision makers.

B 2.10 Adverse reactions

Results from the phase Il ASCEND-4 ftrial provide a robust assessment of the safety profile for
ceritinib in patients with advanced non-squamous ALK+ NSCLC and are consistent with the safety
profile reported for earlier studies in this patient population, e.g. ASCEND-1,87 ASCEND-2,88
ASCEND-3,8 and ASCEND-5% (see Appendix F). While the data from ASCEND-4 provide an
assessment of the safety profile for both ceritinib and CT, only the data for ceritinib are relevant to this
submission, and hence are reported here. The rationale for this is that CT is no longer the standard of
care for patients with newly diagnosed ALK+ NSCLC, as it has been superseded by crizotinib. Full
safety data for ASCEND-4 are provided in Appendix F.

B 2.10.1 Drug exposure

Extent of exposure
The median duration of treatment exposure in the ceritinib group was approximately 66 weeks, and
73% of patients received ceritinib treatment for a period of 233 weeks. This exposure was considered

long enough to assess the safety profile of the treatment.

In addition to receiving ceritinib until disease progression, 84% of patients received at least one dose
of ceritinib beyond disease progression (as permitted by the study protocol), and 49% continued
ceritinib (at the investigator's discretion for ongoing clinical benefit) for at least two cycles after

progression. This resulted in a median additional exposure of 9.6 weeks.

Dosage
Ceritinib was generally well tolerated. Approximately a third (34%) of patients achieved a relative dose
intensity (RDI) of 90—-110%, and the median RDI for ceritinib was 78.4%. The corresponding average

daily dose was 626 mg compared with an intended dose of 750 mg.
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AEs related to ceritinib were largely managed by dose reductions or interruptions, with 68% of the

patients requiring at least one dose reduction and 78% of patients requiring at least one dose

interruption (Table 21). Dose reductions and treatment interruptions occurred throughout the

treatment period, but their frequency was highest during weeks three to six, and these were primarily

due to Gl toxicity and liver function abnormalities, respectively.

Table 21 Summary of ceritinib exposure and dose adjustments in ASCEND-4

Ceritinib (n=189)

Median duration of treatment exposure, weeks (IQR)

66.4 (30.0-83.7)

Median relative dose intensity, % (IQR)

78.4 (63.2-97.5)

Average dose, mg (meantSD) 626.0+124.8
Proportion of patients requiring 21 dose reduction, n (%) 128 (67.7)
Median time to first dose reduction, weeks 9.1
Proportion of patients requiring =1 dose interruption, n (%) 148 (78.3)
Median time to first dose interruption, weeks 6.1

Soria et al., 2017%, ASCEND-4 CSR'®

CSR, clinical study report; n, number of patients who had at least one dose of the corresponding drug; IQR,

interquartile range; SD, standard deviation

Safety profile

An overall summary of the AEs recorded in the ASCEND-4 trial is presented in Table 22. While most

(97%) patients reported AEs related to ceritinib treatment, and 65% of patients experienced grade 3/4

treatment-related AEs, only 5% of patients discontinued therapy due to AEs considered related to

treatment. Thus, AEs due to ceritinib were generally manageable and reversible with dose

adjustments, dose interruptions, and with supportive medication. Importantly, no new safety

information emerged that would substantially alter the safety profile of ceritinib demonstrated in earlier

studies in ALK+ NSCLC.

Table 22 Overall summary of AEs in the ceritinib treatment group of ASCEND-4 (n=189)

All grades Grade 3 or 4

AEs, n (%) 189 (100) 148 (78)
AEs suspected to be related to treatment, n (%) 184 (97) 123 (65)
SAEs, n (%) 70 (37.0) 59 (31.2)
SAEs suspected to be related to treatment, n (%) 30 (15.9) 23 (12.2)
Withdrawal due to AEs, n (%) 21 (11.1) 12 (6.3)
Withdrawal due to AEs considered related to treatment, n (%) 10 (5%)

Total deaths during treatment?, n (%) 11 (6)

Deaths related to study drug None

Soria et al., 2017, ASCEND-4 CSR"™

aTotal on-treatment deaths, i.e. first dose date to last dose date plus 30 days

AE, adverse event; CSR, clinical study report; SAE, serious adverse event
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Incidence of AEs

Table 23 and Table 24 summarise the most frequently reported AEs for the ceritinib group. Most were
grade 1 or 2 in severity and were manageable with dose adjustments. The most common AEs (any
grade, 235% of patients) were Gl (i.e. diarrhoea, nausea and vomiting), followed by elevation in the
serum levels of liver enzymes [aspartate aminotransferase (AST), alanine aminotransferase (ALT)
and gamma-glutamyltransferase (GGT)]. Elevated liver enzymes were also the most frequently
reported grade 3/4 AEs (reported in 215% of patients); most other grade 3/4 AEs related to treatment
were reported in less than 5% of patients.

Table 23 Summary of AEs, regardless of relationship to study drug, in the ceritinib treatment
group of ASCEND-4 reported in 215% of patients (n=189)

Adverse event, n (%) All grades Grade 3 or 4
Any AE 189 (100) 148 (78)
Diarrhoea 160 (85) 10 (5)
Nausea 130 (69) 5@3)
Vomiting 125 (66) 10 (5)
Alanine aminotransferase increased 114 (60) 58 (31)
Aspartate aminotransferase increased 100(53) 32 (17)
Gamma-glutamyltransferase increased 70 (37) 54 (29)
Decreased appetite 64 (34) 2(1)
Alkaline phosphatase increased 55 (29) 14 (7)
Fatigue 55 (29) 8 (4)
Abdominal pain 47 (25) 4 (2)
Cough 46 (24) 0
Weight decreased 45 (24) 7 (4)
Creatinine increased 42 (22) 4(2)
Upper abdominal pain 39 (21) 3(2)
Non-cardiac chest pain 38 (20) 2(1)
Back pain 36 (19) 3(2)
Constipation 36 (19) 0
Pyrexia 34 (18) 0
Asthenia 33 (17.5) 5(3)
Headache 31 (16) 0
Dyspnoea 29 (15) 4(2)
Anaemia 28 (15) 4(2)

Soria et al., 201756
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Table 24 Summary of AEs related to treatment in the ceritinib group of ASCEND-4, reported in

210% of patients (n=189)

Adverse event, n (%) All grades Grade 3/4
Total, n (%) 184 (97.4) 123 (65.1)
Diarrhoea 152 (80.4) 8 (4.2)
Nausea 121 (64.0) 5(2.6)
Alanine aminotransferase increased 112 (59.3) 56 (29.6)
Vomiting 108 (57.1) 9 (4.8)
Aspartate aminotransferase increased 96 (50.8) 30 (15.9)
Gamma-glutamyltransferase increased 66 (34.9) 50 (26.5)
Decreased appetite 48 (25.4) 1(0.5)
Alkaline phosphatase increased 47 (24.9) 12 (6.3)
Fatigue 42 (22.2) 5 (2.6)
Abdominal pain 39 (20.6) 4(2.1)
Creatinine increased 37 (19.6) 3(1.6)
Upper abdominal pain 33 (17.5) 2(1.1)
Weight decreased 29 (15.3) 4(2.1)
Asthenia 21 (11.1) 5(2.6)
Rash 21 (11.1) 1(0.5)
Electrocardiogram QT prolonged 19 (10.1) 3 (1.6)

ASCEND-4 CSR"
AE, adverse event; CSR, clinical study report

Treatment-related AEs

Elevated serum levels of the liver enzymes, ALT, AST and GGT, were the most frequently reported
grade 3/4 events during therapy with ceritinib, occurring in 30%, 16% and 26% of patients,
respectively. However, there were no cases of Hy’s law. One patient discontinued treatment due to
increased ALT and one due to increased GGT, but most patients were managed with dose
adjustment or treatment interruption. These data are consistent with those reported in other studies in
ALK+ NSCLC (see Appendix F). Thus regular monitoring of liver enzyme levels is recommended
during therapy with ceritinib.!

QTc prolongation has been observed in clinical studies in patients treated with ceritinib and may lead
to an increased risk for ventricular tachyarrhythmias (e.g. Torsade de pointes) or sudden death.’
Thus, patients receiving medications associated with a risk of QTc prolongation were excluded from
the study. During the study, QTc prolongation was observed in 19 (10%) patients and was grade 3 in
four patients. All grade 3 events were considered to be related to ceritinib treatment, and were
managed with dose adjustment or interruption. No patients discontinued treatment for QTc
prolongation, and there were no grade 4 events or cases of Torsade de pointes. A further six patients

reported other bradycardia events, only two of which were considered related to ceritinib, and neither
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were grade 3/4. Periodic monitoring of electrocardiograms and electrolytes is recommended in
patients with known risk factors for QTc prolongation, and heart rate and blood pressure should be

monitored regularly in all patients.!

Gl toxicities have been commonly reported during therapy with ceritinib and they are generally
managed with dose interruption and/or dose reduction, as well as supportive therapies (including anti-
diarrhoeals, anti-emetics and fluid replacement).” In ASCEND-4, Gl AEs related to treatment were
reported in 93% of patients, and about one-tenth of these were grade 3/4. This is consistent with the
incidence of Gl toxicities reported in other ceritinib studies in this patient population (see Appendix F).
Approximately a quarter of patients required dose adjustment/interruption, and three patients
discontinued treatment due to Gl toxicity. An ongoing study, ASCEND-8, is investigating whether the
administration of ceritinib with a low-fat meal (instead of in a fasting state) and at lower doses (450 mg

and 600 mg) reduces the incidence of Gl toxicities (see section B 2.11 for further details).

Cases of hyperglycaemia (all grades) have been reported in less than 10% of patients treated with
ceritinib in clinical studies, with grade 3/4 AEs occurring in approximately 5% of patients.! In
ASCEND-4, hyperglycaemia was reported in_21 (11%) patients, half of which were considered related
to ceritinib (n=10, 5.3%). Grade 3/4 hyperglycaemia related to treatment was reported in six patients;

all of whom were managed by dose adjustment/interruption.

Severe, life-threatening, or fatal interstitial lung disease or pneumonitis has been observed in patients
treated with ceritinib in clinical studies, with most cases improving or resolving with interruption of
treatment.’ In ASCEND-4, interstitial lung disease/pneumonitis was reported in four patients; only one
case was grade 3, and there were no grade 4 cases. One grade 2 case was suspected to be related
to treatment. Two patients required dose adjustment/interruption and two discontinued therapy. One

patient died, but the pneumonitis was not considered related to treatment.

The incidence of haematological AEs during therapy with ceritinib was low, consistent with reports for
other studies of ceritinib (see Appendix F). Only one patient (0.5%) reported grade 3/4 neutropenia
related to ceritinib and one patient (0.5%) reported grade 3/4 anaemia related to ceritinib.

Serious AEs

Serious AEs reported in 22% of patients, regardless of relationship to ceritinib, are summarised in
Table 25, and are generally consistent with the known safety profile of ceritinib. Nausea, vomiting and
elevated AST were the only SAEs considered related to treatment, and they were reported in 22% of
patients (nausea, 3.2%; vomiting, 3.2%; AST, 2.1%).
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Table 25 Serious AEs reported in 22% of patients, regardless of relationship to study drug, in
ASCEND-4 (n=189)

Adverse events, n (%) All grades Grade 3/4
Total 70 (37.0) 59 (31.2)
Pneumonia 8 (4.2) 6 (3.2)
Pleural effusion 7(3.7) 4(2.1)
Vomiting 7 (3.7) 5 (2.6)
Nausea 6 (3.2) 1(0.5)
Dyspnoea 5(2.6) 4(2.1)
Hyperglycaemia 5(2.6) 5(2.6)
Aspartate aminotransferase increased 4(2.1) 1(0.5)
Pericardial effusion 4(2.1) 2(1.1)
Alanine aminotransferase increased 3(1.6) 1(0.5)
Back pain 3(1.6) 3 (1.6)
Creatinine increased 3(1.6) 1(0.5)
Diarrhoea 3(1.6) 2(1.1)
Lung infection 3(1.6) 2(1.1)
Metastases to CNS 3(1.6) 3(1.6)
Pulmonary embolism 3(1.6) 3(1.6)

ASCEND-4 CSR'®
CNS, central nervous system; CSR, clinical study report

On-treatment deaths

A total of 11 (6%) on-treatment deaths were reported in the ceritinib group; none of these were
suspected to be related to the study drug. Seven patients died due to disease progression. The
remaining four patients in the ceritinib group died due to myocardial infarction (n=1), respiratory tract

infection (n=1), pneumonitis (n=1) and unknown causes (n=1), and one patient in the CT group died

due to lung infection.

Safety data for ceritinib in patients with ALK+ NSCLC have also been reported for three non-RCTs
(ASCEND-1, -2 and -3) and for the RCT, ASCEND-5, which compared ceritinib versus CT in

previously treated patients. These safety data are summarised in Appendix F.

B 2.11 Ongoing studies

Table 26 summarises ongoing studies of ceritinib in patients with ALK+ NSCLC that will report data
over the next 12 months. Further results from the ongoing ASCEND-8 study may be particularly

relevant to this submission.
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ASCEND-8 is an open-label, multicentre, randomised, parallel design, phase 1 study that will
determine the systemic exposure, efficacy and safety of ceritinib administered at a daily dose of
450 mg or 600 mg with a low-fat meal versus 750 mg daily administered in a fasting state.®! The study
involved both treatment-naive and previously treated patients with metastatic ALK+ NSCLC. The
primary objective of this study is to assess the steady-state pharmacokinetics of 450 mg or 600 mg
ceritinib taken with a low-fat meal compared with that of 750 mg ceritinib taken in the fasted state, and
the key secondary objective is to compare anti-tumour activity for the three regimens. The safety
profile (including the incidence of Gl toxicities) of the three regimens will also be compared. Data from
this study will help determine whether a lower dose of ceritinib and administration with a low-fat meal

reduces the incidence of Gl toxicities without adversely affecting efficacy.

Table 26 Ongoing ceritinib studies in patients with ALK+ NSCLC

Trial (NCT
number)

Status

Therapy

Phase
of
study

Objective

reporting

Expected date of

Primary
completio
n

Study
completio
n

NCT01685138

ASCEND-3%2

Ongoing

Ceritinib

Assess efficacy and
safety of ceritinib in
patients with ALK+
NSCLC

Patients must have
received no prior
crizotinib, and must
be chemotherapy-
naive or have been
pre-treated with
cytotoxic
chemotherapy (up to
three prior lines)

June 2017

June 2018

NCT01828112

ASCEND-5%

Ongoing

Ceritinib

Assess efficacy and
safety of ceritinib in
patients with ALK+
NSCLC

Patients must have
received prior
crizotinib and
chemotherapy (up to
two prior lines)

June 2018

NCT02336451

ASCEND-7%

Recruiting

Ceritinib
750 mg

Assess efficacy and
safety of ceritinib in
patients with ALK+
NSCLC with active
lesions in the brain
and/or a diagnosis of
leptomeningeal
carcinomatosis

May 2018

May 2018
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NCT02299505 | Recruiting | Ceritinib, 1 Assess systemic June 2018 | October

ASCEND-89% 450 or exposure, efficacy, 2018

600 mg and safety of

with low- ceritinib, at a dose of

fat meal 450 or 600 mg with a

VS. low-fat meal vs. 750

750 mg mg in the fasted state

in fasted in patients with ALK+

state NSCLC
NCT02450903 | Recruiting | Ceritinib 2 Assess efficacy and August December
%6 safety of ceritinib in 2017 2017

patients with ALK+
NSCLC previously
treated with alectinib

NCT02393625 | Recruiting | Ceritinib 1 Assess efficacy and October October
a7 plus safety of ceritinib plus | 2017 2017
nivoluma nivolumab in patients
b with ALK+ NSCLC

ALK+, anaplastic lymphoma kinase; NSCLC, non-small cell lung cancer

B 2.12 Innovation

Ceritinib is an innovative therapy that has helped transform the management of patients with ALK+
NSCLC through its use in the second-line setting, and it is expected to provide further substantial
benefits with its extension to the first-line setting. While some of the demonstrated benefits of ceritinib
over the current standard of care, crizotinib, will be captured in the quality-adjusted life year (QALY)
gain, as described in section B 3 of this submission, additional benefits relating to the impact on
productivity and caregiver burden, as well as the psychological effects of having a longer remission,

are likely to be significant and are not captured in the model.

Ceritinib is an innovative therapy, as recognised at a requlatory level

The innovative nature of ceritinib was acknowledged in the Promising Innovative Medicine
designation of the product by the Medicines and Healthcare Products Regulatory Agency, on
10 February 2015, for the treatment of adult patients with previously treated ALK+ NSCLC.% This is
part of the Early Access to Medicines scheme, which aims to grant earlier access to innovative
treatments for patients with life-threatening and seriously debilitating conditions with an unmet need.
The unmet need also applies to the first-line setting where, currently, crizotinib is the only treatment
option. With crizotinib, approximately 5% of patients show primary resistance, and patients develop

progressive disease after a median of less than 12 months.3°

The greater potency and specificity for ceritinib over crizotinib allows once-daily
dosing and translates into a clinically meaningful prolongation in PFS
As discussed in section B 1.3.5, ceritinib has a greater potency and specificity than crizotinib, the

current standard of care for newly diagnosed ALK+ NSCLC. This has translated into improved clinical
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efficacy compared with crizotinib, resulting in a - reduction in the risk of disease progression or
death and providing a substantially longer PFS (median, JJll vs 10.8 months), as discussed in
section B 2.9. In addition, ceritinib demonstrates better penetration of the blood-brain barrier — an
important limitation of crizotinib — which may contribute to the observed superior PFS. These
therapeutic benefits are accompanied by a reduction in lung cancer-specific symptoms and an
improvement in HRQoL compared with CT (see section B 2.6.6). Furthermore, ceritinib is

administered once daily, as opposed to the twice-daily administration required for crizotinib.

Ceritinib offers clinically meaningful benefits in safety profile over crizotinib

Ceritinib also offers clinically meaningful benefits over crizotinib in terms of tolerability. As discussed
in further detail in section B 2.13.2, ceritinib is associated was a much lower incidence of grade 3/4
neutropenia and any-grade constipation, oedema and vision disorders. In addition, the following AEs
have been reported for crizotinib, but not ceritinib, at an incidence of 215%: vision disorders, oedema,
respiratory tract infections, dysgeusia, dizziness, pain in extremity, decreased appetite and
neuropathy. Reflecting this, full blood counts should be monitored during therapy with crizotinib and
regular monitoring of renal function is also recommended, based on observations of decreased
creatinine clearance in clinical studies. Furthermore, ophthalmological evaluation is recommended for
patients experiencing new onset visual loss during therapy with crizotinib. The improved safety profile
observed with ceritinib compared to crizotinib can be expected to translate into improvements in

HRQoL during therapy and reduced overall costs of treatment.

The clinical benefits associated with ceritinib can be expected to reduce productivity
loss in patients and their carers

The benefits of ceritinib over crizotinib resulting from the more prolonged PFS and reduced incidence
of AEs are accounted for in the model through the accompanying improvements in HRQoL, as
reflected in the utility values employed. However, in addition to these benefits, the improved efficacy
of ceritinib is expected to reduce productivity loss, carer burden, and the impact of disease on the
patient's family. Indeed, a study of cancer patients in Europe has reported that lung cancer is
associated with higher productivity losses than other cancers,®® and a US study has reported that
patients with brain metastases, often present at presentation in patients with ALK+ NSCLC, have
substantial productivity loss costs and more days off work compared with patients without brain
metastases.® Given that a significant proportion of patients diagnosed with ALK+ NSCLC are in their
mid-50s (the median age for diagnosis in ASCEND-4 was 55 years), many of these patients are likely
to be of working age, and some may well have family responsibilities. By reducing symptoms and
improving functioning and HRQoL, ceritinib is likely to enable patients to continue working for longer
and thus reduce the impact of their disease on their productivity. It may also allow them to continue
caring for their family, and reduce their dependence on other family members, who may also be of

working age. A further benefit of ceritinib is likely to be the psychological impact of prolonging the
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duration of remission and reducing the number of disease progressions a patient experiences. The
impact of ceritinib on these aspects of the burden of ALK+ NSCLC are not captured in the model, but

they are likely to be significant.

B 2.13 Interpretation of clinical effectiveness and safety evidence
B 2.13.1 Efficacy

Statistically and clinically meaningful improvements in PFS and response duration
have been demonstrated for ceritinib vs CT in the pivotal phase lll RCT, together with
a numerical improvement in OS

The efficacy of ceritinib has been demonstrated in a large, international, open-label phase Il trial,
ASCEND-4, involving 376 patients with ALK+ NSCLC, untreated with any systemic anti-cancer
therapy (except neoadjuvant or adjuvant therapy). The study demonstrated statistically significant and
clinically meaningful prolongation of PFS over CT in the overall study population (median PFS, 16.6
vs 8.1 months), and median PFS was longer in patients without brain metastases compared with
those with brain metastases at study entry (26.3 vs 10.7 months). Responses were achieved in 73%
of patients and the median time to first response was 6.1 weeks. Importantly, responses were
durable, having a median duration of 23 months. Comparable results were reported for central
assessment (primary endpoint) and local assessment, and subgroup analyses for PFS demonstrated
that the benefits of ceritinib over CT were consistent across all pre-specified subgroups (except where
patient numbers were very low). Overall survival data are as yet immature; at the time of the data cut-
off, 48 (25.4%) patients in the ceritinib group had died, resulting in an estimated 2-year OS of 70.6%
(vs. 58.2% for CT). These results thus provide conclusive evidence for the clinical benefits of ceritinib.

Results for the pivotal phase lll trial for ceritinib are expected to be generalisable to
the anticipated patient population in England and Wales.

Results for ASCEND-4 are expected to be generalizable to the anticipated patient population in
England and Wales. This reflects the fact that the baseline characteristics of patients enrolled in the
trial are similar to those for patients with diagnosed with ALK+ advanced NSCLC, as agreed by
clinical experts.® Furthermore, the trial investigated ceritinib given according to the licenced indication,
and the dose adjustments and monitoring employed also corresponded to those recommended for

ceritinib."

Ceritinib provides a clinically meaningful prolongation of PFS compared with
crizotinib, according to results of a MAIC based on the pivotal trials for both drugs
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Results from the MAIC indicate that the clinical benefits provided by ceritinib are superior to those
provided by crizotinib, the current standard of care for this patient population and the only relevant
comparator for ceritinib in this setting. The MAIC was based on data from ASCEND-4 and the
equivalent phase Il study for crizotinib (PROFILE 1014) that similarly: 1) involved patients with ALK+
NSCLC untreated with any systemic anti-cancer therapy; 2) treated patients until disease progression
but also allowed patients to continue on crizotinib therapy if they were continuing to benefit from
therapy; and 3) included PFS as the primary endpoint and OS as a secondary endpoint. Furthermore,
the duration of follow-up of the two studies was similar (19.7 months for ASCEND-4 and 17.4 months
for crizotinib in PROFILE 1014). After adjusting for heterogeneity in patient characteristics between
the two clinical trials, ceritinib was associated with a [JJJlj reduction in the risk of disease progression
or death, and a significantly prolonged PFS (median, [JJli| vs 10.8 months, |JJl). This difference
in PFS is likely to be highly clinically meaningful for patients, and suggests that ceritinib offers

important clinical benefits over crizotinib for the management of untreated patients with ALK+ NSCLC.

Ceritinib was associated with improvements in lung cancer symptoms compared with
CT, resulting in improvements in HRQoL

ASCEND-4 also included PRO assessments that assessed the impact of treatment on disease-
specific symptoms and side effects of treatment, as well as functioning and HRQoL. Assessments
were performed regularly during treatment and were completed by over 80% of patients at most time
points. Ceritinib prolonged the time to definitive deterioration in lung cancer specific symptoms (pain,
cough and dyspnoea) compared with CT, according to results for both the QLQ-LC13 and LCSS, with
the median time to definitive deterioration being 24 months (QLQ-LC13) and not being reached
(LCSS). This suggests that the clinical benefits of ceritinib are translated into meaningful benefits for
patients. Furthermore, all individual cancer symptom scores showed improvements with ceritinib
compared with CT. Ceritinib was also associated with improvements in HRQoL and cancer-related
symptoms over time compared with CT, based on scores for the EORTC QLQ-C30. The mean EQ-5D
score was indicative of a more favourable HRQoL for ceritinib vs chemotherapy (least squares mean,
0.81 vs 0.77). These results thus indicate that the clinical benefits provided by ceritinib are translated
into meaningful benefits for patients and that any adverse effects on HRQoL resulting from AEs were

mitigated by the reduction in symptoms achieved with treatment.

In summary, available evidence indicates that ceritinib provides clinically meaningful benefits over
crizotinib for the management of patients with advanced non-squamous ALK+ NSCLC untreated with

any systemic anti-cancer therapy.

B 2.13.2 Safety

A substantial body of evidence supports the safety profile of ceritinib
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Overall, safety data for ceritinib in patients with ALK+ advanced NSCLC are available from five
completed studies (ASCEND-1,8” ASCEND-2,88 ASCEND-3,8 ASCEND-4,%6 and ASCEND-5%) and
two ongoing studies, ASCEND-6'%° and ASCEND-8.°" Thus, evidence for the safety profile of ceritinib
in NSCLC comes from over 1000 patients involved in the clinical trial programme. In addition,
currently 46 patients in England and Wales are receiving ceritinib in a second or third-line setting.
Taken together, these results indicate that ceritinib is generally well tolerated, with a side effect profile

that is largely manageable with dose reductions and treatment interruptions.

Results from the pivotal trial, ASCEND-4, demonstrate that ceritinib is generally well
tolerated, with a side effect profile that is largely manageable with dose reductions
and treatment interruptions

Specifically, in ASCEND-4, all patients receiving ceritinib experienced AEs, and grade 3/4 AEs related
to ceritinib were seen in 65% of patients. Most AEs were grade 1/2 in severity, with the most
commonly observed AEs (any grade, =35% of patients) suspected to be related to the study drug
being elevation of liver enzymes, diarrhoea, nausea and vomiting. Elevated liver enzymes were the
most frequently reported treatment-related grade 3/4 AEs, reported in 215% of patients; all other
grade 3/4 AEs related to treatment were reported in <5% of patients. Nausea, vomiting and elevated
AST were the only SAEs considered related to treatment and they were reported in 22% of patients
(nausea, 3.2%; vomiting, 3.2%; AST, 2.1%). A total of 11 (6%) on-treatment deaths were reported in
the ceritinib group; none of these were suspected to be related to the study drug. Most of the AEs
were managed by dose adjustment or interruptions, which were required in 68% and 78% of the
patients, respectively. An ongoing study, ASCEND-8, is investigating whether a lower dose and
administration with a low-fat meal may improve the safety profile. Only 5% of patients discontinued

ceritinib due to AEs suspected to be related to treatment.

Ceritinib offers clinically meaningful improvements in safety profile over crizotinib,
including a lower incidence of grade 3/4 neutropenia and any-grade oedema and
vision disorders

As described above (section B 2.13.1) the patient populations for ASCEND-4 and PROFILE 1014 are
similar; thus direct comparison of the safety data are clinically meaningful. A comparison of the data
from the two studies indicates that while the safety profiles of ceritinib and crizotinib are largely
similar, other aspects of the safety profile of ceritinib demonstrated clinically meaningful improvements
over that associated with crizotinib (in PROFILE 1014).3° Thus, in both studies grade 1/2 Gl toxicities
were the most frequently reported AEs, and grade 3/4 liver enzyme elevations were observed in
approximately a third of patients. However, grade 3/4 neutropenia was observed in only 1% of
patients receiving ceritinib compared with 11% receiving crizotinib, and any-grade vision disorders

(70%), constipation (43%) and oedema (49%) were reported in 240% of patients receiving crizotinib
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but only 19% (constipation) or <15% (vision disorders and oedema) of patients receiving ceritinib.

Rates of discontinuation due to treatment-related AEs were 5% for both ceritinib and crizotinib.

In summary, the available evidence indicates that ceritinib is generally well tolerated, and may offer
advantages over crizotinib for the management of patients with advanced non-squamous ALK+

NSCLC untreated with any systemic anti-cancer therapy.

B 2.13.3 Strengths of the evidence base

Evidence for the efficacy and safety of ceritinib for the treatment of ALK+ advanced NSCLC is based
on the results of a large, multicentre, phase Il trial in the relevant patient population and is supported
by safety data from four other studies in patients previously treated with crizotinib and/or CT
(ASCEND-1,87 ASCEND-2,88 ASCEND-3,% and ASCEND-5%). Comparative data regarding the
efficacy of ceritinib compared with crizotinib, the only relevant comparator, are available from a robust
MAIC based on data from the pivotal phase lll trials for both therapies in this indication. The evidence
base for the efficacy and safety of ceritinib in the relevant patient population is therefore robust, as

discussed below.

Design

The pivotal trial for ceritinib involved patients corresponding to the anticipated
population relevant to this submission

Patients included in ASCEND-4 corresponded to the licensed indication relevant to this submission
and were similar to those who would be expected to receive therapy with ceritinib in England and
Wales, according to expert clinical opinion.? Identification of patients for inclusion in ASCEND-4 was
based on ALK+ testing and diagnostic procedures that are currently part of routine practice in England

and Wales for the management of patients with advanced NSCLC.

Ceritinib dosing and patient monitoring in the pivotal trial corresponded to the
licenced dose and management recommendations

In ASCEND-4, ceritinib was dosed according to the licence. This included the use of dose reductions
or treatment interruptions for the management of AEs. Furthermore, monitoring of patients during the
trial also corresponds to that recommended during treatment with ceritinib. This included regular liver
laboratory tests, monitoring for Gl toxicity and pulmonary symptoms indicative of pneumonitis, and
periodic monitoring of ECG, electrolytes, heart rate, blood pressure, fasting plasma glucose and
lipase and/or amylase. Thus, both the efficacy and safety outcomes reported for ASCEND-4 are likely

to correspond to the expected experience in routine clinical practice.
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Efficacy outcomes

The pivotal trial utilised a robust assessment of the primary efficacy outcome, PFS,
based on local and central assessment and confirmation of responses within four
weeks of the initial assessment

The efficacy endpoints reported in ASCEND-4 are considered relevant to the management of
advanced NSCLC and reflect the impact of disease on the patient. They also correspond to the
endpoints previously reported for studies in patients with ALK+ advanced NSCLC or advanced
NSCLC in general. PFS, the primary endpoint, provides a robust measure of the effect of therapy on
the duration of remission, an outcome that is highly relevant to clinical practice and to patients.
Furthermore, PFS, unlike OS, is not confounded by the effects of subsequent treatments on disease
progression. The assessment of response (on which PFS and response rates are dependent) was
based on RECIST 1.1 criteria and required the response to be confirmed within four weeks of the
initial assessment. Thus, the study employed a validated and robust assessment of tumour response.
In addition, for the primary endpoint, response was to be assessed by a blinded central reviewer, and
local assessment was included as a secondary endpoint. Similar results were reported for central and
local assessment, thus providing confirmation of the accuracy of the assessment of response and
hence PFS.

The impact of ceritinib on symptoms and HRQoL were assessed using validated
disease-specific and generic instruments

ASCEND-4 also included assessment of the effect of treatment on symptoms, functioning and
HRQoL. This was achieved with four PRO instruments. Two of the PROs were disease-specific and
assessed symptoms associated with lung cancer — the EORTC QLQ-LC13 and the LCSS. The other
two instruments employed were the widely-used generic cancer instrument, EORTC QLQ-C30, and
the EQ-5D, which is the instrument recommended by NICE for determination of utility values for
economic modelling. Assessments were performed regularly during treatment and were completed by
over 80% of patients at most time points. The mean utility value obtained in ASCEND-4 during

treatment with ceritinib is used in the economic model.

Median duration of follow-up in ASCEND-4 was 20 months. This is sufficient to assess the response
to therapy, including the duration of response and PFS, in this patient population. However, follow-up

was not sufficient to assess the impact on OS, as discussed in section B 2.13.4.
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Safety

Results from ASCEND-4 provide a comprehensive assessment of the safety profile of ceritinib in the
relevant patient population and are supported by additional safety data from three non-RCTs, and a

further RCT, involving a total of over 1000 patients.

B 2.13.4 Weaknesses of the evidence base

There are two main weaknesses of the evidence base in relation to the economic model.

Firstly, the comparator for the pivotal phase lll trial was CT, which has been superseded by crizotinib
as the standard of care in the first-line setting. This has been addressed by performing a MAIC based
on the pivotal phase lll trial for ceritinib (ASCEND-4) and the corresponding study for crizotinib
(PROFILE 1014), as described in detail in section B 2.9. MAIC methodology is considered an
appropriate approach to provide comparative data when direct head-to-head evidence is not
available. As described in section B 2.9, this approach is particularly applicable for the comparison
between ceritinib and crizotinib, as the relevant phase |l studies were similar in terms of patient
population, design, efficacy outcomes and duration of follow-up. In addition, the similarities in patient
population and design of the two studies imply that the results for ASCEND-4 are likely to correspond
to the outcomes expected in clinical practice in the UK. Furthermore, MAIC methodology enabled
adjustment for the minimal differences in baseline patient characteristics; this was reflected in the fact
that the ESS in ASCEND-4 was only reduced by 10%. The results from the MAIC are thus considered
to provide a reliable measure of the benefit of ceritinib over crizotinib with respect to PFS, and the
MAIC is the best possible mitigating strategy for the fact that the CT comparator has been superseded

by an alternative first-line treatment.

Secondly, OS data are as yet immature and hence data from ASCEND-4 cannot definitively predict
the effect of ceritinib on OS. This reflects the fact that the data reported to date and in this submission
are for the second pre-planned analysis of OS that was to be performed at the time of the analysis of
the primary endpoint (PFS), if this was statistically significant. The study is however ongoing, and two

further analyses of OS are planned.

B 2.13.5 Relevance of the evidence to the decision problem

Results from ASCEND-4, PROFILE 1014, and from the MAIC comparing ceritinib and crizotinib are
considered relevant to clinical practice in England and Wales, and hence are highly relevant to the
decision problem. Thus, results from these trials and the MAIC are used to populate the economic

model.

Firstly, ASCEND-4 assessed ceritinib at the licensed recommended dose and regimen in the relevant

patient population. Therefore, the PFS and OS data from ASCEND-4 are used in the model for
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ceritinib. The corresponding inputs for crizotinib are taken for the MAIC, based on the fact that
PROFILE 1014 similarly assessed the effects of crizotinib given according to the licensed indication
and in the relevant patient population. Secondly, values for the incidence of grade 3/4 AEs during
therapy with ceritinib and crizotinib for use in the model are similarly taken from ASCEND-4 and
PROFILE 1014, respectively. Thirdly, both pivotal phase Il trials included assessments of HRQoL
using EQ-5D, and hence the progression-free (PF) utility values used in the model are taken directly
from the two studies. Finally, treatment duration and post-progression treatments used in the model
were also taken directly from ASCEND-4 and PROFILE 1014.

B 2.13.6 End-of-life criteria

Ceritinib does not meet the end of life criteria, as the mean and median OS for newly diagnosed
patients with ALK+ NSCLC on crizotinib are >24 months. 01
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B 3. Cost effectiveness

B 3.1 Published cost-effectiveness studies

A systematic literature review identified seven publications reporting information on six cost-
effectiveness assessments (CEA) (see Appendix G for further details). The identified models
examined the cost-effectiveness of the following ALK targeted therapies: crizotinib (four studies),
ceritinib (two studies), and alectinib (one study). Only one model was performed for the UK; the other
were for the US (three studies) and one each for Canada and China. Five models reported their
modelling method, which included: Markov model (two studies), partition survival methods (two
studies), and semi-Markov model (one study). Four studies reported health states considered in the
models, five reported cost inputs, and four reported utility inputs. Sensitivity analysis was only

reported in half of the models (see Appendix G for further details).

Three studies related to cost-effectiveness of first line treatments and two related to second-line
treatments. Three studies examined the cost-effectiveness of ALK targeted therapies versus
chemotherapy, and one study examined the cost-effectiveness of replacing ceritinib with alectinib. In
addition, three studies examined the cost-effectiveness of various molecular testing methods for ALK

mutations. The results of these studies are summarised in Table 27.

The CEA that was performed for the UK (Morgan et al 2017192) assessed the cost-effectiveness of
using crizotinib compared with CT for the first-line treatment of ALK+ advanced NSCLC. This was the
only study considered to be relevant to the current submission, hence it was used to inform inputs for

the de novo model, as described in the following sections.
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Table 27: Results of the identified cost-effectiveness studies

Study Patient Population Currency LYG QALYs Costs ICER
Disease Line of (year) Cost/LYG? Cost/QALY
subtype therapy gained?
Atherly et al | ALK+ NR USD (NR) | NR 0.83 (patients $1400 (FISH)? NR $106,707 (FISH
2012108 advanced who are positive | $875 (RT-PCR)° VS. NO
NSCLC for a predictive $600 (IHC assay)® screening)
biomarker) $95,274 (RT-
PCR vs. no
screening)
$57,165 (IHC
assay vs. no
screening)
Djalalov et | EML4- 2L CAD (NR) | NR 0.539 $19,388 (pemetrexed) | NR $333,595
al 2014104 ALK+ (pemetrexed) $33,226 (docetaxel) (crizotinibe vs.
NSCLC 0.429 pemetrexed)
(docetaxel) $125,812
(crizotinibe vs.
docetaxel)
Upadhyay ELM4- 1L USD (NR) | NR 0.09 NR NR $21,263
et al ALK+ (incremental; (ceritinib vs.
201510 NSCLC ceritinib vs. chemotherapy)
chemotherapy)
Lu et al ALK+ 1L UsSD 0.437 (control) 0.737 (control) $32,368 (control) NR Crizotinib with
2016106 advanced (2015) Crizotinib with PAP Crizotinib with Crizotinib with PAP PAP
NSCLC 0.470 (Ventana IHC | PAP $32,861 (Ventana $16,820
testing) 0.766 IHC testing) (Ventana IHC
0.469 (IHC testing + (Ventana IHC $32,847 (IHC testing testing vs. no
FISH confirmation) testing) + FISH confirmation) screening)
0.468 (QRT-PCR 0.765 (IHC $33,039 (qRT-PCR $16,850 (IHC
testing) testing + FISH testing) testing + FISH
Crizotinib without PAP confirmation) Crizotinib without PAP confirmation
0.470 (Ventana IHC 0.764 (QRT- $38,916 (Ventana VS. O
testing) PCR testing) IHC testing) screening)
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0.469 (IHC testing +
FISH confirmation)
0.468 (QRT-PCR
testing)

Crizotinib

without PAP
0.766
(Ventana IHC
testing)
0.765 (IHC
testing + FISH
confirmation)
0.764 (qQRT-
PCR testing)

$38,717 (IHC testing
+ FISH confirmation)
$39,368 (QRT-PCR
testing)

$24,424 (gRT-
PCR testing
VS. N0
screening)
Crizotinib
without PAP
$223,242
(Ventana IHC
testing vs. no
screening)
$223,271 (IHC
testing + FISH

confirmation
VS. no
screening)
$254,668
(gQRT-PCR
testing vs. no
screening)

Carlson et | ALK+ 2L usD 2.39 (alectinib) 1.42 (alectinib) $255,657 (alectinib) $19,313 $31,180

al 2017, advanced (2016) 1.67 (ceritinib) 0.98 (ceritinib) $233,274 (ceritinib) (alectinib vs. | (alectinib vs.

Carlson et NSCLC 0.44 ceritinib) ceritinib)

al (incremental

2016107108 QALY)

Morgan et ALK+ 1L GBP (NR) | 2.42 (crizotinib) Data redacted £79,884 (crizotinib) NR £47,291

al 2017102 advanced 1.49 (pemetrexed + from NICE £21,480 (pemetrexed (crizotinib vs.

NSCLC cisplatin/carboplatin) submission + cisplatin/carboplatin) chemotherapy)
(TA406)

1L, first-line; 2L, second-line; ALK, anaplastic lymphoma kinase; CAD, Canadian dollar; EML4, echinoderm microtubule-associated protein-like 4; FISH, fluorescence in situ
hybridisation; GBP, Great British pound; ICER, incremental cost-effectiveness ratio; IHC, immunohistochemistry; LYG, life-year gained; NR, not reported; NSCLC, non-small
cell lung cancer; QALY, quality-adjusted life year; gqRT-PCR, quantitative real-time reverse transcription polymerase chain reaction; PAP, patient assistance program; USD,

United States dollar
a|CERs are presented as treatment versus the comparator in parentheses
b Costs were assumed based on expert opinion
¢ Treatment with crizotinib in combination with EML4-ALK genetic testing

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved

Page 81 of 131




B 3.2 Economic analysis

B 3.2.1 Introduction to de novo model

A de novo model was designed to assess the cost-effectiveness of ceritinib compared to crizotinib for
management of untreated patients with ALK+ advanced NSCLC, from the UK National Health Service
(NHS) and Personal Social Service (PSS) perspective. During model development, the NICE
technology appraisal for crizotinib as a first-line treatment for untreated ALK+ advanced NSCLC was

reviewed to help inform the economic model structure and choice of parameter inputs.'%?

B 3.2.2 Model overview

Patient population

The patient population for the economic evaluation was patients with ALK+ advanced NSCLC, who
had not received prior treatment with systemic anti-cancer therapy. This patient population is in line
with the population defined in the NICE scope and the decision problem presented in this submission,
as well as the indication for ceritinib to which this submission relates. This corresponds to the patient
population included in the ASCEND-4 trial for ceritinib and PROFILE 1014 for crizotinib. In the NICE
assessment of crizotinib as first-line therapy for patients with untreated ALK+ advanced NSCLC, the
appraisal committee agreed that the trial population in PROFILE 1014 corresponds closely to the
anticipated population in England and Wales which means that the results from this trial can be

considered generalizable to the UK setting. 101

Comparator selection

Crizotinib was selected as the comparator to ceritinib for management of untreated patients with
ALK+ advanced NSCLC. Crizotinib is currently the only ALK inhibitor approved by NICE for untreated
ALK+ NSCLC patients in the UK (TA406),'°" and was identified by clinical experts as the only relevant

comparator in this population.3

Perspective
The cost-effectiveness analysis was conducted from the perspective of UK NHS and PSS. Therefore,

only direct health care costs were considered in the model.

Time horizon

In the base case, a time horizon of 20 years was considered in order to comprehensively capture the
expected costs and health outcomes of patients over their remaining lifetime from the initiation of first-
line treatment. Since most patients with advanced NSCLC were expected to die within 20 years of
initiating treatment, this timeframe was viewed as consistent with a lifetime model horizon. [According

to the base-case parametric extrapolation for OS, described in section B 3.3.2, 2% (ceritinib) and 1%
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(crizotinib) of patients would still be alive at 20 years after the initiation of first-line ceritinib, see Table

28]. Sensitivity analyses considered time horizons of 10 and 15 years.

Table 28 Predicted survival by treatment arm over 5-, 10-, 15-, and 20-year model timeframes

Model timeframe Predicted survival by first-line treatment arm
Ceritinib (%) Crizotinib (%)

5 years . .

10 years || ||

15 years l I

20 years 2 1

Predictions of survival are from the base-case extrapolation of OS in the ceritinib and crizotinib treatment arms,
as described in section B 3.3.2.

Model outputs

During the modelled time horizon, costs and effectiveness were estimated for each treatment arm
included in the model. Costs included for ceritinib or crizotinib were: acquisition costs, associated drug
administration, the management of treatment-related AEs, progression free (PF) medical input,
progressed disease (PD) medical care, post-progression treatment and terminal care. Effectiveness
measures included life years (LYs) and quality-adjusted life years (QALYs). The incremental cost-
effectiveness ratio (ICER) of ceritinib versus crizotinib was evaluated in terms of the incremental cost

per QALY gained and the incremental cost per LY gained.

Discount rate

In the base case, both costs and effectiveness were discounted at 3.5% annually. The deterministic

sensitivity analysis considered annual discount rates of 0% and 6%.

B 3.2.3 Model structure

The cost-effectiveness model was developed in Microsoft Excel®. The analysis used a partitioned
survival type model, which is a typical approach in modelling advanced or metastatic cancers and has
been used in many previous NICE submissions (for example, the manufacturer's submission for
crizotinib, TA406)."%" It captures the progressive nature of the disease, and reflects the main outputs

measured in clinical trials (i.e. PFS and OS).

Three mutually exclusive health states were defined: (i) PF, (ii) progressed disease (PD) and (iii)
death (Figure 16). The PF health state includes both patients achieving objective responses to
treatment or stable disease. In the model, patients are assumed to transition between these three

health states, with death being the absorbing state. The proportion of patients in the PD state at each
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cycle was calculated as the difference between the proportion of patients surviving and the proportion

of patients remaining in the PF state.
The cycle length was one month.

Figure 16 Partitioned survival model structure

: Pre-Progression

: [ Progressed Disease

The model aims to capture the progressive nature of ALK+ NSCLC disease for the relevant patient

Death

population, and is aligned with the main aim of all treatment interventions for patients with ALK+
advanced NSCLC; that is, to achieve and maintain a state of “progression free” survival and to extend
overall survival. The chosen structure of the model is in line with the clinical treatment paradigm, as
described in section B 1.3.4, whereby patients receive therapy with the aim of maintaining
progression-free disease, before stopping or switching treatment (as appropriate) in the event of
disease progression. Specifically, in the economic model, patients were assumed to receive
subsequent active treatment and/or BSC following progression on first-line therapy; this was included
in the PD health state.

Table 29 summarises the key features of the economic analyses and compares this analysis for
ceritinib with the 2016 economic analysis of crizotinib as the first-line treatment for ALK+ advanced
NSCLC."°" Both assessments considered a lifetime horizon and involved a three-health state model
with equivalent health states, i.e. PF, PD and death. In both cases, clinical data were taken from the
pivotal trial for the respective product, although in the case of ceritinib, a MAIC was utilised to obtain
data for the comparator, crizotinib, whereas in the crizotinib assessment, data for the comparator, CT,
were obtained from the pivotal trial. Utility values for the PF health state were obtained from trial data
in both assessments, whereas published literature was used for the utility value for the PD health

state. Sources for costs were generally equivalent for the two assessments.
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Table 29 Features of the economic analysis and comparison with the economic analysis for crizotinib as first-line treatment for ALK+ advanced

NSCLC

Crizotinib TA406'%!

Current appraisal

Chosen values

Justification

Chosen values

Justification

Time horizon

15 years

Sufficiently long that the
majority of patients in the
model have died by the
end of the modelled time
horizon

20 years

Sufficiently long that the
majority of patients in the
model have died by the
end of the modelled time
horizon

Health states

Progression-free,
progressed, death

Reflects the aim of
treatment: to maintain
patients in progression-free
state

Progression free,
progressed disease, death

Reflects the aim of
treatment: to maintain
patients in progression-free
state

Comparator

Pemetrexed plus platinum
chemotherapy

Standard of care at the
time of the submission

Crizotinib

Current standard of care

Treatment discontinuation

Treatment continued
beyond progression based
on data from the pivotal
trial

Reflects the data source
used for efficacy estimates

Treatment continued
beyond progression based
on data from the pivotal
trial

Reflects the data source
used for efficacy estimates

Transition through the model

Based on the pivotal trial,
PROFILE 1014, and
extrapolation using
parametric survival models

Reflects the expected
clinical outcomes

Based on the pivotal trial,
ASCEND-4 for ceritinib, the
MAIC for crizotinib, and
extrapolation using
parametric survival models

Reflects the expected
clinical outcomes

Source of utilities

PROFILE 1014 data for PF
utilities, and published
literature for PD 2nd and 3™
line

PROFILE 1014 collected
EQ-5D data for crizotinib
and CT during treatment.
Patients could continue on
treatment beyond disease
progression. However, data
post-progression were not
collected consistently in all

ASCEND-4 data for PF,
published data from
PROFILE 1014 for
crizotinib, and published
literature for PD

ASCEND-4 collected EQ-
5D utilities for ceritinib
during treatment and
PROFILE 1014 collected
equivalent data for
crizotinib. Patients could
continue on treatment
beyond disease
progression. However, data
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patients

post-progression were not
collected consistently in all
patients in either study

Source of costs

Drug acquisition costs were
from the Monthly Index of
Medical Specialities
(MIMS) for branded
products, and the
electronic market
information tool (eMit) for
generic products.

Administration costs and
health state costs were
from NHS reference costs
2014-15.

Palliative care costs were
from, Georghiou &
Bardsley, 2014110

Drug acquisition costs were
from the Monthly Index of
Medical Specialities
(MIMS) for branded
products, and the
electronic market
information tool (eMit) for
generic products.

Drug administration costs
were from PSSRU 2016 for
the hourly rate of a hospital
pharmacist.

Administration costs and
health state costs were
from NHS reference costs
2015-16.

Palliative care costs were
from Georghiou &
Bardsley, 2014'°
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B 3.3 Clinical parameters and variables

B 3.3.1 Overview

Efficacy inputs included PFS and OS. PFS and OS inputs for ceritinib were based on ASCEND-4,5
the head-to-head, phase Il trial directly comparing first-line ceritinib versus CT (cisplatin or
carboplatin plus pemetrexed, followed by pemetrexed maintenance therapy), as described in sections
B 2.3 to B 2.6. PFS and OS inputs for crizotinib were based on PROFILE-1014,3° a phase Il trial
comparing the efficacy of first-line crizotinib versus CT (cisplatin or carboplatin plus pemetrexed, but
without pemetrexed maintenance therapy). Estimates of the relative efficacy of ceritinib versus
crizotinib were obtained from an indirect comparison study that adjusted for observed differences
between the two trial populations, as described in section B 2.9. In this MAIC, all the baseline
characteristics of the reweighted ASCEND-4 trial population were exactly matched to the
characteristics of the PROFILE 1014 trial population, as the latter was considered to reflect the

characteristics of the UK patient population (see also section B 2.9.2).101

B 3.3.2 Modeling progression-free survival and overall survival

For each treatment arm, the cost-effectiveness model estimated the amount of time spent in the PF,
PD and death states based on area under the PFS and OS curves during the 20-year model
timeframe. PFS and OS curves for ceritinib were estimated by fitting parametric functions to patient-
level time-to-event data from the ASCEND-4 trial. The HR method was used to estimate PFS and OS
curves for the crizotinib arm using the relative efficacy estimated from the MAIC. The adjustment for
observed heterogeneity in patient characteristics under this approach was expected to yield a

balanced comparison between ceritinib and crizotinib.

As described in section B 2.9, the assumption of proportional hazards was assessed through both
formal tests and visual inspection of the log-cumulative hazard plots for PFS and OS. The proportional
hazards assumption held for both PFS and OS based on statistical testing (all p>0.05; Figure 14). For
PFS, the log-cumulative hazard plots were approximately parallel, except at extreme time points when
few events occurred; for OS, the plots showed few deviations from parallel lines (Figure 15). The
proportional hazards assumption was considered appropriate based on these findings. Moreover,
large shifts in the PFS and OS HRs over time were not expected, given the similarities between the
treatment arms in terms of therapeutic class, route of administration, and treatment duration rules (i.e.

neither treatment was subject to a maximum allowed duration).

During model development, three medical experts were individually consulted to evaluate efficacy
inputs and other key model parameters from a clinical perspective. Details on the qualifications of
each clinician are provided in Appendix K. Based on feedback from these model validation meetings,

it was decided that it was not relevant to adjust efficacy inputs to reflect the characteristics of the UK
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patient population,® as the ASCEND-4 and PROFILE 1014 trial populations were sufficiently
representative of real-world patients. In TA406, the Committee agreed that PROFILE 1014 patient
population reflected the UK ALK+ NSCLC patient population. 10

Progression-free survival and overall survival for ceritinib

PFS and OS curves for ceritinib were derived by fitting different parametric models (Weibull,
exponential, Gompertz, log-logistic, and log-normal distributions) to patient-level data from the
ASCEND-4 trial to extrapolate efficacy outcomes beyond the trial period.'® Because the HR method
was used to estimate PFS and OS curves for crizotinib, only the proportional hazards models
(including Weibull, exponential and Gompertz distributions) were considered when selecting
parametric PFS and OS functions for ceritinib. However, non-proportional hazards models of PFS and
OS for ceritinib (including log-logistic and log-normal parametric functions) were also fitted to patient-
level ASCEND-4 data for testing purposes. Goodness-of-fit criteria [including the Akaike information
criterion (AIC) and Bayesian information criterion (BIC)] were reported for each parametric function

(Table 30). Selection of the base-case parametric models of ceritinib for PFS and OS was informed

by:

e Comparisons of AIC/BIC fit statistics to assess the fit of different parametric models to the
observed data, with lower values indicating better fit; and
e Expert opinion on the clinical plausibility of long-term outcome predictions under different

models, based on meetings with three medical experts

Based on these criteria, the exponential function was selected as the most appropriate base-case
parametric model for PFS. The Gompertz PFS function demonstrated the best fit with the observed
trial data among the proportional hazards distributions, but yielded long-term predictions of PFS that
were implausibly high according to the medical experts (Figure 17). In contrast, the base-case
exponential function predicted that 8.8% of patients treated with first-line ceritinib would remain
progression-free at five years, an estimate that experts found to be more credible than the 5-year PFS

rates predicted by the Gompertz and log-normal functions (23.1% and 20.8%, respectively).

For ceritinib OS, the exponential function was chosen as the base-case model based on goodness-of-
fit with the observed data (indicated by lowest AIC and BIC among all distributions), and clinical
plausibility (Figure 18). The log-cumulative hazard plot for OS with ceritinib was approximately linear
in shape and also supported the choice of an exponential OS distribution (Figure 15). As described in
Appendix J, the use of exponential PFS and OS functions for ceritinib yielded estimates of post-
progression survival that were nearly equivalent to the first-line ceritinib and crizotinib treatment arms
in ASCEND-4 and PROFILE 1014, respectively.
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In model validation meetings, the clinicians agreed with the choice of the exponential OS function for
ceritinib in the base case, but noted that long-term survival predictions were higher than they
expected to observe in clinical practice. Given the uncertainty surrounding long-term OS with first-line
ALK inhibitor treatments, scenario analyses were conducted using alternative parametric distributions
of OS (i.e. Weibull and Gompertz).

Table 30 Parametric estimates of PFS and OS for ceritinib

Progression-free survival Overall survival

Parametric AIC BIC AIC BIC
function

Exponential 750.407 753.649 498.862 502.104
Log-logistic 748.552 755.036 499.449 505.933
Log-normal 743.773 750.257 501.126 507.610
Weibull 751.576 758.060 499.420 505.903
Gompertz 749.725 756.209 499.938 506.422

AIC, Akaike information criterion; BIC, Bayesian information criterion; SD, standard deviation

Figure 17 Observed and predicted PFS for ceritinib using different parametric functions
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Figure 18 Observed and predicted OS for ceritinib using different parametric functions
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Progression-free survival and overall survival for crizotinib

To generate PFS and OS curves for crizotinib in the base case analysis, the model applied the
corresponding HR of crizotinib versus ceritinib to parametric models of ceritinib PFS (Figure 19) and
OS (Figure 20). The HRs of PFS and OS for crizotinib versus ceritinib were estimated in the MAIC, as

described in section B 2.9.

Figure 19 Predicted PFS for ceritinib and crizotinib
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The predicted PFS curve for ceritinib is based on the exponential function. The PFS curve for crizotinib is derived
by applying the HR vs. ceritinib to the exponential PFS curve for ceritinib.
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Figure 20 Predicted OS for ceritinib and crizotinib
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The predicted OS curve for ceritinib is based on the exponential function. The OS curve for crizotinib is derived
by applying the HR vs. ceritinib to the exponential OS curve for ceritinib.

B 3.3.3 Adverse events

Treatment-related grade 3/4 AEs were included in the model if they affected 25% of patients receiving
ceritinib or crizotinib in ASCEND-4 and PROFILE 1014, respectively, as summarised in Table 31.

Table 31 Treatment-related grade 3/4 adverse events included in the economic model

Adverse events, % Ceritinib Crizotinib
Neutropenia 0.5 11.1
Diarrhoea 5.3 23
Pulmonary embolism 0.0 6.4
Vomiting 5.3 1.8
Hyperglycaemia 6.3 0.0
Alanine transaminase (ALT) elevation 30.7 14.0
Aspartate aminotransferase (AST) elevation 16.9 0.0
Gamma-glutamyltransferase increased 28.6 0.0
Blood alkaline phosphatase increased 7.4 0.0

ASCEND-4 CSR'®; Solomon et al., 20143°

B 3.3.4 Treatment duration

Base case: Treatment until discontinuation

In the base case, patients were assumed to continue first-line treatment until discontinuation, based
on treatment duration data reported from the ASCEND-4 and PROFILE 1014 trials. The proportion of
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patients on treatment in each cycle was estimated using an exponential survival function for each

treatment.

In the base case, the rate parameter (A) of the exponential functions for ceritinib and crizotinib was
estimated using the truncated median treatment durations reported in their respective clinical trials.
This data approach was selected due to the unavailability of time-to-event data for crizotinib treatment
discontinuation. During the preparation of this submission, requests were made to the manufacturer of
crizotinib (Pfizer) (as advised by the NICE project team) for the Kaplan-Meier time to discontinuation
curve from the PROFILE 1014 trial, but this could not be granted due to data confidentiality. Given
this data limitation, estimating discontinuation rates based on the truncated median duration for both
ceritinib and crizotinib was expected to yield a more balanced comparison of treatment duration than
using patient-level time-to-event data for ceritinib (from ASCEND-4 trial) and the truncated median

duration for crizotinib.

For ceritinib, the exponential rate of treatment discontinuation was estimated based on the truncated
median duration of 15.3 months reported in the ASCEND-4 trial CSR, in which treatment duration was
counted from the first ceritinib dosing date until the last ceritinib dosing date prior to the data cut-off.
For crizotinib, the exponential rate of treatment discontinuation was estimated using the truncated
median treatment duration of 10.9 months reported in the PROFILE-1014 trial.

In sensitivity analyses, several alternative treatment duration scenarios were tested. Each alternative
scenario for treatment duration is described in more detail below. Table 32 summarises the mean

duration of each first-line treatment under the base case and scenario analyses.

Table 32 Summary of mean treatment duration by treatment arm: base case and scenario

analyses

Treatment duration assumption Mean treatment
duration (months)’

Ceritinib Crizotinib

Base case: Treatment until discontinuation (based on truncated median
duration for both ceritinib and crizotinib)

Scenario 1a: Treatment until discontinuation (assuming equivalent time on
treatment for ceritinib and crizotinib, with both based on ASCEND-4)

Scenario 1b: Treatment until discontinuation (assuming equivalent time on
treatment for ceritinib and crizotinib, with both based on PROFILE 1014)

Scenario 2: Treatment until progression

Scenario 3: Treatment until discontinuation or progression, whichever
occurs first

*After applying a half-cycle correction
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Alternative scenario 1a: Treatment until discontinuation (assuming equivalent

time on treatment for ceritinib and crizotinib, based on ASCEND-4)

In this scenario, the exponential rate of ceritinib discontinuation was estimated using patient-level
time-to-event data for treatment discontinuation in the ASCEND-4 trial. Patients were followed from
the first ceritinib dosing date until treatment discontinuation, or until censoring (if patients remained on
ceritinib treatment at the data cut-off). An exponential curve for time to ceritinib discontinuation was
fitted to this patient-level data. The duration of treatment for crizotinib was assumed to be equivalent
to that of ceritinib and was modelled based on patient-level time-to-event data for ceritinib treatment
discontinuation in the ASCEND-4 trial.

Alternative scenario 1b: Treatment until discontinuation (assuming equivalent

time on treatment for ceritinib and crizotinib, based on PROFILE 1014)
In this scenario, the duration of treatment for ceritinib was assumed to be equivalent to that of

crizotinib. As in the base case, duration of crizotinib treatment was modelled based on the truncated
median duration reported from the PROFILE 1014 trial.

Alternative scenario 2: Treatment until progression

For this scenario, the proportion of patients remaining on treatment at each model cycle was based

on the predicted PFS curve for each treatment arm from the respective trials.

Alternative scenario 3: Treatment until discontinuation or progression

(whichever occurs first)

In the last scenario analysis, patients were assumed to continue first-line treatment until
discontinuation or progression, whichever occurs first. The clinical experts considered this assumption
to be valid based on routine clinical practice, noting that they would consider switching therapies upon
RECIST-defined progression, and that they may discontinue before progression if there is
unacceptable drug toxicity. Under this rule, monthly drug costs in each treatment arm were adjusted
with a time-varying proportion of patients on treatment to account for patients who discontinued
treatment prior to progression. Specifically, the ratio between the proportion of patients who are both
progression-free and on treatment and the proportion in PFS was estimated for each cycle. Both
proportions were estimated using exponential functions fitted to patient-level data from the ASCEND-
4 trial. For crizotinib, the ratio was assumed to be equal to that of ceritinib. In each treatment arm, the
ratio was applied to the predicted PFS curve (as estimated based on the selected parametric function)

to estimate the proportion of patients still on treatment in each month.
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B 3.4 Measurement and valuation of health effects

B 3.4.1 Introduction

ASCEND-4 and PROFILE 101483 both included assessment of utilities using the EQ-5D for the period
when patients were receiving study treatment, but not following treatment discontinuation. Utility
values derived from the respective trials were therefore used in the base case for the PF health state.
Neither study provides data that can be used to derive utility values for the PD health state. Thus,
potentially relevant utility sources were identified through a systematic literature review, described in
Appendix H. From this, a further publication was selected to provide utility values for the PD health
state for both treatment groups in the model based on sample size, relevance of the study population
(a multi-national real-world sample of patients with advanced NSCLC), and the inclusion of patients
receiving any treatment for NSCLC.'""" [The other studies identified in the systematic literature review
were subject to one or more of the following limitations and were therefore deemed less relevant to
the present economic evaluation: used a valuation method other than EQ-5D (e.g., Doyle 2008,"12
Nafees 2008,''® Nafees 2016,'* Lewis 2010,'"> Chang 2016''6); featured a relatively small sample
size (e.g., Stewart 2015,""7 Balcik 2016'"8); were conducted in a patient population specific to a
country other than the UK (e.g., Grutters 2010,'° Lee 2011,'2° Labbe 2016,'?' Tramontano 2015'22);
did not adequately capture utility values of patients following progression on second-line therapy (e.g.,
Blackhall 2014,'2 Reck 2015'24); or did not report utility values corresponding to PD health state (e.g.,
Yang 201412%)].

B 3.4.2 Utility input for base case

Progression-free state utility

PF state utility values were obtained for each treatment arm based on EQ-5D data reported from the
ASCEND-4 and PROFILE 1014 trials. In the ASCEND-4 trial, mean utility values were compared for
ceritinib and CT using a repeated-measures regression model of EQ-5D index scores (based on the
EQ-5D crosswalk value set for the UK using the time trade-off method).'® Independent variables in the
model included treatment, time, time by treatment interaction, strata, and baseline EQ-5D score. The
least squares means of EQ-5D from this regression were used in the base case as the utility value for
the PF health state for the ceritinib group. The PF utility value for crizotinib was taken from a repeated
measures regression model comparing overall EQ-5D index scores for the treatment arms of
PROFILE 1014, as reported by Felip et al. (2015).83 This utility (0.81) was used as the utility value for
the PF health state for the crizotinib treatment arm in the NICE crizotinib submission, and was agreed

by the Committee to be appropriate for this patient population in the UK.

Table 33 summarises the utility values used in the base case. As shown, the PF utility estimates were

similar for ceritinib and crizotinib. In the model, no further adjustments for differential treatment
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response rates were made to the base case PF health state utilities, with the rationale that these
utilities already represent weighted averages of utility for patients with stable disease or those
achieving objective responses to either first-line treatment. Additionally, because these PF state utility
values are treatment-specific and already incorporate any disutility impact of AEs associated with
each treatment, the base case did not separately apply AE-related disutilities to the treatment arms.

Table 33 Base case health state utilities

Health state ‘ Utility value Source
Ceritinib
Progression free (stable disease or objective response) 0.81 ASCEND-4 CSR
Progressed disease 0.64 Chouaid et al., 2013
Crizotinib
Progression free (stable disease or objective response) 0.81 PROFILE 1014
(Felip et al., 2015)
Progressed disease 0.64 Chouaid et al., 2013

ASCEND-4 CSR'"; Chouaid et al., 2013'"""; Felip et al., 2015%°

Progressed disease state utility

Because EQ-5D scores were not collected systematically after disease progression in ASCEND-4 or
PROFILE 1014, trial-based estimates of PD utility do not accurately reflect the health status of
patients during the entire PD period before death. The utility estimates from ASCEND-4 only capture
EQ-5D assessments within seven days of the last dose of study treatment before cross-over and
before the start of any further anti-neoplastic therapies.'® Given this limitation, the base-case utility
value for PD state for both treatment arms was estimated based on the utility study by Chouaid et al.,
(2013), a multi-national cross-sectional study among patients receiving any treatment for advanced
NSCLC in real-world settings.'" The NICE submission for first-line crizotinib similarly estimated PD

utility based on external literature sources, an approach that was approved by the Committee. 0

Chouaid et al., (2013) administered the EQ-5D to 263 patients receiving any treatment for advanced
NSCLC, and the scores were transformed into utility values using EQ-5D weights elicited from a UK
population.’! The utility scores associated with PF and PD health states for patients receiving first-,

second-, and third/fourth-line therapies were reported.

The PD utility value of 0.64 used in the present model was derived using a weighted average of the
utilities reported by Chouaid et al., (2013) among patients in the following disease states: first-line
disease progression (0.67; n=26), second-line progression-free (0.74; n=44) or disease progression
(0.59; n=17), and third-/fourth-line progression-free (0.62; n=24) or disease progression (0.46; n=21).

The sample size for each state was used as the weight for the post-progression utility estimate.
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B 3.5 Cost and  healthcare resource use identification,
measurement and valuation

The model considered costs (correct as of 2016) associated with: the drug and drug administration,
the management of AEs, PF medical input, PD medical care, second-line treatment, and other

medical costs (e.g., terminal care).

B 3.5.1 Drug and drug administration

Monthly drug costs were calculated in the model as a function of unit drug costs, dosing, dose

intensity (i.e. proportion of planned dose consumed) (Table 34), and drug administration costs.

Ceritinib and crizotinib unit drug costs (cost per package) were retrieved from the Monthly Index of
Medical Specialties (MIMS).126.127 Relative dose intensity accounted for the fact that patients may not
take the full planned doses due to dose interruption or reduction associated with AEs or with non-
compliance. Mean relative dose intensity for ceritinib was obtained from ASCEND-4. However, as the
relative dose intensity was not reported in PROFILE 1014, the mean relative dose intensity for
crizotinib was instead based on PROFILE 1007, a phase Il open-label trial of crizotinib in previously

treated patients.28

Table 34 Unit drug costs, doses, and dose intensity

Treatment | Cost per | Package | Strength, Dosing Cost per | Dose per Relative Drug
package, size mg schedule mg, £ month, dose cost per
£ mg intensity | month, £
(%)
Ceritinib 4,923.45 | 150 150 750 mg 0.22 22,828 77.3 3,861.33
capsules orally once
daily
Crizotinib 4,689.00 | 60 250 250 mg 0.31 15,219 92.0 4,376.79
capsules orally twice
daily

ASCEND-4 CSR;'® Australian Department of Health;'?® MIMS126.127

Drug administration costs for ceritinib and crizotinib consisted of a monthly dispensing cost for oral
therapies, based on the wages associated with 12 minutes of a pharmacist's time (including
qualification costs).’?® This was calculated as £14.26 per month. This unit cost of administration for
oral ALK-inhibitor therapy is consistent with the NICE submission for ceritinib among previously
treated patients, in which the Committee accepted the use of a monthly pharmacy dispensing cost as

a suitable estimate for ceritinib administration cost.13°
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B 3.5.2 Progression-free costs

Costs associated with the PF state included healthcare provider visit costs [i.e. cancer nurse visits,
outpatient visits, general practitioner (GP) visits], and laboratory test and procedure costs (i.e. full
blood count, computerised tomography scan, X-ray, and serum chemistry). Consistent with the NICE
submission for crizotinib for untreated ALK+ advanced NSCLC, resource assumptions for routine
medical management in the PF disease state were derived from previous NICE appraisals for erlotinib
in EGFR-TK+ NSCLC (TA162 and TA258),13".132 in which resource use frequencies were estimated
by an expert panel. These estimates were viewed as the best available estimates in the literature, as
they have been informed by expert opinions (five leading UK clinicians specialising in the treatment of
NSCLC), they have been reviewed by the NICE Evidence Review Groups (ERGs) and appraisal
committees on four previous occasions, and, although not specifically focusing on patients with ALK+
disease, they are applicable for patients with NSCLC receiving treatment with an oral agent. As in the
first-line crizotinib submission, monthly frequencies of monitoring tests and visits were expected to be

dependent on health state rather than the specific treatment received as first-line therapy.

The unit cost per GP visit (per patient contact lasting 9.22 minutes, including direct care staff costs,
without qualification costs) was obtained from the Personal Social Services Research Unit (PSSRU)
for 2016, the most recent source available.® Other unit costs associated with provider visits and
tests/procedures were obtained from the most recent NHS Reference costs (2015-2016).'3* Finally,
the monthly frequencies of resource use were based on expert panel opinion reported in TA296.135
Total PF costs per patient per month were estimated to be £184.42 (Table 35).

Table 35 Monthly PF cost

Resource Unit Frequency Cost per Reference
cost, £ of use month, £
Healthcare provider visits
Cancer nurse 69.20 20% of 13.84 Expert panel (resource use); Schedule
per visit patients of Reference Costs 2015 to 2016, all
(1 visit) NHS trust and NHS foundation trusts -

Other Currencies Data, N10AF -
Specialist Nursing - Cancer Related,
Adult, Face to face (unit costs)

Outpatient visit 151.12 0.75 visits 113.34 Expert panel (resource use); Schedule
per visit of Reference Costs 2015 to 2016, all
NHS trusts and NHS foundation trusts -
Outpatient Attendances Data, 370 -
Medical Oncology (unit costs)

GP visit 31.00 10% of 3.10 Expert panel (resource use); PSSRU
per visit patients 2016 general practitioner unit cost per
(1 visit) patient contact lasting 9.22 minutes,

including direct care staff costs, without
qualification costs (unit costs)

Tests and procedures
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Full blood count | 3.10 per | All patients, 2.33 Expert panel (resource use); Schedule
test 0.75 per of Reference Costs 2015 to 2016, all
month NHS trust and NHS foundation trusts -
Other Currencies Data - DAPS05-
Haematology (unit costs)

Computerised 125.49 30% of 28.24 Expert panel (resource use); Schedule

tomography per patients, of Reference Costs 2015 to 2016, all

scan scan 0.75 per NHS trust and NHS foundation trusts -
month Diagnostic Imaging - Direct Access -

total HRG data, RD26Z - Computerised
Tomography Scan of three areas, with
contrast (unit costs)

X-ray 30.26 All patients, 22.70 Expert panel (resource use); Schedule
per X- 0.75 per of Reference Costs 2015 to 2016, all
ray month NHS trust and NHS foundation trusts -

total HRG data, DAPF - Direct Access
Plain Film (unit costs)

Serum 1.18 per | All patients, 0.89 Expert panel (resource use); Schedule
chemistry test 0.75 of Reference Costs (unit costs) 2015 to
per month 2016, all NHS trust and NHS

foundation trusts - Other Currencies
Data - DAPS04 - Clinical Biochemistry

Total cost per month 184.42

NHS Reference costs (2015-2016);'3* PSSRU for 2016;33 TA296135

B 3.5.3 Progressed disease costs

Costs associated with the PD state included the costs of healthcare provider visits (i.e. cancer nurse
visits, outpatient visits, and GP visits), medications [i.e. steroids, nonsteroidal anti-inflammatory drugs
(NSAIDs), morphine, bisphosphonate, and dietary supplements], and laboratory tests and procedures
(i.e. full blood count, serum chemistry, computerised tomography scan, home oxygen, and X-ray).
Resource utilisation assumptions for routine medical management in the PD state were derived from
TA162 and TA258.13".132 Unit costs per provider visit and per test/procedure were collected from the
PSSRU 20163 and the NHS Reference costs 2015-2016.134

Based on TA162, this model considered several medications, including steroids, NSAIDs, morphine,
bisphosphonate and dietary supplements, as components for PD costs.'3" The unit costs (cost per
package) for these drugs were obtained from the electronic Market Information Tool (eMIT) from the
Commercial Medicines Unit of the NHS, which provides mean product prices for generic medicines
drawn from information from approximately 95% of NHS Trusts.'® The frequency and unit cost of
dietary supplements were based on the Tarceva (erlotinib) NICE submission (TA277).737 Monthly
frequencies for other categories of resource use were based on expert panel opinion reported in
TA162.131

All PD costs were applied in each monthly cycle while patients remained in the PD state, regardless of
the treatment received before progression. Total PD costs per patient per month amounted to
£267.19 (Table 36).
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Table 36 Monthly PD costs

Resource Unit Frequency | Cost per Reference
cost, £ of use month,
£
Healthcare provider visits
Cancer nurse 69.20 10% of 6.92 Expert panel (resource use); Schedule of
per visit patients Reference Costs 2015 to 2016, all NHS trust
(1 visit) and NHS foundation trusts - Other Currencies
Data, N10AF - Specialist Nursing - Cancer
Related, Adult, Face to face (unit costs)
Outpatient visit 151.12 | All patients 151.12 | Expert panel (resource use); Schedule of
per visit (1 visit) Reference Costs 2015 to 2016, all NHS trusts
and NHS foundation trusts - Outpatient
Attendances Data, 370 - Medical Oncology
(unit costs)
GP visit 31.00 28% of 8.68 Expert panel (resource use); PSSRU 2016
per visit patients general practitioner unit cost per patient
(1 visit) contact lasting 9.22 minutes, including direct
care staff costs, without qualification costs
(unit costs)
Medications
Steroids 0.146 50% of 11.68 Expert panel (resource use); eMIT 2016 (2mg
(dexamethasone) per patients, tablets / pack size 100)
0.5mg 0.5mg x
160
NSAIDS 0.006 30% of 0.1 Expert panel (resource use); eMIT 2016
(ibuprofen) per patients, (200mg tablets / pack size 84)
200mg | 200mg x 60
Morphine 0.710 75% of 3.73 Expert panel (resource use); eMIT 2016
per patients, (60mg/2ml / pack size 5)
60mg 60mg x 7
Bisphosphonate 0.022 7.5% of 0.05 Expert panel (resource use); eMIT 2016
(alendronate) per patients, (10mg tablets / pack size 28)
5mg 5mg x 28
Dietary 3.54 40% of 28.34 Tarceva (erlotinib) NICE submission (TA277)
supplement per patients, (resource use and unit costs), inflation-
3509 350g x 20 adjusted to 2016 GBP
Tests and procedures
Full blood count 3.10 All patients, 3.10 Expert panel (resource use); Schedule of
per test 1 per Reference Costs 2015 to 2016, all NHS trust
month and NHS foundation trusts - Other Currencies
Data DAPS05- Hematology (unit costs)
Serum chemistry 1.18 All patients, 1.18 Expert panel (resource use); Schedule of
per test | 1 per month Reference Costs (unit costs) 2015 to 2016, all
NHS trust and NHS foundation trusts - Other
Currencies Data - DAPS04 - Clinical
Biochemistry
Computerised 125.49 5% of 4.71 Expert panel (resource use); Schedule of
tomography scan per patients, Reference Costs 2015 to 2016, all NHS trust
scan 0.75 per and NHS foundation trusts - Diagnostic
month Imaging - Direct Access - total HRG data,

RD26Z - Computerised Tomography Scan of

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved

Page 99 of 131




three areas, with contrast (unit costs)

Home oxygen 203.91 20% of 40.78 Expert panel (resource use); Schedule of
per patients, 1 Reference Costs (unit costs) 2015 to 2016, all
event per month NHS trust and NHS foundation trusts -total
HRG data, DZ33Z - Hyperbaric Oxygen
Treatment
X-ray 30.26 30% of 6.81 Expert panel (resource use); Schedule of
per x- patients, Reference Costs (unit costs) 2015 to 2016, all
ray 0.75 per NHS trust and NHS foundation trusts -total
month HRG data, DAPF - Direct Access Plain Film
(unit costs)
Total post-progression care costs, 267.19
all patients

NHS Reference costs (2015-2016);'3* PSSRU for 2016;'33 TA277;"37 TA16213"

B 3.5.4 Second-line treatment costs

To more accurately capture the costs associated with disease progression on each treatment arm,
patients with PD were assumed to incur the costs of second-line anti-neoplastic treatment. In the base
case, data from the ASCEND-4 and PROFILE 1014 trials were used to estimate the proportions of
patients in each treatment arm receiving different post-progression treatments. It was assumed that
the clinical benefit of post-progression treatment was already represented in the efficacy parameters

derived from the same ftrials.

Currently available post-progression treatments differ from those used in ASCEND-4 and PROFILE
1014. Thus a scenario analysis investigated the effects of using a distribution of second-line
treatments that reflects current real-world practice, based on consultation with three medical
experts.® This alternative scenario assumed that 60% of patients in the first-line ceritinib arm would
receive second-line platinum doublet therapy, 60% of patients in the first-line crizotinib arm would
receive second-line ceritinib, and (as in the base case), the remaining 40% of patients in both arms
would receive no further systemic treatment (Table 40). (As noted in section B 1.3.5, crizotinib is not

an appropriate treatment option following ceritinib.)

Second-line treatment options included ceritinib, crizotinib, docetaxel, single-agent pemetrexed, and
pemetrexed plus platinum doublet chemotherapy. (Pembrolizumab and nivolumab were not included
as second-line treatment options, as neither therapy was reported as a subsequent treatment in the
ASCEND-4 and PROFILE 1014 trials. Clinicians also commented that immunotherapy agents would

be an unlikely choice as second-line treatment in the target population.?3)
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The cost of different second-line treatment regimens (reported in Table 37) was calculated based on
monthly drug and drug administration costs (see Table 38), accounting for dose intensity and
estimated mean duration of treatment. As the duration and dose intensity of post-progression
treatments were not available from the ASCEND-4 and PROFILE 1014 trials, these parameters were
collected from second-line clinical trials conducted in ALK+ or general NSCLC populations.89.138-141
Body surface area (BSA) and glomerular filtration rate (GFR) were used to estimate the doses needed
for chemotherapy. Mean BSA was 1.79/m2, obtained from a UK study reporting the average BSA in
adult cancer patients.'2 Mean GFR was 75 ml/min/1.73m2, based on a prior NICE submission for
pemetrexed as first-line treatment for NSCLC (TA181),)'“3 which estimated that an AUC of 5 would
require an average carboplatin dose of 500 mg, and implying a GFR of 75 based on the dosing
equation of 500 = 5x(GFR+25). For intravenous drugs, the cost of initial chemotherapy administration
(SB12Z), and the cost for subsequent administration (SB152) for total HRGs were also based on NHS
Reference costs 2015-2016.'%* According to the European Medicines Agency license wording,
dexamethasone, vitamin B12 and folic acid are required as pre-medicines for pemetrexed, and
dexamethasone is a required pre-medicine for docetaxel.'#4'45 The unit drug costs (costs per
package) for pre-medicines were obtained from eMIT (and are summarised in Table 39).'3¢ Package

sizes were selected based on their consistency with expected dosing amounts. 136

Table 37 Costs of second-line treatment regimens

PD treatment Relative Drug Drug administration Treatment Total drug +
dose cost per costs per month, £ duration, months | administration
intensity month?, First | Subsequent | Median Mean costs, £
(%) £ month months
Ceritinib 80.9 4,041.16 | 14.26 14.26 8.00 11.54 46,805.89
Crizotinib 92.0 4,376.79 | 14.26 14.26 713 10.29 45,164.18
Docetaxel 92.6 28.09 403.75 495.66 2.09 3.02 1,489.42
Pemetrexed 98.6 2,046.49 | 395.67 486.09 4.14 5.97 15,034.72
Platinum doublet
pemetrexed + 93.0 1,930.26 | 395.67 486.09 3.22 2.74 6,529.92
cisplatin, or 88.0 18.08 0.00° 0.00 3.22 2.74 49.54
carboplatin 88.0 29.52 0.00¢ 0.00 3.22 2.74 80.88

ASCEND-4 CSR;'® Australian Department of Health;'?® Di Mario et al., 2009;'% Felip et al.,;%° Herbst et al.,

2016;140.141 MIMS26.127 Smit et al., 2009;'38 eMIT'%6

@ The drug costs per month displayed above reflect drug costs after applying relative dose intensity.
b In platinum doublet regimens, drug administration costs for the platinum-based chemotherapy agents are

bundled together with the administration cost for pemetrexed.

Table 38 Drug administration costs for second-line chemotherapy regimens

Type of
administration

Detail

NHS reference

code

Cost, £

Frequency
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Intravenous Deliver simple parenteral SB12Z 236.19 1 per cycle
infusion - Initial | chemotherapy at first attendance

(first)

Intravenous Deliver subsequent elements of a | SB15Z 328.10 1 per cycle
infusion - chemotherapy cycle

Subsequent

NHS Reference costs 2015-2016134

Table 39 Costs of pre-medicines required for pemetrexed and docetaxel

Treatment Package | Strength Cost per Dosing schedule
size (mg) package, £

Dexamethasone 150 mi 2 mg/5 ml 17.34 Pemetrexed: 8 mg * 3 days per cycle

(oral solution) Docetaxel: 16 mg * 3 days per cycle

Vitamin B12 5amp 1 mg/mi 4.44 Pemetrexed: 1000 micrograms * 2 for

(injection) first cycle and 1 every 3 cycles
thereafter

Folic acid 28 tablets 5mg 0.27 Pemetrexed: 350—-1000 micrograms *

(tablets) 26 doses for first cycle and 21 doses
for subsequent cycles

eMIT38

In each first-line treatment arm, the total cost of second-line treatment was estimated as a weighted

average of the regimen-specific costs, given the distribution of second-line treatments in each arm

(base case: Table 40; scenario analysis: Table 41). The total cost of second-line treatment was

applied as a one-time cost among patients discontinuing first-line treatment in each model cycle. In

alternative model scenarios that assumed first-line treatment until progression, or until progression or

discontinuation (whichever occurs first), the cost of second-line treatment was instead applied as a

one-time cost among patients exiting the PF health state in each model cycle.

Table 40 Base case: Trial-based distribution and total

according to first-line treatment arm

cost of second-line treatments,

Second-line treatment Ceritinib (%) Crizotinib (%)
Ceritinib 1.9 10.8
Crizotinib 9.4 1.5
Docetaxel 3.8 4.6
Pemetrexed 0.0 0.0
Platinum doublet 45.0 431

pemetrexed + 45.0 431

cisplatin, or 22.5 20.0

carboplatin 225 23.1

No active treatment 40.0 40.0
Total PD treatment cost, £ 8,135.41 8,645.67
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Table 41 Scenario analysis: Real-world distribution and total cost of second-line treatments,

according to first-line treatment arm

Second-line treatment Ceritinib (%) Crizotinib (%)
Ceritinib 0.0 60.0
Crizotinib 0.0 0.0
Docetaxel 0.0 0.0
Pemetrexed 0.0 0.0
Platinum doublet 60.0 0.0

pemetrexed + 60.0 0.0

cisplatin, or 30.0 0.0

carboplatin 30.0 0.0

No active treatment 40.0 40.0
Total PD treatment cost, £ 3,957.08 28,083.54

B 3.5.5 Adverse event costs

Patients incurred a one-time cost for the management of AEs. All unit costs were obtained from NHS
Reference costs 2015 to 2016.'3* The cost of managing laboratory abnormalities was assumed to
equal the cost of managing blood laboratory abnormalities (two blood tests and two outpatient visits).
Table 42 presents the costs associated with AEs, and the total costs for each treatment are shown in
Table 43.

Table 42 Costs associated with each AE included in the model

Grade 3/4 AEs AE cost Notes
(2016 GBP)
Neutropenia 514.82 Non-Elective Inpatients (Short Stay),
SA35A-E. Agranulocytosis
Diarrhoea 382.02 Day case, FZ36M, FZ36N, FZ36P,

FZ36Q. Gastrointestinal infections
without intervention, with CC score

0+)

Pulmonary embolism 1,485.76 Total HRG activity: DZ09J-Q.
Pulmonary Embolus

Vomiting 754.13 Assumed same cost as nausea (Total

HRG activity [weighted average]:
FZ90A-B. Abdominal Pain)

Hyperglycaemia 308.44 The cost of all lab abnormalities was
Alanine transaminase (ALT) elevation 308.44 assumed to be equal to the cost of

two blood tests (Directly Accessed
Aspartate aminotransferase (AST) 308.44 Pathology Services, DAPS05:
elevation Haematology) and two outpatient
Gamma-glutamyltransferase increased 308.44 visits (Outpatient Attendances, 370:
Blood alkaline phosphatase increased 308.44 Medical Oncology)

NHS Reference costs 2015 to 2016134
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Table 43 Total AE costs for each treatment

Treatment AE costs, £
Ceritinib 340.27
Crizotinib 218.23

B 3.5.6 Terminal care costs

All patients who transition to death were assumed to incur terminal care costs. These were based on
Georghiou & Bardsley (2014),""° which reported hospital care costs during the last 90 days before
death. Original cost values from this source were inflated to 2016 (Table 44).146

Table 44 Terminal care costs

Terminal care costs Average cost, £
District nurse 298.40
Nursing and residential care 1,073.36
Hospice care — inpatient 590.35
Hospice care — final three months of 4,830.14

life

Marie Curie nursing service 536.68
Total terminal care costs 7,328.93

Georghiou & Bardsley, 2014110
B 3.5.7 ALK testing costs

ALK testing is required to identify patients eligible to receive treatment with ALK inhibitors, such as
ceritinib or crizotinib. However, the base-case analysis assumes that ALK testing is already routinely
performed among patients with non-squamous NSCLC in the UK, as confirmed by all clinical experts
consulted, and therefore omits the cost of ALK testing as an expense. Since the cost of ALK testing
would have applied equally to both the ceritinib and crizotinib arms, the inclusion of this cost would

have increased total costs in both arms, hence having no impact on the ICER.

B 3.6 Summary of base-case analysis inputs and assumptions

Table 45 summarises the key assumptions of the model and Table 46 summarises all variables

included in the analysis.

Table 45 Key assumptions of the model

Parameter Assumption

Treatment o Patients receive first-line treatment according to the following treatment

discontinuation discontinuation rules:

rules (section B o Base case: Treatment until discontinuation, based on reported

3.3.4) median treatment duration (right-truncated at the data cut-off) for
ceritinib in ASCEND-4 and crizotinib in PROFILE 1014
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Parameter

Assumption

o Alternatives to the above scenario were tested as part of the
sensitivity analysis, including:
= Based on patient-level time-to-event data in ASCEND-4 for
ceritinib and reported truncated median treatment duration
in PROFILE 1014 for crizotinib
= Assuming equivalent time on treatment for ceritinib and
crizotinib, with both based on ASCEND-4
= Assuming equivalent time on treatment for ceritinib and
crizotinib, with both based on PROFILE 1014
o Other sensitivity analyses included:
=  Treatment until progression
= Treatment until discontinuation or progression, whichever
occurs first

Treatment costs:

First-line
treatment
(section B 3.5.1)

Patients incur costs for first-line drug acquisition and administration during
the period of time that they remain on treatment

Treatment costs:

second-line
treatments
(section B 3.5.4)

Patients incur costs of second-line treatments upon discontinuation of the
first-line treatment. In the base case, the second-line treatments reflected
those observed in the respective trials (i.e. ASCEND-4 and PROFILE 1014).
In a scenario analysis, second-line treatments instead reflected current real-
world practice based on input from medical experts

Medical costs
and AE costs
(sections B 3.5.2,
B 3.5.3,B3.55
and B 3.5.6)

Medical costs in the PF health state include monthly monitoring and other
medical costs. In addition, the cost of treatment-associated AEs was applied
as a one-time cost in the first model cycle

Medical costs in the PD health state include monthly monitoring and
outpatient costs

All patients incur one-time terminal care costs before death

ALK testing
costs
(section B 3.5.7)

ALK testing was assumed to be a routine diagnostic test, and was therefore
not considered as a cost component in the model

Utility and
disutility
(section B 3.4)

Base-case health utilities are dependent on health state; additionally, the
utility value for PF health state depends on the first-line treatment received.
PF utilities for ceritinib were obtained from the CSR for ASCEND-4; the PF
utility for crizotinib was obtained from PROFILE 1014, and the PD utility
(used for both the ceritinib and crizotinib treatment arms) was obtained from
published literature.

Felip et al., 2015%3; Chouaid et al., 2013
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Table 46 Summary of variables applied in the economic model

Variable Value Measurement of Reference to
uncertainty: SE section in
or 95% ClI submission
Model settings Discount rate 3.5% NA Refer to CE Model
(costs)
Discount rate 3.5% NA
(benefits)
Time horizon 20 years NA
PFS and OS with Exponential rate 0.041 SE=0.004 Refer to CE Model
ceritinib parameter: PFS
Exponential rate 0.015 SE=0.002
parameter: OS
Hazard ratios for Hazard ratio: PFS | 1.56 95% CI: 1.15-2.13 | Refer to CE Model
PFS and OS with
crizotinib vs.
ceritinib
Hazard ratio: OS 1.21 95% CI: 0.79-1.85
Drug costs: first-line | Ceritinib £4,923.45 NA Section B3.5.1
treatments (list price
per package)
Crizotinib £4,689.00 NA
Relative dose Ceritinib 77.3% SE=1.4% Section B3.5.1
intensity: first-line
treatments
Crizotinib 92.0% SE=1.0%
Drug administration | Monthly cost of £14.26 NR Section B3.5.1
costs oral drug
administration
Exponential rate of | Ceritinib 0.045 NR Refer to CE Model
first-line treatment
discontinuation
Crizotinib 0.064 NR
Health state utilities | Utility for PF: 0.810 SE=0.015 section B 3.4.2
ceritinib
Utility for PF: 0.810 NR
crizotinib
Utility for PD 0.641 SE=0.024
Health state costs Medical costs per | £184.42 NR Section B3.5.2
cycle in PF
Medical costs per | £267.19 NR Section B3.5.3
cycle in PD
One-time terminal | £7,328.93 NR section B3.5.6
care cost
Cost of second-line | Ceritinib £8,135.41 NR Section B3.5.4

treatment, by first-
line treatment

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-

positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved

Page 106 of 131




Variable Value Measurement of Reference to
uncertainty: SE section in
or 95% CI submission

Crizotinib £8,645.67 NR
Cost of AEs, by first-| Ceritinib £340.27 NR Section 3.5.5
line treatment

Crizotinib £218.23 NR

Cl, confidence interval; NA, not applicable; NR, not reported; OS, overall survival; PD, progressed disease; PF,
progression-free; PFS, progression-free survival; SE, standard error

B 3.7 Base case results

Base case results (with 3.5% discounting of costs and effectiveness) are presented in Table 47. Over
a 20-year time horizon, the total gain in QALYs was estimated to be 3.22 for first-line treatment with
ceritinib and 2.68 for first-line treatment with crizotinib. Total LYs gained were estimated to be 4.51
and 3.85, respectively. Total costs over the 20-year time horizon were £106,954 for ceritinib and
£91,970 for crizotinib. Thus the incremental cost per QALY gained over a 20-year time horizon was
estimated to be £27,936 for ceritinib vs. crizotinib and the corresponding incremental cost per LY
gained was estimated to be £22,599 (Table 47). These results indicate that ceritinib is a cost-effective
treatment for the first-line treatment of ALK+ advanced NSCLC when based on the list price for both

ceritinib and crizotinib.

When the agreed PAS price is applied to ceritinib, the total costs for ceritinib over the 20-year time
horizon were | representing a cost-saving of |l compared with crizotinib (total
costs = £89,714). Thus, in this case, ceritinib is dominant versus crizotinib (Table 48).

The gain in QALYs for the two health states indicated that for ceritinib the gain was similar for the PF
and PD health states (Table 49). Ceritinib was associated with a greater gain in QALYs in the PF
health state compared with crizotinib, reflecting the longer period patients spend in this state on
ceritinib before disease progression. This difference accounts for the greater gain in QALYs seen with
ceritinib compared with crizotinib. Similarly, the gain in LYs in the PF health state was greater for
ceritinib than for crizotinib and this accounted for the overall difference in LYs between the two

treatments.

Drug and drug administration costs for the first-line treatment comprised 75% of total costs for ceritinib
and 72% for crizotinib, and were £14,229 greater for ceritinib, largely reflecting the longer duration of
therapy (Table 49). Total medical costs (excluding anti-cancer treatments) over 20 years were also
higher for ceritinib (£18,655 vs £17,401), similarly reflecting the longer duration of remission achieved
with ceritinib. Drug and drug administration costs for second-line treatment comprised 7% and 9% of

total costs in the ceritinib and crizotinib arms, respectively, and were higher in the crizotinib group.
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The higher overall costs for ceritinib thus largely reflect the longer duration of therapy with ceritinib, as

this enables patients to remain in remission for longer.
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Table 47 Base-case results using the list price for both ceritinib and crizotinib

Technologies Total costs (£) Total Total Incremental Incremental Incremental ICER incremental
LYG QALYs costs (£) LYG QALYs (E/QALY)

Ceritinib 106,954 4.51 3.22 14,985 0.66 0.54 27,936

Crizotinib 91,970 3.85 2.68 - - - -

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

Table 48 Base-case results with PAS for ceritinib

Technologies | Total costs (£) Total Total Incremental Incremental Incremental ICER incremental
LYG QALYs costs (£) LYG QALYs (E/QALY)

Ceritinib - - - - - - Dominant

Crizotinib 89,714 3.85 2.68 - - - -

ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years
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Table 49 Base case disaggregated costs and effectiveness

Ceritinib Crizotinib Ceritinib vs.
Crizotinib
Costs, £
Drug and drug administration costs, first-line 80,325 66,097 14,229
treatment
Drug and drug administration costs, second-line 7,641 8,261 -620
treatment
Treatment associated AE costs 333 211 122
Medical costs 18,655 17,401 1,254
PF costs 4,245 2,787 1,458
PD costs 8,320 8,307 13
Terminal care costs 6,089 6,307 -218
Total costs 106,954 91,970 14,985
Effectiveness
Total QALYs 3.22 2.68 0.54
QALYs: PF 1.55 1.02 0.53
QALYs: PD 1.66 1.66 0.00
Total LYs 4.51 3.85 0.66
LYs: PF 1.92 1.26 0.66
LYs: PD 2.59 2.59 0.00

AE, adverse event; LY, life-year; PD, progressed disease; PF, progression free; QALY, quality-adjusted life
year

B 3.8 Sensitivity analyses

B 3.8.1 Probabilistic sensitivity analysis

Probabilistic sensitivity analysis (PSA) was conducted to estimate the probability for ceritinib to be
cost-effective compared to comparator treatments, based on different willingness-to-pay (WTP)
thresholds. A Monte-Carlo simulation with 1,000 iterations was conducted. In each iteration, the
model inputs were randomly drawn from the specified distributions, as summarised in Table 50.
Uncertainty in the PFS and OS survival probabilities for ceritinib was represented using normal
distributions for the exponential parameter estimates, as this distribution reasonably describes the
sampling distribution of the mean for many variables. For crizotinib, uncertainty in the HRs of PFS and
OS versus ceritinib was modelled using log-normal distributions, the probability distribution typically
used for relative risk parameters.'4148 | og-normal distributions were also assumed for relative dose
intensity parameters, which are constrained to be non-negative. Gamma distributions were assumed
for health state cost parameters that can range between zero and infinity. Beta distributions were

assumed for utilities of health states to reflect their allowable range between zero and one.
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Whenever available, the standard error of the selected distribution was obtained directly from the
same data source that informed the mean value. In the absence of data on the variability around
health state cost values, the standard error for each cost parameter was assumed to be equal to the

mean value divided by four.
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Table 50 PSA inputs

Input Parameter

Distribution

Mean

Alpha

Beta

SE

Note

PFS

Ceritinib -
exponential

normal

0.041

Crizotinib - HR

log-normal

1.561

0.157

For ceritinib, the uncertainty in the survival probabilities was
represented through the joint variance-covariance matrix of
the parameter estimates

For crizotinib, uncertainty in the HR vs. ceritinib was modelled
using a log-normal distribution

For the HR parameter, the standard error column provides
the standard error of LN(HR) from the matching-adjusted
indirect comparison study

0s

Ceritinib -
exponential

normal

0.015

Crizotinib - HR

log-normal

1.214

0.218

For ceritinib, the uncertainty in the survival probabilities was
represented through the joint variance-covariance matrix of
parameter estimates

For crizotinib, uncertainty in the HR vs. ceritinib was modelled
using a log-normal distribution

For the HR parameter, the standard error column provides
the standard error of LN(HR) from the matching-adjusted
indirect comparison study

Utility for PF (i.e. stable
disease or treatment
response)?

Ceritinib

beta

0.810

567.537

133.126

0.015

Crizotinib

beta

0.810

567.537

133.126

0.015

SEs were obtained from the selected utility source(s). Since
base-case PF utilities were treatment-specific, a separate
PSA input for PF utility was selected for each treatment in
each iteration

Utility for progressed
disease (PD)

Ceritinib

beta

0.641

246.057

137.807

0.024

Crizotinib

beta

0.641

The SE was derived from the PD utility source (Chouaid et
al., 2013)

Utility for PD could not exceed the PF utility. PD utilities were
assumed to be non-treatment-specific; the PSA input for PD
utility was therefore the same for both treatments in each
iteration

Relative dose intensity
(%)

Ceritinib

lognormal

77.3

14

Crizotinib

lognormal

92.0

1.0

SE was obtained from the ASCEND-4 trial for ceritinib and
PROFILE 1007 for crizotinib
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Input Parameter Distribution Mean | Alpha | Beta SE Note

Costs PF medical costs|gamma 184.42| 16.00 | 11.53 | 46.11 |e¢ SE was assumed to be equal to 1/4*Mean

Post-progression |gamma 267.19| 16.00 16.70 | 66.80
medical costs
Terminal care gamma 7328.93 16.00 | 458.06 |1832.23
costs (one time)

PF, progression free; SE, standard error
aThe SE for ceritinib was obtained from the PF utility source (ASCEND-4 CSR); because the PF utility source for crizotinib did not report any variance measure, the SE for

crizotinib was assumed to be the same as that of ceritinib. Base-case PF utilities were treatment-specific; therefore, a separate PSA input for PF utility was selected for each
treatment in each iteration.
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Across the 1,000 iterations of the PSA, the average incremental cost was £14,978, and the average
incremental QALY gain was 0.51 for ceritinib vs. crizotinib. The resulting probabilistic ICER per QALY
for ceritinib vs. crizotinib was £29,239, similar to the deterministic base-case ICER.

Figure 21 presents the scatter plot of simulated incremental cost and QALY pairs for ceritinib vs.
crizotinib. The cost-effectiveness acceptability curve in Figure 22 shows the probability that ceritinib is
cost-effective vs. crizotinib at varying willingness-to-pay thresholds. Based on the scatter plot, ceritinib
was associated with higher costs than crizotinib in all iterations, and higher QALYs than crizotinib in
87% of iterations. When ceritinib is provided at list price, ceritinib had a 53.2% probability of being
cost-effective vs. crizotinib at a willingness-to-pay threshold of £30,000 per QALY gained. As this
analysis was based on the list price for both ceritinib and crizotinib the results have limited value for

decision-making purposes.

Figure 21. Incremental cost-effectiveness plane for ceritinib vs. crizotinib
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Figure 22. Cost-effectiveness acceptability curve for ceritinib vs. crizotinib
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B 3.8.2 Deterministic sensitivity analysis

To assess the robustness of the model results, deterministic sensitivity analyses (DSAs) were
conducted by varying one model input or assumption at a time. Table 51 summarises the variables
assessed and the resulting ICERs, and the results are shown graphically in the tornado diagram
(Figure 23). Sensitivity analyses are sorted from the widest to narrowest range of ICER values to

highlight parameters with the strongest influence on the cost-effectiveness results.

Across the sensitivity analyses, ceritinib ranged from being a dominant strategy to having an
incremental cost of £61,070 per QALY vs. crizotinib. The ICER was particularly sensitive to
parameters related to OS (including the HR of OS for crizotinib vs. ceritinib and the choice of
parametric function for modelling OS under ceritinib), as these parameters directly enter the
calculation of expected QALYs for each treatment arm. In scenario analyses that tested alternative
parametric functions of OS for ceritinib, the ICER was £44,060 per QALY gained versus crizotinib for
the Gompertz OS function, and £33,215 per QALY gained for the Weibull OS function, respectively.
These alternative parametric functions of OS were considered in sensitivity analyses only, as they
demonstrated comparatively worse fit with the observed trial data than the base-case exponential OS

function, based on AIC/BIC statistics and the shape of the log-cumulative hazard plot for ceritinib OS.

Other important drivers of cost-effectiveness included parameters related to drug costs — including
relative dose intensity and the list prices of ceritinib and crizotinib — and assumptions about treatment
duration. The ICER was higher than the base case for the scenario of treatment until progression
(£43,921 per QALY), but was similar to the base case when assuming treatment until discontinuation
or progression, whichever occurs first (£28,398 per QALY). In scenarios that assumed an equivalent
duration of therapy between the two treatment arms, ceritinib was found to be a dominant strategy

over crizotinib.

Compared to the base-case ICER (reflecting a 20-year time horizon), the ICER was similar when
using a 15-year horizon (£29,440 per QALY), and was moderately higher (£33,593 per QALY) when
using a 10-year horizon. The ICER for ceritinib vs. crizotinib showed small to moderate variation when
changing PFS-related parameters, the discount rate for costs or effectiveness, or PF utility values
(although the ICER was not sensitive to the use of treatment-non-specific PF utilities). The cost-
effectiveness results were not sensitive to medical costs associated with PF or PD health states,

terminal care costs, AE-related costs, or the PD utility value.
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Table 51. Tabulated DSA results for ceritinib vs. crizotinib

Parameter Incremental cost per
QALY gained, £
Base case 27,936
Time Horizon
Scenario: 10-year time horizon 33,593
Scenario: 15-year time horizon 29,440

Progression-free Survival

Crizotinib PFS HR

Base case + 10% 26,806
Base case - 10% 29,415
Scenario: ceritinib PFS function - Weibull 27,002
Scenario: ceritinib PFS function - Gompertz 22,279

Overall Survival

Crizotinib OS HR

Base case + 10% 21,763

Base case - 10% 44,925

Scenario: ceritinib OS function - Weibull 33,215

Scenario: ceritinib OS function - Gompertz 44,060

Scenario: assume the same PD survival as crizotinib 28,050
Drug costs

Ceritinib drug cost per month

Base case + 10% 42,114

Base case - 10% 13,758

Crizotinib drug cost per month

Base case + 10% 16,269

Base case - 10% 39,603

Drug administration cost per month

Base case + 10% 27,950

Base case - 10% 27,922

Scenario: drug dose intensity assumed to be 100% 61,070

Scenario: real-world distribution of second-line treatments Dominant
Treatment duration

Scenario: treatment until discontinuation (equivalent ToT with both Dominant

based on ASCEND-4)

Scenario: treatment until discontinuation (equivalent ToT with both Dominant

based on PROFILE 1014)

Scenario: treatment until progression 43,921

Scenario: treatment until discontinuation or progression whichever 28,398

occurs first

Other medical costs

PF medical costs

Base case + 10% 28,208

Base case - 10% 27,664

PD medical costs

Base case + 10% 27,938

Base case - 10% 27,934
Terminal care costs (one time)

Base case + 10% 27,895
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Base case - 10% 27,977

Cost of AEs

Cost of AEs
No AE cost 27,709
2x base case AE cost 28,163
Utilities
PF utility for both treatment arms:
Base case + 10% 25,408
Base case - 10% 31,023
PD utility for both treatment arms:
Base case + 10% 27,922
Base case - 10% 27,950

Discount rate

Discount rate: cost

0% 33,358

6% 24,831
Discount rate: effectiveness

0% 21,938

6% 32,552

AE, adverse event; OS, overall survival; PD, progressed disease; PF, progression free; PFS, progression-free
survival; ToT, time on treatment
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Figure 23. Tornado diagram based on DSA results for ceritinib vs. crizotinib
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¢ Ceritinib is dominant over crizotinib in this sensitivity analysis.
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B 3.9 Subgroup analysis

Clinical data indicated that the benefits of ceritinib over chemotherapy were consistent across the

entire patient population (see section B 2.7). Thus no subgroup analyses were performed.

B 3.10 Validation

B 3.10.1 Clinical expert validations

During model development, three expert clinicians were individually consulted to evaluate efficacy
inputs and other key model parameters from a clinical perspective.® Details on the qualifications of

each clinician are provided in Appendix K.

Based on feedback from these model validation meetings, efficacy inputs were not adjusted to the
characteristics of a UK patient population. Experts commented that the ASCEND-4 and PROFILE
1014 trial populations were sufficiently representative of UK patients with ALK+ advanced NSCLC,

and did not recommend adjustment of the efficacy data to a real-world patient cohort.

During the meetings, experts also validated the choice of base-case parametric functions for
modelling PFS and OS in the ceritinib arm, affirmed the face validity of the MAIC-based HRs for
disease progression and death with crizotinib vs. ceritinib, and evaluated the clinical plausibility of
long-term outcome predictions. While experts agreed with the choice of the exponential OS function
for ceritinib in the base case, they noted that long-term survival predictions in both treatment arms
were higher than they expected to observe in clinical practice. Given the uncertainty surrounding long-
term OS with first-line ALK inhibitor treatments, scenario analyses were conducted using alternative

parametric distributions of OS.

B 3.10.2 Quality control

To verify the results of the de novo cost-effectiveness model, internal quality control procedures were
first undertaken by the consulting group that developed the model on behalf of the manufacturer. The
model was subsequently reviewed by a separate team of health economists, who evaluated the
model from an overall health economics perspective, in addition to checking the accuracy of the
programming to identify errors or omissions. Face validity of the model was assessed through
individual consultations with three clinical experts, who provided feedback on the clinical plausibility of

the model's efficacy extrapolations under different parametric assumptions.3
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B 3.11 Interpretation and conclusions

B 3.11.1 Result summary

Over a 20-year time horizon, first-line ceritinib is expected to yield improvements in QALYs and LYs
relative to crizotinib among untreated patients with ALK+ advanced NSCLC. Compared to crizotinib,
ceritinib was predicted to provide a gain in QALYs of 0.54 and a gain in LYs of 0.66. The base case
ICER for ceritinib vs. crizotinib was £27,936 per QALY. Results from the DSA supported the base
case findings, with most variation being observed when parameters related to OS and drug costs
were varied. In the PSA, the average ICER per QALY across all iterations was consistent with the
base-case ICER. At the list price, ceritinib had a 53.2% probability of being cost-effective vs. crizotinib

at a willingness-to-pay threshold of £30,000 per QALY gained.

B 3.11.2 Strengths of the economic evaluation

The partitioned survival analysis is a well-established approach in modelling of NSCLC, and has been
used in many previous NICE submissions in the NSCLC arena.109.130,132,137,141,149 Efficacy inputs for
first-line ceritinib were based on patient-level data from the phase Ill, ASCEND-4 trial. The choice of
parametric survival curves for PFS and OS for ceritinib was based on goodness of fit statistics and
clinical plausibility according to the opinion of three clinical experts. PF state utility inputs for both first-
line treatment arms were obtained directly from the ASCEND-4 and PROFILE 1014 trials, and were

measured using the EQ-5D, as per the NICE reference case.

B 3.11.3 Limitations of the economic evaluation

As with any pharmacoeconomic evaluation, this model has limitations. The main limitation of this
analysis was the lack of a head-to-head clinical trial comparing crizotinib and ceritinib in untreated
patients with ALK+ advanced NSCLC. An indirect comparison method, the MAIC approach, was used
to indirectly compare efficacy outcomes between crizotinib and ceritinib, while adjusting for cross-trial
differences in observed patient characteristics.’®® The MAIC methodology is an extension of
propensity score weighting, which has long been used in epidemiological studies for adjusted
comparisons of non-randomised treatment groups.'®'-153 Furthermore, MAIC are becoming widely
used in Health Technology Assessments where data are not available for anchor-based indirect
comparisons, including a number of recent NICE submissions.®* The baseline characteristics of
patients in the two pivotal trials used in the MAIC — ASCEND-4 and PROFILE 1014 — were relatively
similar, such that the extent of weighting required to balance baseline patient characteristics was mild.
However, there may have been residual systematic errors resulting from unobserved prognostic
variables and effect modifiers, and some differences in study design such as differences in the
definition used for CR and the use of radiotherapy for treatment of brain metastases prior to study

entry may have affected treatment outcomes.

Company evidence submission template for ceritinib for untreated anaplastic lymphoma kinase-
positive non-small cell lung cancer [ID1117]

© Novartis 2017. All rights reserved Page 121 of 131



Another limitation of the model was the need to extrapolate long-term OS based on short-term ftrial
data. Although the model incorporated the best available evidence on OS from the ASCEND-4 and
PROFILE 1014 trials,3 OS inputs are subject to uncertainty due to the lack of mature OS data for
both ceritinib and crizotinib. This was addressed in a number of sensitivity analyses which considered
alternative OS inputs.

PF utility state inputs were directly available from the first-line clinical trials of ceritinib and crizotinib.
However, EQ-5D scores were not collected systematically after treatment discontinuation in
ASCEND-4 or PROFILE 1014; therefore, utilities from the literature were applied for the PD health
state.’"" Sensitivity analyses, however, showed that the ICER was not sensitive to the utility values
used for the PD health state.

Finally, only limited information was available on time to discontinuation of crizotinib in the PROFILE
1014 trial. In the absence of patient-level time-on-treatment data for crizotinib, the duration of
treatment for both agents was estimated based on the truncated median treatment durations reported
in ASCEND-4 and PROFILE 1014. Although this is not ideal, it provides the most balanced
comparison based on the available data regarding the treatment duration for crizotinib. Sensitivity
analyses investigated the impact of this variable and found that the ICER was sensitive to treatment

duration.

B 3.11.4 Conclusions

Currently, patients with ALK+ advanced NSCLC have limited treatment options. The established and
approved treatment, crizotinib, is a first-generation ALK inhibitor and has significant limitations.
Patients develop progressive disease after a median of less than 12 months and approximately 5% of
patients show primary resistance. Furthermore, severe neutropenia has been noted in approximately
10% of patients and three-quarters of patients experience vision deterioration, while oedema is seen
in approximately 40% of patients. There is thus a need for an alternative targeted therapy to improve

the outlook for this specific subgroup of patients with advanced NSCLC.

Ceritinib is a highly selective, potent, second-generation ALK inhibitor that has greater affinity and
specificity for ALK than crizotinib. Ceritinib has been shown to overcome resistance to crizotinib in
preclinical and clinical (phase 1) studies, and has demonstrated superior efficacy to crizotinib as a
first-line therapy for patients with ALK+ NSCLC. In particular, results of a MAIC have shown that,
compared to crizotinib, ceritinib significantly reduces the risk of disease progression or death by 36%
which corresponds to a clinically meaningful prolongation of disease remission. The clinical benefits
reported for ceritinib therapy have been shown to translate into meaningful improvements in
symptoms and HRQoL. Furthermore, ceritinib is associated with a prolonged duration of response

and is generally well tolerated. AEs are largely manageable with dose reductions and treatment
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interruptions with less than 5% of patients discontinuing from the pivotal trial due to treatment-related
AEs. Thus, ceritinib fulfils a significant unmet need, extending the treatment options for patients with
ALK+ advanced NSCLC, a subgroup having a particularly poor prognosis prior to the introduction of
ALK inhibitors. Clinical experts consulted in the validation process confirmed that ceritinib would be an

invaluable additional therapeutic option in this patient population.

A cost-effectiveness analysis from the perspective of the NHS has demonstrated ceritinib to be cost-
effective over a 20-year time horizon compared to crizotinib, providing an incremental gain in LYs and
QALYs of 0.66 and 0.54, respectively, and being associated with a minor incremental treatment cost
of £ 14,985. This results in an incremental cost per QALY gained of £27,936 in the base case at the
list price. When the agreed PAS for ceritinib of || is applied, the savings to the NHS are | .
and ceritinib is dominant versus crizotinib. Deterministic sensitivity analyses showed that the cost-
effectiveness of ceritinib was robust in most scenarios but was sensitive to estimates of OS.
(According a PSA based on the list price for both drugs, ceritinib has a 53.2% probability of being
cost-effective at the willingness-to-pay threshold of £30,000, although this is of limited value for

decision-making given that ceritinib and crizotinib are both provided at PAS prices.)

A budget impact analysis showed that the introduction of ceritinib for the treatment of patients with
ALK+ advanced NSCLC will have a net budget impact to the NHS of ||}l from year 3
onwards, based on the list price. This is based on an assumption that the market penetration for
ceritinib will be [l in the first year and [l thereafter. However, this analysis is limited in its value in

that a PAS is in place for both drugs.

In conclusion, the introduction of ceritinib as an alternative to crizotinib for first-line treatment of ALK+
advanced NSCLC addresses a current unmet need for the management of a group of patients with a
poor prognosis in the absence of effective ALK inhibitor therapy. Ceritinib offers significant clinical
benefits over crizotinib, including a more prolonged remission and an improved safety profile, as well
as providing an alternative to crizotinib for patients with primary resistance. These clinical benefits
mean ceritinib is associated with an increase in QALYs and LYs compared with crizotinib, and a
minimal increase in cost when provided at the list price. The resulting ICER is £27,936 per QALY over
a 20-year time horizon for ceritinib at the list price. Sensitivity analyses indicated the ICER is robust to
plausible changes in most parameters considered, while a budget impact analysis suggests that the
introduction of ceritinib in this indication will result in a net budget impact of approximately | Gz
from year 3 onwards. Thus ceritinib represents a clinically-effective and cost-effective option for NHS
England and NHS Wales.
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Level 1A

N I c Nattonal Instifute for City Tower
Health and Care Excellence Manchester
M1 4BT

United Kingdom
+44 (0)300 323 0140

Single technology appraisal

Ceritinib for untreated anaplastic lymphoma kinase-positive advanced non-small-cell
lung cancer [ID1117]

Dear Alex,

The Evidence Review Group, Centre for Reviews and Dissemination and Centre for Health
Economics — York, and the technical team at NICE have looked at the submission received
on 25 July 2017 from Novartis. In general they felt that it is well presented and clear.
However, the ERG and the NICE technical team would like further clarification on the clinical
and cost effectiveness data (see questions listed at end of letter).

The ERG and the technical team at NICE will be addressing these issues in their reports.

Please provide your written response to the clarification questions by 5pm on Friday 1
September 2017. Your response and any supporting documents should be uploaded to
NICE Docs.

Two versions of your written response should be submitted; one with academic/commercial-
in-confidence information clearly marked and one with this information removed.

Please underline all confidential information, and separately highlight information that is
submitted as commercial in confidence in turquoise, and all information submitted as
academic in confidence in yellow.

If you present data that are not already referenced in the main body of your submission and
that are academic/commercial in confidence, please complete the attached checklist for
confidential information.

Please do not embed documents (PDFs or spreadsheets) in your response because this
may result in them being lost or unreadable.

If you have any queries on the technical issues raised in this letter, please contact Sophie
Cooper, Technical Lead (Sophie.Cooper@nice.org.uk). Any procedural questions should be
addressed to Kate Moore, Project Manager (Kate.Moore@nice.org.uk).

Yours sincerely
Helen Knight

Associate Director — Appraisals
Centre for Health Technology Evaluation

www.hice.org.uk
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Section A: Clarification on effectiveness data

Al.

A2.

A3.

A4.

Ab5.

AG.

AT.

Figure 5 presents patient disposition in ASCEND-4 and includes reasons for
discontinuation of treatment. For 12 and 9 patients in the ceritinib and crizotinib arms
respectively, the reason is ‘other’. Please can you provide details of these other
reasons. The ERG notes that in the clinical study report (CSR) for 7 and 11 patients
respectively the reason for discontinuation is ‘Physician decision’. This is not a
reason listed in Figure 5 of the submission. Furthermore, 2 ‘physical decision’
reasons listed in Figure 5 do not appear in the CSR. Please can you explain the
discrepancies.

Section B 2.4.1 states that the full analysis set consisted of all randomised patients
and was used for the primary efficacy analysis. However 12/187 (6.4%) randomised
patients in the chemotherapy arm did not receive treatment. Please comment on this
baseline imbalance and the impact on the interpretation of the trial results.

On page 43 under ‘Crossover and sensitivity analysis’, it states that ||| Gz
patients were initially randomised to chemotherapy. This appears to be incorrect —
187 patients were randomised to chemotherapy. The submission does not provide
any details of the RPSFT adjustment for crossover. Please can you check whether
the apparent error in the number of patients randomised to chemotherapy has
impacted on this analysis. If necessary please provide corrected results for this
sensitivity analysis.

Priority question: A number of different methods are available to adjust for
crossover in the analysis of overall survival (ASCEND-4). Please provide the
rationale for the selection of the RPSFT methodology for the present analysis. Please
provide the results using alternative appropriate methods.

Section B 2.6.6 states that = 80% of patients completed the EQ-5D, EORTC QLQ-
C30, EORTC QLQ-LC13 and LCSS questionnaires at most time points. Please can
you provide the percentages for completions for all questionnaires at all time points.

Priority question: Section D 1.1.7 lists 3 identified trials, but in Section 2.9 it states
that study NCT0169001 was not considered to be relevant to the match adjusted
indirect comparison (MAIC) as it included only Asian patients. Please can you
provide further details of this trial: the baseline characteristics and progression-free
survival (PFS) and overall survival (OS) results.

Priority question: The inclusion criteria for the ASCEND-4 and PROFILE 1014 trials
specified different methods for the determination of ALK status. Please comment on
the implications of these differences. Which test for ALK status is used routinely or
most commonly in the NHS?

www.hice.org.uk
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Priority question: One of the patient characteristics used for matching in the MAIC
analysis is ‘baseline brain metastases status’. Can you clarify that by this you mean
presence of brain metastases, yes or no? We note that the inclusion criteria for brain
metastases differ between ASCEND-4 and PROFILE 1014, in particular only patients
with treated brain metastases were allowed in PROFILE 1014. Please comment on
the implications of this for the matching and interpretation of the results.

There appear to be some discrepancies between the list of subsequent therapies
listed for ceritinib in Table 40 and those described in Section 12.1.4 of the ASCEND-
4 CSR. We note that those described in the CSR are only the ‘first next treatment’;
does table 40 include other additional treatments? Please clarify the reasons for the
discrepancies. Also, please provide further details of the second-line therapies (post
disease progression) for ASCEND-4 (We have not been sent Table 14.3-2.5B of the
CSR).

Priority question: The data cut analysed was on July 2016. Is a later cut of the data
available? If so can the company provide us with this later data cut for OS and PFS
(Kaplan Meier-plots and numbers at risk) and incorporate this new data into the
economic model?

In the company submission it is asserted that more than 90% of people currently
receive crizotinib first-line. Going forward, are there any circumstances in which
people would receive first-line pemetrexed-based therapy instead of crizotinib or
ceritinib?

Section B: Clarification on cost-effectiveness data

Effectiveness

B1.

Priority question: It is acknowledged that there is no direct evidence on the
effectiveness of ceritinib and crizotinib, but the ERG has highlighted concern about
the reliability of the effectiveness estimates from the MAIC analysis. In order for the
ERG to fully explore the impact of different sources of data and assumptions, could
the company please carry out the following alternative scenario analyses and
incorporate them into the economic model:

a. The current base-case analysis models the population in the ASCEND-4 trial.
Please present an alternative scenario in which data is adjusted to the
PROFILE 1014 trial population. In this scenario, time on treatment will also
need to be adjusted to the crizotinib population, as well as PFS and OS.

b. Using the analysis in part (a), please fit the parametric curves to the Kaplan
Meier data independently i.e. not assuming proportional hazards. The
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presentation of this analysis should include the full set of distribution
parameters estimates, AIC and BIC fits statistics, diagnostics (Q-Q plots for
example) and plots.

Priority question: We have identified a trial relevant to the comparison of ceritinib
with crizotinib®. This trial presents further data on the effectiveness of crizotinib in
untreated patients with ALK positive advanced NSCLC.

a. Can the company re-run the MAIC analysis using the clinical data on
crizotinib from ALEX trial data rather than the crizotinib data from PROFILE
10147

b. Can the ALEX and PROFILE trial be combined and incorporated into the
MAIC analysis, i.e. is there a methodology to facilitate a meta-analysis of the
crizotinib data to be the comparator?

Priority question: To explore the impact of the analysis requested in question B2 on
cost-effectiveness, can the company incorporate the analysis using the ALEX trial
into the economic model. In the scenarios the ERG request that this analysis be
carried out (i) modelling the population in the ASCEND-4 study as per the company’s
base-case, and (ii) modelling the population in the ALEX trial/(ALEX and PROFILE
1014) population similar to question B1a.

Priority question: Section B 2.9.4 present the patients characteristics for ASCEND-
4 and PROFILE 1014, demonstrating the similarities between the trial populations. It
states that only mild weighting was required to match the individual patient data (IPD)
from ASCEND-4 to PROFILE 1014. However, as shown in Table 20, the process of
matching has a big impact on the median survival with ceritinib, which is increased
from [l months to | months. This does not appear to have face validity. Please
explore this further and provide information on why such a large change happens;
this should include regression analysis exploring the impact of base-line
characteristics on PFS and OS.

Priority question: Time on treatment is likely to be key driver of costs and hence
cost-effectiveness, the ERG would like to understand how differences in base-line
characteristics may impact on time on treatment. As per question B4, can the
company present addition regression analysis exploring the impact of base-line
characteristics on time on treatment.

" Peters S, Camidge DR, Shaw AT, Gadgeel S, Ahn JS, Kim DW, Ou SlI, Perol M, Dziadziuszko R,
Rosell R, Zeaiter A, Mitry E, Golding S, Balas B, Noe J, Morcos PN, Mok T, ALEX Trial Investigators.
Alectinib versus Crizotinib in Untreated ALK-Positive Non-Small-Cell Lung Cancer. N Engl J Med
[Internet]. 2017.)
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Priority question: The base-case analysis presented by the company uses data
from the ASCEND-4 trial to estimate time on treatment for ceritinib and data from the
PROFILE 1014 trial to estimate time on treatment for crizotinib. The populations in
these two trials are, however, different and it is possible that this is influencing the
estimated time on treatment. The ERG suggest that it is possible to present
population-adjusted estimates of time on treatment using methods similar to those
used to estimate PFS and OS in the base-case analysis. Details of the process are
described below:

a. Using the MAIC, estimate time on treatment for people on ceritinib adjusted to
the crizotinib population.

b. Using the median time on treatment from the adjusted analysis, estimate A as
per the base-case analysis and using A estimate an exponential curve for time
on treatment curves for ceritinib as per the base-case analysis.

c. Use the exponential curve estimated in part (b) along with the time on
treatment curve for crizotinib to estimate a hazard ratio for time on treatment
in the crizotinib population.

d. Apply this hazard ratio to the exponential curve estimated using the individual
patient data (scenario 1a in the model).

Please comment on whether we might expect the rates of adverse events for ceritinib
and crizotinib to vary within different patient populations (e.g. whether people with
brain metastases have a different safety profile on ceritinib compared to those
without). If so, should these be included within the MAIC analysis and adjusted for
differences in populations? How might the inclusion of the outcome of this analysis
affect the results of the model?

Some discrepancies between the data reported in the submission and model and the
figures in the ASCEND-4 CSR were noted: the submission states that included
adverse events are treatment-related (Table 12-9 in the CSR). The figures in the
model correspond to those with any study drug relationship (Table 12-8 in the CSR).
Can you also please define how treatment-related events are defined?

The submission reports rates for “serious adverse events”, including those which are
grades 3 to 4 (Table 25). Can you please describe how these are defined and how
they differ to the grade 3 to 4 adverse events presented in Table 23, and why they
were not selected for use in the economic analysis?
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Can you please confirm the specific definition for the adverse event rates (i.e. that
they correspond to the total number of patients experiencing each type of event). Did
any patient experience multiple instances of a particular adverse event? If so, please
provide the total number of events.

Priority question: Please justify why the safety profile of each second-line therapy
was not modelled. We would expect that the number of adverse events would differ
in each arm, based on the different distributions of treatments provided after
discontinuation. Please provide a scenario where this is included in the model,
basing the rates of each event from appropriate sources (e.g. ceritinib or crizotinib
given as second-line therapy).

Time on treatment

B12.

Time on treatment for ceritinib as calculated from the exponential function with a rate
parameter estimated from the truncated median appears to underestimate actual
time on treatment (as calculated using the individual patient data in the ASCEND-4
trial).

i) Please provide information on the number of patients who continued ceritinib
treatment after disease progression, the duration of treatment post-
progression in these patients and the Kaplan-Meier curve for time on
treatment for ceritinib. Please also provide further information on how well the
exponential curve fit to the Kaplan-Meier curve, including which validation
techniques were used.

i) Were any other curves for time on treatment considered for the analysis? If
so, please provide details of the fit and predicted mean time on treatment for
these curves, and a justification for why they weren’t selected for use in the
model.

Quality of life

B13.

B14.

Please comment on whether we might expect the quality of life for patients on
ceritinib and crizotinib to vary within different patient populations (e.g. whether
patients with brain metastases have a different quality of life on ceritinib compared to
those without). If so, should these be included within the MAIC analysis and adjusted
for differences in populations? How might the inclusion of the outcome of this
analysis affect the results of the model?

Please provide additional information on how EQ-5D data was collected for ceritinib

patients in ASCEND-4, including:

i) When records were collected (the frequency of collection, when records
ceased to be collected e.g. progression or discontinuation);
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i) The number of records (where applicable) were collected in ceritinib patients
who were: (a) pre-progressed and on first-line treatment, (b) pre-progressed
and off treatment, (c) post-progressed and on treatment, and (d) post-
progressed and off treatment;

i) The mean utility and other descriptive statistics in each of the four patient
groups described above (where applicable).

Drug costs

B15.

Please explain why the drug and administration costs and pre-progression costs
were halved in the first cycle of the model.

Health state costs

B16.

B17.

Priority question: The same per-cycle post-progression costs were applied in both
the ceritinib and the crizotinib arms in the model. Given that it would be reasonable to
assume that these may differ in each arm (e.g. because of the differential proportion
of people on an ALK inhibitor or the potential different number of people on active
treatment), please justify why these costs were applied in this way.

The clinicians consulted by the company advised that whole brain radiotherapy be
included in the post-progression health state costs. Further, it was stated that the
utilisation of this resource was expect to be different in each arm. Please explain why
radiotherapy was not included in the health state costs in the model.

Second-line treatment

B18.

B19.

Please provide a justification as to why the same proportion of patients received
active therapy post-discontinuation in each arm of the model? Is this likely to be
reflective of clinical practice? The ASCEND-4 trial and the PROFILE 1014 trial report
that 35% of people in ASCEND-4 and 43% in PROFILE 1014 received some
systemic therapy. Why were the rates of second-line treatment in the trials not used
in the model? The proportion of people receiving second-line systemic therapy were
lower than those used in the model — please describe why this was and how it might
impact on the overall survival estimates.

Priority question: The same duration for each second-line therapy has been applied
to each option regardless of the arm of the model it is applied in. People on ceritinib,
who have been demonstrated to live longer post-progression than those on crizotinib,
might be expected to receive second-line treatment for a longer duration than people
treated with crizotinib. Please comment on whether the assumption made within the
model is a realistic one.
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B20. Priority question: Please clarify whether the duration of second-line therapies was
recorded in the ASCEND-4 trial? If so, please modify and include within the model as
an additional scenario analysis in which time on secondary therapy is based on
duration of second-line therapy recorded in the ASCEND-4 trial.
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A1l.

Figure 5 presents patient disposition in ASCEND-4 and includes reasons for

discontinuation of treatment. For 12 and 9 patients in the ceritinib and crizotinib arms
respectively, the reason is ‘other’. Please can you provide details of these other reasons.
The ERG notes that in the clinical study report (CSR) for 7 and 11 patients respectively
the reason for discontinuation is ‘Physician decision’. This is not a reason listed in Figure
5 of the submission. Furthermore, 2 ‘physical decision’ reasons listed in Figure 5 do not
appear in the CSR. Please can you explain the discrepancies.

Figure 5 from the submission has been revised and agrees with the relevant table from the CSR, Table
10-1, which is given on the following page. An explanation of the changes is given below.

Figure 1 Patient disposition in ASCEND-4

425 patients assessed for eligibility

49 failed screening

v

376 eligible patients randomly assigned

1 death

> 45 did not meet inclusion criteria
3 patient or guardian decision

!

.

¥

189 randomly assigned to receive ceritinib
750 mg/day in fasted state

187 randomly assigned to receive chemotherapy

v

1 death

v

12 did not receive chemotherapy
7 patient or guardian decision
2 adverse events
2 physician decision

189 received ceritinib

175

received chemotherapy

87 with pemetrexed-cisplatin at starting dose
88 with pemetrexed-carboplatin at starting dose
127 received pemetrexed maintenance

.
.

v

'

v

v

94 discontinued treatment
51 disease progression
15 adverse events
9 deaths
T patient or guardian
decision
T physician decision
5 other

95 remain on
treatment’

145 discontinued treatment

94 disease progression

16 adverse events

10 deaths

16 patient or guardian
decision

9 physician decision

Table 10-1 Patient disposition by treatment arm (FAS)

30 remain on
treatment’
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Table 10-1 Patient disposition by treatment arm (FAS)
Ceritinib All
750 mg Chemotherapy patients
H=189 H=187 H=376
Disposition/ reason n (%) n %) n (%)
Patients randomized
Untreated 0 12(6.4) 12( 3.2)
Treated 189( 100) 175{93.6) 364(96.8)
Treatment phase
Ongoing [a] 95(30.3) 30{16.0) 125(33.2)
Discontinued from treatment phase 94(49.7) 157(84.0) 251(66.8)
Entered extension-treatment phase 0 B1{43.3) 81(21.5)
Entered post-treatment follow-up phase 10{ 5.3) 16( B.6) 26{ 6.9)
Entered survival follow-up phase 64(33.9) 31{16.6) 95(25.3)
Discontinued from study 20(10.6) 28{15.5) 49(13.0)
Primary reason for discontinuation from treatment
phase
Adverse event 15( 7.9) 1B(9.6) 33(5.8)
Death 9{ 4.8) 11(5.9) 20(5.3)
Lost to follow-up 2(1.1) ] 2(0.5)
Mon-compliance with study treatment 2(1.1) ] 2(0.5)
Physician decision T(3.7T) 11(5.9) 18(4.8)
Progressive disease S1(27.0) 94(50.3) 145(38.6)
Protocol deviation 1{0.5) ] 1(0.3)
Subject/guardian decision T(3.7T) 23(12.3) 30( &5.0)

Table 10-1 in the CSR lists together the primary reason for not starting treatment (row 5 of the patient
disposition figure, Figure 5) or for discontinuing from the treatment phase (row 7 of the disposition figure).

In the ceritinib group, all patients started on treatment and reasons for discontinuation during the
treatment phase are listed in row 7 of the disposition figure. The reasons given in Figure 5 and Table 10-1
are in agreement, given that “Other, n = 12” in the previous version of the disposition figure corresponds
to the following reasons listed in the CSR: 2 patients who were lost to follow up, 2 patients who were non-
compliant with study treatment, 7 patients who discontinued treatment on the basis of physician decision,
and 1 patient who had a protocol deviation. Figure 5 has now been revised to show the 7 patients who
discontinued on the basis of physician decision, and the 5 patients who discontinued for other reasons.

In the chemotherapy group, 12 patients randomised to chemotherapy did not receive any study drug,
while a further 145 discontinued during the treatment phase. In Figure 5 the details are given in rows 5
and 7, respectively, while in Table 10-1, the reasons for all 157 discontinuations or reasons for not
starting treatment are listed together. Of the 12 patients who were randomised to chemotherapy but did
not receive study drug, 2 did so for physician decision. This was incorrectly recorded as “physical
decision” in the patient disposition figure, and this has been corrected. The 9 patients recorded as
discontinuing chemotherapy during the treatment phase (row 7) all did so for physician decision, making
11 in total discontinuing for this reason, as given in Table 10-1. This has now been changed from “other”
to “physician decision”.
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The numbers of patients discontinuing on the basis of physician decision are listed for both treatment
groups in the revised Figure 5.
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A2. Section B 2.4.1 states that the full analysis set consisted of all randomised patients and
was used for the primary efficacy analysis. However 12/187 (6.4%) randomised patients in
the chemotherapy arm did not receive treatment. Please comment on this baseline
imbalance and the impact on the interpretation of the trial results.

The robustness and consistency of the positive treatment effect in favour of ceritinib in the primary
analyses results was confirmed with multiple subgroup, supportive, and sensitivity analyses; the PFS
results were similar to those obtained according to central assessment. Furthermore, central assessment
PFS results for the per-protocol set (which included patients who had an adequate local tumour
assessment at baseline, a follow-up local tumour assessment >5 weeks after starting, and who received
study drug only from the treatment arm they were randomised to prior to cross-over) were consistent with
those of the primary analysis results based on FAS. Thus, the fact that 12 patients in the chemotherapy
group did not receive treatment is not expected to impact on the interpretation of the results for ASCEND-
4. Furthermore, the focus for this submission and the economic evaluation is the outcomes for the
ceritinib group, rather than the difference between treatment groups. This is due to the fact that
chemotherapy is no longer considered a relevant treatment option in this patient population.’
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A3. On page 43 under ‘Crossover and sensitivity analysis’, it states that 105 (72%) of 145
patients were initially randomised to chemotherapy. This appears to be incorrect — 187
patients were randomised to chemotherapy. The submission does not provide any details
of the RPSFT adjustment for crossover. Please can you check whether the apparent error
in the number of patients randomised to chemotherapy has impacted on this analysis. If
necessary please provide corrected results for this sensitivity analysis.

The relevant sentence from the submission reads: “At the time of the OS analysis, 105 (72%) of 145
patients initially randomised to CT had received an ALK inhibitor after CT discontinuation”. As per Figure
5, 145 patients initially randomised to chemotherapy had discontinued treatment by the time of the OS
analysis, and of these 145, 105 received an ALK inhibitor after CT discontinuation. The original sentence
in the submission is therefore correct. The value of 187 relates to the total number of patients randomised
to CT (not those who had discontinued therapy); hence there is no need to correct the sensitivity analysis.
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A4. Priority question: A number of different methods are available to adjust for crossover in
the analysis of overall survival (ASCEND-4). Please provide the rationale for the selection
of the RPSFT methodology for the present analysis. Please provide the results using
alternative appropriate methods.

RPSFT methodology was specified in the protocol, and was performed in order to correct for confounding
introduced by the change of treatment when patients crossed over from the chemotherapy to the ceritinib
arm. After adjusting for crossover with the RPSFT model, the HR estimate was similar (HR 0.73, 95% Cl
0.49, 1.10) to that of the primary OS analysis (HR 0.73, 95% CI 0.50, 1.08);2 hence alternative methods to
adjust for crossover were not conducted. Furthermore, the RPSFT was included in the protocol as a
sensitivity analysis, and hence only one methodology was selected.

A further consideration is that the OS data for this study are immature. The OS data presented for
ASCEND-4 relate to the second interim analysis for OS, at which stage only 107 OS events had
occurred; this represents approximately 42.3% of the required events for the final OS analysis.® The study
did not cross the efficacy stopping boundary for OS at this second interim analysis, thus other exploratory
analyses were not investigated. The next planned interim analysis for OS is expected in - (based
on approximately 215 deaths), followed by a final OS analysis in [l (based on approximately 252
deaths).?

As discussed in this submission, chemotherapy is no longer considered an appropriate treatment option
for first-line treatment of patients with ALK+ NSCLC." Instead, the relevant comparator to ceritinib is
crizotinib. A MAIC was therefore performed in order to compare the outcomes for ceritinib and crizotinib
since there are no direct head-to-head data. Thus the only OS data of interest for the submission are
those relating to treatment with ceritinib, not those for the chemotherapy arm. The MAIC is only based on
data for the ceritinib group. Therefore, adjustment for crossover is not relevant to the focus of this
submission or for the economic evaluation.
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A5. Section B 2.6.6 states that = 80% of patients completed the EQ-5D, EORTC QLQ-C30,
EORTC QLQ-LC13 and LCSS questionnaires at most time points. Please can you provide
the percentages for completions for all questionnaires at all time points.

The relevant percentage completion rates for the patient-reported outcome questionnaires are available
in the extended version of the CSR (which has been provided along with the answers to these clarification
questions). They may be found in the following Tables of the extended CSR: Table 14.2-4.24 (EORTC
QLQ-C30), 14.2-4.25 (EORTC QLQ-LC13), 14.2-4.26 (LCSS), and 14.2-4.27 (EQ-5D).3
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A6. Priority question: Section D 1.1.7 lists 3 identified trials, but in Section 2.9 it states that
study NCT0169001 was not considered to be relevant to the match adjusted indirect
comparison (MAIC) as it included only Asian patients. Please can you provide further
details of this trial: the baseline characteristics and progression-free survival (PFS) and
overall survival (OS) results.

The full manuscript for this study has not yet been published, however an abstract was presented at
ASCO 2017 (http://ascopubs.org/doi/abs/10.1200/JC0O.2016.34.15 suppl.9058), and preliminary results
are available in the entry on clinicaltrials.gov
(https://clinicaltrials.gov/ct2/show/results/NCT01639001?sect=Xfedcba9871056). The following
information is taken directly from the results available on the latter.4>

Participants recruited to this study had a histologically or cytologically proven diagnosis of locally
advanced, recurrent, or metastatic non-squamous non-small cell lung cancer, and those patients with
measurable disease and a positive result for translocation or inversion of the ALK gene locus (as
determined by an ALK break-apart FISH test) were enrolled. 45

Patients were randomised to receive crizotinib or chemotherapy.*® In the crizotinib group, patients
received oral crizotinib 250 mg twice daily, at approximately the same time each day, on a continuous
daily dosing schedule. Each treatment cycle was defined as 21 days, and participants could continue
crizotinib treatment beyond RECIST-defined progressive disease (as determined by independent
radiological review), at the discretion of the investigator, if the participant was perceived to be
experiencing ongoing clinical benefit. In the chemotherapy arm, standard doses were administered
intravenously every 3 weeks, for a maximum of 6 cycles. The three chemotherapy drugs were
administered as follows:
e Pemetrexed (500 mg/m2) was administered over 10 minutes (or according to institutional
administration timing);
e Cisplatin (75 mg/m2) was administered after adequate hydration, and approximately 30 minutes
after the end of pemetrexed infusion;
e Carboplatin was administered on Day 1 of a 21-day cycle, at a dose calculated to produce an
area under the concentration time curve of 5-6 mg/min/mL, and beginning approximately 30
minutes after the end of pemetrexed infusion.

Participant flow through the study is illustrated in the table below:5

Crizotinib Chemotherapy

STARTED 104 103
Treated 104 101
COMPLETED 0 0

NOT COMPLETED 104 103
Randomised but not treated 0 2
Ongoing at date of cut-off 65 60
Refused further follow-up 3

Lost to follow-up 1

Death 35 35
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In the crizotinib and chemotherapy arms, respectively, the mean age was 48 and 49 years old, 91% and
93% were Han Chinese, 48% and 42% were male, 95% and 95% had ECOG PS 0/1, and 20% and 31%
had brain metastases. #°

The primary outcome was PFS, based on independent radiological review by treatment arm.5> PFS was
defined as the time from the date of randomisation to the date of first documentation of objective tumour
progression (by independent radiological review), death on study due to any cause, or last tumour
assessment without progression and before any additional anti-cancer therapy (whichever occurred first,
and assessed up to 33 months). If tumour progression data included more than one date, the first date
was used, and PFS (in months) was calculated as: (first event date- randomisation date +1)/30.44.
Progression was defined using RECIST v1.1, as a least a 20% increase (including an absolute increase
of at least 5 mm) in the sum of diameters of target lesions, taking as reference the smallest sum on study
and/or unequivocal progression of existing non-target lesions and/or appearance of one or more new
lesions. The full analysis population included all participants who were randomised, with study treatment
assignment designated according to the initial randomisation.

The secondary endpoint was OS, defined as the time from randomisation due to the date of death (of any
cause) or last known date at which the patient was alive (whichever occurred first, assessed up to 33
months).5 OS (in months) was calculated as: (date of death — date of randomisation +1)/ 30.44.

Compared to chemotherapy, crizotinib significantly prolonged PFS (HR: 0.40; 95% CI: 0.29-0.57; 1-sided
P < 0.0001). The median PFS was 11.1 months (95% CI: 8.3—12.6 months) for crizotinib and 6.8 months
(5.7-7.0 months) for chemotherapy.*5 With only 35% of OS events, there was a numerical (not
statistically significant) improvement in OS with crizotinib (HR: 0.90; 95% CI: 0.56—1.45; 1-sided P =
0.33).4
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A7. Priority question: The inclusion criteria for the ASCEND-4 and PROFILE 1014 trials
specified different methods for the determination of ALK status. Please comment on the
implications of these differences. Which test for ALK status is used routinely or most
commonly in the NHS?

In ASCEND-4,2 ALK status was determined centrally using the VENTANA anti-ALK (D5F3)
immunohistochemistry (IHC) assay, while in PROFILE 1014,% ALK status was evaluated centrally using
the Vysis ALK Break Apart FISH Probe Kit (Abbott Molecular).

Implications for use of different ALK tests in ASCEND-4 and PROFILE 1014

At least 12 studies "have compared D5F3 IHC with FISH. Although there are some issues with false-
positive and false-negative results, sensitivity ranged from 81-100% and specificity from 82-100%. The
correlation between the results with these two tests is therefore excellent, and inter-observer
concordance using D5F3 IHC in a series of lung adenocarcinoma with known ALK genotype (with a panel
of international pathologists) was high. Given the above results, we have no reason to suspect that the
use of different ALK testing methods in ASCEND-4 and PROFILE 1014 has any significant implications
regarding the patient populations involved in these two studies, or the results reported for these studies.

ALK tests used in the NHS

According to the 9 UK oncologists who participated in an advisory board meeting to discuss first-line
therapy for ALK+ NSCLC, the consensus was that most centres in the UK use IHC for first-line ALK
testing, with FISH sometimes being used to confirm results." Of the 9 centres represented, the responses
were as follows:

2 centres use reflex IHC
1 centre uses routine IHC with confirmatory FISH in “difficult” cases

e 2 centres use IHC and FISH simultaneously (although 1 of these centres uses IHC alone in trial
patients)

e 2 centres use reflex FISH (of which, 1 centre carries out NGS on squamous patients)

e 1 clinician also commented that it is his belief that the testing is slowly changing in the UK, from
FISH, to IHC followed by confirmatory FISH

The D5F3 IHC assay has recently been validated, and guidelines (Marchetti et al.) now recommend ALK
IHC for screening (with or without verification by means of FISH) to determine ALK inhibitor eligibility.” We
therefore expect that UK centres will continue to adopt this method of testing as opposed to, or in
conjunction with, FISH.

Page 11 of 56



Ceritinib for NSCLC ERG Responses [ID1117]

A8.

Priority question: One of the patient characteristics used for matching in the MAIC
analysis is ‘baseline brain metastases status’. Can you clarify that by this you mean
presence of brain metastases, yes or no? We note that the inclusion criteria for brain
metastases differ between ASCEND-4 and PROFILE 1014, in particular only patients with
treated brain metastases were allowed in PROFILE 1014. Please comment on the
implications of this for the matching and interpretation of the results.

The presence of brain metastases was a binary variable with the values “yes” or “no”.2

The inclusion criteria regarding brain metastases were comparable between the trials, with the exception
that PROFILE 1014 required prior treatment of brain metastases. Specifically:

In ASCEND-4, patients with brain metastases were eligible for inclusion if brain metastases were
asymptomatic or neurologically stable, and any previous radiotherapy to the brain had been
completed at least 2 weeks before study treatment initiation.2

In PROFILE 1014, patients with brain metastases were only eligible if pre-treated with
radiotherapy and neurologically stable, with no ongoing requirement for corticosteroids for at least
2 weeks before enrolment. Any prior radiation therapy must have been completed at least 2
weeks prior to the initiation of study medication.®

Based on the inclusion criteria, the ASCEND-4 trial contained only a subset of patients with brain
metastases who had been previously treated with radiation before study drug initiation. Of the 61 patients
with baseline brain metastases in the ceritinib arm, 24 patients, or 39%, had received prior radiation
therapy to the brain.? In contrast, in PROFILE 1014, all patients with brain metastases were required to
have been pre-treated with radiotherapy.® Although the MAIC adjusted for the baseline presence of brain
metastases in the PROFILE 1014 population, this cross-trial difference in the inclusion criteria for patients
with brain metastases was not adjusted for in the MAIC. If patients derived some lasting benefit from this
prior radiation treatment, this could have created a bias against ceritinib versus crizotinib in the MAIC of
PFS and OS outcomes.
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A9. There appear to be some discrepancies between the list of subsequent therapies listed
for ceritinib in Table 40 and those described in Section 12.1.4 of the ASCEND-4 CSR. We
note that those described in the CSR are only the ‘first next treatment’; does table 40
include other additional treatments? Please clarify the reasons for the discrepancies.
Also, please provide further details of the second-line therapies (post disease
progression) for ASCEND-4 (We have not been sent Table 14.3-2.5B of the CSR).

Table 14.3-2.5b can be found on pages 26217-26218 of the extended CSR (submitted with these
clarification question responses).? It lists the anti-neoplastic therapies that patients received second-line
(i.e. the first treatment after the study treatment to which they were randomised), as well as the numbers
and percentages of patients who received these treatments — see table below.

Table A9.1 Antineoplastic therapies received second-line in ASCEND-4

LDE37E
750 mg Chemoctherapy
ATC class N=189 N=187
Preferred term n (%) n (%)

-Any RAIC class

-Total 33 (17.5) 112 (59.9)
Folic Acid Analogues

-Total 17 (9.0} 3 (l.g)

Pemetrexed 3 (7.9) 2 (1.1)

Pemetrexed discdium 2 {1.1) 1 ({0.5)
Other Therapeutic Products

-Tota 2 {1.1) o]

Investigaticnal drug 2 (l.1) o]
Platinum Compounds

-Total 24 (12.7 2 (1.1

Carboplatin 14 (7.4 2 (1.1

Cisplatin 10 (5.3 o
Protein Kinase Inhibitors

-Total 4 (2.1) 107 (57.2)

Llectinib hydrochloride 0 1 ({0.5)

Ceritinib (0.5) 31 (43.3)

Crizotinib 3 (l.g) 24 (12.8)

Ffitinib o] 1 (0.5)
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LDE37E
750 mg Chemoctherapy
ATC class N=189 N=187
Preferred term n (%) n (%)
Pyrimidine Analogues
-Total 3 (1l.g) o]
FEmcitabine 3 (l.g) o]
Taxanss
-Total & (3.2 2 (1.1
Docetaxel o] 2 (1.1
Paclitaxel & (3.2) o]
Unspecified Herbal And Traditicnal
Medicine
-Total 1 ({0.5) ]
Unspecified herbal 1 ({0.5)

The distribution of second-line treatments in the cost-effectiveness model (presented in Table 40) was
derived using a combination of clinical trial data and feedback from clinical validation meetings.!
Specifically, the inputs in Table 40 reflect the following broad assumptions:

1. Based on feedback from three clinical experts, 60% _of patients in both the ceritinib and crizotinib
treatment arms were assumed to receive active second-line treatment following discontinuation of
firstline therapy. The remaining 40% of patients were assumed to receive no further systemic
therapy, due to rapid performance status deterioration or death.

2. Among the 60% of patients who receive active second-line therapy (based on the assumption
above), the distribution of patients across second-line treatment options was estimated based on
the relative frequency of different second-line treatments observed in the ASCEND-4 and
PROFILE-1014 studies.

The first assumption was applied because, in both clinical trials, there was insufficient follow-up time
available after progression to estimate the overall percent of progressed patients who received active
second-line systemic therapy. We expected that a larger proportion of progressed patients would
eventually transition to second-line treatment beyond the data cut-off. During independent consultations
with three clinical experts, two of the experts estimated that 60% of patients would receive active second-
line treatment after discontinuation of a first-line ALK inhibitor, while the third expert estimated that this
percentage could be as high as 90%. Based on this feedback, 60% was selected as the base-case
estimate.

Tables A9.2 and A9.3 below provide additional details on the calculation of the second-line treatment
distribution for the first-line ceritinib and crizotinib arms, respectively. As shown, among those receiving
an active second-line therapy, the distributions of patients across major second-line treatment options
were calculated based on the relative numbers of patients who initiated those treatments, as reported in
the trials. In both trials, the small percentage of patients who received other, uncommon second-line
treatments were proportionally redistributed to the treatment options below.
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Table A9.2: Proportion of patients receiving each second-line treatment regimen in the first-line
ceritinib arm: Calculation details

Second-line Distribution of second-line treatments, Distribution of second-line
treatment conditional on receiving an active second-line treatments among all
treatment patients who discontinue
first line
Percentage (with Notes/assumptions Percentage (with formula)
formula) "
ceritinib 3.1% 1.9% (=3.1%%(100%-40%))
(=1/(24+2+5+1))
crizotinib 15.6% Based on reported use of 9.4% (=15.6%%(100%-40%))
(=5/(24+2+5+1)) ALK inhibitors other than
ceritinib.
docetaxel 6.3% Based on reported use of 3.8% (=6.3%*(100%-40%))
(=2/(24+2+5+1)) single-agent chemotherapy.
pemetrexed 0.0% 0.0%
platinum doublet |75.0% Based on reported use of 45.0% (=75%*(100%-40%))
(=24/(24+2+5+1)) platinum-based doublet
pemetrexed + 75.0% chemotherapy. Assumes 45.0%
equal proportions of
cisplatin, or 37 5% cisplatin vs. carboplatin use 22.5%
as the platinum-based
carboplatin 37.5% component. 22.5%
no active 0.0% 40.0% @
treatment
Total: 100% 100%
Notes:

[1] Calculations are based on the reported number of patients receiving different second-line treatments after
discontinuing first-line ceritinib (Section 12.1.4 of the ASCEND-4 CSR). The denominator of 32 (=24+2+5+1) includes
patients in the first-line ceritinib arm who received an active second-line treatment (excluding 1 patient who received
a Chinese patent medicine).

[2] Based on expert opinion during clinical validation meetings, 40% of patients were assumed to receive no further
systemic therapy following disease progression.
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Table A9.3: Proportion of patients receiving each second-line treatment regimen in the first-line
crizotinib arm: Calculation details

Second-line Distribution of second-line treatments, conditional | Distribution of second-line
treatment on receiving an active second-line treatment treatments among all
patients who discontinue
first line
Percentage (with formula) Notes/assumptions Percentage (with formula)
[1]
ceritinib 17.9% Based on reported use of |[10.8% (=17.9%*(100%-
(=(6+1)/(6+1+1+15+13+3)) |ALK inhibitors other than |40%))
crizotinib.
crizotinib 2.6% (=1/(6+1+1+15+13+3)) |Based on reported use of |1.5% (=2.6%*(100%-40%))
ALK inhibitors other than
ceritinib.
docetaxel 7.7% (=3/(6+1+1+15+13+3)) 4.6% (=7.7%*(100%-40%))
pemetrexed 0.0% Based on the combined 0.0%
frequencies of cisplatin
and carboplatin, it was
assumed that all reported
use of pemetrexed was in
combination therapy (with
no patients receiving
single-agent pemetrexed).
platinum 71.8% Use of platinum doublet  |43.1% (=71.8%*(100%-
doublet (=(15+13)/(6+1+1+15+13+3)) | was inferred based on the |40%))
pemetrexed 71.8% combined frequencies of 43.1%
+ cisplatin and carboplatin.
cisplatin, or 33.3% 20.0% (=33.3%*(100%-
(=13/(6+1+1+15+13+3)) 40%))
carboplatin 38.5% 23.1% (=38.5%*(100%-
(=15/(6+1+1+15+13+3)) 40%))
no active 0.0% 40.0% @
treatment
Total: 100% 100%
Notes:

[1] Calculations are based on the reported number of patients receiving different post-progression treatments
following first-line crizotinib (Supplemental Appendix, Table S2 of Solomon et al. (2014))e. The denominator of 39
(=6+1+1+15+13+3) reflects the sum of the reported numbers of patients in the first-line crizotinib arm who received
an ALK inhibitor (ceritinib, alectinib, or crizotinib), cisplatin, carboplatin, and/or docetaxel following progression. Note
that this denominator exceeds the total reported number of patients who received =1 active post-progression (n=38),
as patients may have received more than one therapy.
[2] Based on expert opinion during clinical validation meetings, 40% of patients were assumed to receive no further
systemic therapy following disease progression.
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A10. Priority question: The data cut analysed was on July 2016. Is a later cut of the data
available? If so can the company provide us with this later data cut for OS and PFS
(Kaplan Meier-plots and numbers at risk) and incorporate this new data into the economic
model?

We can confirm that there are no later data cuts available at this stage. Furthermore, there are no further
planned analyses for PFS (since the final PFS analysis has already been presented in the ASCEND-4
primary paper, as per the study protocol).

Updated efficacy assessments for OS will be completed as per the protocol; the third interim analysis for
OS is planned for when approximately 215 deaths are observed, and a final analysis will be conducted
when approximately 253 deaths are observed.® Latest estimates indicate that these are likely to become

available in - and - respectively.
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A11. In the company submission it is asserted that more than 90% of people currently receive
crizotinib first-line. Going forward, are there any circumstances in which people would
receive first-line pemetrexed-based therapy instead of crizotinib or ceritinib?

At an advisory board, 9 UK oncologists were asked to comment on their treatment strategies in the ALK+
population, assuming that ceritinib received a first-line licence (since the advisory board pre-dated this
licence being granted).! Specifically, they were asked if they would prescribe ceritinib in the first-line
setting, and for their views regarding the role of immunotherapy and chemotherapy in this patient
population. In response to these two questions, no clinician suggested that they would use chemotherapy
in the first-line setting; the consensus was that they would prescribe ceritinib first-line over crizotinib for
most patients (with the exception of some patients with a performance status of 2, for whom they would
prescribe crizotinib). Furthermore, all of the clinicians who commented on the sequencing of ALK inhibitor
therapy, chemotherapy, and immunotherapy indicated that ALK inhibitors would be their first approach,
followed by either chemotherapy, immunotherapy, or chemotherapy followed by immunotherapy; again,
no clinician suggested that chemotherapy would be an appropriate first-line option. Finally, there were
discussions concerning the first-line treatments of choice in 3 and 5 years’ time in which the clinicians
focused solely on targeted ALK inhibitors, with no mention of chemotherapy as an option. We therefore
believe, based on lengthy discussions with UK clinicians, and the superiority of ALK inhibitors in terms of
outcome measures in phase 3 RCTs, that pemetrexed-based therapy is not considered an appropriate
fi