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NATIONAL INSTITUTE FOR HEALTH AND CARE
EXCELLENCE

Premeeting briefing

Cetuximab (review of TA176) and panitumumab (partial
review of TA240) for the first line treatment of metastatic
colorectal cancer

This premeeting briefing highlights key issues for discussion at the first
Appraisal Committee meeting and should be read with the full supporting

documents for this appraisal.

Key issues for consideration

Clinical effectiveness

Generalisability

e Considering the information below, are the clinical trials generalisable to the
population and current practice in England?

— Trials included subsequent treatments that are not widely used in England.

— Average age of trial populations was 59-65 years and the majority of
participants had an ECOG performance status of <2, meaning that people were
younger and fitter than the UK population of people with metastatic colorectal
cancer.

— The Assessment Group assumed that the diagnostic tests for RAS wild-type
status used in the clinical trials had the same accuracy as the tests used in
NHS practice (page 307 assessment report). It suggested that if the test were
less accurate in clinical practice than in the trials, this would likely increase the
ICERSs for cetuximab and panitumumab.

¢ Are the diagnostic tests for RAS wild-type status available to all patients in the
NHS?
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e How important are uncertainties and potential for bias in the clinical evidence?

— Evidence in people with RAS wild-type status tumours is mainly based on post
hoc subgroup analyses, not full intention-to-treat trial populations (the subgroup
analysis was pre-planned in 1 trial: PEAK). There are limitations associated
with interpreting subgroup data (for example, no minimising bias by
stratification or randomisation) and reduced power to show statistical
significance.

— The sample size of people with metastases confined to the liver was small and
analyses were post hoc, increasing uncertainty and further reducing power of
studies to show statistical significance.

— The subgroup data are the only available data for the RAS wild-type sub-
population. The European Medicines Agency used these data to inform the
recent change to the licensed indications for the technologies.

— Trials were open-label design (participants and outcomes assessors were not
blinded). However, 2 studies (OPUS and CRYSTAL) performed a blinded
retrospective review of radiological assessment, progression, and best
objective response rate, and 1 study (PRIME) did so for objective response rate
In addition, in 1 study (PRIME) an independent data monitoring committee
reviewed interim analyses of safety and progression free survival. The PEAK

trial did not include any independent assessments.

Treatment pathway

e Patients with colorectal cancer may undergo surgery to resect liver metastases;
for some patients, they are considered for resection only after first line
chemotherapy shrinks the hepatic metastases.

— Are all patients considered for resection of liver metastases in clinical practice
or only people with metastases confined to the liver?

— What is the evidence for increased survival after resection of liver metastases?

Robustness of clinical effectiveness estimates

e The Assessment Group performed a network meta-analysis to compare

cetuximab plus chemotherapy with chemotherapy alone, panitumumab plus
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chemotherapy with chemotherapy alone, and lastly cetuximab plus chemotherapy
with panitumumab plus chemotherapy. Did the Assessment Group use robust
methods and assumptions in its network meta-analysis?

Was it appropriate for the Assessment Group to use a fixed effect model in its
network meta-analysis?

The Assessment Group generated 2 discrete networks: 1 evaluating
FOLFOX-containing chemotherapy regimens and the second comparing
FOLFIRI-containing chemotherapy regimens. Was this appropriate, based on the
trial data available (it excluded the CALGB-80405 trial)?

Comparators

Was it appropriate for the Assessment Group to exclude some comparators from

its base case?

— Which FOLFOX regimen (FOLFOX4 or FOLFOXG6) is more commonly used in
clinical practice in England? The Assessment Group used FOLFOX4 in its base
case and FOLFOX6 in a scenario analysis.

— Is XELOX used in clinical practice in England and is it a relevant comparator?

— The Assessment Group also excluded the following comparators from its base
case: bevacizumab, capecitabine monotherapy, tegafur, folinic acid and
fluorouracil.

The Assessment Group assumed that XELOX had equal efficacy compared with

FOLFOX but that XELOX was cheaper. Is this appropriate, given the tolerability

profile of XELOX?

Cost effectiveness

Generalisability

The Assessment Group used an every other week dosing schedule for cetuximab
in its base case model, although the trials use weekly dosing. NICE cannot issue
guidance outside of the marking authorisation for cetuximab (which stipulates
weekly dosing). The Assessment Group did a scenario analysis using weekly

dosing of cetuximab; the results are presented in Table 7 and Figures 3—6.
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e For the subgroup analysis of people with metastases confined to the liver, the
following parameters were the same as used for the full population who had
metastases not confined to the liver: time of resection, overall survival for patients
who have not undergone resection, overall survival post-resection,
progression-free survival post-resection, utilities, costs, and adverse events.
Parameters that were unique to the subgroup of people with only liver metastases
were: proportion of people who had surgical resection, progression-free survival
for patients who have not undergone resection and treatment duration. Is this
clinically realistic?

e The Assessment Group used an average body surface area of 1.85m? for people
in its model, meaning that everyone would be treated with the highest dosage of

cetuximab. Does this accurately reflect the distribution of patients?

Treatment duration

e Above all, treatment duration is the most critical issue to explain the difference in
cost effectiveness estimates between the Merck model and Assessment Group
model; the ICERSs increase substantially using the Assessment Group estimates.
— Treatment duration affected the total mean cost of drug acquisition and

administration, which were critical drivers of cost effectiveness because they
were by far the largest cost items.

— The Assessment Group ICERs were very sensitive to changes in treatment
duration (deterministic sensitivity analysis).

— ICERs were impacted in a scenario analysis in which the Assessment Group
modelled overall survival from trial data, which in turn changed treatment
duration estimates (pages 379-382 of the assessment report).

Was the Assessment Group’s method of estimating treatment duration (presented

on pages 284-298 of the assessment report) appropriate? Merck acknowledged

that it underestimated treatment duration and submitted revised estimates to

reflect the actual mean treatment durations from the CRYSTAL and OPUS studies
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(pages 11-12 of Merck’s comments on the assessment report); these have not
been fully critiqued by the Assessment Group because they were submitted as
consultation comments but the Assessment Group noted that Merck did not
explain its method for calculating mean treatment duration in CRYSTAL and
OPUS.

Costs

e The cost of drug administration (comprising drug delivery, pharmacy costs,
infusion pump and line maintenance) was one of the largest cost items and is
affected by another key issues: treatment duration. Did the Assessment Group
use NHS Reference costs appropriately to estimate the cost of drug
administration? Refer to page 322—-329 of the assessment report and page 8 of
Merck’s consultation comments (which have not been critiqued by the
Assessment Group).

e Did the Assessment Group use an appropriate estimate for the cost of resection
surgery? Costs were estimated as follows:

— Merck: £2707
— Assessment Group: £10,440
— NICE technology appraisal 176: £8929.

Proportion of patients who undergo resection

e What is the likely proportion of patients who undergo surgical resection in clinical
practice? The Assessment Group’s ICERs were very sensitive to changes in this
parameter (deterministic sensitivity analysis).

— The Assessment Group considered that the company (Merck) estimates were
not appropriate (see table 92 of the assessment report).

— The Assessment Group stated that its estimated proportion of patients who
undergo resection with CET+FOLFOX il is subject to uncertainty because
it is based on an indirect comparison (pages 251-258 of the assessment
report). Is it realistic to assume that the proportion of patients who undergo
resection with CET+FOLFOX [JJilLis higher than the proportion with
PAN+FOLFOX I
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— In Merck’s consultation comments on the assessment report (which have not
been critiqued by the Assessment Group), it referred to data which suggests
that a higher proportion of patients undergo surgical resection in clinical
practice than in clinical trials (including the CELIM trial by Folprecht et al, the
Ye et al study and the Adam et al study). It noted that during NICE technology
appraisal 176, clinical specialists stated that a realistic rate for potentially
curative resection with chemotherapy in general was approximately 12—15%,

which could rise to approximately 30—-35% with the addition of cetuximab.

Overall survival and progression-free survival

e The Assessment Group ICERs were very sensitive to changes in the
post-resection overall survival and progression-free survival estimates
(deterministic sensitivity analysis). In addition, the Assessment Group
acknowledged a number of uncertainties in their progression-free survival
estimates (see section 5.8).

— Inits base-case model, the Assessment Group assumed that survival after first
line progression is independent of first line treatment (that is to say, treatment
effect from first line drugs stopped when disease progressed). Is this
appropriate?

— Was it appropriate for the Assessment Group to use the Weibull model to
extrapolate post-resection progression due to any other cause? See pages
260-265 of the assessment report for details.

— Was it appropriate for the Assessment Group to use the log logistic model to
extrapolate overall survival post-resection? It rejected the Weibull model
because progression free survival exceeded overall survival after 13 years,
which is not possible. See pages 260-266 of the assessment report for details.

— Was it appropriate for the Assessment Group to use the French study by Adam
et al. 2004 to estimate progression-free survival and overall survival
post-resection? How generalisable is the population in the Adam et al. study?

e Was the Assessment Group’s method of estimating progression-free survival for
patients who did not undergo resection appropriate (pages 273-277 of the

assessment report)?
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Utility values

e Are the Assessment Group’s utility values appropriate (Table 1)? Although the
utility values are derived from trial-based EQ-5D data, the data were from the
broader KRAS wild-type population (not specific to RAS wild-type patients). Note
that changing the utility values had little impact on the ICERS.

Table 1. Base case utility values in company (Merck) and Assessment Group

model (table 83 and 111 assessment report)

Parameter Company Assessment Assessment Group source
Group
1st line (PFS) 0.778 0.767 Bennett et al. (2011); average of the

PAN+FOLFOX and FOLFOX arms of
the PRIME trial (EQ-5D data)

2nd line 0.769 0.762 Bennett et al. (2011) | FOLFIRI arm of
the PRIME trial (EQ-5D data)
3rd line (PD) 0.663 0.6407 Wang et al. (2011); people receiving

BSC who are in disease progression
from the PRIME study (EQ-5D data)

PFS post resection 0.789 0.831 (age 63) Age related general population utility
(method by Ara and Brazier 2010,
updated to use Health Survey for
England 2012 data)

PD post resection  0.107 0.142 Average of 2" and 3" line utilities,
disutility weighted by time spent in 2" or 3
line

Key: PD, progressive disease; PFS, progression free survival

Cost-effectiveness results

e Do cetuximab and panitumumab meet the NICE criteria for end of life treatments?

e Cetuximab in combination with FOLFOX or FOLFIRI was shown to be cost
effective in the previous appraisal (with ICERS of £26,700—£33,300 and £23,500
per QALY compared with FOLFOX or FOLFIRI alone, respectively). What
explains the differences in the ICERs in the current appraisal? Refer to pages

417-423 of the assessment report for a comparison of the 2 models.
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1 Remit and decision problem(s)

1.1 The remit from the Department of Health for this appraisal was: To
appraise the clinical and cost effectiveness of cetuximab and
panitumumab within their licensed indications for previously untreated
metastatic colorectal cancer (review of technology appraisal 176 and
partial review of technology appraisal 240). This appraisal considers 2

populations:

¢ everyone with RAS wild-type metastatic colorectal cancer eligible for
first-line treatment, and

e a subgroup of people with metastases confined to the liver (note that
current NICE guidance TA176 recommends cetuximab only in people

whose metastases are confined to the liver).

Approximately 26% of patients in the 5 pivotal clinical trials for cetuximab
and panitumumab had metastases only in their liver. Refer to Table 2
below for a summary of the final scope, and Appendix A of the

assessment report for the full protocol.

Table 2. Final scope issued by NICE, with Assessment Group comments

Final scope issued by NICE Additional comments or
specifications in the Assessment
Group’s protocol

Population | Adults with previously untreated, Subgroup: people with metastases
RAS wild-type mCRC. confined to the liver

If evidence allows, consideration
may be given to subgroups based
on the location of metastases (inside
and/or outside the liver).

Intervention | ¢ Cetuximab, in combination with | Assessment Group did not identify
FOLFOX (CET+FOLFOX) or any evidence for PAN+FOLFIRI as a
irinotecan-based chemotherapy | first line treatment in people with

e Panitumumab, in combination RAS wild-type mCRC
with fluorouracil-containing
regimens (PAN+FOLFOX or
PAN+FOLFIRI)
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Comparator | The interventions should be The Assessment Group used
compared with each other, and with: | FOLFOX4 in its base case and
e FOLFOX FOLFOXG6 in a scenario analysis
e XELOX (page 385 assessment report and
e FOLFIRI page 19 confidential appendix).
e Capecitabine
o Tegafur, folinic acid and The Assessment Group did not
fluorouracil include bevacizumab or XELOX in its

base case analysis, but included
included them as comparators in
scenario analyses.

e Bevacizumab, in combination
with oxaliplatin- or irinotecan-
based chemotherapy (not

recommended by NICE but e Bevacizumab-based first line
funded via the Cancer Drugs treatment for mCRC was
Fund) delisted from the Cancer

Drugs Fund in March 2015.

e There were no head-to-head
studies comparing cetuximab
or panitumumab with XELOX
in the RAS wild-type
subgroup, and the data for
XELOX (compared with
FOLFOX) contained many
uncertainties.

The Assessment Group did do not
consider capecitabine monotherapy
or tegafur, folinic acid and
flourouracil as comparators in the
base case or scenarios as these
single fluoropyrimidine regimens are
typically only used for patients for
whom combination chemotherapies
would be unsuitable and therefore
these patients would not be eligible
to receive cetuximab or
panitumumab.

It did not consider tegafur/uracil
because it was discontinued in 2013.

Overall survival -
Progression-free survival
Response rate

Rate of resection of metastases
Adverse events

¢ HRQoL

Outcomes

Key: FOLFIRI, folinic acid+fluourouracil+irinotecan; FOLFOX, folinic
acid+fluourouracil+oxaliplatin; HRQoL, health-related quality of life; mCRC, metastatic
colorectal cancer; RAS, rat sarcoma; XELOX, capectiabine+oxaliplatin
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Background: clinical need and practice

Colorectal cancer usually develops slowly over a period of 10 to 15 years.
Metastatic colorectal cancer (MCRC) refers to disease that has spread
beyond the large intestine and nearby lymph nodes. This type of cancer
most often spreads first to the liver, but metastases may also occur in
other parts of the body including the peritoneum, lungs, brain, and bones.
Approximately 25% of people present with metastases at initial diagnosis
and almost 50% of people with colorectal cancer will develop metastases.
The 1-year survival rate in England and Wales is approximately 75%, and

the 5-year survival rate is under 60%.

Treatment of metastatic colorectal cancer may involve a combination of
surgery, chemotherapy, radiotherapy and supportive care. When possible,
surgical removal (resection) of the primary tumour and metastases may
be considered, but usually only when there are no metastases outside of
the liver. Chemotherapy may be recommended before surgery, to make
the tumour(s) smaller and suitable for resection. For people with
metastases only in their liver, complete resection appears to offer the best
chance of long-term survival; up to 30% of people may be cured if liver

metastases can be resected.

NICE clinical guideline 131 recommends chemotherapy options including:

1. fluorouracil and folinic acid in combination with oxaliplatin (FOLFOX),
2. tegafur in combination with fluorouracil and folinic acid,
3. capecitabine in combination with oxaliplatin (XELOX), and

4. capecitabine alone.

In practice, fluorouracil and folinic acid may also be used in combination
with irinotecan (FOLFIRI) in some people for whom oxaliplatin is not

suitable.

Chemotherapy may be combined with biological agents such as:
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1. cetuximab (recommended for 16 weeks only, in people whose

metastases are confined to the liver, in technology appraisal 176)

2. panitumumab (available through the Cancer Drugs Fund)

3. bevacizumab (available through the Cancer Drugs Fund).

Technologies

Cetuximab and panitumumab appear to be more effective for treating
tumours without mutations (known as ‘wild-type’) in genes in the RAS
family (specifically KRAS and NRAS) than those with mutations. Since the
previous NICE technology appraisals of cetuximab and panitumumab, the
European Medicines Agency updated the marketing authorisations of both
drugs to reflect a new stricter definition of RAS wild-type status so that the
drugs are now licensed for a smaller population than previously. The
original marketing authorisations applied only to people with metastatic
colorectal cancer who did not have mutations in a single part of the KRAS
gene (exon 2). The current, updated marking authorisations are restricted
to people without any mutations in any of the RAS genes (known as RAS
wild-type status, see Table 3). Approximately half of people with
metastatic colorectal cancer have RAS wild-type tumours. NICE therefore
agreed to review technology appraisal 176 and partially review technology
appraisal 240 to appraise the drugs within their revised marketing

authorisations.
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Cetuximab (Erbitux, Merck Serono)

Panitimumab (Vectibix, Amgen)

Marketing
authorisation

Indicated for the treatment of patients with epidermal growth
factor receptor (EGFR)-expressing, RAS wild-type metastatic
colorectal cancer

¢ in combination with irinotecan-based chemotherapy,
e in first-line in combination with FOLFOX,
e as a single agent in patients who have failed oxaliplatin- and

irinotecan-based therapy and who are intolerant to irinotecan.

Indicated for the treatment of adult patients with wild-type
RAS metastatic colorectal cancer (MCRC):

e in first-line in combination with FOLFOX or FOLFIRI.

¢ in second-line in combination with FOLFIRI for patients
who have received first-line fluoropyrimidine-based
chemotherapy (excluding irinotecan).

e as monotherapy after failure of fluoropyrimidine-,
oxaliplatin-, and irinotecan-containing chemotherapy
regimens

NICE guidance

NICE TA 176:

Cetuximab in combination with FOLFOX, within its licensed
indication, is recommended for the first-line treatment of
metastatic colorectal cancer only when all of the following
criteria are met:

(1) the primary colorectal tumour has been resected or is
potentially operable

(2) the metastatic disease is confined to the liver and is
unresectable

(3) the person is fit enough to undergo surgery to resect the
primary colorectal tumour and to undergo liver surgery if the
metastases become resectable after treatment with cetuximab

(4) the manufacturer rebates 16% of the amount of cetuximab
used on a per patient basis.

Cetuximab in combination with FOLFIRI, within its licensed
indication, is recommended for the first-line treatment of
metastatic colorectal cancer only when all of the following
criteria are met:

NICE TA 240:

NICE was unable to recommend the use of panitumumab
in combination with chemotherapy for the treatment of
mCRC because no evidence submission was received
from the manufacturer.
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Cetuximab (Erbitux, Merck Serono)

Panitimumab (Vectibix, Amgen)

(1) The primary colorectal tumour has been resected or is
potentially operable.

(2) The metastatic disease is confined to the liver and is
unresectable.

(3) The patient is fit enough to undergo surgery to resect the
primary colorectal tumour and to undergo liver surgery if the
metastases become resectable after treatment with cetuximab.

(4) The patient is unable to tolerate or has contraindications to
oxaliplatin.

Patients who meet the criteria should receive treatment with
cetuximab for no more than 16 weeks. At 16 weeks, treatment
with cetuximab should stop and the patient should be assessed
for resection of liver metastases.

Administration

Administered through intravenous infusion once a week.

The initial dose is 400 mg cetuximab per m? body surface area.
All subsequent weekly doses are 250 mg cetuximab per m?.

6 mg/kg of bodyweight given through intravenous infusion
once every two weeks.

Acquisition
cost (BNF
2015)

20 ml vial (5 mg/ml): £178.10
100 ml vial (5 mg/ml): £890.50

A patient access scheme makes cetuximab available to the NHS
at a lower cost: £114.66 for the 20 ml vial and £573.30 for the
100 ml vial (a 35.6% discount).

5 ml vial (20 mg/ml): £379.29
20 ml vial (20 mg/ml): £1,517.16

A confidential patient access scheme makes
panitumumab available to the NHS at a lower cost.

Key: FOLFIRI, folinic acid+fluourouracil+irinotecan; FOLFOX, folinic acid+fluourouracil+oxaliplatin
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4 Clinical-effectiveness evidence

4.1 The Assessment Group included 3 key clinical trials of cetuximab and
panitumumab in its base case model: OPUS, CRYSTAL, and PRIME

(Table 4). The Assessment Group included data from other randomised

clinical trials in scenario analyses, for example the PEAK trial which
compared PAN+FOLFOX with BEV+FOLFOX. Full details of the clinical

evidence for cetuximab and panitumumab are presented on pages 88—

130 of the assessment report.

Table 4. Summary of clinical trials included in Assessment Group base case

model
Trial Intention to People with Intervention Comparator
treat RAS wild-type
population
CET | OPUS? 337 87 | CET+FOLFOX | FOLFOX
CRYSTAL 1198 367 | CET+FOLFIRI | FOLFIRI
PAN | PRIME® 1183 512 | PAN+FOLFOX | FOLFOX

a2 The Assessment Group used PRIME as the baseline trial for the FOLFOX network in their
base case cost-effectiveness model, because PRIME was larger than OPUS.

Key: CET, cetuximab; FOLFIRI, folinic acid+fluourouracil+irinotecan; FOLFOX, folinic
acid+fluourouracil+oxaliplatin; PAN, panitumumab

4.2 The Assessment Group performed a network meta-analysis to compare

cetuximab plus chemotherapy with chemotherapy alone, panitumumab

plus chemotherapy with chemotherapy alone, and lastly cetuximab plus

chemotherapy with panitumumab plus chemotherapy. The results of the

network meta-analysis are summarised in Table 5. It was not possible for

the Assessment Group to construct a complete network based on the

trials identified, so it generated 2 discrete networks: 1 evaluating

FOLFOX-containing chemotherapy regimens (known as the FOLFOX

network) and the second comparing FOLFIRI-containing chemotherapy

regimens (known as the FOLFIRI network). Merck constructed a complete

network using the CALGB-80405 trial, which compared cetuximab plus
FOLFOX or FOLFIRI with bevacizumab plus FOLFOX or FOLFIRI. The

National Institute for Health and Care Excellence
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Assessment Group excluded this trial did not randomly allocate patients to
FOLFOX or FOLFIRI, and the trial is only available as an abstract (see
page 169 of the assessment report). Results from the Assessment

Group’s 2 discrete networks are not directly comparable.

e There was no evidence to suggest that CET+FOLFOX is any more
effective than FOLFOX alone, BEV+FOLFOX or PAN+FOLFOX at
improving overall survival or progression-free survival.

e The Assessment Group noted that there was some evidence to show
that CET+FOLFOX improved overall response rate compared with
PAN+FOLFOX, and

e The Assessment Group noted that there was some evidence to show
that CET+FOLFOX was associated with fewer adverse events
compared with PAN+FOLFOX.

e Direct trial evidence and the results of the network meta-analysis
suggested that CET+FOLFIRI is more effective than FOLFIRI at
improving overall survival, progression-free survival and overall

response rate.

Full details of the network meta-analysis are presented on pages 131-153

of the assessment report.

4.3 The Assessment Group noted methodological differences between its
network meta-analysis and the submissions from the 2 companies that
make cetuximab and panitumumab. However, it noted that the overall
results of all 3 network meta-analyses were similar, but that all 3 were
subject to substantial uncertainty. The Assessment Group stated that, in
its view, the main limitation of the clinical evidence was that the clinical
evidence was all based on subgroup analyses. The trials were analysed
post-hoc after re-evaluating tumour samples from people with KRAS
wild-type exon 2 tumours, reclassifying them by RAS wild-type status as
currently defined. The Assessment Group noted that there were a low

number of samples available for re-analysis and missing data which
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reduced the power of some studies to find a statistical difference. The
Assessment Group stated that the trial populations were generally

balanced which minimised the potential for confounding bias.
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Table 5. Summary of results from Assessment Group’s network meta-analysis (fixed effect model) to compare
chemotherapy-based cetuximab and panitumumab regimens with each other, and with chemotherapy alone: efficacy

outcomes (table 54 on page 152 of the assessment report)

RAS wild-type RAS wild-type with only liver metastases at baseline
PFS, oS, Complete PFS, oS, Complete
HR (95%Crl) HR (95% Crl) resection rate, HR (95% Crl) HR (95% Crl) resection rate,
OR (95% Crl) OR (95% Crl)

Intervention: CET+FOLFOX compared with
FOLFOX 0.53 (0.27,1.04)2 0.94 (0.56, 1.57) NE 0.35(0.06, 1.96)2 0.90 (0.33, 2.43)2 4.63 (0.20, 104.60)2
PAN+FOLFOX 0.74 (0.36,1.49) 1.22(0.71,2.11) NE 0.44 (0.07,2.66) 1.29(0.42 3.94) 2.09 (0.08, 56.28)

Intervention: PAN+FOLFOX compared with
FOLFOX 0.72 (0.58,0.90 0.77 (0.64,0.93° |G |0.79°(049 127 0.69(0.42,1.15° 2.20 (0.80, 6.07)°

Intervention: CET+FOLFIRI compared with
FOLFIRI 0.56 (0.41,0.76)¢ 0.69 (0.54,0.88)¢ NE NE NE NE

a direct evidence from OPUS; ® direct evidence from PRIME; ¢ direct evidence from PEAK; 9 direct evidence from CRYSTAL; ¢ direct
evidence from FIRE-3

Key: BEV, bevacizumab; CET, cetuximab; Crl, credible interval; FOLFIRI, folinic acid+fluorouracil+irinotecan; FOLFOX, folinic
acid+fluorouracil+oxaliplatin; HR, hazard ratio; NE, not evaluable (no data available); OR, odds ratio; OS, overall survival; PAN,
panitumumab; PFS, progression free survival; RAS, rat sarcoma
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Cost-effectiveness evidence

Amgen, the manufacturer of panitumumab, did not include an economic
model in its submission. Merck, the manufacturer of cetuximab, submitted
an economic model which the Assessment Group critiqued on pages
188-236 of the assessment report. The Assessment Group’s independent
economic assessment is described on page 237 onwards. The
Assessment Group model simulates a cohort of people with RAS
wild-type metastatic colorectal cancer starting on first line treatment
(Figure 1). It uses a cycle length of 1 month and a time horizon of 30
years; virtually everyone in the model is predicted to have died 20 years

from start of treatment.

The Assessment Group assumed a certain proportion of patients
receiving treatment then become suitable for resection of their liver
metastases; the Assessment Group calculated this separately for each
treatment arm. For patients who undergo resection, the Assessment
Group modelled progression-free survival and progressive disease
post-resection. In the model, life expectancy after resection was
substantially greater than for patients without resection. For patients who
do not undergo resection, the Assessment Group modelled first line
progression-free survival for each therapy, second line treatment with
FOLFOX or FOLFIRI and third line treatment with best supportive care.
The Assessment Group did not model second-line treatment with
panitumumab, cetuximab or bevacizumab, although they were used

extensively in the relevant clinical trials, because:

¢ NICE have recommended none of these treatments
e the CDF have recommended only second line BEV+FOLFOX, not
panitumumab nor cetuximab

¢ these treatments are not commonly used in current practice in England.
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5.3 Differences in clinical effectiveness between first line drug treatments are

represented by the differences between:

e first line progression-free survival on treatment
e proportion of patients who undergo surgical resection

e incidence of adverse events.

Figure 1. Structure of the Assessment Group cost-effectiveness model

PFS,
1*-line drug

PFS Post successful
resection

2" line PD Post Successful
‘ FOLFOX/ FOLFIRI 4 resection

3rd-line BSC

* PFS, no drug: in the randomised controlled trials relevant to this appraisal, mean time on
first line treatment is less than mean time in PFS for CET+FOLFIRI and FOLFIRI. Because
the Assessment Group assume that patients start second line treatment at the time of
progression, there is therefore a period in first line PFS during which patients are on no
active drug treatment. For patients who have not undergone resection in the CET+FOLFIRI
and FOLFIRI arms, first line PFS is therefore split in to 2 states: on drug, and not on drug.
For all other treatments, patients were assumed to receive first line treatment for the
complete duration of first line PFS.

Key: BSC, best supportive care; PD, progressive disease; PFS, progression-free survival
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The Assessment Group’s base-case analysis assumed that survival after
first line progression is independent of first line treatment, that is to say
any treatment effect from first line drugs stopped when disease
progressed. By contrast, in the randomised controlled trials overall
survival reflected response to both first and subsequent lines of treatment.
However, the Assessment Group considered it inappropriate to use this
assumption in its model because the trials included second line drugs that
are not commonly used in the NHS (including second-line panitumumab,
cetuximab and bevacizumab), and these second line treatments may
affect survival. It also noted that second line treatments differed across
the trial arms, and therefore the arms are not balanced. The Assessment
Group explored the impact of the alternative survival assumption in a

scenario analysis.

Refer to page 251-341 of the assessment report for full details of the

model parameters and assumptions, including:

o utilities (pages 308-314)
e costs (pages 315-338)

e adverse event-related disutilities and costs (pages 338—-341).

For the subgroup analysis of people with metastases in their liver only,
the Assessment Group assumed that the following parameters have the
same values in the subgroup as for the full population (who, if they have

liver metastases, also have metastases elsewhere):

¢ time of resection of liver metastases

e overall survival for patients who did not have surgical resection
e overall survival post-resection

e progression-free survival post-resection

o utilities

e costs
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e adverse events.

Parameters that were unique to the subgroup of people with only liver

metastases were:

e proportion of patients who undergo surgical resection
e progression-free survival for patients who did not have surgical
resection

e treatment duration.

The Assessment Group predicted slightly longer life expectancy in the
liver metastases subgroup (1.8-3.0 years) compared with all patients
(1.7-2.4 years), because it predicted a higher proportion of patients would

undergo resection of liver metastases for the subgroup [JJlij compared

with all patients |||l

The Assessment Group noted 8 key differences between its model and
the model submitted by Merck, resulting in different ICERSs for cetuximab

plus chemotherapy compared with chemotherapy alone:

1. Treatment duration: the Assessment Group considered that
Merck underestimated mean treatment durations. This resulted in
lower drug acquisition costs and subsequently lower ICERs than
the Assessment Group (see Figure 2 below, and pages 202—-203,
222-224 and 284-298 of the assessment report). The Assessment
Group noted that treatment duration was the most important issue
explaining the difference between the results of the Merck model
and the Assessment Group’s model. Refer to pages 11-12 of
Merck’s comments on the assessment report for revised treatment
duration estimates, which inform Merck’s revised ICERs on page
23 of the comment document (note that these comments and
revised ICERs have not been critiqued by the Assessment because

they were submitted as consultation comments).
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2. Progression-free survival in patients who did not undergo
resection of liver metastases: the Assessment Group considered
that the Merck model overestimated this parameter, which resulted
in lower ICERs than the Assessment Group (see page 200-203 of
the assessment report).

3. Post resection progression-free survival: Merck assumed
shorter durations, and therefore estimated higher ICERSs, than the
Assessment Group (pages 199 and 260 of the assessment report).

4. Duration of progressive disease: Merck assumed shorter
durations, and therefore estimated higher ICERSs, than the
Assessment Group (pages 199 and 260 of the assessment report)

5. Proportion of patients who undergo resection: Merck assumed
a lower proportion of patients who have resection with
CET+FOLFOX than the Assessment Group, which increased
Merck’s ICERs compared with the Assessment Group’s estimates
(pages 198 and 251 of the assessment report).

6. Drug administration unit costs: Merck assumed lower costs,
which reduced the ICERs compared with the Assessment Group
(see page 231-233, 208 and 322-359 of the assessment report).

7. Drug acquisition costs: Merck assumed lower costs for
cetuximab and therefore lower ICERs than the Assessment Group.
Merck used higher costs for FOLFOX and FOLFIRI than the
Assessment Group, which doesn’t impact cost effectiveness
because both treatment arms are affected in a similar way (pages
205-207, 226-231 and 316322 of the assessment report).

8. Cost of a resection operation cost: Merck assumed a lower cost,
which resulted in lower ICERs compared with the Assessment
Group (see page 210, 234, and 330-333 of the assessment
report).

9. Monthly cost of post-resection progressive disease: Merck

assumed lower costs, which reduced the ICERs compared with the
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Assessment Group (see page 210-211, 233-234 and 335-337 of

the assessment report).

When the Assessment Group applied their preferred assumptions to
Merck’s model, the results were similar to the results of their own model
(see table 146 and the figures on pages 404—409 of the assessment
report).

Figure 2. Mean durations of first line drug treatment: comparison of company
model and Assessment Group’s model (PenTAG) (Figure 17 of the assessment

report)
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5.8 The Assessment Group highlighted a number of uncertainties in its own

model:

e Estimates of progression-free survival:

— Evidence for cetuximab was not as strong as panitumumab, because
the OPUS trial of cetuximab had fewer RAS wild-type patients
(n=87) than the PRIME trial of panitumumab (n=512).

— Because the Assessment Group did not have access to individual
patient data, it could only approximately estimate how
progression-free survival differs between patients who do or do not
undergo resection (pages 267-282 of the assessment report).

— The Assessment Group used a study by Adam et al. to estimate
progression-free survival and overall survival post-resection, but
acknowledged that these data are several years old, and that no
patients in the study had received either cetuximab or panitumumab
(pages 260-263 of the assessment report). Merck cited some more
recent references in its comments on the assessment report (pages
19-20); these have not been critiqued by the Assessment Group
because they were submitted as consultation comments.

— The Assessment Group noted that the subgroup analysis of people
with metastases only in their liver is subject to even more uncertainty
because it had to make additional assumptions to estimate
progression-free survival in these patients.

e Treatment effect: the Assessment Group assumed that any treatment
effect from first line drugs stopped when disease progressed. The
Assessment Group did not model overall survival from the randomised
controlled trials because it considered that the data were not mature
enough, so modelled only progression-free survival from the trials. It
estimated overall survival from the times on first, second and third line
treatment for patients who had not undergone resection, and from
overall survival for patients who had undergone resection. It

acknowledged that this introduced uncertainty in the model, and
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explored the use of trial survival data in a scenario analysis (see pages
379-382 of the assessment report for results of the scenario analysis:
the ICER for CET+FOLFOX compared with FOLFOX increased, and
the ICERS for CET+FOLFORI and PAN+FOLFOX compared with
chemotherapy alone decreased).

e Proportion of patients who undergo resection: the Assessment
Group stated that its estimated proportion of patients who undergo
resection with CET+FOLFOX (JJli}) is subject to uncertainty because it
is based on an indirect comparison (pages 251-258 of the assessment

report).

Assessment Group base case results

5.9

5.10

5.11

In the Assessment Group’s analysis of all patients, cetuximab and
panitumumab generated more QALY's than for chemotherapy alone:
0.15-0.35 more QALYs compared with FOLFOX and 0.30 QALYs
compared with FOLFIRI. However the additional costs were substantial:
more than £35,000 for cetuximab or panitumumab compared with
FOLFOX or FOLFIRI in the Assessment Group’s base case.

The Assessment Group’s base-case analysis used a fortnightly dosing
regimen for cetuximab, which is not included in its marketing authorisation
in the UK. Using a weekly dosing regimen increased the incremental costs
for cetuximab plus chemotherapy compared with chemotherapy alone,

which in turn increased the ICERSs for cetuximab.

Regardless of dosing regimen for cetuximab, the ICERSs for cetuximab or
panitumumab combined with chemotherapy compared with chemotherapy
alone were all over £100,000 per QALY gained, using the list price for
both cetuximab and panitumumab. When the Assessment Group used the
discounted prices for panitumumab (discount commercial in confidence)
and cetuximab, the ICERs were substantially above £50,000 per QALY
gained compared with chemotherapy alone (Table 6, Table 7, Figure 3—

6). Table 7 and Figures 3—6 use the weekly dosing regimen for cetuximab.
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Table 6. Cost-effectiveness result from company (Merck, manufacturer of cetuximab) and Assessment Group base case

analyses: fortnightly dosing of cetuximab (dosing not included in the marketing authorisation for cetuximab in the UK)

COMPANY ICERs (£/QALY)

AG ICERs (£/QALY)

List price Updated (new List price PAS for CET and
assumptions & PAS) NOT confidential PAS for
CRITIQUED BY AG PAN
ALL PATIENTS
CET+FOLFOX vs Not reported Not reported £12,792 (but CET+FOLFOX extendedly -
PAN+FOLFOX dominates PAN+FOLFOX)
CET+FOLFOX £46,503 £44.916 £109,820 £80,182
vs FOLFOX
PAN+FOLFOX | Not reported Not reported £239,007 ]
vs FOLFOX
CET+FOLFIRI vs £55,971 £74,139 £149,091 £105,588
FOLFIRI
PATIENTS WITH METASTASES CONFINED TO THE LIVER
CET+FOLFOX vs NR NR £173,505 I
PAN+FOLFOX
CET+FOLFOX £28,230 £42,793 or £22,6692 £104,045 £77,043
vs FOLFOX
PAN+FOLFOX | Not reported Not reported £89,673 e
vs FOLFOX
CET+FOLFIRI vs £39,545 £66,113 or £22,5272 £106,707 £78,292
FOLFIRI

aUsing the TA176 treatment duration. Source: Assessment report pages 213—-221 and confidential appendix, Merck submission pages 60—61
Key: AG, Assessment Group; CET, cetuximab; FOLFIRI, folinic acid+fluorouracil+irinotecan; FOLFOX, folinic acid+fluorouracil+oxaliplatin;
ICER, incremental cost-effectiveness ratio; PAN, panitumumab; PAS, patient access scheme; QALY, quality-adjusted life year
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Table 7. Cost-effectiveness result from company (Merck, manufacturer of cetuximab) and Assessment Group scenario

analyses: weekly dosing of cetuximab (dosing consistent with the marketing authorisation for cetuximab in the UK)

COMPANY ICERs (£/QALY)

AG ICERs (£/QALY)

List price List price PAS for CET and
confidential PAS for PAN
ALL PATIENTS
CET+FOLFOX vs Not reported £110,276 (but CET+FOLFOX ]
PAN+FOLFOX extendedly dominates
PAN+FOLFOX)
CET+FOLFOX vs £61,894 £165,491 £135,380
FOLFOX
PAN+FOLFOX vs Not reported £239,007 e
FOLFOX
CET+FOLFIRI vs FOLFIRI £74,212 £227,381 £183,314
PATIENTS WITH METASTASES CONFINED TO THE LIVER
CET+FOLFOX vs Not reported £467,857 e
PAN+FOLFOX
CET+FOLFOX vs Not reported £154,508 £127,166
FOLFOX
PAN+FOLFOX vs Not reported £89,673 e
FOLFOX
CET+FOLFIRI vs FOLFIRI Not reported £157,649 e

Source: Assessment report pages 385 and confidential appendix, Assessment Group model (Excel file), Merck submission pages 60—61
Key: AG, Assessment Group; CET, cetuximab; FOLFIRI, folinic acid+fluorouracil+irinotecan; FOLFOX, folinic acid+fluorouracil+oxaliplatin;
ICER, incremental cost-effectiveness ratio; PAN, panitumumab; PAS, patient access scheme; QALY, quality-adjusted life year
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Figure 3. Assessment Group base case results using discounted prices for
panitumumab (discount commercial in confidence) and cetuximab and weekly

dosing for cetuximab: all patients, FOLFOX network

Source: Assessment report confidential appendix
CET, cetuximab; FOLFOX, folinic acid+fluorouracilt+oxaliplatin; ICER, incremental cost-effectiveness
ratio; PAS, patient access scheme; QALY, quality-adjusted life year

Figure 4. Assessment Group base case results using discounted price and

weekly dosing for cetuximab: all patients, FOLFIRI network
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Source: Assessment report confidential appendix
CET, cetuximab; FOLFIRI, folinic acid+fluorouracil+irinotecan; ICER, incremental cost-effectiveness
ratio; PAS, patient access scheme; QALY, quality-adjusted life year
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Figure 5. Assessment Group base case results using discounted prices for
panitumumab (discount commercial in confidence) and cetuximab and weekly

dosing for cetuximab: patients with metastases confined to liver, FOLFOX

network

Source: Assessment report confidential appendix
CET, cetuximab; FOLFOX, folinic acid+fluorouracil+oxaliplatin; ICER, incremental cost-effectiveness
ratio; PAS, patient access scheme; QALY, quality-adjusted life year

Figure 6. Assessment Group base case results using discounted price and
weekly dosing for cetuximab: patients with metastases confined to liver,
FOLFIRI network

-
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Source: Assessment report confidential appendix
CET, cetuximab; FOLFIRI, folinic acid+fluorouracil+irinotecan; ICER, incremental cost-effectiveness
ratio; PAS, patient access scheme; QALY, quality-adjusted life year
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In the base case analysis of all patients, most of the incremental QALYs
for CET+FOLFOX compared with FOLFOX came from progression-free
survival post-resection. The Assessment Group explained that this is
largely because of the high expected proportion of patient who undergo
resection for CET+FOLFOX (JJl]) compared to FOLFOX (). The
incremental QALY's for PAN+FOLFOX were lower than for
CET+FOLFOX, because the Assessment Group model predicted a lower
proportion of patients undergoing resection for PAN+FOLFOX ().
compared to CET+FOLFOX. For CET+FOLFIRI, most incremental QALY's
came from progression-free survival in patients who either underwent
resection or who did not, but post-resection QALY's were less important
than for CET+FOLFOX because of the low proportion of patients
undergoing resection with CET+FOLFIRI (7.3%) and FOLFIRI (2.1%). In
the subgroup analysis of people with metastases confined to their liver,
most incremental QALY's in the FOLFOX network came from
progression-free survival and progressive disease post-resection. In the
FOLFIRI network QALYS came from progression-free survival both in

patients who did or did not undergo resection.

The probability that the treatments are cost-effective at a willingness to
pay threshold of £30,000 per QALY (using list prices for cetuximab and

panitumumab) are:

e FOLFOX or FOLFIRI: 78%
e CET+FOLFOX: 22%

e PAN+FOLFOX: 0%

e CET+FOLFIRI: 0%.

Results were similar in the subgroup whose metastases are confined to
the liver. See figures 60 and 61 of the assessment report for

cost-effectiveness acceptability curves.
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When the Assessment Group set the prices of cetuximab and

panitumumab to zero, the ICERs were:

e CET+FOLFOX compared with FOLFOX: £27,000 per QALY
e PAN+FOLFOX compared with FOLFOX: £50,000 per QALY
e CET+FOLFIRI compared with FOLFIRI: £27,000 per QALY.

The Assessment Group suggested that the reason that CET+FOLFOX,
PAN+FOLFOX and CET+FOLFIRI were associated with high ICERS is
that total costs of administering the combination treatments far exceeds
the costs of either FOLFOX or FOLFIRI, which is because the
Assessment Group predict that patients take the combination treatments
for longer than chemotherapy alone (9—11 months compared with 7-8

months). See pages 392-394 of the assessment report for more detail.

In the Assessment Group’s deterministic sensitivity analysis (pages 387—

392 of the assessment report), the ICERs were very sensitive to the:

e proportion of patients who undergo resection

length of progression-free survival after resection

life expectancy (overall survival) after resection

progression-free survival for patients who do not undergo resection

treatment duration.

ICERs were also sensitive to:

e discounting

e cost of administration for first line drugs.

The Assessment Group’s scenario analyses are presented on pages 376—

387 of the assessment report.
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6 End-of-life considerations

6.1

Table 8 and Table 9 summarise the End of Life criteria, as presented in

the assessment report. The Assessment Group cautioned that the life

extension estimates were not robust. Merck provided additional

considerations on End of Life criteria in the comments on the assessment

report (pages 15-18); these have not been critiqued by the Assessment

Group because they were submitted as consultation comments. Note that

the indications in the marketing authorisations for cetuximab and

panitumumab differ: cetuximab is also approved for treating squamous

cell cancer of the head and neck which determines the population size.

Table 8. Assessment of cetuximab against NICE End of Life criteria (table 148

of assessment report)

End of Life criteria

CET+FOLFOX compared
with FOLFOX

CET+FOLFIRI compared
with FOLFIRI

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

Mean 22.3 months on
FOLFOX based on
Assessment Group model

(page 343 assessment report).

However, mean 26.7 months
based on PRIME RCT

Mean 21.0 months on
FOLFIRI based on
Assessment Group model
(page 343 assessment
report).

However, mean 24.9 months
based on CRYSTAL RCT

There is sufficient
evidence to indicate
that the treatment offers
an extension to life,
normally of at least an
additional 3 months,
compared with current
NHS treatment

Mean 6.6 months extension to
life expectancy based on
Assessment Group model

(page 343 assessment report).

However, mean 0.5 months
based on OPUS RCT alone.

Mean 5.5 months extension to
life expectancy based on
Assessment Group model
(page 343 assessment
report).

However, mean 8.8 months
based on CRYSTAL RCT
alone.
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End of Life criteria CET+FOLFOX compared CET+FOLFIRI compared
with FOLFOX with FOLFIRI

Technology is licensed Estimated by the Assessment Group as:
or otherwise indicated,
for small patient
populations normally
not exceeding a
cumulative total of 7000
for all licensed
indications in England?

8,807 (based on data considered in previous technology
appraisal TA282 for KRAS WT population, including other
indications for cetuximab and updated to reflect subgroup of
RAS WT patients, in England only)

e 7,567 (based on data submitted by Merck for this appraisal,
updated to reflect all indications for cetuximab using data
from TA272, in England only)

e 11,349 (based on data cited in assessment report for
current appraisal, pages 63—64 and 410)

2Note that the indications in the marketing authorisations for cetuximab and panitumumab differ:
cetuximab is also approved for treating squamous cell cancer of the head and neck
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Table 9. Assessment of panitumumab against NICE End of Life criteria (table

149 of assessment report)

End of Life criteria PAN+FOLFOX compared with FOLFOX

Treatment is indicated Mean 22.3 months on FOLFOX based on Assessment Group
for patients with a short model (page 343 assessment report).

life expectancy, However, mean 26.7 months based on PRIME RCT
normally less than 24
months

There is sufficient Mean 2.6 months extension to life based on Assessment Group
evidence to indicate that model (page 343 assessment report).

the treatment offers an

extension to life,

normally of at least an However, mean 5.7 months based on PRIME RCT alone.
additional 3 months,

compared with current

NHS treatment

Technology is licensed  Estimated by the Assessment Group as:
or otherwise indicated,
for small patient
populations normally
not exceeding a
cumulative total of 7000
for all licensed
indications in England?

e 5,068 (based on data considered in previous technology
appraisal TA282 for KRAS WT population, updated to
reflect subgroup of RAS WT patients, in England only)

o 4,728 (based on data submitted by Merck for this appraisal,
updated to reflect England only)

¢ 8,511 (based on data cited in assessment report for current
appraisal, pages 63—64 and 410)

@Note that the indications in the marketing authorisations for cetuximab and panitumumab differ:
cetuximab is also approved for treating squamous cell cancer of the head and neck

7 Equality issues

71 No equality issues were identified during the scoping process or
submissions.
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Appendix A: Supporting evidence

Related NICE guidance

Published

Cetuximab, bevacizumab and panitumumab for the treatment of metastatic
colorectal cancer after first-line chemotherapy (review of TA150 and part review of
TA118). NICE technology appraisal guidance 242 (2012)

Panitumumab in combination with chemotherapy for the treatment of metastatic
colorectal cancer (terminated appraisal). NICE technology appraisal guidance 240
(2011)

Bevacizumab in combination with oxaliplatin and either fluorouracil plus folinic
acid or capecitabine for the treatment of metastatic colorectal cancer. NICE
technology appraisal guidance 212 (2010)

Cetuximab for the first-line treatment of metastatic colorectal cancer’. NICE
technology appraisal guidance 176 (2009)

Bevacizumab and cetuximab for the treatment of metastatic colorectal cancer.
NICE technology appraisal guidance 118 (2007)

The diagnosis and management of colorectal cancer’. NICE clinical guideline 131
(2011)

Selective internal radiation therapy for non-resectable colorectal metastases in the
liver. NICE interventional procedure guidance 401 (2011)

Radiofrequency ablation for colorectal liver metastases. NICE interventional
procedure guidance 327 (2009)

Preoperative high dose rate brachytherapy for rectal cancer. NICE interventional

procedure guidance 201 (2006)

NICE pathways

There is a NICE pathway on Colorectal cancer, which is available from

http://pathways.nice.org.uk/pathways/colorectal-cancer.
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Appendix B: European public assessment report

Cetuximab: http://www.ema.europa.eu/docs/en GB/document library/EPAR -
Assessment Report - Variation/human/000558/WC500160158.pdf

Panitumumab: http://www.ema.europa.eu/docs/en GB/document library/EPAR -
Assessment Report - Variation/human/000741/WC500187313.pdf
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NICE technology appraisal guidance 176

guidance.nice.org.uk/ta176

applies to guidance produced since June 2008 using the processes described in NICE's 'The guide to
the methods of technology appraisal' (2008). More information on accreditation can be viewed at
www.nice.org.uk/accreditation

www.nice.org.uk/accreditation

NICE has accredited the process used by the Centre for Health Technology Evaluation at NICE to )
produce technology appraisals guidance. Accreditation is valid for 5 years from September 2009 and NICE accredited
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1 Guidance

1.1 Cetuximab in combination with 5-fluorouracil (5-FU), folinic acid and oxaliplatin
(FOLFOX), within its licensed indication, is recommended for the first-line
treatment of metastatic colorectal cancer only when all of the following criteria
are met:

= The primary colorectal tumour has been resected or is potentially operable.
= The metastatic disease is confined to the liver and is unresectable.

= The patient is fit enough to undergo surgery to resect the primary colorectal tumour
and to undergo liver surgery if the metastases become resectable after treatment
with cetuximab.

= The manufacturer rebates 16% of the amount of cetuximab used on a per patient
basis.

1.2 Cetuximab in combination with 5-FU, folinic acid and irinotecan (FOLFIRI),
within its licensed indication, is recommended for the first-line treatment of
metastatic colorectal cancer only when all of the following criteria are met:

= The primary colorectal tumour has been resected or is potentially operable.
= The metastatic disease is confined to the liver and is unresectable.

= The patient is fit enough to undergo surgery to resect the primary colorectal tumour
and to undergo liver surgery if the metastases become resectable after treatment
with cetuximab.

= The patient is unable to tolerate or has contraindications to oxaliplatin.

1.3 Patients who meet the criteria in 1.1 and 1.2 should receive treatment with
cetuximab for no more than 16 weeks. At 16 weeks, treatment with cetuximab
should stop and the patient should be assessed for resection of liver
metastases.
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14 People with metastatic colorectal cancer with metastatic disease confined to
the liver who receive cetuximab should have their treatment managed only by
multidisciplinary teams that involve highly specialised liver surgical services.
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2 The technology

2.1

2.2

23

Cetuximab (Erbitux, Merck Serono) is a recombinant monoclonal antibody that
blocks the human epidermal growth factor receptor (EGFR) and therefore
inhibits the proliferation of cells that depend on EGFR activation for growth.
Cetuximab is indicated for the treatment of patients with EGFR-expressing,
Kirsten rat sarcoma (KRAS) wild-type metastatic colorectal cancer:

= in combination with chemotherapy

= as a single agent in patients who have failed oxaliplatin- and irinotecan-based
therapy and who are intolerant to irinotecan.

One common adverse effect of cetuximab treatment is the development of skin
reactions, which occur in more than 80% of patients and mainly present as an
acne-like rash or, less frequently, as pruritus, dry skin, desquamation,
hypertrichosis or nail disorders (for example, paronychia). The majority of skin
reactions develop within the first 3 weeks of treatment. The summary of
product characteristics (SPC) notes that if a patient experiences a grade 3 or 4
skin reaction, cetuximab treatment must be stopped, with treatment being
resumed only if the reaction resolves to grade 2. Other common adverse
effects of cetuximab include mild or moderate infusion-related reactions such
as fever, chills, nausea, vomiting, headache, dizziness or dyspnoea that occur
soon after the first cetuximab infusion. For full details of adverse effects and
contraindications, see the SPC.

The acquisition cost of cetuximab is £159.02 for a 5-mg/ml, 20-ml vial
(excluding VAT; 'British national formulary' [BNF] edition 57). The manufacturer
has agreed with the Department of Health that the NHS price will be £136.50
for a 20-ml vial (the previous list price) until NICE next reviews the guidance on
cetuximab for this indication. All calculations are based on this price. The initial
dose is 400 mg/m’ body surface area. Subsequent weekly doses are 250 mg/
m each. The SPC states that cetuximab treatment is recommended until there
is progression of the underlying disease. A person with a body surface area of
1.75 m” would receive seven vials per loading dose and five vials per
maintenance dose, equating to a cost of £955.50 for the loading dose and
£682.50 for each maintenance dose. Patients in the key clinical trials received
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cetuximab for approximately 8 months, equating to an average total cost of
£22,796 per patient. Costs may vary in different settings because of negotiated
procurement discounts.
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3 The manufacturer's submission

The Appraisal Committee (appendix A) considered evidence submitted by the manufacturer of
cetuximab and a review of this submission by the Evidence Review Group and the Decision
Support Unit (ERG and DSU; appendix B).

Clinical effectiveness

3.1

3.2

3.3

In the submission, the manufacturer compared a regimen of cetuximab in
combination with FOLFIRI with the FOLFIRI chemotherapy regimen alone, and
a regimen of cetuximab in combination with FOLFOX with the FOLFOX
chemotherapy regimen alone.

The main evidence on the efficacy of cetuximab in the manufacturer's
submission was derived from two randomised controlled trials:

= CRYSTAL (n = 1198), a phase lll, multicentre, open-label randomised controlled

trial, which compared cetuximab in combination with FOLFIRI with FOLFIRI alone,
and examined progression-free survival as the primary outcome.

OPUS (n = 336), a phase I, multicentre, open-label randomised controlled trial,
which compared cetuximab in combination with FOLFOX with FOLFOX alone, and
examined response rate as the primary outcome.

The participants in both trials were patients with previously untreated metastatic
colorectal cancer with non-resectable metastases and an Eastern Cooperative
Oncology Group (ECOG) performance status of less than or equal to 2 at study
entry. The planned treatment duration in both trials was until demonstration of
progressive disease by computed tomography (CT) or magnetic resonance imaging
(MRI), withdrawal of consent, or occurrence of unacceptable adverse events
(CRYSTAL only) or toxicity (OPUS only).

In the submission, the manufacturer presented data for the full analysis set
(people with KRAS wild-type metastatic colorectal cancer and KRAS
mutations) for both trials. However, the main data in the submission focused on
the post hoc analysis of the KRAS wild-type subgroup (n = 348 for the
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3.4

3.5

3.6

3.7

CRYSTAL trial; n = 134 for the OPUS trial), which was requested by the
regulatory agencies and reflects the licensed indication.

In response to ACD consultation, the manufacturer submitted updated overall
survival data from the CRYSTAL trial (described in sections 3.5 and 3.7) and
additional clinical evidence on the rates of liver resection (described in
sections 3.12 and 3.13).

The results of the full analysis set for the CRYSTAL study showed an improved
progression-free survival for cetuximab in combination with FOLFIRI compared
with FOLFIRI alone (p = 0.0479) with a hazard ratio (HR) of 0.85 (95%
confidence interval [CI] 0.726 to 0.998). In the manufacturer's additional
evidence, the overall survival (median follow-up 30 months) was 19.9 months
(95% CI 18.5 to 21.3) for cetuximab in combination with FOLFIRI compared
with 18.6 months (95% CI 16.6 to 19.8) for FOLFIRI alone (HR = 0.93, 95% CI
0.81 to 1.07). This was not statistically significant (p = 0.30).

In the OPUS study, for the full analysis set, the best overall response rate for
cetuximab in combination with FOLFOX was 45.6% compared with 36.0% for
FOLFOX alone. The chance for a best overall response of either complete
response or partial response increased by 50% in the cetuximab in
combination with FOLFOX group, which was not statistically significant

(p = 0.064).

The results of the CRYSTAL trial for the KRAS wild-type subgroup showed a
statistically significant increase in progression-free survival with a median
progression-free survival of 9.9 months (95% CI 8.7 to 14.6) for cetuximab in
combination with FOLFIRI compared with 8.7 months (95% CI 7.4 to 9.9) for
FOLFIRI alone (HR = 0.684, p = 0.0167). Cetuximab in combination with
FOLFIRI was also associated with a statistically significant increase in
response rate compared with FOLFIRI alone (59.3%, 95% CI 51.6 to 66.7
versus 43.2%, 95% CI 35.8 to 50.9, respectively; p = 0.0028). The rate of
potentially curative liver metastases resection for cetuximab in combination
with FOLFIRI was 3.5% (n = 6) compared with 2.3% (n = 4) for FOLFIRI alone
(statistical significance was not reported for this outcome). In the additional
evidence, the overall survival (median follow-up 30 months) was 24.9 months
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(95% Cl 22.2 to 27.8) for cetuximab in combination with FOLFIRI compared
with 21.0 months (95% CI 19.2 to 25.7) for FOLFIRI alone (HR = 0.84, 95% CI
0.64 to 1.11). This was not statistically significant (p = 0.22).

3.8 The OPUS trial results for the KRAS wild-type subgroup also showed a
statistically significant increase in progression-free survival, with a median
progression-free survival of 7.7 months (95% CI 7.1 to 12.0) for cetuximab in
combination with FOLFOX compared with 7.2 months (95% CI 5.6 to 7.4) for
FOLFOX alone (HR = 0.570, p = 0.0163). Cetuximab in combination with
FOLFOX was also associated with a statistically significant increase in
response rate compared with FOLFOX alone (60.7%, 95% Cl147.3t0 72.9
versus 37.0%, 95% CIl 26.0 to 49.1, p = 0.011). The rate of potentially curative
liver metastases resection for cetuximab in combination with FOLFOX was
11.5% (n = 7) compared with 4.1% (n = 3) for FOLFOX alone (statistical
significance was not reported for this outcome).

3.9 The CRYSTAL trial also reported results for people in the KRAS wild-type
subgroup who had metastatic disease confined to the liver (n = 67). The
addition of cetuximab to FOLFIRI increased the median progression-free
survival from 9.5 months to 14.6 months. However, this difference was not
statistically significant (HR = 0.724, p = 0.437). Cetuximab in combination with
FOLFIRI was associated with a statistically significant increase in response
rate compared with FOLFIRI alone (77.1%, 95% CI 59.9 to 89.6 versus 50.0%,
95% Cl 31.9 t0 68.1, p = 0.0246).

3.10  Quality of life was assessed in the CRYSTAL study using the QLQ-C30 and
the EuroQol (EQ-5D) questionnaires. In the KRAS wild-type subgroup, some
measures of the QLQ-C30 showed statistically significant differences between
the two treatment groups in favour of the FOLFIRI-only group (mean change
from baseline to worst physical functioning score, and dyspnoea scores). Only
37 patients completed evaluable baseline EQ-5D questionnaires; therefore, no
formal statistical analyses were performed. A summary utility value was
calculated for all patients, pooling all values at each visit. This provided a utility
value representative of patients receiving first-line chemotherapy of 0.77
(standard deviation 0.22, n = 128). The OPUS study did not collect any quality
of life data.
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3.1

3.12

3.13

3.14

The majority of adverse events in the KRAS wild-type subgroup were in line
with the existing SPC for cetuximab or 5-FU with folinic acid in combination
with irinotecan or oxaliplatin. In the CRYSTAL trial, the adverse events that
occurred more frequently with cetuximab in combination with FOLFIRI
compared with FOLFIRI alone (a difference of 5% or more between groups)
were neutropenia, constipation, dyspepsia, dyspnoea, dysgeusia, injection site
reaction, erythema, hypotension, hypertrichosis and cheilitis. In the KRAS wild-
type population of both the CRYSTAL and OPUS trials, the frequency of
palmar-plantar erythrodysaesthesia syndrome was higher with cetuximab in
combination with FOLFIRI compared with FOLFIRI alone (16.2% versus 2.8%
[28 versus 5 patients]) and with cetuximab in combination with FOLFOX
compared with FOLFOX alone (13.1% versus 4.1% [8 versus 3 patients]).

The manufacturer submitted data from the CELIM trial (n = 114), a phase II,
multicentre, open-label, randomised trial that compared cetuximab in
combination with FOLFOX with cetuximab in combination with FOLFIRI, and
examined tumour response as the primary outcome. Secondary endpoints
included liver resection rates, progression-free survival, disease-free survival
and overall survival. The participants in the trial were patients with non-
resectable colorectal liver metastases (defined as patients with five or more
liver metastases, or patients with liver metastases that are technically non-
resectable) and a Karnofsky performance status score of 80 or more. Patients
received 8 cycles (approximately 4 months) of treatment.

The results of the interim analysis of the data from the CELIM trial showed that
the liver resection rate for cetuximab in combination with FOLFIRI (n = 53) was
43% compared with 40% for cetuximab in combination with FOLFOX (n = 52).
For all patients in the trial (n = 105) the liver resection rate was 42%, and for
the KRAS wild-type subgroup (n = 67) it was 43%. For those patients who had
technically non-resectable liver metastases at baseline (n = 57) the liver
resection rate was 40%.

The ERG considered that there were a number of limitations with the evidence
in the manufacturer's submission. It noted that the KRAS wild-type analysis
was carried out post hoc and was likely to have been underpowered. It also
noted that the differences in progression-free survival of 1.2 months and
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3.15

0.5 months for the CRYSTAL and OPUS trials' KRAS wild-type populations,
respectively, were statistically significant in favour of cetuximab but not
clinically meaningful. The ERG was also uncertain of the accuracy of the
KRAS test in clinical practice.

The ERG identified a number of limitations with the evidence from the CELIM
study. It was concerned that the study was not a randomised assessment of
cetuximab compared with no cetuximab. Therefore the ERG was uncertain
whether the higher rates of resection were because of cetuximab treatment or
other factors in the study such as those associated with patient care, surgical
practice and patient characteristics. The ERG noted that inclusion criteria for
the study specified patients with non-resectable liver metastases, with 55% of
patients having technically non-resectable metastases at baseline and 45%
having five or more liver metastases. In addition, the ERG commented that the
sample size in the trial was relatively small, with approximately 55 patients in
each arm.

Cost effectiveness

3.16

3.17

The manufacturer developed a semi-Markov model to simulate the disease
progression and survival of a cohort of patients with EGFR-expressing, KRAS
wild-type metastatic colorectal cancer throughout first and subsequent lines of
treatment (second- and third-line) including longer-term survival after
successful curative surgery. The model had a cycle length of 1 week and
estimated costs and benefits over a lifetime horizon (approximately 23 years).

The analysis looked at two treatment strategies: cetuximab in combination with
FOLFIRI compared with FOLFIRI alone, and cetuximab in combination with
FOLFOX compared with FOLFOX alone. The economic evaluation focused on
a population with the following characteristics:

= Good performance status (the majority of KRAS wild-type patients in the CRYSTAL
and OPUS trials [96% and 90%, respectively] had an ECOG performance status of
0 or 1, so this was reflected in the modelled cohort).

= Suitable for irinotecan- or oxaliplatin-containing chemotherapy.
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3.18

3.19

3.20

= Metastatic disease confined to the liver, excluding people whose liver metastases
were resectable at presentation.

The analysis assessed the impact of cetuximab in combination with FOLFIRI
or FOLFOX on the rates of potentially curative resection among people whose
tumours became resectable during first-line treatment. The first-line treatment
regimens were as set out in the CRYSTAL and OPUS trial protocols and
administered as recorded in the trial data sets. The second-line treatment
regimens of FOLFIRI or FOLFOX were taken from the published evidence,
dependent on first-line treatment. If FOLFIRI was used in the first line, then
FOLFOX was used in the second line, and vice versa. In the third-line setting,
people received best supportive care. In the model, people were considered to
be tumour-free following successful curative resection. Based on other
published evidence, people were assumed to have an increase in their
estimated mean life expectancy of 4.76 years, with an observed median
survival time of 3.23 years. Following a successful curative liver resection,
people did not receive any further treatment with cetuximab. However, people
who had an unsuccessful curative liver resection or did not undergo a liver
resection were treated with cetuximab until disease progression.

Subsequent lines of treatment were modelled because neither clinical trial had
generated mature overall survival data at the time of the manufacturer's
original submission. Extrapolation techniques were used in the economic
model to estimate survival benefits in the base case. These were varied in the
scenario analyses.

The manufacturer considered the liver resection rates from the CRYSTAL and
OPUS trials (3.5% [n = 6] for cetuximab in combination with FOLFIRI versus
2.3% [n = 4] for FOLFIRI alone; 11.5% [n = 7] for cetuximab in combination
with FOLFOX versus 4.1% [n = 3] for FOLFOX alone) to be low compared with
current clinical practice in the NHS. Data from a published study were
therefore used to estimate possible resection rates for patients with metastatic
disease confined to the liver from the response rates. The correlation observed
between response rates and resection rates was used to model resection rates
in the base case and different scenarios in the model. The value for the failure
rate of liver resection used in the model was 27.8%, which was taken from the
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3.21

3.22

3.23

3.24

full analysis set from the CRYSTAL trial. This rate was applied to all arms in
the model.

The cost data were taken from the BNF edition 55 (2008) and the NHS
National Tariff (2006). The cost of the KRAS test included in the model was
£300 per test. This was provided verbally by a manufacturer of the test to the
manufacturer of cetuximab, based on ad hoc patient testing. The analysis took
into account testing of the whole patient population. The model used a
weighted average cost per liver resection surgery of £2271 calculated from
four liver healthcare resource groups: G02 (liver — complex procedures), G03
(liver — very major procedures), G04 (liver — major procedures, patient aged
over 69 years with complications and/or comorbidities) and G05 (liver — major
procedures, patient aged under 70 years without complications and/or
comorbidities). This cost was assumed to occur only once, at 16 weeks.

Health-related utility weights were applied to the time lived with disease at
different stages of disease progression in the Markov model. Heath-related
utilities were taken from clinical trials in the first- and third-line settings and
estimated for the second-line setting. The utility in the period following curative
resection took into account utility in patients free of disease and patients with
recurrent disease. It was assumed that patients free of disease had health-
related utility equal to that of the general population. In patients with
progressive disease, the utility was estimated as the weighted average of
utilities in the second- and third-line setting.

The economic analysis results included in the manufacturer's original
submission have since been superseded by updated analyses (see
sections 3.29, 3.31 and 3.32).

The ERG identified a number of limitations with the manufacturer's economic
model. It was concerned that the model focused on a much smaller patient
population (people with KRAS wild-type metastatic colorectal cancer who had
metastases confined to the liver and had a good performance status) than the
population defined in the appraisal scope (people with untreated metastatic
colorectal cancer) and was therefore concerned about the applicability of the
results to clinical practice. The ERG was also concerned that no evidence was
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3.25

provided by the manufacturer to support the assumptions in the model that all
patients who are suitable for cetuximab treatment are identified and treated
with cetuximab (those who are KRAS wild-type) and that patients who are not
suitable for cetuximab treatment (those with KRAS mutations) are not treated
with cetuximab. Given the importance of estimating the outcomes for those
treated incorrectly in reaching a conclusion on the cost effectiveness of the
treatment, the ERG considered that this omission was a flaw in the model
design.

The ERG was uncertain how accurate the effectiveness estimates used within
the economic model were, given that they were derived from small post hoc
subgroup analyses of trial results, and whether all relevant costs had been
included within the model.

Revised economic analyses

3.26

In response to ACD consultation, revised economic analyses were provided
amending the following parameters: the time at which patients were referred
for liver resection, liver resection rates and failure rates of liver resection. The
manufacturer also submitted revised analyses for cetuximab in combination
with FOLFOX compared with FOLFOX alone that incorporated a patient
access scheme, a 16-week stopping rule for cetuximab and revised costs of
liver resection.

Liver resection rates

3.27

The revised economic analysis used a 43% liver resection rate for both
cetuximab in combination with FOLFIRI and cetuximab in combination with
FOLFOX, taken from the CELIM trial (KRAS wild-type subgroup). The CELIM
trial did not include FOLFIRI or FOLFOX alone as a direct comparator.
Therefore, in the revised economic analysis the manufacturer assumed a liver
resection rate of 9% for FOLFIRI alone and 22% for FOLFOX alone (taken
from published evidence [GERCOR study]), based on the recommendation of
clinical specialists as being the most robust data for resection rates for
FOLFIRI and FOLFOX. The model was also adjusted so that patients were
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referred for curative liver resection surgery at 16 weeks rather than 12 weeks,
to reflect the data from the CELIM trial.

Failure rates of liver resection

3.28

3.29

In addition, the manufacturer obtained clinical opinion on the 27.8% liver
resection failure rate used in the original analysis. Clinical advice suggested
that this rate was high for patients who have a liver resection in a specialist
centre, and suggested that this rate was more likely to be 5%. The
manufacturer used the revised value of 5% for the revised economic analyses.

The results of the revised analysis (updated liver resection rates, 5% failure
rate of liver resection and lifetime horizon) for cetuximab in combination with
FOLFIRI compared with FOLFIRI alone gave an ICER of £23,456 per QALY
gained. The results for cetuximab in combination with FOLFOX compared with
FOLFOX alone gave an ICER of £29,891.

Patient access scheme

3.30

Details of a patient access scheme were provided by the manufacturer based
on a 16% rebate of the amount of cetuximab used when given in combination
with FOLFOX for people with KRAS wild-type metastatic colorectal cancer who
have metastases confined to the liver. The scheme requires that patients are
treated according to the final NICE guidance and that data should be provided
to the manufacturer to show that the NICE guidance has been followed.
Cetuximab would normally be rebated in the form of free stock at a rate of 16%
for all patients in the scheme on a per patient basis, with an option for rebate
via credit note or cash. The patient access scheme was incorporated into the
economic analysis for the comparison of cetuximab in combination with
FOLFOX compared with FOLFOX alone.

Stopping rule

3.31

The manufacturer incorporated a stopping rule for treatment with cetuximab
when analysing cetuximab in combination with FOLFOX compared with
FOLFOX alone. A scenario was explored in which the cost of treatment with
cetuximab was stopped at 16 weeks (the point at which people were assessed
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for curative resection) for all people in the analysis. No amendments were
made to the progression-free survival of cetuximab after stopping treatment
with cetuximab at 16 weeks. The result of this 16-week analysis incorporating
the patient access scheme, liver resection rates of 43% for cetuximab in
combination with FOLFOX and 22% for FOLFOX alone, and a 5% failure rate
of liver resection, gave an ICER for cetuximab in combination with FOLFOX
compared with FOLFOX alone of £18,660 per QALY gained. The manufacturer
performed a sensitivity analysis around the liver resection rate for cetuximab in
combination with FOLFOX, and when the rate was varied to 35% and 30%, the
ICER for cetuximab in combination with FOLFOX compared with FOLFOX
alone increased to £24,610 and £31,006 per QALY gained, respectively.

Cost of liver resection

3.32  The manufacturer also revised the costs of liver resection by calculating a new
weighted average cost of £8929, based on the proportion of people receiving
different surgical techniques from a published study and assigning the
healthcare resource groups G02 (liver — complex procedures) and GO3 (liver —
very major procedures). Incorporating this revised cost of liver resection in the
16-week analysis gave an ICER for cetuximab in combination with FOLFOX
compared with FOLFOX alone of £21,056 per QALY gained. Varying the liver
resection rate for cetuximab in combination with FOLFOX to 35% and 30%, the
ICER for cetuximab in combination with FOLFOX compared with FOLFOX
alone increased to £26,662 and £32,688 per QALY gained, respectively.

Decision Support Unit report

3.33  The Decision Support Unit (DSU) commented that although the manufacturer
had removed the direct costs of cetuximab after 16 weeks in the 16-week
analysis, it had not altered the progression-free survival and therefore the
probabilities of progression after 16 weeks of treatment with cetuximab. The
DSU considered this to be the most optimistic method of implementing a
stopping rule. The DSU conducted an exploratory analysis implementing a
more conservative stopping rule in which the patients in the cetuximab in
combination with FOLFOX arm followed the cetuximab progression-free
survival curve for 16 weeks, after which they then switched to follow the
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progression-free survival curve for the FOLFOX-alone arm. Incorporating the
DSU's 16-week stopping rule (in addition to the patient access scheme, the
£8929 revised cost of liver resection, 43% liver resection rate for cetuximab in
combination with FOLFOX, 22% liver resection rate for FOLFOX alone and a
5% failure rate of liver resection), the ICER for cetuximab in combination with
FOLFOX compared with FOLFOX alone increased from £21,056 (estimated by
the manufacturer) to £24,022 per QALY gained. When varying the liver
resection rate for cetuximab in combination with FOLFOX to 35% and 30%, the
ICER increased from £26,662 to £33,291 and from £32,688 to £45,604,
respectively.

3.34 Full details of all the evidence are in the manufacturer's submissions, the ERG
reports and the DSU report.
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4 Consideration of the evidence

4.1

4.2

4.3

The Appraisal Committee reviewed the data available on the clinical and cost
effectiveness of cetuximab for the first-line treatment of metastatic colorectal
cancer, having considered evidence on the nature of the condition and the
value placed on the benefits of cetuximab by people with metastatic colorectal
cancer, those who represent them, and clinical specialists. It was also mindful
of the need to take account of the effective use of NHS resources.

The Committee noted that the marketing authorisation for cetuximab limits its
use to people with KRAS wild-type metastatic colorectal cancer, a narrower
indication than outlined in the scope. The Committee acknowledged that the
scope pre-dated the marketing authorisation for cetuximab, which placed this
restriction on use. It heard from the clinical specialists that the marketing
authorisation for cetuximab reflects increasing evidence that KRAS mutation
status is predictive of response to treatment and that people whose tumours
have KRAS mutations are unlikely to respond to treatment with cetuximab. The
Committee also heard from the clinical specialists that KRAS testing accurately
identifies people with wild-type KRAS status. The test can be carried out on
95% of tissue samples and is currently only conducted in two NHS centres
(Leeds and Cardiff), although the tests are becoming more widely available
through the NHS for people with metastatic colorectal cancer. Commercial
companies offer KRAS testing, but these are understood to be more expensive
than the tests carried out within the NHS.

The Committee reviewed the clinical-effectiveness results from the two clinical
trials; one that compared cetuximab in combination with FOLFIRI with FOLFIRI
alone and another that compared cetuximab in combination with FOLFOX with
FOLFOX alone in the KRAS wild-type subgroup. It noted the statistically
significant improvements in progression-free survival and response rates
associated with cetuximab. However, it was aware that the improvement in
median progression-free survival was 1.2 months and 0.5 months respectively
in the two trials and concluded that the effectiveness of cetuximab at improving
progression-free survival was therefore limited. In addition, the Committee
noted that the difference in the overall survival of 3.9 months from the
CRYSTAL trial was not statistically significant. The Committee was also
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concerned that the KRAS wild-type subgroup analysis was based on small
sample sizes and was carried out post hoc (at the request of the European
Medicines Agency; EMEA). However, the Committee was reassured by the
clinical specialists that differential response based on KRAS status had
biological plausibility given current understanding of the pathology of
metastatic colorectal cancer.

4.4 The Committee heard from the clinical specialists that cetuximab combined
with chemotherapy had an important potential role in shrinking secondary liver
metastases, to enable potentially curative resection in people with KRAS wild-
type metastatic colorectal cancer. The clinical specialists reported that, of
people whose disease responds sufficiently to cetuximab to enable resection
of liver metastases, approximately 90% would do so within 12 weeks of
treatment with cetuximab. The duration of treatment with cetuximab in clinical
practice for KRAS wild-type metastatic colorectal cancer patients with liver-only
metastases would not normally exceed 16 weeks. Patients for whom liver
resection was not possible (for example, because of the distribution of liver
metastases) or who were not well enough to undergo potentially curative liver
resection would not be treated with cetuximab, and would receive standard
chemotherapy only. The Committee noted that in people who have undergone
primary colorectal surgery with curative intent and whose liver metastases are
rendered resectable following a successful response to chemotherapy, the 5-
and 10-year survival rate is approximately 30% and 20% respectively.

4.5 The Committee considered the evidence for the effect of treatment with
cetuximab on the rate of potentially curative resection of liver metastases. The
results of the clinical trials showed that very few patients with KRAS wild-type
metastatic colorectal cancer went on to receive potentially curative resection
(cetuximab in combination with FOLFIRI 3.5%, FOLFIRI alone 2.3%;
cetuximab in combination with FOLFOX 11.5%, FOLFOX alone 4.1%) and the
Committee noted that no statistical significance was reported for these
differences. It heard from the clinical specialists that the number of patients
receiving potentially curative liver resection in the CRYSTAL and OPUS trials
was lower than that seen in UK clinical practice, which is based on
management by multidisciplinary teams involving highly specialised liver
surgical services. The clinical specialists stated that a more realistic rate for
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potentially curative resection with chemotherapy in general was approximately
12—-15%, which could rise to approximately 30-35% with the addition of
cetuximab. The Committee also heard from the clinical specialists that the
current UK standard chemotherapy approach for shrinking liver metastases
was to use the FOLFOX regimen, which in practice enables a resection rate of
approximately 20%. The Committee acknowledged the importance of liver
resection rates as an endpoint in assessing the effectiveness of cetuximab.

4.6 The Committee reviewed the additional clinical data submitted by the
manufacturer on the liver resection rates. It noted that the CELIM trial was not
a randomised assessment of cetuximab in combination with chemotherapy
compared with chemotherapy alone, had a relatively small sample size and
had not been peer-reviewed. The Committee was initially concerned that only
55% of patients were described as having technically non-resectable liver
metastases at baseline; however, the Committee then noted that the remaining
45% had at least five or more liver metastases at baseline, and were therefore
also non-resectable. It noted that the subgroup analysis for these two groups
of patients indicated a liver resection rate of 40% and 44% respectively, but
that this subgroup analysis was for all patients and not just those with KRAS
wild-type metastatic colorectal cancer. The Committee heard from the clinical
specialists that the 43% liver resection rate for patients with KRAS wild-type
metastatic colorectal cancer who were treated with cetuximab was an
encouraging result, but it also noted that this was higher than the 30-35% rate
originally considered likely by the clinical specialists (see section 4.5). The
Committee was concerned that the 22% liver resection rate for FOLFOX was
taken from an older study (GERCOR, Tournigand et al. 2004), but noted that
the clinical specialists suggested that a liver resection rate of approximately
20% for FOLFOX was appropriate for current UK clinical practice (see
section 4.5).

4.7 The Committee discussed the failure rate of liver resection. It noted that the
27.8% failure rate used in the original analysis appeared high for current
practice. The Committee heard from the clinical specialists that a 5% failure
rate of liver resection was a more appropriate reflection of current practice in
UK specialist centres. The Committee agreed that this low rate reflected
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4.8

4.9

4.10

improvements in preoperative assessment and surgical technique and was
appropriate to be used in the model.

The Committee discussed the adverse effects related to cetuximab. The
clinical specialists advised the Committee that cetuximab is associated with an
increase in an acne-like rash affecting a person's upper trunk, gastrointestinal
adverse effects such as diarrhoea, and fatigue. The clinical specialists and
patient experts explained that the acne-like rash may be indicative of response
to cetuximab treatment and would not usually cause admission to hospital.
Therefore, it is often interpreted by people as a positive effect because it
suggests that the drug is working, outweighing any negative effects of the rash.

The Committee considered the results of the economic analysis submitted by
the manufacturer. The Committee noted that the manufacturer had not
provided an economic analysis that included the entire population for which
cetuximab is licensed. The economic model focused on a subgroup of patients
with a good performance status and metastatic disease confined to the liver.
The Committee was persuaded that, in this group of patients, the aim of
treatment with cetuximab was to reduce the size of metastases so they were
resectable. Therefore the most appropriate comparator was FOLFOX (see
section 4.5), considered over a lifetime horizon. The Committee heard from the
clinical specialists that in current UK clinical practice, all patients would
normally stop receiving treatment with cetuximab at the time of the assessment
for possible liver resection (that is, after approximately 12—-16 weeks), and
noted the impact of incorporating a 16-week stopping rule for cetuximab on the
economic analysis. In addition, the Committee was aware of the patient access
scheme details provided by the manufacturer for cetuximab in combination
with FOLFOX, and the impact of the scheme on the results of the economic
analysis. The Committee concluded that the most appropriate analysis for
consideration was that which incorporated the 16-week stopping rule for
cetuximab and the patient access scheme.

The Committee was aware that in the manufacturer's new 16-week analysis
(incorporating a 5% failure rate of liver resection, 43% liver resection rate,
lifetime horizon and the patient access scheme), the ICER for cetuximab in
combination with FOLFOX compared with FOLFOX alone was £18,700 per
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QALY gained (see section 3.31). The Committee was concerned about the
limited methodology used for estimating the resection rates in the model, in
that single arms from two separate studies were used to provide the data for
the two groups in the model; the CELIM study for cetuximab in combination
with FOLFOX and the GERCOR study for FOLFOX alone. The Committee
considered that exploration of the different populations and evaluation of
possible selection biases between the trials had not been done to a
satisfactory level. Therefore, the Committee expressed caution about the
results produced by the new analysis using a 43% resection rate for cetuximab
in combination with FOLFOX, as the relative difference in resection rates was
assumed from unrelated studies without any adjustments. It noted the
sensitivity analysis requested from the manufacturer, which used resection
rates of 35% and 30% for cetuximab in combination with FOLFOX (assuming a
22% resection rate for FOLFOX alone), resulted in ICERs of £24,600 and
£31,000 per QALY gained, respectively. The Committee agreed that a 35%
liver resection rate for cetuximab in combination with FOLFOX compared with
the 22% for FOLFOX alone more closely reflected the 10-15% relative
difference in resection rates for these two comparators considered to be
realistic by the clinical specialists and was a more appropriate value to use in
the economic analysis.

4.11 The Committee discussed the cost of liver resection included in the economic
analysis. It noted that the manufacturer had originally used a weighted average
of a range of healthcare resource groups for all liver procedures giving an
average cost of £2300 for liver resection surgery, and that this only occurred
once in the model. The Committee considered that this cost could be low
compared with current UK clinical practice because a proportion of patients
may undergo more than one operation to achieve complete resection of
metastases. In addition, the Committee heard from the clinical specialists that
liver resection costs £7000 per case. The Committee discussed the additional
analysis requested from the manufacturer, which used a new weighted
average based on the surgical technique employed by Adam et al. (2004)
giving an average cost of £8900 for liver resection surgery. The Committee
agreed that this weighted cost was a more accurate reflection of current UK
clinical practice. Using this liver resection cost, the ICER for cetuximab in
combination with FOLFOX compared with FOLFOX alone increased from
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£18,700 to £21,100 per QALY gained for the scenario with a liver resection
rate of 43%. Varying the resection rate to 35% (considered by the Committee
to be more likely than 43%) increased the ICER from £24,600 to £26,700 per
QALY gained. Using a resection rate of 30% (considered by the Committee to
be a conservative estimate) increased the ICER from £31,000 to £32,700 per
QALY gained.

412  The Committee noted that the 16-week analysis provided by the manufacturer
only explored stopping the costs of cetuximab treatment at 16 weeks. The
manufacturer made no amendments to the efficacy of cetuximab in terms of
progression-free survival after the decision to resect the liver metastases and
stop cetuximab treatment, due to the lack of evidence for progression-free
survival following 16 weeks of treatment. The Committee considered this to be
the most optimistic scenario. The Committee then discussed the alternative
16-week analysis provided by the DSU which took a more conservative view
and also changed the efficacy of cetuximab after 16 weeks to equal that of the
FOLFOX-alone arm. It noted that incorporating the revised cost of liver
resection (£8900) and a 43% resection rate, the ICER for cetuximab in
combination with FOLFOX compared with FOLFOX alone increased from
£21,100 to £24,000 per QALY gained. The result of the sensitivity analysis
which used the Committee's preferred resection rate of 35% showed an
increase in the ICER from £26,700 to £33,300 per QALY gained.

413  The Committee agreed that the most likely ICER for cetuximab in combination
with FOLFOX compared with FOLFOX alone was between £26,700 (estimated
by the manufacturer) and £33,300 per QALY gained (estimated by the DSU),
and that this was within a range that could be considered a cost-effective use
of NHS resources. The Committee was mindful that people with liver-only
metastases form a subgroup of the population within the marketing
authorisation, and that the manufacturer had submitted economic evidence
only for this subgroup. On the basis of its considerations of the clinical
evidence, the Committee thought that the QALYs gained for the whole
population would be substantially lower than that of the subgroup, while the
incremental costs would not be any lower. Therefore, the Committee felt that
the cost effectiveness for the whole population had not been demonstrated.
The Committee noted that for patients who are not well enough to have
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surgery to remove liver metastases, adding cetuximab to their chemotherapy
would not help in enabling a curative operation. It therefore concluded that the
addition of cetuximab is only appropriate for patients who have had the primary
colorectal tumour resected, or if that is not the case, where the primary
colorectal tumour is potentially operable and the patient is fit enough to
undergo colorectal surgery. The patient also needs to be fit enough to undergo
liver surgery if their metastases become resectable after treatment with
cetuximab. The Committee noted that the suitability for undergoing such
surgery was determined in different ways in the clinical trials underpinning the
evidence base. Therefore the Committee considered it appropriate that fitness
for surgery be decided on an individual basis following discussion between
patients and their clinicians. The Committee concluded that cetuximab in
combination with FOLFOX should be recommended for the first-line treatment
of metastatic colorectal cancer when the following criteria are met:

= The primary colorectal tumour has been resected or is potentially operable.
= The metastatic disease is confined to the liver and is unresectable.

= The patient is fit enough to undergo surgery to resect the primary colorectal tumour
and to undergo liver surgery if the metastases become resectable after treatment
with cetuximab.

= The manufacturer rebates 16% of the amount of cetuximab used on a per patient
basis.

= The duration of treatment with cetuximab is restricted to 16 weeks.

4.14 The Committee then discussed cetuximab in combination with FOLFIRI as a
first-line treatment option for patients with metastatic colorectal cancer. The
Committee had earlier noted that the most appropriate comparator for patients
with liver-only metastases was FOLFOX (see section 4.9); therefore adding
cetuximab to this chemotherapy regimen with the intention of reducing the size
of liver metastases would be the combination of choice for this population.
However, the Committee was aware that there may be some patients who are
unable to tolerate, or have a contraindication to oxaliplatin, and it agreed that
for these patients, the most appropriate comparator would be FOLFIRI. The
Committee discussed the analysis presented by the manufacturer for
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4.15

cetuximab in combination with FOLFIRI compared with FOLFIRI alone. It noted
that this analysis did not include the 16-week stopping rule and the revised
cost of liver resection. Assuming resection rates of 43% for cetuximab in
combination with FOLFIRI and 9% for FOLFIRI alone, and a liver resection
cost of £2300, the ICER for cetuximab in combination with FOLFIRI compared
with FOLFIRI alone was £23,500 per QALY gained. Although the precise value
of the ICER that incorporated the 16-week stopping rule for cetuximab, the
revised cost of liver resection (£8900) and the preferred 35% resection rate for
cetuximab was not known, the Committee accepted that the ICER would likely
be within a range considered to be a cost-effective use of NHS resources. The
Committee therefore concluded that cetuximab in combination with FOLFIRI
should be recommended for first-line treatment of metastatic colorectal cancer
when the following criteria are met:

= The primary colorectal tumour has been resected or is potentially operable.
= The metastatic disease is confined to the liver and is unresectable.

= The patient is fit enough to undergo surgery to resect the primary colorectal tumour
and to undergo liver surgery if the metastases become resectable after treatment
with cetuximab.

= The patient is unable to tolerate or has contraindications to oxaliplatin.
= The duration of treatment with cetuximab is restricted to 16 weeks.

The Committee was aware that, in current UK clinical practice, the treatment of
patients with metastatic colorectal cancer receiving potentially curative
resection of metastases confined to the liver is managed by multidisciplinary
teams involving highly specialised liver surgical services. The Committee
concluded that current practice for this population was the most appropriate
approach, and that patients should continue to be managed in this way.
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5 Implementation

5.1 The Secretary of State and the Welsh Assembly Minister for Health and Social
Services have issued directions to the NHS on implementing NICE technology
appraisal guidance. When a NICE technology appraisal recommends use of a
drug or treatment, or other technology, the NHS must provide funding and
resources for it within 3 months of the guidance being published. If the
Department of Health issues a variation to the 3-month funding direction,
details will be available on the NICE website. The NHS is not required to fund
treatments that are not recommended by NICE.

5.2 NICE has developed tools to help organisations implement this guidance
(listed below).

= Costing report and costing template to estimate the savings and costs associated
with implementation.

= Audit support for monitoring local practice.
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6 Recommendations for further research

6.1 The Committee noted the following ongoing clinical trial related to this
appraisal:

= NCT00182715 is a phase Ill randomised controlled trial evaluating first-line use of
cetuximab for metastatic colorectal cancer (COIN trial). It aims to determine whether
the addition of cetuximab to continuous oxaliplatin plus fluoropyrimidine
chemotherapy improves overall survival when compared with either continuous or
intermittent oxaliplatin plus fluoropyrimidine chemotherapy.
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7 Related NICE guidance

= Cetuximab for the treatment of metastatic colorectal cancer following failure of oxaliplatin-
containing chemotherapy (terminated appraisal). NICE technology appraisal 150 (2008).
[replaced by NICE technology appraisal guidance 242]

= Bevacizumab and cetuximab for the treatment of metastatic colorectal cancer.NICE
technology appraisal guidance 118 (2007). [replaced by NICE technology appraisal
guidance 242]

= Capecitabine and oxaliplatin in the adjuvant treatment of stage Ill (Dukes' C) colon cancer.

NICE technology appraisal guidance 100 (2006).

= [rinotecan, oxaliplatin and raltitrexed for the treatment of advanced colorectal cancer (review
of technology appraisal 33). NICE technology appraisal guidance 93 (2005). [Replaced by
NICE clinical guideline 131]

= |mproving outcomes in colorectal cancers manual update. NICE cancer service guidance
(2004

= Guidance on the use of capecitabine and tegafur with uracil for metastatic colorectal cancer.

NICE technology appraisal guidance 61 (2003).

= Bevacizumab in combination with oxaliplatin and either fluorouracil plus folinic acid or

capecitabine for the treatment of metastatic colorectal cancer. NICE technology appraisal
guidance 212 (2010)

= Colorectal cancer: The diagnosis and management of colorectal cancer. NICE clinical
guideline 131 (2011).
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8 Review of guidance

8.1 The review date for a technology appraisal refers to the month and year in
which the Guidance Executive will consider whether the technology should be
reviewed. This decision will be taken in the light of information gathered by the
Institute, and in consultation with consultees and commentators.

8.2 The guidance on this technology will be considered for review in August 2012.
Andrew Dillon

Chief Executive
August 2009
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Appendix A: Appraisal Committee members and NICE
project team

A Appraisal Committee members

The Appraisal Committee is a standing advisory committee of the Institute. Its members are
appointed for a 3-year term. A list of the Committee members who took part in the discussions
for this appraisal appears below. The Appraisal Committee meets three times a month except in
December, when there are no meetings. The Committee membership is split into three branches,
each with a chair and vice chair. Each branch considers its own list of technologies, and ongoing
topics are not moved between the branches.

Committee members are asked to declare any interests in the technology to be appraised. If it is
considered there is a conflict of interest, the member is excluded from participating further in that
appraisal.

The minutes of each Appraisal Committee meeting, which include the names of the members
who attended and their declarations of interests, are posted on the NICE website.

Professor Keith Abrams
Professor of Medical Statistics, University of Leicester

Dr Ray Armstrong
Consultant Rheumatologist, Southampton General Hospital

Dr Jeff Aronson
Reader in Clinical Pharmacology, University Department of Primary Health Care, University of
Oxford

Dr Darren Ashcroft
Reader in Medicines Usage and Safety, School of Pharmacy and Pharmaceutical Sciences,
University of Manchester

Professor David Barnett (Chair)
Professor of Clinical Pharmacology, University of Leicester
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Dr Peter Barry
Consultant in Paediatric Intensive Care, Leicester Royal Infirmary

Professor John Cairns
Public Health and Policy, London School of Hygiene and Tropical Medicine

Dr Mark Chakravarty
External Relations Director — Pharmaceuticals & Personal Health, Oral Care Europe

Professor Jack Dowie
Health Economist, London School of Hygiene and Tropical Medicine

Dr Martin Duerden
Medical Director, Conwy Local Health Board

Ms Lynn Field
Nurse Director, Pan Birmingham Cancer Network

Dr Fergus Gleeson
Consultant Radiologist, Churchill Hospital, Oxford

Ms Sally Gooch
Independent Nursing and Healthcare Consultant

Mrs Eleanor Grey
Lay Member

Mr Sanjay Gupta
Former Service Manager in Stroke, Gastroenterology, Diabetes and Endocrinology, Basildon and
Thurrock University Hospitals Foundation NHS Trust

Mr Terence Lewis
Lay Member, Mental Health Consultant, National Institute for Mental Health in England

Professor Gary McVeigh
Professor of Cardiovascular Medicine, Queens University, Belfast
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Dr Ruairidh Milne
Senior Lecturer in Public Health, National Coordinating Centre for Health Technology

Dr Neil Milner
General Practitioner, Tramways Medical Centre, Sheffield

Dr Rubin Minhas
General Practitioner, CHD Clinical Lead, Medway PCT

Dr John Pounsford
Consultant Physician, Frenchay Hospital, Bristol

Dr Rosalind Ramsay
Consultant Psychiatrist, Adult Mental Health Services, Maudsley Hospital

Dr Stephen Saltissi
Consultant Cardiologist, Royal Liverpool University Hospital

Dr Lindsay Smith
General Practitioner, East Somerset Research Consortium

Mr Roderick Smith
Finance Director, West Kent Primary Care Trust

Mr CIiff Snelling
Lay Member

Professor Ken Stein
Professor of Public Health, Peninsula Technology Assessment Group (PenTAG), University of
Exeter

Professor Andrew Stevens
Professor of Public Health, Department of Public Health and Epidemiology, University of
Birmingham

© NICE 2009. All rights reserved. Last modified August 2009 Page 32 of 38



Cetuximab for the first-line treatment of metastatic NICE technology appraisal
colorectal cancer guidance 176

Dr Rod Taylor
Associate Professor in Health Services Research, Peninsula Medical School, Universities of
Exeter and Plymouth

Ms Nathalie Verin
Health Economics Manager, Boston Scientific UK and Ireland

Dr Colin Watts
Consultant Neurosurgeon, Addenbrookes Hospital

Mr Tom Wilson
Director of Contracts and Information Management and Technology, Milton Keynes PCT

B NICE project team

Each technology appraisal is assigned to a team consisting of one or more health technology
analysts (who act as technical leads for the appraisal), a technical adviser and a project
manager.

Helen Knight
Technical Lead

Helen Chung
Technical Adviser

Jeremy Powell
Project Manager
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Appendix B: Sources of evidence considered by the
Committee

A. The Evidence Review Group (ERG) report for this appraisal was prepared by West Midlands
Health Technology Assessment Collaboration — University of Birmingham:

= Meads C, Round J, Tubeuf S, et al. Cetuximab for the first-line treatment of metastatic
colorectal cancer, July 2008

B. Additional evidence for this appraisal was prepared by West Midlands Health Technology
Assessment Collaboration — University of Birmingham:

= Critical appraisal of additional material on the CELIM randomised controlled trial submitted
by Merck Serono for the Cetuximab STA

= Comment on additional material submitted by Merck Serono in relation to cetuximab for
metastatic colorectal cancer

= Cetuximab CRC STA — Additional briefing document required for third committee meeting

C. Additional evidence for this appraisal was also prepared by the Decision Support Unit, School
of Health and Related Research — University of Sheffield:

= Cetuximab for the first line treatment of metastatic colorectal cancer — report by the Decision
Support Unit

D. The following organisations accepted the invitation to participate in this appraisal. They were
invited to comment on the draft scope, the ERG report and the appraisal consultation document
(ACD). Organisations listed in | were also invited to make written submissions. Organisations
listed in Il and Il had the opportunity to give their expert views. Organisations listed in I, Il and Il|
also have the opportunity to appeal against the final appraisal determination.

I) Manufacturer/sponsor:

= Merck Serono

II) Professional/specialist and patient/carer groups:
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= Association of Coloproctology of Great Britain and Ireland

= Beating Bowel Cancer

= Bowel Cancer UK

= British Association of Surgical Oncology

= Cancer Research UK

= Macmillan Cancer Relief

= Royal College of Nursing

= Royal College of Pathologists

= Royal College of Physicians, Medical Oncology Joint Special Committee
= UK Oncology Nursing Society

[I1) Other consultees:

= Department of Health

= |slington PCT

= Nottinghamshire County PCT
= \Welsh Assembly Government

IV) Commentator organisations (did not provide written evidence and without the right of appeal):

= Department of Health, Social Services and Public Safety for Northern Ireland
= |nstitute of Cancer Research

= National Collaborating Centre for Cancer

= NHS Quality Improvement Scotland

s Pfizer

= Roche Diagnostics
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|
= Roche Products
= Sanofi-Aventis

E. The following individuals were selected from clinical specialist and patient advocate
nominations from the non-manufacturer/sponsor consultees and commentators. They gave their
expert personal view on cetuximab by attending the initial Committee discussion and providing
written evidence to the Committee. They were also invited to comment on the ACD.

= Mr lan Beaumont, nominated by Bowel Cancer UK patient expert

= Dr Rob Glynne-Jones, Clinical Oncologist, Mount Vernon Hospital, nominated by Bowel
Cancer UK clinical specialist

= Professor Timothy Maughan, Consultant Clinical Oncologist and Professor of Cancer
Studies, Cardiff University, nominated by the Royal College of Physicians clinical specialist

= Mr Goff Norrington, nominated by Beating Bowel Cancer patient expert

= Mr Graeme Poston, nominated by the British Association of Surgical Oncology clinical
specialist
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Changes after publication
February 2014: minor maintenance

March 2012: minor maintenance
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About this guidance

NICE technology appraisal guidance is about the use of new and existing medicines and
treatments in the NHS in England and Wales.

This guidance was developed using the NICE single technology appraisal process.

The recommendations from this guideline have been incorporated into a NICE Pathway. We

have produced a summary of this guidance for patients and carers. Tools to help you put the

guidance into practice and information about the evidence it is based on are also available.

Your responsibility

This guidance represents the views of NICE and was arrived at after careful consideration of the
evidence available. Healthcare professionals are expected to take it fully into account when
exercising their clinical judgement. However, the guidance does not override the individual
responsibility of healthcare professionals to make decisions appropriate to the circumstances of
the individual patient, in consultation with the patient and/or guardian or carer.

Implementation of this guidance is the responsibility of local commissioners and/or providers.
Commissioners and providers are reminded that it is their responsibility to implement the
guidance, in their local context, in light of their duties to avoid unlawful discrimination and to have
regard to promoting equality of opportunity. Nothing in this guidance should be interpreted in a
way which would be inconsistent with compliance with those duties.

Copyright

© National Institute for Health and Clinical Excellence 2009. All rights reserved. NICE copyright
material can be downloaded for private research and study, and may be reproduced for
educational and not-for-profit purposes. No reproduction by or for commercial organisations, or
for commercial purposes, is allowed without the written permission of NICE.
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Epidermal growth factor receptor (EGFR)

Kirsten rat sarcoma (KRAS)

Neuroblastoma rat sarcoma (NRAS)

Rat sarcoma (RAS)

The protein encoded by this gene is a
transmembrane glycoprotein that is a member
of the protein kinase superfamily. This protein is
a receptor for members of the epidermal growth
factor family. EGFR is a cell surface protein that
binds to epidermal growth factor. Binding of the
protein to a ligand induces receptor dimerization
and tyrosine autophosphorylation and leads to
cell proliferation. Mutations in this gene are
associated with lung cancer. Multiple
alternatively spliced transcript variants that
encode different protein isoforms have been

found for this gene

The KRAS gene belongs to a class of genes
known as oncogenes. When mutated,
oncogenes have the potential to cause normal
cells to become cancerous. These proteins play
important roles in cell division, cell
differentiation, and the self-destruction of cells

(apoptosis).

The NRAS gene belongs to a class of genes
known as oncogenes. When mutated,
oncogenes have the potential to cause normal
cells to become cancerous. These proteins play
important roles in cell division, cell
differentiation, and the self-destruction of cells

(apoptosis).
Gene family consisting of HRAS, neuroblastoma

rat sarcoma (NRAS), and kirsten rat sarcoma
(KRAS)
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Wild type (WT) The normal, non-mutated version of a gene

common in nature
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Abstract

Background: Colorectal cancer is the fourth most commonly diagnosed cancer in the UK
after breast, lung and prostate cancer. People with metastatic disease who are sufficiently fit
are usually treated with active chemotherapy as first- or second-line therapy. Targeted
agents are available, including the anti-epidermal growth factor receptor (EGFR) agents

cetuximab and panitumumab.

Objective: To investigate the clinical effectiveness and cost-effectiveness of panitumumab in
combination with chemotherapy and cetuximab in combination with chemotherapy for rat
sarcoma (RAS) wild-type (WT) patients for the first-line treatment of metastatic colorectal

cancer.

Data sources: The assessment comprises a systematic review of clinical effectiveness and
cost-effectiveness studies, a review and critique of manufacturer submissions and a de novo
cohort-based economic analysis. For the assessment of effectiveness, a literature search
was conducted in a range of electronic databases, including MEDLINE, EMBASE and The

Cochrane Library.

Review methods: Studies were included if they were randomised controlled trials (RCTs) or
systematic reviews of RCTs of cetuximab or panitumumab in participants with previously
untreated metastatic colorectal cancer with RAS WT status. All steps in the review were
performed by one reviewer and checked independently by a second. Narrative synthesis and
network meta-analyses (NMA) were conducted for outcomes of interest. An economic model
was developed focusing on first-line treatment and with a 30 year time horizon to capture
costs and benefits. Costs and benefits were discounted at 3.5% per annum. Scenario

analyses and probabilistic and univariate deterministic sensitivity analyses were performed.

Results: The searches identified 2,811 titles and abstracts. Five clinical trials were included.
Additional data from these trials was provided by the manufacturers. No data were available
for panitumumab plus irnotecan based chemotherapy (FOLFIRI) in previously untreated
patients. Studies reported results for RAS WT subgroups. First line treatment with anti-EGFR
therapies in combination with chemotherapy appears to have statistically significant benefits
for patients who are RAS WT. For the economic evaluation, four studies met the inclusion
criteria. The base-case incremental cost-effectiveness ratio (ICER) for RAS WT patients for
cetuximab plus oxaliplatin based chemotherapy (FOLFOX) compared with FOLFOX is
£109,820 per quality-adjusted life-year (QALY) gained, for panitumumab plus FOLFOX
compared with FOLFOX is £239,007 per QALY gained and for cetuximab FOLFIRI
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compared with FOLFIRI is £106,707 per QALY gained. All ICERs are sensitive to treatment
duration, progression free survival, overall survival (resected patients only) and resection

rates.

Limitations: The trials only include RAS WT populations as subgroups. No evidence was
available for panitumumab plus FOLFIRI. Two networks were used for the NMA and the
model, based on the different chemotherapies (FOLFOX and FOLFIRI) as no evidence was

available to connect these networks.

Conclusions: Although cetuximab and panitumumab in combination with chemotherapy
appear to be clinically beneficial for RAS WT patients compared with chemotherapy alone,
they are likely to represent poor value for money when judged by cost-effectiveness criteria

currently used in the UK. It would be useful to conduct a RCT for patients with RAS WT.

Funding: The National Institute for Health Research Health Technology Assessment

programme

Word count: 497
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Plain English Summary

Colorectal cancer is any cancer that affects the large bowel or rectum. Metastatic colorectal
cancer occurs when this cancer spreads to other parts of the body. This type of cancer most
often spreads first to the liver, but may also occur in other parts of the body including the lungs,

brain and bones.

Metastatic colorectal cancer is often treated with chemotherapy and where possible, surgery

is performed to remove cancerous tumour tissue.

It is suggested that targeted therapies such as cetuximab and panitumumab, used in
combination with chemotherapies, may improve health outcomes for some people. These
people are selected through genetic testing, and can receive treatment with these targeted

therapies if they do not have specific mutations.

This report considered the costs and benefits of these targeted therapies when adding them

to standard chemotherapy treatment.

This report found some benefit to health outcomes when using these targeted therapies
compared to chemotherapy alone. However, costs of these therapies were shown to be very
high.

Word count: 163
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Executive summary

Background

Colorectal cancer (CRC) is a malignant tumour arising from the lining of the large intestine
(colon and rectum). Metastatic colorectal cancer (mCRC) refers to disease that has spread
beyond the large intestine and nearby lymph nodes. This type of cancer most often spreads
first to the liver, but metastases may also occur in other parts of the body including the lungs,

brain and bones

Colorectal cancer is the fourth most common cancer in the UK behind breast, lung, and
prostate cancer. In 2011, there were 34,000 people diagnosed with CRC in England.
Approximately 25% of people with CRC have metastatic disease when first diagnosed, and
approximately 50% of people who have surgery for early stage disease will eventually

develop metastases.

For the majority of people, surgery with curative intent is not an option due to the widespread
nature of their disease and/or their poor suitability for surgery. National Institute for Health
and Care Excellence (NICE) clinical guideline 131 recommends chemotherapy which may be
combined with biological agents such as cetuximab (currently recommended for people
satisfying criteria specified in NICE technology appraisal [TA] 176 and available subject to
satisfaction of eligibility criteria via the Cancer Drugs Fund), panitumumab (NICE guidance
not currently available [TA 240], but available subject to satisfaction of eligibility criteria via
the Cancer Drugs Fund [CDF]), and bevacizumab (not recommended by NICE but funded
via the CDF until March 2015).

The choice and effectiveness of some treatments for mCRC may be influenced by genetic
markers. Inhibitors of epidermal growth factor receptor (EGFR), such as cetuximab and
panitumumab, appear to be less effective for treating tumours with mutations in genes in the
rat sarcoma (RAS) family. The RAS gene is often mutated in mCRC. Kirsten rat sarcoma
(KRAS) mutations are the most common, with mutations in codons 12 and 13 of Exon 2 of
the KRAS gene predictive of treatment resistance to anti-EGFR therapy. However, recent
research suggests that other mutations in genes of the RAS family (KRAS Exon 3 and 4 and
NRAS Exon 2, 3 and 4), are also associated with reduced response to anti-EGFR.

Approximately 50% of people with CRC have RAS mutations.

These research developments have led the European Medicines Agency (EMA) to update
the marketing authorisations for cetuximab and panitumumab so that they are licensed for a

more targeted population based on RAS wild-type (WT) status. While this MTA review aims
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to update previous guidance, the population in the scope differs from that specified in TA 176
and TA 240 as it is restricted to people with RAS WT tumours in line with the developments

in research and the amendments to the product licences.

Objective

The key objectives of this report are two-fold. These include estimating the clinical
effectiveness of two interventions for first-line treatment of RAS WT mCRC, and establishing

the cost effectiveness of these interventions.

The following question is addressed by this technology assessment report: “What is the
clinical effectiveness and cost-effectiveness of cetuximab (review of TA176) and

panitumumab (partial review of TA240) for previously untreated mCRC?”

Methods

The assessment comprises a systematic review of clinical and cost-effectiveness studies, a

review and critique of manufacturer submissions, and a de novo economic analysis.

Clinical effectiveness systematic review

Evidence for the clinical effectiveness of the interventions outlined in the NICE scope
(cetuximab and panitumumab) was assessed by conducting a systematic review of published
research evidence. The review was undertaken following the general principles published by

the Centre for Reviews and Dissemination (CRD).

As research into understanding the impact of RAS mutations on the effectiveness of EGFR
inhibitors has progressed, the pivotal studies for both cetuximab and panitumumab have
been re-evaluated and the licensed population for both cetuximab and panitumumab has
recently been updated by the EMA to reflect these research developments. In line with recent
changes in licensing, the population eligible for inclusion in this current multiple technology
appraisal (MTA) specifies people with RAS WT mCRC, whereas the scope for TA176
specified people with EGFR-expressing mCRC. Given these differences, although the
majority of trials evaluating cetuximab were included in the previous appraisal (TA176) only
data from subgroup analyses of the RAS WT population from these RCTs are relevant to this
review as specified in the final scope issued by NICE . As such, all data included in this
update review for both cetuximab and panitumumab were identified by the PenTAG

searches.
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Identification of studies

Literature searching for clinical effectiveness studies was conducted in January 2015 and
updated on 27th April 2015.

The following bibliographic and ongoing trials databases were searched: MEDLINE (Ovid);
MEDLINE In-Process and Other Non-Indexed Citations (Ovid); EMBASE (Ovid); The
Cochrane Library including the Cochrane Systematic Reviews Database, CENTRAL, DARE
and HTA databases; Web of Science (Thomson Reuters); ClinicalTrials.gov; UK Clinical
Research Network’s (UKCRN) portfolio; International Standard Randomised Controlled Trials
Number (ISRCTN) registry; WHO International Clinical Trials Registry Platform (ICTRP). All
searches were limited to English language studies where possible, and randomised

controlled trials. No date limits were used.

After the reviewers completed the screening process, the bibliographies of included papers
were scrutinised for further potentially includable studies. The manufacturers’ submissions

were assessed for unpublished data.
Study selection

The population was defined as adults expressing RAS wild-type (WT) mCRC. The
interventions of interest were cetuximab in combination with FOLFOX (folinic acid +
fluorouracil + oxaliplatin) or irinotecan-based chemotherapy, and panitumumab in
combination with fluorouracil-containing regimens. These were compared with each other
and with: FOLFOX; XELOX (capecitabine + oxaliplatin); FOLFIRI (folinic acid + fluorouracil +
irinotecan); capecitabine; tegafur, folinic acid and fluouracil; and bevacizumab, in
combination with oxaliplatin- or irinotecan-based chemotherapy. Evidence on the following
outcome measures was considered: overall survival (OS), progression free survival (PFS);
response rate (including overall response rate [ORR], complete response [CR], partial
response [PR], progressive disease [PD], stable disease [SD]); adverse effects (AEs) of

treatment; and, health-related quality of life (HRQoL).

Titles and abstracts returned by the search strategy were examined independently by two
researchers and screened for possible inclusion against the predefined inclusion criteria.
Disagreements were resolved by discussion. Full texts of potentially relevant studies were
ordered. Full publications were assessed independently by two reviewers for inclusion or
exclusion against pre-specified criteria, with disagreements resolved by discussion. The

quality of the clinical effectiveness data was assessed by two independent reviewers and
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checked for agreement. The study quality was assessed according to recommendations by

the NHS CRD and Cochrane Handbook for Systematic Reviews of Interventions.
Data synthesis

Extracted data and quality assessment for each study were presented in structured tables
and as a narrative summary. Network meta-analyses were undertaken within a Bayesian
framework in WinBUGS (version 1.4.3).

Cost-effectiveness systematic review

Literature searching was conducted in January 2015 and updated on 27th April 2015.

The following databases were searched for economic studies: MEDLINE (Ovid); MEDLINE
In-Process and Other Non-Indexed Citations (Ovid); EMBASE (Ovid); NHS EED (via
Cochrane Library); EconLit (EBSCO); Web of Science (Thomson Reuters). A supplementary
search for health utilities was run in the following databases: MEDLINE (Ovid); MEDLINE In-
Process and Other Non-Indexed Citations (Ovid); EMBASE (Ovid); PsycINFO (Ovid); Web of
Science (Thomson Reuters); SCHARR Health Utilities Database. All searches were limited to

English language studies where possible, and no date limits were used.

After the reviewer completed the screening process, the bibliographies of included papers
were scrutinised for further potentially includable studies. The manufacturers’ submissions
were assessed for unpublished data.The inclusion criteria for population, intervention and
comparators were the same as for the clinical effectiveness review, with study design as full

cost-effectiveness studies. Cost studies were only considered if they were UK based.

Studies were critiqued using summary tables and narrative synthesis and full papers were
quality appraised using the Evers et al. (2005)" and Philips et al. (2006) ? checklists.
Critique of manufacturers’ submissions

Amgen submitted a review of clinical effectiveness, but did not submit cost-effectiveness

evidence.

Merck Serono submitted a review of clinical effectiveness, cost-effectiveness evidence and

utilities.

Merck Serono submitted a cost-effectiveness review that was generally appropriate for this
project, but limited to cetuximab studies so missed evidence on panitumumab. The separate

review for utilities appeared to give appropriate includes.
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Merck Serono submitted two versions of a total population (not restricted to liver metastases)
model. We have critiqued the most recent version, which was received on 16th June 2015.
We compared the results of the Merck Serono model to the PenTAG model by inputting our

preferred parameters into the Merck Serono model.

PenTAG de novo cost-utility model

Comparator treatments

In our base case, we consider two treatment networks:
“FOLFOX network”

e Cetuximab plus FOLFOX (CET+FOLFOX),
¢ Panitumumab plus FOLFOX (PAN+FOLFOX)
e FOLFOX.

“FOLFIRI network”

e Cetuximab plus FOLFIRI (CET+FOLFIRI),
e FOLFIRI.

Two networks are considered as no randomised evidence that connects the networks was
identified.

These treatments are all widely used within the NHS.

In scenario analyses, we also consider bevacizumab+FOLFOX in the FOLFOX network, and
bevacizumab+FOLFIRI in the FOLFIRI network, even though bevacizumab containing

treatment for 1st-line mCRC was delisted from the Cancer Drugs Fund in March 2015.
In another scenario analysis, we also consider XELOX in place of FOLFOX.
We consider FOLFOX4 in our base case and FOLFOX6 in a scenario analysis.

Although comparators in the NICE Scope, we do not consider capecitabine monotherapy or
tegafur, folinic acid and flourouracil as comparators in the model as these single
fluoropyrimidine regimens are typically only used for patients for whom combination
chemotherapies would be unsuitable and therefore these patients would not be eligible to
receive cetuximab or panitumumab. Furthermore, tegafur/uracil has been discontinued in the

UK and no alternatives have been identified.
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Patient population & liver metastases subgroup
In common with Merck Serono and the NICE scope, we consider two patient populations:

e All 18tline patients with RAS wild-type mCRC.
e Subgroup of these patients with liver metastases confined to their liver, the “Liver

metastases subgroup” , approximately 26% of all patients.
The following parameters are uniquely altered for the liver metastases subgroup:

e Resection rates,
o PFS for unresected patients.

e Treatment duration
All other parameters are unchanged from the total population analysis.
Model structure

The PenTAG cost-effectiveness model, implemented in Microsoft Excel® (Microsoft
Corporation, Redmond, WA, USA), simulates a cohort of people with RAS WT mCRC

starting on 15-line line treatment (see Figure A).
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Figure A. Structure of PenTAG cost-effectiveness model

3rd-line BSC

Key: BSC = best supportive care; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic acid +
fluorouracil + oxaliplatin; PD = progressive disease; PFS = progression free survival
Notes: * For CET+FOLFIRI and FOLFIRI only

We have identified two candidate model structures: Structures 1 and 2.

Structure 1 assumes that the PFS benefits of the 1st-line drugs translate into OS benefits if
the subsequent lines of treatment are balanced between treatment arms. Expressed
differently, we assume that survival after 1st-line progression is independent of 1st-line
treatment, which seems plausible, given lack of evidence to the contrary. As Merk Serono,

we use Structure 1 in our base case analysis.

Conversely, Structure 2 assumes OS is a product of responses to both 1st and subsequent
lines of treatment, as experienced in the RCTs. We consider Structure 2 in a scenario
analysis in which we model OS as well as PFS from the RCTs. We make the implicit
assumption that the costs of the subsequent lines of treatment from the RCTs are equal

between treatment arms.

Both Structures have been used in many previous NICE appraisals.
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We assume a certain proportion of patients become suitable for resection of liver
metastases, separately for each treatment arm. For resected patients, we model PFS and
PD post-resection, and for unresected patients, 1st-line PFS, 2nd-line treatment with
FOLFOX or FOLFIRI and 3rd-line BSC (see Figure A).

As with Merck Serono’s model, differences in clinical effectiveness between 1st-line drug

treatments are represented by the differences between:

e 1stline PFS,
e Resection rates,

e Incidences of adverse events.

In the base case, in the FOLFOX network, clinical effectiveness data was taken from the
OPUS RCT of CET+FOLFOX vs. FOLFOX and the PRIME RCT of PAN+FOLFOX vs.
FOLFOX. Inthe FOLFIRI network, data was taken from the CRYSTAL RCT of
CET+FOLFIRI vs. FOLFIRI.

For each treatment arm, OS is estimated as the average of OS for resected patients and the
sum of time on 1st-line PFS, 2nd-line and 3rd-line treatments for unresected patients,
weighted by the proportion of patients that are resected. Life expectancy after successful

resection is substantially greater than for patients without successful resection.
Model parameters

In common with Merck Serono, PFS and OS for patients post-resection were taken from a
study by Adam et al. (2004). 3

Also, in common with Merck Serono, we based our estimates of 1st-line PFS for unresected
patients on the data from the pivotal RCTs. However, Merck Serono estimate PFS for non-
resected patients directly from the RCTs of all patients (resected and non-resected). We
believe that this over-estimates PFS for non-resected patients, given that some patients in
the RCTs are resected and that PFS for these patients is substantially longer than for non-
resected patients. Instead, we estimated PFS for unresected patients by starting with PFS
for resected + unresected patients in the RCTs of 1s*-line drugs, and then attempting to

subtract off the PFS that we expect in the RCTs in respect of resected patients.

We make further assumptions to estimate PFS for unresected patients in the liver

metastases subgroup.
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The mean times on 1st-line drug treatment are extremely important quantities because they
affect the total mean cost of drug acquisition and administration per person, which are critical

drivers of cost-effectiveness.

We estimate the mean treatment duration for each 1st-line treatment in the following Steps:

A. Estimate the mean treatment duration for each 1st-line treatment in each of the
pivotal RCTs.
B. Estimate mean treatment duration for each 1st-line treatment by simple indirect

comparison, using CRYSTAL and PRIME as baseline RCTs.

C. For each treatment, compare the estimated mean treatment duration with the
estimated mean 1st-line PFS for unresected patients. Usually, mean treatment duration is
greater than mean 1st-line PFS for unresected patients. Given that we use only PFS, not
OS from the RCTs, we assume no, or equal treatment effects across treatment arms post-
progression. Therefore, we should not model 1st-line treatment after 1st-line PFS for
unresected patients. If we did, we would incur the costs of 1st-line drug treatment after

progression, but gain no clinical benefit from this, which is clearly inappropriate. Therefore:

¢ |f mean treatment duration was estimated less than mean 1st-line PFS for
unresected patients, our estimate of mean treatment duration was left unaltered.
e Otherwise, mean treatment duration was capped at mean 1st-line PFS for

unresected patients.

The mean total cost of drug acquisition per patient is estimated as the product of the drug

price per unit time, the mean treatment duration and the mean dose intensity.

We make further assumptions to estimate treatment duration for the liver metastases

subgroup.

Published literature (Westwood et al., 2014)* suggests that a link between different tests for
KRAS mutations and the effectiveness of the treatment strategy based on the outcome of the
test cannot be confirmed, such that the method used to diagnose KRAS WT patients suitable
to receive cetuximab or panitumumab is not shown to significantly alter the efficacy of the
treatment. Therefore, the difference in test accuracy between tests conducted in trials and
those conducted in clinical practice cannot be proven to have a significant impact on the
cost- effectiveness of cetuximab and panitumumab. As such, our model assumes the same

accuracy in practice as in the trials that inform the effectiveness estimates.
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The utilities search was supplemented with utility data from existing economic evaluations.
The population of interest was not restricted to RAS WT, but similar populations, such as
KRAS WT were preferred. One study presenting EQ-5D data from two trials with KRAS WT
populations (one first line and one second line) was used to inform first and second line utility
values (0.767 and 0.762 respectively).® Third line utility of 0.641 was also taken from
published literature.® These sources were the same as those used in Merck Serono’s

submission, though different values were chosen by Merck Serono as more appropriate.

No literature specific to post resection utilities was identified. Instead we used the same
approach as Merck Serono: age related population utility in PFS post successful resection
(0.831) and a disutility based on a weighted average of second and third line utilities for PD
post successful resection (0.142). Our PFS value was informed by recent Health Survey for

England data and the Ara and Brazier study.” 8
We now turn to the costs in our economic analysis.

In our base case, we used the list prices of cetuximab, panitumumab and bevacizumab. This

yielded the following monthly costs of drug acquisition:

e Cetuximab: £3,859
e  Panitumumab: £4.109
e Bevacizumab: £2,003

In our base case, we used the discounted prices of FOLFOX and FOLFIRI, taken from the
Commercial Medicines Unit Electronic market information tool (CMU eMit) to reflect the true

cost to the NHS. This yielded the following monthly costs of drug acquisition.

e FOLFOX4: £86
e FOLFIRI: £128

Drug administration costs comprises the costs of chemotherapy delivery, pharmacy costs,
infusion pumps and line maintenance. Inthe CRYSTAL and OPUS RCTs, cetuximab was
given weekly. However, in our economic analysis, in common with Merck Serono, we
assumed that cetuximab is administered fortnightly, to coincide with FOLFOX/FOLFIRI
administration. Fortnightly administration is common clinical practice in the NHS. Further,
Merck Serono argue on the basis of an open-label RCT and a literature review that
500mg/m? fortnightly administration is is as effective as induction 400 mg/m? followed by
weekly 250 mg/m? administration. We consider that this is justified by the clinical evidence.

Fortnightly administration is not included in the summary of product characteristics of
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cetuximab. |

Our estimated total monthly drug administration costs are:

CET/PAN/BEV+FOLFOX: £2,473

FOLFOX4: £2,348

CET/BEV+FOLFIRI: £1,759

FOLFIRI: £1,634

In a sensitivity analysis, we assume cetuximab is given weekly, consistent with the
CRYSTAL and OPUS RCTs. Then, the estimated monthly drug administration costs are
substantially higher:

e CET+FOLFOX: £4,714
e CET + FOLFIRI: £4,000

We estimate the cost of resection surgery as £10,440, substantially higher than Merck
Serono’s estimate of £2,707. Once we allow for the probability of a successful operation and
the mean number of operations per person, we estimate a cost of approximately £17,600 per

person who is successfully operated.

Medical management costs were assumed in 18-line PFS, 2"-line and 3-line, and in PFS

and PD post-resection.

The costs of treatment of adverse events and disutilities due to adverse events are modelled.

Results

Clinical effectiveness systematic review

Number and quality of effectiveness studies

Of 2,811 titles/abstracts screened, five RAS WT subgroup analyses from RCTs met the
inclusion criteria for the clinical effectiveness systematic review. Three subgroup analyses

provided data for the effectiveness of cetuximab and two provided evidence for the

effectiveness of panitumumab. Efficacy and safety outcomes were tabulated and discussed
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in a narrative review. All included studies provided evidence for the network meta-analysis

(NMA) where data were available for the outcome of interest.

The risk of bias was high but generally similar between studies with respect to
randomisation, allocation concealment, blinding, outcome reporting and loss to follow-up.
The main consideration with respect to quality is that currently available data for both
cetuximab and panitumumab are taken only from a subgroup of the intention to treat (ITT)
trial population. To set this in context, the rationale for this is based on tumour biology;
research has shown a treatment interaction for RAS and EGFR inhibitors. In response to
this, the EMA have recently revised the licensed indication for these products based on the
subgroup data from the ITT populations of the trials. Currently the only available data
demonstrating efficacy in people with RAS WT mCRC is from subgroup analyses
(prespecified in one included trial, PEAK); we did not identify any RCT evidence where there
was an ITT RAS WT population.

Despite this the limitations associated with the interpretation of subgroup data still apply.
Given the use of subgroup data all comparisons were made without protection by
stratification/randomisation. Instead, allocation to subgroups was based on RAS analysis of
tumour samples from the KRAS WT Exon 2 trial participants; the RAS ascertainment rate
was 61% minimising the potential for significant ascertainment bias (missing data largely
resulted from unavailable tumour samples or inconclusive RAS test results). In addition,
although imbalances in baseline characteristics between groups were expected, no major
differences were observed mimimising the potential for selection bias. Due to the
retrospective nature of the RAS analysis there were a low number of samples available for

analysis reducing the power of the studies to show statistical significance.
Summary of benefits and risks

In total, five subgroup analyses were included in the clinical effectiveness review presented
in this report. Given the differences in the eligible population between this current MTA
review (cetuximab and panitumumab for previously untreated mCRC [in people with RAS WT
tumours]), and the previous STA reviews (cetuximab for firstline treatment of mCRC [TA176]
and panitumumab and chemotherapy for the treatment of mMCRC [TA240; terminated
appraisall]), the evidence included in this submission was identified by the Assessment
Group’s searches. The included subgroup analyses all contributed to network meta-
analyses. It was not possible to construct a complete network as no studies were identified
comparing FOLFOX with FOLFIRI in the RAS WT population to link the networks. Two
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discrete networks were generated, one evaluating FOLFOX-containing chemotherapy

regimens and the second comparing FOLFIRI-containing chemotherapy regimens.

Cetuximab

Two trials (OPUS and CRYSTAL), provided evidence for the effectiveness of cetuximab in
combination with chemotherapy (FOLFOX4 [FOLFOX may be administered in different
regimens, most commonly FOLFOX4 and FOLFOX6, the main difference is in the
administration of these regimens] or FOLFIRI) compared with chemotherapy alone
(FOLFOX4 or FOLFIRI). These trials included a total of 1,535 participants in the ITT
population. Of these, 548 were evaluable for RAS status and 82.8% had RAS WT tumours.
The median age of participants in these trials was >59.0 years (24—79 years in OPUS and
19-82 years in CRYSTAL), and the majority were male 61% . In both trials, the majority of
participants (96%) had Eastern Cooperative Oncology Group (ECOG) performance status
(PS) 0—1. Twenty-six percent of the RAS WT sub-population had liver metastases at

baseline.

Evidence consistently suggests a treatment effect in favour of the addition of cetuximab to
chemotherapy (FOLFOX4 or FOLFIRI) compared with chemotherapy alone (FOLFOX4 or
FOLFIRI) for the outcomes of interest. The addition of cetuximab to FOLFOX4 (Tejpar et al.
(2015) (OPUS)) was associated with a 47% reduction in the risk of progression in people
with RAS WT tumours (HR 0.53 [95% CI 0.27, 1.04]), similarly, the addition of cetuximab to
FOLFIRI (Van Cutsem et al. (2015) (CRYSTAL)) was associated with a 44% reduction (HR
0.56 [95% CI 0.41, 0.76]). For OS the addition of cetuximab to FOLFOX4 showed no
significant evidence of improvement compared to FOLFOX4 alone (HR 0.94 [95% CI 0.56,
1.56]) however, the addition of cetuximab to FOLFIRI resulted in a 31 % reduction in OS (HR
0.69 [95% CI 0.54, 0.88]). Tumour response rates in the experimental arm ranged from 58%
in the Tejpar et al. (2015) (OPUS) study to 66% in the Van Cutsem et al. (2015)
(CRYSTAL) study vs 29% to 60% in the same respective studies for the control arms. In
people with liver metastases at baseline, results in terms of improvement in OS and PFS
were consistent with results for overall RAS WT population. Of these people 13.3% in the
Tejpar et al. (2015) (OPUS) study to 16.3 % in the Van Cutsem et al. (2015) (CRYSTAL)
study had complete resection in the experimental arms. Overall, clinical safety was
consistent with results for KRAS WT population in all the trials. The most common events

were diarrhoea, haematotoxiticity, neutropenia and skin reactions.

One trial (FIRE-3 trial [Heinemann et al., 2014]), provided evidence for the effectiveness of

cetuximab in combination with chemotherapy (FOLFIRI) compared with bevacizumab with
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chemotherapy (FOLFIRI). This trial included 592 participants in the ITT population. Of these,
542 were evaluable for RAS status and 63.1% had RAS WT tumours. The median age of
participants in FIRE-3 was >64.0 years (33-76 years), and the majority were male 69.8%
with ECOG PS 0-1 *(98.5%). Thirty-five percent of the RAS WT sub-population had liver
metastases at baseline. PFS was similar between the treatment groups (HR 1-:06, 95% CI
0-88-1-26; p=0-55). The proportion of people who achieved an objective response were also
similar between the cetuximab plus FOLFIRI and bevacizumab plus FOLFIRI. However,
results show longer OS suggesting a benefit with cetuximab plus FOLFIRI (HR 0.70, 95% CI
0.53, 0.92).

Panitumumab

One ftrial (PRIME), provided evidence for the effectiveness of panitumumab in combination
with chemotherapy (FOLFOX) compared with chemotherapy alone (FOLFOX). This trial
included 1,183 participants in the ITT population. Of these, 1,060 were evaluable for RAS
status and 48.3% had RAS WT tumours. The median age of participants in PRIME was
>61.0 years (24-82 years) and the majority (>65%) were male with ECOG PS 0-1 (94%).
Eighteen percent of the RAS WT sub-population had liver metastases at baseline. No

evidence was identified comparing panitumumab plus FOLFIRI with FOLFIRI.

Evidence consistently suggests a treatment effect in favour of the addition of panitumumab
to FOLFOX4 compared with FOLFOX4. Overall, clinical safety was consistent with results for
KRAS WT population in all the trials. The most common events were diarrhoea,
haematotoxiticity, neutropenia and skin reactions. The addition of panitumumab to FOLFOX4
was associated with a reduction in risk of progression of 28% (HR 0.72 [95% CI 0.58, 0.9])
(Douillard et al., 2013 [PRIME]).. Similarly, for OS the HR were 0.77 (95% CI 0.64, 0.94),
favouring the panitumumab plus FOLFOX4 treatment group. Tumour response rates in the
experimental arm were [Jj compared with [} in the control arm (Data on File: Amgen UK,
2015 [PRIME]). In people with liver metastases at baseline results in terms of improvement
in OS and PFS were consistent with results for the overall RAS WT population. Of these

people, | i» the experimental arm compared with ||| | | I i» the control

arm had complete resection.

One trial (PEAK), provided evidence for the effectiveness of panitumumab in combination
with chemotherapy (modified FOLFOX6 [mMFOLFOX6]) compared with bevacizumab with
chemotherapy (mFOLFQOX®6). This trial included 285 participants in the ITT population. Of
these, 285 were evaluable for RAS status and 59.6% had RAS WT tumours. The median
age of participants in PEAK was >60 years (23—-82_yrs) and the majority (>67%) were male
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with ECOG PS 0-1 (99%). Twenty-six percent of the RAS WT sub-population had liver
metastases at baseline. The proportion of people who achieved an ORR were similar
between the cetuximab plus mMFOLFOX6 and bevacizumab plus mFOLFOX6. For PFS the
addition of panitumumab to mFOLFOX6 was associated with a 35% reduction in risk of
progression compared with bevacizumab plus mFOLFOX6. In addition, a trend towards OS
benefit with panitumumab plus MFOLFOX6 was observed (HR 0.63; 95% CI1 0.39, 1.02).

Network meta-analysis: FOLFOX network

The network meta-analysis (NMA) provided no statistically significant evidence to suggest
that cetuximab plus FOLFOX was any more effective than FOLFOX, bevacizumab plus
FOLFOX or panitumumab plus FOLFOX to increase the time to death or the time to

progression or death.

Direct evidence suggests that panitumumab plus FOLFOX was more effective at increasing
time to progression or death than FOLFOX and bevacizumab plus FOLFOX. Panitumumab

plus FOLFOX was also estimated to be more effective at increasing survival than FOLFOX.

There was limited evidence to suggest that cetuximab plus FOLFOX is more effective at

improving overall response rate than panitumumab plus FOLFOX.

There was little evidence that cetuximab plus FOLFOX was associated with fewer adverse
events (AEs) than panitumumab plus FOLFOX, however some of these analyses were

limited by the small number of events recorded in the treatment arms.
Network meta-analysis: FOLFIRI network

Evidence from the NMA suggests that cetuximab plus FOLFIRI and bevacizumab plus
FOLFIRI are more effective than FOLFIRI at increasing time to progression or death, and
ORR.

Direct evidence suggests that cetuximab plus FOLFIRI was more effective than FOLFIRI and

bevacizumab plus FOLFIRI at increasing survival.

Cost effectiveness

Published economic evaluations

Of 1,979 search results, four studies were identified and reviewed: 1 full paper, 2 conference
abstracts with accompanying posters and 1 conference abstract whose accompanying poster
could not be retrieved.
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One study was UK based, and compared cetuximab plus chemotherapy to chemotherapy
alone. ® This study was only reported as a conference abstract and poster. As this study was

related to a SMC appraisal, additional details were sought from the SMC report.™

The full paper compared panitumumab in combination with FOLFOX to bevacizumab in
combination with FOLFOX and was conducted in France, so the results were of limited
generalisability to the UK. One other conference abstract also looked at this comparison for

the Greek healthcare perspective.

The final abstract with accompanying poster reported the RAS WT population as a scenario

analysis and was conducted from a healthcare perspective.

As the majority of included studies were not full papers, the quality of reporting was limited.
One important note from the quality assessment was that all studies had at least one author

employed by a manufacturer.

No studies completely answered the decision problem in this HTA and as such highlights the

need for a de novo cost-effectiveness model.
Appraisal of Merck Serono’s economic analysis

Merck Serono conducted a cost-effectiveness review and two executable models: one for the
overall RAS WT population and one for a liver limited disease subgroup. As Merck Serono
sent us their liver subgroup model very late in the review period, and as we were unable to
reconcile the subgroup analysis with the overall population model, we did not critique this

subgroup analysis.

The model was generally poorly reported: there were several discrepancies between the
parameters in the report and model and the sources of some parameters were incorrectly
given. A second iteration of the total population model and report were received to solve

discrepancies between the results reported in the first submission.

In common with us, in their base case, Merck Serono assume fortnightly administration of

cetuximab. They estimate the ICERSs for the two key comparisons related to cetuximab:

e CET+FOLFOXvs. FOLFOX: £47,000 per QALY,
e CET+FOLFIRI vs. FOLFIRI: £56,000 per QALY.

The model itself contained some minor errors and inconsistencies, but we found no major

wiring errors.

41



PenTAG CONFIDENTIAL UNTIL PUBLICATION

The general structure of Merck Serono’s model is similar to our own. Further, we are

satisfied with the great majority of parameter values in Merck Serono’s model.

However, we have identified 8 items that differ between our model and Merck Serono’s
model which have an important impact on cost-effectiveness, as discussed below. Most
importantly, we believe that Merck Serono have underestimated mean treatment durations
(Figure B). This has the important effect that Merck Serono estimate far lower drug

acquisition costs (Figure C), and hence far lower ICERSs than us.

Merck Serono assume that no 1st-line drugs are given after a certain cut-off time, which
varies slightly by treatment arm. Strangely, they provide no justification for the cut-off.
Further, we note that Merck Serono assumed a similar cut-off time in their model for
cetuximab and cetuximab-+irinotecan for subsequent lines of treatment for mCRC, NICE
TA242, in 2011.

Figure B. Mean durations of 15%-line line drugs: PenTAG vs. Merck Serono

12

W PenTAG

@ Merck

Mean treatment duration (months)

Key: BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin
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Figure C. Mean cost of 15t-line drug acquisition: PenTAG vs. Merck Serono
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Key: BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic

acid + fluorouracil + oxaliplatin

PenTAG model

Our base case results for the FOLFOX and FOLFIRI networks are given in Table A and

Table B below.

Table A. PenTAG base case summary cost-effectiveness results: All patients, FOLFOX

network
CET+FOLFOX | PAN+FOLFOX
VS. VS.
CET+FOLFOX PAN+FOLFOX FOLFOX FOLFOX FOLFOX
Life years (mean, 2.41 2.08 1.86 0.55 0.22
undiscounted)
QALYs (mean, discounted) 1.61 1.41 1.26 0.35 0.15
Total costs (mean, £77,262 £74,705 £38,825 £38,437 £35,880
discounted)
ICER (Cost / QALY) vs. £109,820 £239,007
FOLFOX
ICER (Cost/ QALY) on £109,820 Extended Reference
efficiency frontier dominated

Key: BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years
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Table B. PenTAG base case summary cost-effectiveness results: All patients, FOLFIRI

network
CET+FOLFIRI
vs.
CET+FOLFIRI FOLFIRI FOLFIRI
Life years (mean, 2.21 1.75 0.46
undiscounted)
QALYs (mean, discounted) 1.53 1.23 0.30
Total costs (mean, £85,197 £40,027 £45,170
discounted)
ICER (Cost / QALY) £149,091

Key: BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years

We predict that for the comparison CET+FOLFOX vs. FOLFOX, most incremental QALY's
come from PFS post-resection. This is largely due to the high expected resection rate for
CET+FOLFOX (JJll}) compared to FOLFOX (JJl]). Total incremental QALYs for
PAN+FOLFOX vs. FOLFOX are far lower than for CET+FOLFOX vs. FOLFOX. This is
mostly because we predict a lower resection rate for PAN+FOLFOX (). compared to
CET+FOLFOX.

For the comparison CET+FOLFIRI vs. FOLFIRI, most incremental QALYs come from PFS
non-resected and PFS post-resection (Figure 51). Post-resection QALYs are less important
than for CET+FOLFOX vs. FOLFOX, as we predict low rates of resection for CET+FOLFIRI
(7.3%) and FOLFIRI (2.1%).

The expected absolute 15-line drug acquisition costs and 13- and 2"-line drug administration
costs are by far the largest cost items. Incremental 15-line drug acquisition costs dominate.
1st-line drug administration costs also make an important contribution to total incremental

costs.

We believe that the ICERs are subject to substantial uncertainty, only some of which is
captured in the PSA. On the plus side, the PFS data for 1s*-line treatment is of high quality,
as it comes directly from RCTs. However, we note that the evidence of CET+FOLFOX is not
as strong as for PAN+FOLFOX, as the OPUS trial of CET+FOLFOX vs. FOLFOX had far
fewer RAS WT patients (87) than the PRIME RCT of PAN+FOLFOX vs. FOLFOX. On the
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minus side, we make several important assumptions that are associated with substantial

uncertainty, including:

e We adjusted PFS from the RCTs of 1s-line drugs by removing patients who are
resected. However, without access to the underlying individual patient data from
the RCTs, we concede that our method is only approximate.

¢ We assume that any treatment effect from 1st-line drugs stops on progression. This
is because we do not model OS from the RCTs, but instead only PFS. We explore

the use of OS from the RCTs in a scenario analysis below.

e Given lack of data to suggest otherwise, we assume the same accuracy of the RAS
test in clinical practice as in the 1s-line RCTs. Any differences are likely to result in
even higher ICER estimates for cetuximab and panitumumab.

e  Our estimate of resection rates for CET+FOLFOX = - is uncertain because it is
estimated by an indirect comparison, and cost-effectiveness is very sensitive to
resection rates. By comparison, we have confidence in our estimated rates of
resection for the FOLFIRI network (CET+FOLFIRI = 7.3%, FOLFIRI = 2.1%). Also,
our resection rate estimates for the FOLFOX network of PAN+FOLFOX = [},
FOLFOX = |} are reliable, as they are taken directly from PRIME.

Probabilistic sensitivity analyses predicts the probabilities that the following treatments are

most cost-effective at a willingness to pay threshold of £30,000 per QALY are:

e CET+FOLFOX: 22%.
e PAN+FOLFOX: 0%
e FOLFOX: 78%

e CET+FOLFIRI: 0%.
e FOLFIRL 100%

We now discuss the liver metastases subgroup. Our base case results for the FOLFOX and

FOLFIRI networks are given in Tables C and D below.
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Table C PenTAG base case summary cost-effectiveness results: Liver metastases
subgroup, FOLFOX network

CET+FOLFOX | PAN+FOLFOX
vs. vs.
CET+FOLFOX PAN+FOLFOX FOLFOX FOLFOX FOLFOX
Life years (mean, 2.98 2.86 2.21 0.76 0.65
undiscounted)
QALYs (mean, discounted) 1.97 1.89 1.49 0.49 0.40
Total costs (mean, £94,008 £79,579 £43,537 £50,471 £36,042
discounted)
ICER (Cost / QALY) vs. £104,045 £89,673
FOLFOX
ICER (Cost/ QALY) on £173,505 £89,673 Reference
efficiency frontier (vs. (vs.

PAN+FOLFOX) FOLFOX)

Key: BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years

Table D. PenTAG base case summary cost-effectiveness results: Liver metastases

subgroup, FOLFIRI network

CET+FOLFIRI
vs.
CET+FOLFIRI FOLFIRI FOLFIRI
Life years (mean, 2.69 1.83 0.86
undiscounted)
QALYs (mean, discounted) 1.83 1.26 0.57
Total costs (mean, £100,274 £39,654 £60,620
discounted)
ICER (Cost/ QALY) £106,707

Key: BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; ICER, incremental cost-effectiveness ratio; QALY's, quality-adjusted life years

We predict slightly longer life expectancy for the liver mets subgroup (1.8 — 3.0 years)

compared to all patients (1.7 — 2.4 years). This is because we also predict greater resection

rates for the liver mets subgroup (i} than for all patients (Jll), and life expectancy is

substantially greater for patients after resection compared to without resection.
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Our estimated ICERs are highly uncertain, indeed more uncertain than for all patients
combined, as, in addition to all the uncertainties for all patients combined, PFS for
unresected patients is more uncertain than for all patients because additional assumptions

are required to estimate this quantity.

Probabilistic sensitivity analyses predict the probabilities that the following treatments are

most cost-effectivet at a willingness to pay threshold of £30,000 per QALY are:

e CET+FOLFOX: 2%.
e PAN+FOLFOX: 0%.
e FOLFOX: 98%

e CET+FOLFIRI: 0%.
e FOLFIRL 100%

We now discuss the impact of some of the key scenario analyses on cost-effectiveness for
all patients combined. The impact for the liver metastases subgroup is explained in the main

text.

We find that BEV+FOLFOX is dominated by FOLFOX. When we include BEV+FOLFIRI as a
comparator, the ICER for CET+FOLFIRI vs. BEV+FOLFIRI is £290,000 per QALY, greater
than the ICER for CET+FOLFIRI vs. FOLFIRI.

When we include XELOX as a comparator, we predict that the ICERs for CET+FOLFOX vs.
XELOX and PAN+FOLFOX vs. XELOX are higher than the corresponding ICERSs vs.
FOLFOX. This is because we estimate a lower drug administration cost for XELOX than for
FOLFOX.

In our base case analysis, we model only PFS from the RCTs. OS is estimated from the
times on 1st-, 2nd and 3rd-line of treatment for unresected patients, and for OS for resected
patients. In a sensitivity analysis, we model OS, in addition to PFS, from the RCTs. The

three differences in the scenario analysis versus the base case are:

e The modelled mean treatment duration for each treatment arm is set equal to the
treatment duration from the RCTs. Unlike in the base case, we do not cap treatment
duration as the mean time in 1st-line PFS for unresected patients. The rationale for
removing the cap is that OS from the RCTs is likely to be affected (probably lengthened),

by 1st-line drugs taken post-progression.
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We estimate the proportions of patients taking cetuximab- and panitumumab-based
treatments 2nd-line from the limited data from the RCTs. From this, we estimate the
total costs of drug acquisition and administration of these 2nd-line treatments.

The time on 3rd-line best supportive care (BSC) for unresected patients is changed in
such a way as to yield the OS curves from the RCTs (after subtracting patients post-
resection, and after the indirect comparisons). The times in all other health states are

unaltered.

The cost-effectiveness of CET+FOLFOX vs. FOLFOX increases substantially so that
CET+FOLFOX is now dominated by FOLFOX.

The cost-effectiveness of PAN+FOLFOX vs. FOLFOX decreases substantially from
£239,000 to £100,000 per QALY.

The ICER for CET+FOLFIRI vs. FOLFIRI decreases from £149,000 to £101,000 per
QALY.

When we assume that cetuximab is given weekly, as opposed to fortnightly in our base case,

the monthly administration cost of cetuximab increases greatly and the ICERs increase

substantially:

e CET+FOLFOXvs. FOLFOX: from £110,000 to £165,000 per QALY.
e CET+FOLFIRI vs. FOLFIRI: from £149,000 to £227,000 per QALY.

We now discuss the deterministic sensitivity analyses. Cost-effectiveness is very sensitive

to:

e Resection rates.

e PFS and OS post-resection.

e PFS for unresected patients.

e Treatment duration.

Cost-effectiveness is quite sensitive to:

e discounting

¢ cost of administration of 1st-line drugs.

We find the following ICERSs, when the prices of cetuximab and panitumumab are set to £0:
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e CET+FOLFOX vs. FOLFOX: £27,000 per QALY.
e PAN+FOLFOX vs. FOLFOX: £50,000 per QALY.
e CET+FOLFIRI vs. FOLFIRI: £27,000 per QALY.

In other words, none of the combination treatments are cost-effective at the £20,000 per
QALY threshold. This is largely because the total costs of administration of the combination
treatments far exceed those of either FOLFOX or FOLFIRI. This in turn is because we
predict that the combination treatments are taken for longer than FOLFOX or FOLFIRI, and

because the monthly costs of administration are high.

Now turning to NICE’s End of Life (EoL) criteria. Merck Serono claim that cetuximab

satisfies these criteria. However, we disagree, as we believe that:

e The eligible patient population is too large,

e The estimated extension to life is not robust.

o We are not sure whether life expectancy on FOLFOX and FOLFIRI is less than the
required 24 months

o We are not sure whether the extension to life is greater than the required 3 months.
We believe that panitumumab probably does not meet EoL as:

e The extension to life is not robust.

o We are unsure whether the patient population is sufficiently small,

o We are unsure whether life expectancy on FOLFIRI is less than the required 24
months,

o We are unsure whether the extension to life is greater than the required 3 months.

Results of pricing under the Patient Access Schemes for panitumumab and cetuximab can

be found in Appendix K.

Comparison of the PenTAG and Merck Serono cost-effectiveness

results

There are many similarities between our model and Merck Serono’s model. For example, we

assume:

e The same overall model structure, that is we both use only resection rates and
PFS, but not OS, from the trials of 1s-line drugs. In scenario analyses, we both
also model OS from the RCTs.
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e  Similar utilities.

e The same source for estimation of PFS and OS after resection.

e The same prices of cetuximab, panitumumab and bevacizumab. We assume far
lower prices for FOLFOX and FOLFIRI, but this affects cost-effectiveness little.

e Similar times and treatment duration in 2"-line FOLFOX and FOLFIRI.

Yet, there are several important differences between our models which act to yield very

different estimates of cost-effectiveness of cetuximab.
The PenTAG ICERs:

e CET+FOLFOX vs. FOLFOX = £110,000 per QALY,
e CET+FOLFIRI vs. FOLFIRI = £149,000 per QALY.

are much higher than Merck Serono’s ICERs:

e CET+FOLFOX vs. FOLFOX = £47,000 per QALY,
e CET+FOLFIRI vs. FOLFIRI = £55,000 per QALY.

In total, we have identified 8 items that differ between our model and Merck Serono’s model

which have an important impact on cost-effectiveness.

For the FOLFOX network, treatment duration and PFS for unresected patients are the most
important items (Figure D). The ICER from Merck Serono’s model increases substantially
when both are independently changed to our estimate, because we assume substantially
greater treatment durations than Merck Serono, and we assume substantially smaller
differences between mean PFS for unresected patients for CET+FOLFOX vs. FOLFOX than
do Merck Serono. This itself is because we estimate PFS for unresected patients by
subtracting off PFS for resected patients from the PFS data for resected+unresected patients

from the RCT, whereas Merck Serono do not.

For the FOLFIRI network, treatment duration is clearly the most important item. The ICER
from Merck Serono’s model increases substantially when durations are changed to our
estimates. Unlike for the FOLFOX network, the ICER for CET+FOLFIRI vs. FOLFIRI
increases only slightly when we use our estimates of PFS for unresected patients, even
though we again subtract off PFS for resected patients from PFS for resected+unresected
patients from the RCTs. This is because we estimate substantially lower resection rates for
the FOLFIRI network compared to the FOLFOX network.
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Above all, treatment duration is the most critical issue in the current HTA with regards to
explaining the difference in cost-effectiveness as produced by our model and Merk Serono’s

model.

We assume a far longer duration in PFS and PD post-resection for than Merck Serono. This
substantially improves the cost-effectiveness of CET+FOLFOX vs. FOLFOX and
CET+FOLFIRI vs. FOLFIRI (Figure D).

For the FOLFOX network, we assume far higher resection rates than Merck Serono. This
also substantially improves the cost-effectiveness of CET+FOLFOX vs. FOLFOX. We

assume the same resection rates as Merck Serono for CET+FOLFIRI and FOLFIRI.

There are four other factors which contribute to the PenTAG model having higher ICERs

than Merck Serono’s model:

e We assume far higher unit costs of drug administration than Merck Serono. Our
values yield slightly higher ICERs because we assume that patients are on
treatment for longer on CET+FOLFOX than FOLFOX and for longer on
CET+FOLFIRI than FOLFIRI.

o We assume a far higher cost for resection operation than do Merck Serono. This
acts to worsen cost-effectiveness, as the resection rate is higher for CET+FOLFOX
than FOLFOX and for CET+FOLFIRI than FOLFIRI.

o We assume a higher cost per month for treating patients in PD post-resection. This
acts to increase the ICERSs, again as the resection rate is higher for CET+FOLFOX
than FOLFOX and for CET+FOLFIRI than FOLFIRI.

o We assume different costs of drug acqusiton per month. This acts to increase the
ICERSs, as we assume a slightly higher cost of acquisition of cetuximab per month
than Merck Serono (£3,859 vs. £3,478). Our estimates of the monthly cost of
acquisition of FOLFOX and FOLFIRI are much lower than those of Merck Serono.
However, cost-effectiveness is insensitive to these differences because they affect
both treatment arms similarly in treatment comparison pairs.

o We assume a higher monthly acquisition cost of cetuximab than Merck Serono
because we assume a slightly larger body surface area, 1.85m2 vs. 1.79m2, and

the dose of cetuximab depends on body surface area.

When we amend Merck Serono’s model for all eight changes simultaneously, the resulting
ICERs are similar to the base case ICERs in our model (Figure D). We find no remaining

large differences in incremental mean life years, QALYs and costs between Merck’s
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amended model and our model. We conclude that there are no further differences between

our model and Merck Serono’s model that have a large impact on cost-effectiveness.
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Figure D. ICERs from Merck Serono model with PenTAG changes applied

independently or in combination
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Comparison of the current MTA to previous STAs (TA176, TA240)

Although this MTA seeks to update previous guidance from two single technology appraisals
(STAs) (TA176 and TA240),"": 12 there are some important differences between the scope for
the previous STA reviews and this current MTA review (ID794). The main difference is in the
patient population. The current scope specifies people with RAS WT mCRC, whereas
previous STA reviews specified EGFR-expressing mCRC (TA 176) ', and KRAS WT mCRC
(TA240)"2.

TA240 aimed to assess the effectiveness and cost-effectiveness of firstline panitumumab in
combination with chemotherapy for metastatic colorectal cancer patients, but was terminated
when no evidence was received from the manufacturers. As such no comparison can be

madebetween TA240 and the current assessment can be made.

TA176 assessed the effectiveness and cost-effectiveness of firstline cetuximab in
combination with chemotherapy for metastatic colorectal cancer patients. Comparisons can
only be made between TA176 and the current MTA for the OPUS and CRYSTAL trials, since
FIRE-3 is new to the current appraisal. In line with research developments, effect estimates
(where reported) for OS, PFS and ORR were either similar or point estimates were slightly
decreased in the RAS WT subgroup compared with the KRAS WT population suggesting
reduced risk of progression or death in the RAS WT population. However, these results
should be interpreted with caution, as the analyses are based on subgroup analyses and as
sample sizes (for some studies) were small reducing the power of the studies to show
statistical significance. No comparison could be made in respect of HRQoL data as the
current HTA did not identify any data for HRQoL among the RAS WT population. Variability
in the reporting of AEs between TA 176 and the current MTA; e.g. summary AEs, AEs in
25% of participants; or AEs >5% difference between treatment arms made it difficult to draw

comparison where data were reported

Both TA176 and the current assessment include a de novo economic analysis provided by
Merck Serono. The structure and data sources for this model are similar to those presented
in the current assessment and therefore our crticisms of the current Merck Serono model

also apply to that submitted for TA176.
TA176 presented two comparisons based on head to head trial data:
e CET+FOLFOX versus FOLFOX, informed by OPUS

e CET+FOLFIRI versus FOLFIRI, informed by CRYSTAL
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The ICERSs reported in TA176 are £63,245 per QALY gained for CET+FOLFOX versus
FOLFOX and £69,287 per QALY gained for CET+FOLFIRI versus FOLFIRI, lower than the
current PenTAG model results. As with the current Merck Serono assessment, the
differences are primarily driven by difference in costs of first line treatment. As we do not

have the original model for TA176, it is not possible to confirm which parameters differed.

Discussion

The systematic reviews of clinical and cost-effectiveness were conducted by an independent,
experienced research team using the latest evidence and working to a pre-specified protocol
(PROSPERO CRD42015016111). This technology assessment builds on existing secondary

research and economic evaluations

Strengths and limitations of the systematic review of effectiveness
studies

A strength of this report is that a systematic review of RCTs for cetuximab and panitumumab
in people with mCRC with RAS WT tumours, and a network meta-analysis (NMA) has been
conducted to evaluate relative efficacy. In the absence of head-to-head RCTs, an NMA was
conducted to assess relative efficacy of panitumumab in combination with chemotherapy and

cetuximab in combination with chemotherapy.

However, there are some important sources of uncertainty that may impact on the

conclusions:

e Currently available data providing evidence for the effectiveness of cetuximab and
panitumumab are taken from subgroups of the ITT ftrial populations.The rationale is
based on developments in tumour biology research (i.e. research demonstrating an
interaction between RAS and EGFR inhibitors [specifically the negative implications of
RAS mutations on the effectiveness of EGFR inhibitors]). Of note, the recent change to
the licensed indication by the EMA is based on these same subgroup data and treatment
effect estimates for both cetuximab and panitumumab are in the expected direction and

consistent across trial populations.

e Given the use of subgroup data all comparisons were made without protection by
stratification/randomisation. Instead, allocation to subgroups was based on re-evaluating
tumour samples from the KRAS WT Exon 2 population for RAS status. While this
minimised the potential for ascertainment bias, there were missing data for some of the

trials (either the tumour was not evaluable for RAS status or the results were
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inconclusive). No significant imbalances between the trial populations were observed
minimising the potential for selection bias. Of note, none of the included subgroup
analyses reported the results of a test for treatment interaction. Due to the retrospective
nature of the RAS analysis, for some studies, e.g. the OPUS RCT, there were a low
number of samples available for analysis, reducing the power of the studies to show

statistical significance

No evidence was identified to estimate the effectiveness of panitumumab plus FOLFIRI
(licence approved for panitumumab plus FOLFIRI for the first-line treatment of adults with
RAS WT metastatic colorectal cancer [ nCRC] in Q1 2015).

The subgroup analyses all contributed to network meta-analyses. However, it was not
possible to construct a complete network and two discrete networks were generated, one
evaluating FOLFOX-containing chemotherapy regimens and the second comparing
FOLFIRI-containing chemotherapy regimens. It was therefore not possible to make

comparison between FOLFOX-containing and FOLFIRI-containing regimens.

Although there were some reporting omissions in the publications of the subgroup
analyses, the Assessment Group were able to confirm estimates via other sources; e.g.

European Medicines Agency (EMA) reports or via the companies.

The timepoint at which ORR was measured was unclear for all of the trials. Objective
response rate was measured at either six- or eight-week intervals (according to methods
reported in the primary publications). Given this uncertainty results reported for the RAS

WT population for this outcome should be treated with caution.

Small sample sizes for the subgroup of the RAS WT population with liver metastases at
baseline increased the level of uncertainty; there was a lack of statistical power and
limitations with precision and validity. However, subgroup data provide the only available
evidence. In addition the effect estimates are consistent across all studies. Although one
trial — FIRE-3 (which contributed evidence for the effectiveness of cetuximab plus

FOLFIRI compared with FOLFIRI) did not report data for all outcomes for this subgroup.
None of the included trials reported HRQoL estimates for the RAS WT population.

We are aware of other cetuximab trials; for example, COIN and NORDIC VIl for which

there is currently no RAS WT subgroup data available.
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e Data comparing cetuximab plus FOLFOX with panitumumab plus FOLFOX was only
available from the network meta-analysis. The limitations regarding the data for the RAS
WT population (above), also apply to the network meta-analysis, and as such results

should also be interpreted with caution.

Generalisability of the findings

The study arm populations had, median/mean ages of between 59 and 65 years and the
majority of participants had an ECOG performance status of <2, meaning that people were
younger and fitter than the UK population of people with mCRC. This is a recurrent problem,
however, in the findings of trials of therapies for mCRC to the UK population. All of the
included studies were multicentre studies (including European centres), and evaluated the

study drugs in line with their licensed indications.

Importantly, however, data for the RAS WT population were only available from subgroup
analyses rather than ITT analyses, and, as such, sample sizes were often small and results
are subject to a high degree of uncertainty. While subject to the uncertainties outlined above,
these subgroup data are currently the only available data for the RAS WT sub-population.
We did not identify any RCTs with an ITT by RAS WT status, and only one of the included
trials prespecified the extended RAS analysis. Of note, the EMA’s recent change to the
licensed indication was based on subgroup data from trials that inform this current
assessment, and while subgroup analyses were defined post-hoc the rationale was based on
research developments into tumour biology and results were in line with the expected

direction of effect and consistent across included studies

Published economic evaluations are from a range of settings, only one of which being UK
based, and they have varying levels of reporting, the majority being conference
abstracts/posters. All evaluations have issues of generalisability that concern the estimates

of effectiveness.

Hence the extent to which the results of included trials can provide a reasonable basis for
generalization to the UK NHS population of people with mCRC is unclear.
Strengths and limitations of the de novo economic analysis

A strength of the PenTAG model is that is an independent model, not sponsored by any of
the manufacturers producing cetuximab or panitumumab. It uses up-to-date clinical

effectiveness data, which has been acquired through a systemic review of current evidence.
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Drug acquisition costs were obtained, where possible, from the Commercial Medicines Unit
eMit database, which reflects the true cost to the NHS of acquiring these drugs as it includes
discounts obtained by hospital pharmacies. For other drugs the list price from the BNF was

used, as in the NICE reference case.

We have explored areas of uncertainty through scenario analyses and sensitivity analyses
(deterministic and probabilistic). Though ICERs for anti-EGFR therapies versus
chemotherapy alone altered quite substantially in some analyses, none fell below a

willingness to pay threshold of £20,000 per QALY gained.

The model is subject to the same limitations as the clinical effectiveness review as these are

carried through into the modelling. There are also several areas of uncertainty, including:

e The evidence is poor for the accuracy and effectiveness of companion diagnostic
for testing RAS mutation status, with no trials presenting effectiveness of treatment
following diagnosis for all tests used in clinical practice. We have assumed, due to
the the evidence available, that this is the same in practice as it is in the trials, but
this may not be true and would likely result in lower effectiveness for cetuximab and
panitumumab in practice.

¢ Some drugs (those for which the BNF price was used) may be obtained at lower
costs than assumed due to locally procured discounts. There is no indication what
these costs might be, and the NICE reference case has been adhered to in this
regard.

e It has been assumed that fortnightly cetuximab will be used in the NHS as this is
believed to be current clinical practice and is less costly and burdensome for
patients. It was assumed that clinical effectiveness would be unchanged going from
weekly to fortnightly on the basis of a single non-inferiority trial. It remains possible
that there is in fact a difference in effectiveness between the schedules, although
on the basis of current evidence there is unlikely to be a substantial difference. This
also adds complexity to the decision process, since to achieve the ICER reported in
the PenTAG base case might require NICE to issue guidance outside the current
marketing authorisation

e The PFS data for 1s-line treatment is of high quality, as it comes directly from
RCTs, but we note that the evidence of CET+FOLFOX is not as strong as for
PAN+FOLFOX, as the OPUS trial of CET+FOLFOX vs. FOLFOX had far fewer
RAS WT patients (87) than the PRIME RCT of PAN+FOLFOX vs. FOLFOX (512).

This is demonstrated in the probabilistic sensitivity analysis, where the
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CET+FOLFOX versus FOLFOX results are much more uncertain than
PAN+FOLFOX versus FOLFOX.

e As there were two trials to base the effectiveness of FOLFOX on, one had to be
chosen for the base case. Due to its larger size, we based our effectiveness
estimates for FOLFOX on the PRIME trial. In a scenario analysis where OPUS is
chosen to base the effectiveness estimates the ICERs for PAN+FOLFOX versus
FOLFOX do decrease substantially, particularly for the liver metastases subgroup.

e We adjusted the PFS from the RCTs of 1st-line drugs by subtracting patients who
are resected to calculate PFS for unresected patients. As the underlying individual
patient data from the RCTs was not available, this method is only approximate.

o We estimated survival post-resection from a study that is now several years old,
where no patients received either cetuximab or panitumumab. 3 It is therefore
possible that survival post-resection for patients initially treated with these drugs
could differ from Adam et al. (2004).

o Treatment effect from 15t-line drugs was assumed to stop following disease
progression. This is because we do not model OS from the RCTs, only PFS. We
explore the use of OS from the RCTs in a scenario analysis where the ICERs for
CET+FOLFOX significantly increases versus FOLFOX; PAN+FOLFOX ICERs
significantly decreased versus FOLFOX; CET+FOLFIRI versus FOLFIRI ICER
decreases. These changes are driven by the treatment duration which is now
calculated directly from the RCTs.

e For the liver metastases subgroup PFS is even more uncertain as direct evidence
was unavailable so adjustments to PFS for all patients was made. Furthermore, we
were forced to estimate PFS for unresected patients from PFS for resected +
unresected patients for the liver metastases subgroup using a different, and

arguably less rigorous, method compared to all patients.

Conclusions

Clinical effectiveness evidence in this review suggests there is some clinical benefit from
anti-EGFR therapies in comparison to standard chemotherapy treatments and mixed clinical
benefit in comparison to anti-VEGF therapies: e.g. direct evidence suggests that
panitumumab plus FOLFOX is more effective at increasing time to progression or death than
FOLFOX and bevacizumab plus FOLFOX. Panitumumab plus FOLFOX is also estimated to
be more effective at increasing time to death than FOLFOX. Evidence suggests that
cetuximab plus FOLFIRI and bevacizumab plus FOLFIRI are more effective than FOLFIRI at

increasing time to progression or death, and ORR.
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There is limited evidence to draw conclusions over which anti-EGFR therapy has most
clinical benefit. There is no evidence to suggest that cetuximab plus FOLFOX is any more
effective than panitumumab plus FOLFOX to increase the time to death or the time to
progression or death and there is limited evidence to suggest that cetuximab plus FOLFOX is

more effective at improving ORR than panitumumab plus FOLFOX.

Estimates of cost-effectiveness currently suggest poor value for money at willingness to pay
thresholds of £30,000. Our results currently indicate that the cost of administering these
treatments is what drives this poor value for money, as even when reducing the cost to £0,
ICERs remain above a £30,000 per QALY gained willingness to pay threshold. Probabilistic
sensitivity analyses further demonstrate that anti-EGFR therapies are unlikely to be cost-
effective at a willingness to pay threshold of £30,000 per QALY gained: for the FOLFOX
network, FOLFOX has 78% likelihood of being most cost-effective treatment; and for the
FOLFIRI network, FOLFIRI has 100% likelihood of being the most cost-effective treatment.

In summary, there is potential for clinical benefit from anti-EGFR therapies, but cost of

administering these therapies is substantial.

Suggested research priorities

e We recommend that the economic analysis should be repeated when the PFS and OS
data from the RCTs is more mature. Given sufficiently mature data, we would no longer
need to use PFS and OS related to patients post-resection, with all the associated

uncertainty, as we do currently.

e The RCTs of 1s-line drugs included subsequent treatments that are not widely used in
the UK NHS. Therefore, the economic analysis would benefit from RCTs with
subsequent treatments in line with those widely used in the NHS. However, given the

substantial costs of conducting trials, we appreciate that this is unlikely to happen.

e Given lack of data to suggest otherwise, we assume the same accuracy of the RAS test
in clinical practice as in the 1st-line RCTs. Any differences are likely to render higher
ICERSs for cetuximab and panitumumab. Therefore, we would welcome further research

in to the relative accuracies of the tests as used in the trials and in clinical practice.

e Our economic analysis is desgined for the NHS in England & Wales. However, it could

easily be adapted for the healthcare systems of other countries.

e CET+FOLFOX, CET+FOLFIRI and PAN+FOLFOX are all given intravenously. Our

economic analysis suggests that the administration of these treatments is expensive, and

60



PenTAG CONFIDENTIAL UNTIL PUBLICATION

it highlights that there is a strong economic incentive to develop oral treatments for
mCRC.

The cost-effective of treatments for the liver metastases subgroup are very uncertain,
partly due to the small numbers of patients in the trials. Therefore, if there is further
interest in giving these treatments to this subgroup of patients, then we need better

quality and quantity of clinical evidence.
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1. Background

1.1. Description of the health problem

1.1.1. Aetiology and pathology

Colorectal cancer (CRC), also referred to as bowel cancer, is any cancer that affects the
colon (large bowel) and rectum. It usually develops slowly over a period of 10 to 15 years.
The tumour typically begins as a noncancerous polyp. A polyp is a growth of tissue that
develops on the lining of the large intestine (colon or rectum) that can become cancerous.
Metastatic colorectal cancer (mMCRC) refers to disease that has spread beyond the large
intestine and nearby lymph nodes.'® This type of cancer most often spreads first to the liver, but

metastases may also occur in other parts of the body including the lungs, brain and bones.™

The pathology of the tumour is usually determined by analysis of tissue taken from a biopsy
or surgery. The extent to which the cancer has spread is described as its stage.' Staging is
essential in determining the choice of treatment and in assessing prognosis.'* The pathology
of the tumour is usually determined by analysis of tissue taken from a biopsy or surgery.'*
More than one system is used for the staging of cancer. Colorectal cancer stage can be
described using the modified Dukes staging system (based on postoperative findings — a
pathological staging based on resection of the tumour and measuring the depth of invasion
through the mucosa and bowel wall), or the more precise TNM staging system which is
based on the depth of tumour invasion (T), nodal involvement (N), and metastatic spread (M)
assessed pre-operatively by radiological examination (Table 1).'* Metastatic disease is

classified as Stage IV or Modified Duke’s Stage D.
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Table 1. Staging of colorectal cancer

Staging group TNM staging and sites involved Modified
Dukes stage

Stage 0 Carcinoma in situ (Tis, NO, MO)

Stage | No nodal involvement, no distant metastases A

Tumour invades submucosa (T1, NO, MO)

Tumour invades muscularis propria (T2, NO, MO0)

Stage Il No nodal involvement, no distant mestastases B

Tumour invades muscularis propria into pericolorectal tissues (T3, NO,
MO)

Tumour penetrates surface of visceral peritoneum or directly invades or is
adherent to other organs or structures (T4a/b, NO, MO)

Stage Il Nodal involvement, no distant metastases C
(Any T, Any N, MO0)

Stage IV Distant metastases D
(Any T, Any N, M1a/M1b)

Key: T0, no evidence of tumour; Tis, tumour in situ (abnormal cells present but may spread to neighbouring
tissue, sometimes referred to as preinvasive cancer); T1, T2, T3, T4, stage of cancer; NO, no regional lymph
node involvement; MO, no distant metastasis; M1, distant metastasis is present

Source: National Institute for Health and Care Excellence. NICE Pathways: Staging colorectal cancer. London:
NICE, 2015

1.1.2. Epidemiology

1.1.2.1. Incidence and prevalence

In terms of incidence, CRC is the fourth most common cancer in the UK behind breast, lung
and prostate cancer, accounting for 13% of all new cases.® It is the third most common
cancer in both men (14% of the total for men) and women (11%) separately.' Table 2

summarises the number of new cases and incidence rates in the UK.
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Table 2. Number of new cases, crude and European age-standardised incidence rates
per 100,000 population, UK (2011)

England Wales Scotland Northern UK
Ireland

Cases 18,971 1,297 2,239 664 23,171
Crude rate 72.6 86.2 87.9 74.7 74.6

o AS rate 56.7 60.2 67.4 66.4 58.0

g (95% ClI) (55.9, 57.5) (57.0, 63.5) (64.6, 70.2) (61.3,71.4) (57.3, 58.8)
Cases 15,073 1,046 1,756 535 18,410
Crude rate 55.9 67.1 64.9 57.8 57.2

c% AS rate 36.8 40.6 41.9 42.9 37.6

E (95% Cl) (36.2, 37.4) (38.2,43.1) (39.9, 43.9) (39.3, 46.5) (37.1, 38.2)
Cases 34,044 2,343 3,995 1,199 41,581
Crude rate 64.1 76.5 76.0 66.1 65.8

)]

§ AS rate 46.0 49.6 53.3 53.5 47.0

) (95% ClI) (45.5, 46.5) (47.6, 51.6) (51.7, 55.0) (50.5, 56.5) (46.6, 47.5)

o

Key: AS = age standardised; Cl = confidence interval; UK = United Kingdom

Notes: The ICD codes for cancer incidence and mortality are ICD-10 C18-C20 (which includes cancers of the
colon, rectum and rectosigmoid junction)

Source: Adapted from Cancer Research UK, Bowel Cancer Incidence Statistics, 201115

Approximately two thirds (66%) of cancer cases affect the colon and over one third (34%)
affect the rectum, though this distribution varies by sex.’® The crude incidence rate shows
that there are 46 and 41 new colon cancer cases for every 100,000 men and women in the
UK, respectively.”™ The crude rates also show there are around 29 and 17 new rectal cancer

cases for every 100,000 men and women in the UK, respectively.'®

Approximately 25% of people present with metastases at initial diagnosis and almost 50% of

people with CRC will develop metastases.'®

Prevalence refers to the number of people who have previously received a diagnosis of
cancer and who are still alive at a given time point. Some people will have been cured of
their disease and others will not. In the UK, more than 143,000 people were still alive at the

end of 2006, up to ten years after being diagnosed with CRC (Table 3).'°
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Table 3. Colorectal cancer (C18-20): one, five and 10 year prevalence, UK (2006)

Cases 1 year prevalence 5 year prevalence 10 year prevalence
Male 14,635 51,183 78,483

Female 11,415 40,594 65,075

Persons 26,050 91,777 143,558

Source: Adapted from Cancer Research UK, Bowel Cancer Incidence Statistics, 201115

1.1.2.2. Risk factors

Risk factors include age and family history. In the UK between 2009 and 2011, an average
43% of bowel cancer cases were diagnosed in people aged 75 years and over, and 95%
were diagnosed in those aged 50 years-plus.' The lifetime risk of developing bowel cancer

in the UK is 1 in 14 for men and 1 in 19 for women.®

1.1.2.3. Mortality

Colorectal cancer is the second most common cause of cancer death in the UK (2012),
accounting for 10% of all deaths from cancer.'” In 2012, there were 16,187 deaths from CRC
in the UK (Table 4). The crude mortality rate shows that there are 28 CRC deaths for every
100,000 men in the UK, and 23 for every 100,000 women.'”

Around six in 10 (61%) CRC deaths are due to cancers of the colon, and around four in 10
(39%) are due to cancers of the rectum.’” Almost a fifth (18%) of CRC deaths occur in people

aged 60-69 years."”
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Table 4. Colorectal cancer (C18-C20), number of deaths, crude and European age-

standardised mortality rates per 100,000 population, UK (2012)

England Wales Scotland Northern UK
Ireland

Cases 7,200 525 837 233 8,795
Crude rate 27.3 34.8 325 26.0 28.1

o AS rate 20.0 23.0 23.3 22.2 20.5

g (95% ClI) (19.5, 20.4) (21.1, 25.0) (21.7, 24.8) (19.3, 25.0) (20.1, 20.9)
Cases 6,0.36 387 784 185 7,392
Crude rate 222 247 28.7 19.9 22.8

% AS rate 12.6 13.1 16.2 12.8 13.0

E (95% Cl) (12.3, 12.9) (11.8,14.4) (15.1,17.4) (10.9, 14.6) (12.7, 13.3)
Cases 13,236 912 1,621 418 16,187
Crude rate 24.7 29.7 30.5 229 254

[}

§ AS rate 15.9 17.6 19.2 17.0 16.3

d‘? (95% ClI) (15.7, 16.2) (16.5, 18.7) (18.3, 20.1) (15.3, 18.6) (16.1, 16.6)

Key: AS = age standardised; Cl = confidence interval; UK = United Kingdom

Notes: The ICD codes for cancer incidence and mortality are ICD-10 C18-C20 (which includes cancers of the
colon, rectum and rectosigmoid junction)

Source: Adapted from Cancer Research UK, Bowel Cancer Mortality Statistics, 201217

1.1.2.4. Survival and prognosis

Approximately 77% of men survive CRC for at least one year, and this is predicted to fall to
59% surviving for five years or more, as shown by age-standardised net survival for people
diagnosed with CRC during 2010-2011 in England and Wales.'® Survival for women at one
and five years is slightly lower, with 74% surviving for one year or more, and 58% predicted

to survive for at least five years.'®

Survival is, however, highly dependent upon the stage of disease at diagnosis. Survival by
stage is not yet routinely available for the UK due to inconsistencies in the collecting and
recording of staging data in the past. However, published estimates suggest that
approximately 90% of people diagnosed at the earliest stage while fewer than 10% of people
diagnosed with distant metastases will survive for more than five years.” In general, the

earlier the diagnosis the higher the chances of survival.'®

1.1.3. Impact of health problem

Colorectal cancer is a significant cause of morbidity and mortality.?° When treating people
with mCRC, the main aims of treatment are to relieve symptoms and to improve health-

related quality of life (HRQoL) and survival.'®
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1.1.4. Measurement of disease

The outcome endpoints of CRC can be measured in a variety of ways:

e Overall survival (OS): defined as the time from randomisation to death from any
cause.?
e Progression-free survival (PFS): defined as time from randomisation until disease
progression or death.?
¢ Objective response rate (ORR): defined as either a partial response (PR) or complete
response (CR). The number of CRs and PRs are important as the benefits from CRs
tend to be greater.
— complete response (CR): all detectable tumour has disappeared
— partial response (PR): roughly corresponds to at least a 50% decrease in the
total tumour volume but with evidence of some residual disease still remaining
— stable disease (SD) includes either a small amount of growth (typically less
than 20 or 25%) or a small amount of shrinkage
— progressive disease (PD): means the tumour has grown significantly or that
new tumours have appeared. The appearance of new tumours is always PD
regardless of the response of other tumours. Progressive disease normally
means the treatment has failed.
e Health-related quality of life (HRQoL): How a person’s well-being is affected by

treatment.

1.2. Current service provision

National Institute for Health and Care Excellence (NICE) guidance is available on the
diagnosis and management of mCRC,"® and first line chemotherapeutic treatments for
mCRC (see Sections 1.2.2.1, 1.2.2.2 and 1.2.2.3)."" 1222 NICE guidance on the use of
second line or subsequent treatments is also available, however, it is not discussed in detail

in this report as it is beyond the scope for this multiple technology appraisal (MTA).23

1.2.1. Management of disease

Treatment of MCRC may involve a combination of surgery, chemotherapy, radiotherapy, and

supportive care (Figure 1).

The majority of people with metastatic disease are not initially suitable for potentially curative

resection.’® 16 Up to 30% of people may be cured if metastases in the liver can be resected.
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In order for surgery to be considered, there must be no evidence of cancer outside of the
liver, and there must be an adequate amount of normal liver left behind after the resection to
sustain life.’® Surgical skill is crucial to outcomes and there is evidence of wide variation
between survival rates operated on by individual surgeons.?* Chemotherapy may be
recommended before surgery in some cases, even if the metastatic disease appears
confined to the liver.'® ® This approach may help a person who is a borderline candidate for
surgery (due to size or location of tumours) to become suitable for resection after a response

has been achieved with combination chemotherapy.3. 16

Figure 1. Managing advanced and metastatic colorectal cancer (NICE Pathways)

Patient with advanced
or metastatic CRC
!
Symptom control
Extra-hepatic Hepatic metastasis
metastasis
Information about
stomas
1 | 1
Chemotherapy Surgery for metastases
t [
¥
Biological agents CET + FOLFOX
CET + FOLFIRI
v As per recommendations in NICE TA176
First-line agents
PAN+ CTX
¥ Unable to recommend NICE TA240
Second-line agents
3 BEV + FOLFOX or CAP + OX
0 . Not recommended NICE TA212
ngoing cars Available on CDF®

and support

Key: BEV = bevacizumab; CAP = capecitabine; CDF = Cancer Drugs Fund; CET = cetuximab; CRC = colorectal
cancer; CTX = chemotherapy; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic acid +
fluorouracil + oxaliplatin; NICE = National Institute for Health and Care Excellence; OX = oxaliplatin; TA =
technology appraisal

Notes: Bevacizumab is not recommended by NICE (TA212).At the time of scoping BEV was available (subject to
satisfying criteria for access) via the CDF; however, this drug was delisted for the indication under review in this
TA in March 2015

Source: Adapted from NICE Pathways: Managing Advanced and Metastatic Colorectal Cancer?®

For the majority of people however, surgery with curative intent is not an option due to the

widespread nature of their disease and/or their poor suitability for surgery.'® These people

are treated with palliative intent using a combination of specialist treatments: palliative

surgery (e.g. in cases where the tumour is causing an obstruction), chemotherapy, or

radiotherapy to improve both the duration and the quality of the individual’'s remaining life."3
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NICE clinical guideline 131 recommends chemotherapy options including fluorouracil and
folinic acid in combination with oxaliplatin (FOLFOX), tegafur in combination with fluorouracil
and folinic acid, capecitabine in combination with oxaliplatin (XELOX), and capecitabine
alone.”™® In practice, fluorouracil and folinic acid may also be used in combination with
irinotecan (FOLFIRI) in some people for whom oxaliplatin is not suitable.’> FOLFOX may be
administered in different regimens, most commonly FOLFOX4 and FOLFOX6. The
differences in drug acquisition and administration of these regimens are discussed in Section
6.1.4.12, p.316, but in effectiveness they are widely considered by the clinical community to
be equal. Single agent fluoropyrimidine regimens (tegafur, folinic acid and fluorouracil and
capacitabine monotherapy) are generally given to patients for who combination therapy is not

suitable (expert opinion, Dr Mark Napier, Merck Serono submission Table 4, p.22)

Folinic acid (FA), is also known as leucovorin (LV) and is given alongside fluorouracil to
improve the response rate versus fluorouracil alone. It is given as calcium folinate (also
known as leucovorin calcium), or less frequently as disodium folinate. 2Folinic acid (and salts
calcium and disodium folinate), unless otherwise stated, are racemic mixtures (with equal
amounts of left- and right-handed enantiomers), in which only the levoisomer (left-handed
form) is pharmacologically active. 2 The levoisomer, levoleucovorin, has marketing
authorisation in the UK (as calcium levofolinate and disodium levofolinate), and is
administered at half the dose of standard (racemic) leucovorin. There appears to be no
significant difference between levoleucovorin and leucovorin in terms of efficacy or adverse

events, but levoleucovorin is significantly more expensive than leucovorin at present. 7

Chemotherapy may be combined with biological agents such as cetuximab (currently
recommended for people satisfying criteria specified in NICE Technology Appraisal (TA) 176
[see Section 1.2.2.1]), panitumumab (see Section 1.2.2.2), and bevacizumab (see Section
1.2.2.3). Although bevacizumab is included in the final scope for this TA it is not
recommended by NICE (TA 212). It was available subject to satisfaction of criteria for access
via the Cancer Drugs Fund, but has recently (March 2015) been delisted for the indication
under review in this TA. As of 17" July 2015, bevacizumab remains delisted for this

indication.

1.2.1.1. Personalised treatment

Normal cell behaviour in multicellular organisms is controlled by a complex network of
signalling pathways that ensures that cells proliferate only when they are required to; e.g. in
wound healing.?® Cancer occurs when normal growth regulation breaks down, usually

because of defects within these signalling mechanisms.?® The rat sarcoma (RAS) genes play
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an important role in the epidermal growth factor receptor (EGFR) pathway; a complex
signalling cascade that is involved in the development and progression of cancer (Figure 2).2°
Signals are passed protein to protein along several different pathways. Disruption of the

signals via mutation of the RAS gene is involved in many tumour types.

Figure 2. EGFR signalling pathway

Nucleartargets

Tumorigenesis
Proliferation
Metastasis
Chemo-resistance
Radio-resistance

Key: EGFR = epidermal growth factor receptor; PI-3K - phosphoinositide 3-kinase; PLC-Y = Phospholipase-C;
RAS = rat sarcoma; STATSs = signal transducers and activators of transcription
Source: Adapted from Lo HW, Hung MC. British journal of cancer. 2006;94(2):184-8%

The three RAS genes: Kirsten rat sarcoma [KRAS]; Harvey rat sarcoma [HRAS]; and,
neuroblastoma rat sarcoma [NRAS]) are the most common oncogenes in human cancer.? 29
All three are widely expressed, with KRAS expressed in almost all cell types.?® Published
research has demonstrated that mutations in codons 12 and 13 of Exon 2 of the KRAS gene
are predictive of response to anti-EGFR therapies in mCRC.3'-38 For this reason, only people
with KRAS Exon 2 wild type (WT) tumours were initially approved for treatment with this

class of agents.3%4

More recently it has been shown that that other mutations in genes of the RAS family (NRAS
mutations and KRAS mutations outside Exon 2: codon 61 of exon 3 and codon 117 and 146
of exon 4 of KRAS and exons 2, 3 and 4 of NRAS), are also associated with reduced
response to anti-EGFR therapy.'s: 35 37. 38 42, 43 These developments led the European

Medicines Agency (EMA) to update the marketing authorisations for cetuximab and
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panitumumab in 2013 by restricting the indication in mCRC to the treatment of people with
RAS WT tumours (Sections 1.3.1.1 and 1.3.1.2).44-49

Exon 2 mutations occur in approximately 40% of CRC cases, and other KRAS and NRAS
mutations occur in approximately 10% of people with mCRC (Figure 3).31 35 42, 50-53

Approximately 50% of people do not have RAS mutations and are classified as RAS WT.

Figure 3. Grouping of molecular characteristics of tumours: research progress
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Key: EGFR = epidermal growth factor receptor; ID = identification; KRAS = Kirsten rat sarcoma; MT = mutant;
RAS = rat sarcoma; TA = Technology Appraisal; WT = wild type

RAS mutation testing

A biomarker test is a simple way of looking at the type and status of particular genes of
interest in a cancer. Biomarkers have been found for many different types of cancer such as
colorectal, breast and lung cancer, and have an increasingly important role in helping
physicians to tailor care and treatment on an individual basis, known as ‘personalised
medicine’. RAS - a predictive biomarker — is a group of genes that includes KRAS and
NRAS and can be used to help select the most appropriate therapy for each individual
mCRC.

Methods for RAS mutation testing whose use in the UK has been identified by a previous
Diagnostic Assessment Report* and by the Assessment Group are summarised in Table 5.4

Additional techniques have been developed and are in use internationally including:
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Sequenom® (San Diego [CA], USA), Randox (Randox Laboratories Ltd., Crumlin, Co.
Antrim, Ireland), SNaPshot® Multiplex kit (Applied Biosystems, Foster City, CA).

Many techinques and products reported are assays associated with polymerase chain
reaction (PCR) or require PCR prior to their implementation. Additionally, some laboratories

offer their own in house variant of real-time PCR. 4.

Table 5. Methods used for RAS mutation testing

KRAS NRAS Limit of detection Source

Sanger Sequence 10-20% Wong et al J Clin Pathol
201454

Pyrosequence 5% Wong et al J Clin Pathol
201454

High resolution melt (HRM) 1-5% Wong et al J Clin Pathol
201454

StripAssay® (ViennalLab, Vienna, Austria) 1% ViennalLab product
brochure®®

Next Generation Sequencing (NGS) ~5% Westwood et al. (2014) 4.

Cobas® (Roche 5% Wong et al J Clin Pathol

Diagnostics Limited, 20145

Rotkreuz, Switzerland)

Therascreen® 1-5% Wong et al J Clin Pathol

(Qiagen, KJ Venlo, The 201454

Netherlands)

Peptide Nucleic Acid 1% Panagene website%

(PNA) Clamp®
(Panagene, Daejeon,
Korea)

Key: CE-SSCA = Capillary electrophoresis single-strand conformation analysis; DNA = deoxyribosenucleic acid;
HRM = high resolution melt; KRAS = kirsten rat sarcoma; NGS = next generation sequencing; NRAS =
neuroblastoma rat sarcoma; PCR = polymerase chain reaction; PNA = peptide nucleic acid

Currently, there are no NICE recommendations as to which mutation test should be used in
the NHS.5” A NICE diagnostics review of KRAS mutation testing for identifying adults with
mCRC was suspended in 2013, following notification of potential changes to clinical practice
as to who may benefit from first-line treatment with cetuximab or panitumumab.5” %" This
review did demonstrate that evidence linking test accuracy with treatment effects is
unavailable for most techniques currently in use. It concluded that there were ‘no clear
differences in the treatment effects... regardless of which KRAS mutation test was used to
select patients’.# Further discussion of the tests available and their impact on this review is

reported in Appendix |.
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1.2.2. Current NICE guidelines, biological agents (first line)

1.2.2.1. NICE TA 176: Cetuximab for the first-line treatment of
metastatic colorectal cancer

In the previous assessment (TA176):

e Cetuximab in combination with 5-fluorouracil (5-FU), folinic acid and oxaliplatin
(FOLFOX), within its licensed indication, is recommended for the first-line treatment of

mCRC only when all of the following criteria are met:
(1) the primary colorectal tumour has been resected or is potentially operable
(2) the metastatic disease is confined to the liver and is unresectable

(3) the person is fit enough to undergo surgery to resect the primary colorectal tumour
and to undergo liver surgery if the metastases become resectable after treatment with

cetuximab

(4) the manufacturer rebates 16% of the amount of cetuximab used on a per patient

basis.!

e Cetuximab in combination with 5-FU, folinic acid and irinotecan (FOLFIRI), within its
licensed indication, is recommended for the first-line treatment of mCRC only when all

of the following criteria are met:
(1) the primary colorectal tumour has been resected or is potentially operable
(2) the metastatic disease is confined to the liver and is unresectable

(3) the patient is fit enough to undergo surgery to resect the primary colorectal
tumour and to undergo liver surgery if the metastases become resectable after

treatment with cetuximab
(4) the patient is unable to tolerate or has contraindications to oxaliplatin.'’

People who meet the criteria above should receive treatment with cetuximab for no more
than 16 weeks."" At 16 weeks, treatment with cetuximab should stop and the patient should

be assessed for resection of liver metastases.!"
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1.2.2.2. NICE TA 240: Panitumumab for the first-line treatment of
metastatic colorectal cancer

The appraisal of panitumumab in combination with chemotherapy for the treatment of mCRC
(NICE technology appraisal 240) was ended because no evidence submission was received
from the manufacturer or sponsor of the technology.'? Therefore NICE was unable to make a
recommendation about the use in the NHS of panitumumab in combination with

chemotherapy for the treatment of mCRC.12

1.2.2.3. NICE TA 212: Bevacizumab in combination with oxaliplatin
and either fluorouracil plus folinic acid or capecitabine
for the treatment of metastatic colorectal cancer

Bevacizumab in combination with oxaliplatin and either fluorouracil plus folinic acid or

capecitabine is not recommended by NICE for the treatment of mCRC.??

1.2.2.4. Current usage in the NHS

Currently only cetuximab is recommended by NICE and is available for use on the NHS in
England subject to satisfaction of criteria set out in TA 176 (see Section 1.2.2.1). For people

with mCRC not meeting criteria set out in TA176, cetuximab is available via the CDF .58

NICE was unable to make a recommendation about the use in the NHS of panitumumab in
combination with chemotherapy for the treatment of mMCRC (TA 240 [see Section 1.2.2.2]).12

Panitumumab is currently available for the first line treatment of mCRC via the CDF.5°

Bevacizumab was not recommended by NICE (TA 212 [see Section 1.2.2.3]).22 At the time of
scoping bevacizumab was available (subject to satisfaction of eligibility criteria) via the CDF;

however, it was delisted in March 2015.%0

Almost one third of people receive cetuximab or panitumumab in combination with oxaliplatin

or irinotecan based chemotherapy (Table 6).
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Table 6. Estimated current usage of regimens

Estimated current proportion
of first line mCRC patients in
UK

Estiamted proportion of first
line mCRC patients in UK if
CET/PAN/BEV no longer

available on CDF and not
recommended by NICE

FOLFOX® 30% 60%
FOLFIRI® 10% 20%
Tegafur, FA + FU, capecitabine® 20% 20%
BEV + OX- or IRIN-based CTX 10% NA
CET/PAN + OX- or IRIN-based CTX 30% NA

Key: 5-FU = 5 fluorouracil; BEV = bevacizumab; CDF = Cancer Drugs Fund; CET = cetuximab; CTX =
chemotherapy; FA = folinic acid; FOLFIRI = fluorouracil + folinic acid + irinotecan; FOLFOX = fluorouracil +
folinic acid + oxaliplatin; FU = fluourouracil; IRIN = irinotecan; mCRC = metastatic colorectal cancer; NA = not
applicable; OX = oxaliplatin; PAN = panitumumab; UK = United Kingdom

Notes: a 5-FU and capecitabine (XELOX [capecitabine + oxaliplatin]) used interchangeably (5-FU is an oral pro-
drug of 5-FU); b 5-FU and capecitabine (XELIRI [capecitabine + irinotecan]) used interchangeably (5-FU is an
oral pro-drug of 5-FU); ¢ tegafur/uracil was discontinued in 2013 (Merck Serono submission, Section 1.2, p.19)

Source: Clinical advisor, Dr Mark Napier (personal communication), informed by Exeter South West Regional
Gastro Oncology Meeting

1.2.3. Current service cost

Treatment costs can include the following: cost of first line chemotherapy drugs (cetuximab,
panitumumab, irinotecan or oxaliplatin, folinic acid, 5- fluorouracil), cost of administration in
the first line, cost of curative intent liver surgery, cost of post-resection therapy in people who
had curative result of the liver metastases operation, cost of management of adverse events
in the first line, cost of treatments in second line, cost of treatment in third line, and the cost

of RAS screening.

1.3. Description of technology under assessment

1.3.1. Interventions considered in the scope of this assessment

The scope of this review is to ascertain the clinical and cost-effectiveness of two
interventions for previously untreated metastatic colorectal cancer (mCRC). These

interventions are: cetuximab and panitumumab.

1.3.1.1. Cetuximab (Erbitux®, Merck Serono)

Cetuximab (Erbitux®, Merck Serono) is a recombinant monoclonal antibody that blocks the
human EGFR and therefore inhibits the proliferation of cells that depend on EGFR activation

for growth.
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Previously, cetuximab was indicated for use in people with EGFR-expressing, KRAS WT
mMCRC.39 40.61.62 |n November 2013, in response to new biomarker data, the Committee for
Medicinal Products for Human Use (CHMP) changed the indication to clarify the particular
genetic makeup of the cancer that must be present before treatment with cetuximab is
initiated.*% 48 Based on this recommendation, cetuximab is now indicated for the treatment of
people with EGFR-expressing, RAS WT mCRC:

e in combination with irinotecan-based chemotherapy
e infirst-line in combination with FOLFOX
e as a single agent in people who have failed oxaliplatin- and irinotecan-based therapy

and who are intolerant to irinotecan.**

In this label change, the combination of cetuximab with oxaliplatin-containing chemotherapy
is now contraindicated for people with RAS mutant mCRC or for whom RAS status is

unknown.**

Prior to the first infusion, premedication with an antihistamine and a corticosteroid at least
one hour prior to the administration of cetuximab should be given.** This premedication is
recommended prior to all subsequent infusions.** Cetuximab is administered once a week.**
The initial dose is 400 mg cetuximab per m? body surface area.** All subsequent weekly

doses are 250 mg cetuximab per m? each.**

One common adverse effect (AE) of cetuximab treatment is the development of skin
reactions, which occur in more than 80% of people and mainly present as an acne-like rash
or, less frequently, as pruritus, dry skin, desquamation, hypertrichosis or nail disorders (for
example, paronychia).** The majority of skin reactions develop within the first three weeks of
treatment.** The summary of product characteristics (SPC) notes that if a person
experiences a Grade 3 or 4 skin reaction, cetuximab treatment must be stopped, with
treatment being resumed only if the reaction resolves to Grade 2.4 Other common AEs of
cetuximab include mild or moderate infusion-related reactions such as fever, chills, nausea,
vomiting, headache, dizziness or dyspnoea that occur soon after the first cetuximab

infusion.#4

1.3.1.2. Panitumumab (Vecitibix®, Amgen)

Panitumumab is a recombinant monoclonal antibody which targets the EGFR receptor,

thereby inhibiting the growth of EGFR-expressing tumours.4
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In June 2013, the CHMP also adopted a change to the indication for the use of panitumumab
for the treatment of mCRC,*"- 4° restricting use to the treatment of adults with RAS WT
mCRC:

e in first-line in combination with FOLFOX or FOLFIRI

¢ in second-line in combination with FOLFIRI for people who have received first-line
fluoropyrimidine-based chemotherapy (excluding irinotecan)

e as monotherapy after failure of fluoropyrimidine-, oxaliplatin-, and irinotecan-

containing chemotherapy regimens.*5

In this label change, the combination of panitumumab with oxaliplatin-containing
chemotherapy is now contraindicated for people with RAS mutant mCRC or for whom RAS

mCRC status is unknown.#®

The recommended dose of panitumumab is 6 mg/kg of bodyweight given once every two
weeks.*® Prior to infusion, panitumumab should be diluted in 0.9% sodium chloride injection

to a final concentration not to exceed 10 mg/ml.4°

Panitumumab is contraindicated in people with a history of severe or life-threatening
hypersensitivity reactions to the active substance or to any of the excipients.4> Skin toxicities,
hypomagnesaemia, and diarrhoea were the most common treatment-related toxicities
observed.*> The most common AEs (incidence 220%) are skin toxicities (i.e. erythema,
dermatitis acneiform, pruritus, exfoliation, rash and fissures), paronychia, hypomagnesemia,

fatigue, abdominal pain, nausea, diarrhoea and constipation.*>

Recent research (Section 1.2.1.1, p.69) has resulted in the CHMP adopting a change to the
licensed indication for both cetuximab and panitumumab, restricting use to people with RAS
WT mCRC. These developments and resultant changes to the licensed indications provide

the rationale for this MTA review.

1.3.2. ID 794: Cetuximab and panitumumab for previously
untreated metastatic colorectal cancer (review of TA176
and partial review of TA240)

Although this MTA seeks to update previous guidance (TA 176 and TA 240), it is important to
note the differences between the scope for the previous STA reviews and this current MTA
review (ID794). The main difference is in the population criterion. The current scope specifies

people with RAS WT mCRC, whereas previous STA reviews specified EGFR-expressing
mCRC (TA 176), and KRAS WT mCRC (TA 240)."% 6 A summary of all the differences
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between the scopes for the reviews alongside a summary of how the product licences have

changed is provided in Table 7.
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Table 7. Comparison of NICE scope (TA 176 and TA 240), CHMP positive opinion, and the scope for the current MTA

CET PAN CET PAN CET + PAN
CHMP39, 40,61, 62 TA 17683 CHMPA41. 64 TA 24012 CHMP46. 48 CHMP47. 49 Current MTA ID 79423
Year 2008, 2011 2009 2011 2011 2013 2013 2014-16
NICE Appraisal NA STA NA STA NA NA MTA
Method
NICE Guidance NA TA176 NA TA 240 [suspended?] NA NA Due 2016
Population KRAS WT mCRC Untreated mCRC, first | KRAS WT mCRC NA RAS WT expressing RAS WT expressing RAS WT expressing
line palliative mCRC mCRC mCRC
Metastases Any location Untreated, any Any location NA Any location Any location Untreated, any
location location (subgroup of
interest liver
metastases)??
Intervention CET+FOLFOX4 or CET + CTX®3 PAN+FOLFOX NA CET + FOLFOX or PAN+FOLFOX CET + FOLFOX or
(firstline) IRIN-based CTX CET+FOLFIRI IRIN- based regimens
PAN + FOLFOX
regimens
Comparators NA Ox-based CTX; IRIN- | NA NA NA NA FOLFOX; XELOX;
based CTX®3 FOLFIRI; CAP; TEG
+FA +FU; BEV +
OX- or IRIN-based
CTX®
Supporting Trials CRYSTAL, OPUS, CRYSTAL, OPUS KRAS WT subgroup NA RAS WT subgroup RAS WT subgroup RAS WT subgroup
COIN, NORDIC VI from PRIME from OPUS, from PEAK. PRIME, from CRYSTAL,
CRYSTAL, FIRE-3 OPUS, PRIME,
PEAK, FIRE-3

Key: BEV = bevacizumab; CET = cetuximab; CHMP = Committee for Medicinal Products for Human Use; CTX = chemotherapy; FA = folinic acid; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; FOLFIRI = folinic acid + fluorouracil + irinotecan; FU = fluorouracil; IRIN = irinotecan; KRAS = kirsten rat sarcoma; mCRC = metastatic colorectal cancer; MTA = multiple technology
appraisal; NA = not applicable; NICE = National Institute for Health and Clinical Excellence; OX = oxaliplatin; PAN = panitumumab; RAS = rat sarcoma; STA = single technology appraisal; WT

= wild type

Notes: a NICE was unable to recommend the use in the NHS of PAN + CTX for the treatment of mCRC because no evidence submission was received from the manufacturer or sponsor of the
technology; b Bevacizumab is not recommended by NICE (TA212).At the time of scoping BEV was available (subject to satisfying criteria for access) via the CDF; however, this drug was
delisted in March 2015 for the indication under review in this technology appraisal
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2. Definition of the decision problem

2.1. Decision problem

Previously, cetuximab and panitumumab (interventions of interest to this appraisal) were
separately evaluated in 2009 (technology appraisal [TA] 176), and 2011 (TA 240) (see
Section 1.2.2).11. 12

At the time of technology appraisal 176 (2009), rat sarcoma (RAS) wild-type (WT) status was
defined based on a single part (‘exon’) of the KRAS gene, and testing typically focused on
KRAS codons 12 and 13.%5 However, subsequent research has suggested that mutations in
other KRAS codons and other genes downstream of EGFR may also confer drug resistance
explaining why some individuals with KRAS codon 12 and 13 WT tumours did not respond to
therapy.®® The absence of mutations in the NRAS gene and in 2 further exons (3 and 4) of
KRAS was found to improve the effectiveness of cetuximab and panitumumab.®® These
developments led the European Medicines Agency (EMA) to update the marketing
authorisations for cetuximab and panitumumab in 2013 by restricting the indication in
colorectal cancer (CRC) to the treatment of people with RAS WT tumours.*® 49 |t is this
change to the licensed indications for these products that provides the rationale for this

appraisal.?®

2.2. Population including subgroups

The population specified in the final scope issued by NICE is people with previously
untreated, RAS WT mCRC.%3

Subgroup of interest, based on the location of metastases, specifically liver and non-liver

limited disease.?3

2.3. Interventions

This technology report considers two interventions:
o Cetuximab (Erbitux®, Merck Serono) is a recombinant monoclonal antibody that blocks
the human epidermal growth factor receptor (EGFR), inhibiting the growth of tumours

expressing EGFR.# Cetuximab has a UK marketing authorisation for the treatment of
people with EGFR-expressing, RAS WT mCRC, either in combination with FOLFOX

80



PenTAG CONFIDENTIAL UNTIL PUBLICATION

(FOL [folinic acid;F [Fluorouracil, 5-FU], OX [Oxaliplatin, Eloxatin]), or irinotecan-based

chemotherapy.!!

¢ Panitumumab (Vectibix®, Amgen) is a recombinant, fully human immunoglobulin (lg) G2
monoclonal antibody that binds to EGFR, blocking its signalling pathway and inhibiting
the growth of tumours.#® It has a UK marketing authorisation for use in combination with
FOLFOX, for treating previously untreated, RAS WT mCRC.4® Panitumumab is also
licensed for use second-line in combination with FOLFIRI for people who have received
first-line fluoropyrimidine-based chemotherapy (excluding irinotecan), although clinical
trials have also measured the effectiveness of panitumumab in combination with
FOLFIRI for previously untreated mCRC.45

2.4. Comparators

The scope issued by NICE specifies that the interventions should be compared with each

other, and with:23

e FOLFOX
e XELOX
e FOLFIRI

e Capecitabine

o Tegafur, folinic acid and fluorouracil

Bevacizumab, in combination with oxaliplatin- or irinotecan-based chemotherapy

The Assessment Group notes that tegafur/uracil was discontinued in 2013 (Merck Serono
submission, Section 1.2, p.19). Capecitabine and folinic acid plus fluorouracil, are typically
preferred for patients with poor performance status (expert opinion and Merck Serono

submission).

2.5. Qutcomes

The outcomes of interest considered in this review included:%

e overall survival (OS)

e progression-free survival (PFS)
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response rate (including overall response rate [ORR], complete response [CR], partial

response [PR], progressive disease (PD), stable disease [SD])

rate of resection of metastases

adverse effects of treatment

health-related quality of life (HRQoL).

2.6. Overall aims and objectives of assessment

The aim of this project is to review the clinical effectiveness and cost effectiveness of
cetuximab and panitumumab in a multiple technology appraisal (MTA). This includes a
review of TA176 (cetuximab), and a part review of TA240 (panitumumab) for adults with
previously untreated metastatic colorectal cancer (mMCRC) expressing RAS WT status. The
medical benefit and risks associated with these treatments are assessed and compared
across the treatments and against available standard drug treatments. The review also
assesses whether these drugs are likely to be considered good value for money for the
NHS.
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3. Assessment of clinical effectiveness

3.1. Methods for reviewing effectiveness

Evidence for the clinical effectiveness of cetuximab and panitumumab for people with
previously untreated rat sarcoma (RAS) wild type (WT) metastatic colorectal cancer (InCRC)
was assessed by conducting a systematic review of published research evidence. The
review was undertaken following the general principles published by the Centre for Reviews
and Dissemination (CRD).%¢ The project was undertaken in accordance with a protocol
(PROSPERO number CRD42015016111 [see Appendix A]). There were no major

departures from this protocol.

Individuals respond differently to some drugs.”-68 Genotype is an important determinant of
both the response to treatment and the susceptibility to adverse reactions for a wide range of
drugs;8% 7° for example, response to EGFR inhibitors has been shown to be dependent on
gene expression in colon cancer; studies have demonstrated a treatment interaction
between RAS status and the effectiveness of EGFR inhibitors.”'3 In line with research
developments evaluating the negative impact of RAS mutations on the effectiveness of
EGFR inhibitors, approval for the use of anti-EGFR antibodies has now been limited to
people with mCRC with RAS WT tumours. Tumour samples from trial populations supporting
the original licensed indications were evaluated retrospectively for RAS status. Importantly,
therefore, data supporting this recent licence change and this NICE assessment are not from
the intention to treat (ITT) population for any of the included studies but from a subgroup of
people contained within the original RCTs and results are therefore subject to uncertainty.

However, no RCTs with an ITT population by RAS WT status were identified.

Previously, NICE has appraised cetuximab (TA176) for the treatment of people with EGFR-
expressing mCRC; in line with the licensed indication at the time. Although two of the
identified cetuximab trials were included in the last appraisal, only data from the subgroup of
people evaluated as RAS WT from those trials are relevant to the scope of this review as set
out in the final scope from NICE (see Section 2.2). The appraisal of panitumumab in
combination with chemotherapy for the treatment of MCRC (NICE technology appraisal 240)
was ended because no evidence submission was received from the manufacturer or
sponsor of the technology. As such, NICE was unable to make recommendations relating to
the use of panitumumab in the NHS. All data included in this update review for both

cetuximab and panitumumab have been identified by the Assessment Group’s searches.
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3.1.1. Ildentification of studies

The search strategy for clinical effectiveness studies included the following search methods:

Searching of bibliographic and ongoing trials databases.

Searching of conference proceedings.

Contact with experts in the field.

Scrutiny of bibliographies of retrieved papers and company submissions.

The following bibliographic and ongoing trials databases were searched for clinical
effectiveness studies: MEDLINE (Ovid); MEDLINE In-Process and Other Non-Indexed
Citations (Ovid); EMBASE (Ovid); The Cochrane Library including the Cochrane Systematic
Reviews Database, CENTRAL, DARE and HTA databases; Web of Science (Thomson
Reuters); ClinicalTrials.gov; UK Clinical Research Network’s (UKCRN) portfolio; International
Standard Randomised Controlled Trials Number (ISRCTN) registry; WHO International
Clinical Trials Registry Platform (ICTRP).

The bibliographic database searches were developed and run by an information specialist
(SB) in January 2015. Search filters were used to limit the searches to randomised
controlled trials, where appropriate, and all searches were limited to English language
studies where possible. No date limits were used. An update search was carried out on 27
April 2015. No papers or abstracts published after this date were included in the review. The
ongoing trials databases were searched by a reviewer in March 2015. The search strategies

for each database are detailed in Appendix B.

In addition to the clinical effectiveness searches, the Health Management Information

Consortium (HMIC, Ovid) was searched for grey literature; this produced no new studies.

The following websites were searched for conference proceedings:

o National Cancer Research Institute http://conference.ncri.org.uk/

o American Association for Cancer Research http://aacrmeetingabstracts.org/

¢ American Society of Clinical Oncology http://meetinglibrary.asco.org/abstracts

The bibliographic search results were exported to, and de-duplicated using Endnote (X7).
De-duplication was also performed using manual checking. Titles and abstracts returned by

the search strategy were examined independently by two researchers (LC and MB) and
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screened for possible inclusion. Disagreements were resolved by discussion. Full texts of
potentially relevant studies were ordered. Full publications were assessed independently by
two reviewers (LC and MB) for inclusion or exclusion against pre-specified criteria, with

disagreements resolved by discussion.

After the reviewers completed the screening process, the bibliographies of included papers
were scrutinised for further potentially includable studies. The manufacturers’ submissions

were assessed for unpublished data.

3.1.2. Eligibility criteria

Inclusion and exclusion criteria for the selection of clinical effectiveness and safety evidence
were defined according to the decision problem outlined in the NICE scope (Section 2);

criteria are summarised in Table 8.23

Table 8. Inclusion criteria (based on the decision problem) for studies evaluating

clinical effectiveness

Population Adults with previously untreated, RAS WT2 mCRC

Intervention Cetuximab, in combination with FOLFOX or irinotecan-based chemotherapy

Panitumumab, in combination with fluorouracil-containing regimens

Comparator FOLFOX
XELOX
FOLFIRI
Capecitabine
Tegafur, folinic acid and fluorouracil

Bevacizumab, in combination with oxaliplatin- or irinotecan-based
chemotherapy

Outcomes Overall survival
Progression-free survival
Response rate
Rate of resection of metastases
Adverse events

Health-related quality of life

Study design Randomised controlled trials

Systematic reviews of randomised controlled trials®

Key: FOLFIRI = fluorouracil + folinic acid + irinotecan; FOLFOX = fluorouracil + folinic acid + oxaliplatin; KRAS =
kirsten rat sarcoma; mCRC = metastatic colorectal cancer; NRAS = neuroblastoma rat sarcoma; RAS = rat
sarcoma; XELOX = capecitabine in combination with oxaliplatin; WT = wild type

Notes: a RAS WT = KRAS WT and NRAS WT Exons 2, 3 and 4; b Systematic reviews of randomised controlled
trials were used as potential sources of additional references for efficacy evidence (they were not formally
included in the review)
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The systematic review of clinical effectiveness was based on randomised controlled trial
(RCT) evidence. Studies published as abstracts or conference presentations were only
included if sufficient details were presented to allow both an appraisal of the methodology
and an assessment of the results to be undertaken. Systematic reviews of RCTs (although
not formally included in the systematic review) were used as potential sources of additional

references of efficacy evidence. A systematic review was defined as having:

a focused research question

e explicit search criteria that are available to review, either in the document or on
application; explicit inclusion/exclusion criteria, defining the population(s), intervention(s),

comparator(s), and outcome(s) of interest

e a critical appraisal of included studies, including consideration of internal and external

validity of the research

a synthesis of the included evidence, whether narrative or quantitative.

The following study types were also excluded: animal models; preclinical and biological

studies; narrative reviews, editorials, opinions; non-English language papers.

3.1.3. Data extraction and management

Included papers were split between two reviewers for the purposes of data extraction using a
standardised data specification form, and checked independently by another. Information
extracted and tabulated included details of the study’s design and methodology, baseline
characteristics of participants and results including any adverse events if reported. Where
information on key data was incomplete, we attempted to contact the study’s authors to gain
further details. Discrepancies were resolved by discussion. Where multiple publications of
the same study were identified, data were extracted and reported as a single study. In
addition, the companies were approached via NICE to provide missing data for the RAS WT

population; this information was provided as commercial in confidence (CiC).

3.1.4. Assessment of risk of bias

The methodological quality of each included study was assessed by one reviewer and
checked by a second reviewer, using criteria based on those proposed by the NHS Centre
for Reviews and Dissemination for RCTs (Table 9).96 The potential generalisability of the
study was also assessed, as well as the judged applicability to the current organisation,

clinical pathways and practices of the NHS in England.
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Table 9. Quality assessment

Treatment allocation . Was the assignment to the treatment groups really random?

. Was treatment allocation concealed?

Similarity of groups . Were the groups similar at baseline in terms of prognostic factors?

Implementation of masking . Were the care providers blinded to the treatment allocation?
. Were the outcome assessors blinded to the treatment allocation?

. Were the participants blinded to the treatment allocation?

Completeness of trial . Were all a priori outcomes reported?

0 N o O b~ 0N -

. Were complete data reported, e.g. was attrition and exclusion (including
reasons) reported for all outcomes?

9. Did the analyses include an ITT analysis?

Generalisability 10. Are there any specific limitations which might limit the applicability of this
study’s findings to the current NHS in England?

Key: ITT = intention-to-treat; NHS = National Health Service
Source: Centre for Reviews and Dissemination (University of York), 2009

3.1.5. Methods of data analysis/synthesis

Details of results on clinical effectiveness and quality assessment for each included study
are presented in structured tables and as a narrative summary. The possible effects of study

quality on the clinical effectiveness data and review findings are discussed.

3.1.6. Network meta-analysis

Network meta-analyses were undertaken within a Bayesian framework in WinBUGS (version
1.4.3). Where prior distributions were used these were defined to be as vague as possible.
The network meta-analyses could have been conducted outside of WinBUGS (especially
because of the low number of RCTs); however, the approach taken here allows calculation
of the probability that each treatment is the most effective compared to all others within the

network.

Two networks were analysed: those using FOLFOX regimens and those using FOLFIRI
regimens. For the FOLFOX regimens network, the treatment FOLFOX was the baseline

treatment, while FOLFIRI was the baseline treatment in the FOLFIRI regimens network.

For the analysis of PFS, OS and ORR models with a normal likelihood and identify link were
used.” Analysis of AEs used a model with a binomial likelihood and logit link.” For the
analysis of the AEs, where there are no events reported in a study arm, a continuity
correction of 0.5 was added to every cell for that particular study to allow analysis to be

conducted.”
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Analyses were run with 3 chains, an initial burn-in of 50,000 iterations, followed by an
additional 100,000 iterations on which the results were based. Due to the small number of
RCTs contributing to each network, only fixed effects models were used. Convergence of the
models was assessed visually using the autocorrelation, density and trace plots for all
monitored variables, and checking that each chain was sampling from the same posterior
distribution. The posterior means and 95% credibility intervals (Crls) from these analyses are
reported. The probability that each treatment in the network was ranked as the most
effective (Rank 1), down to the least effective (Rank 4) was also calculated and is presented

in the results (Section 3.2).

3.2. Results

The results of the included studies are discussed in the sections that follow. Initially, a
summary of the quantity and quality of the evidence is provided, together with a table
presenting an overview of the included trials. Additionally, a more detailed narrative
description, together with an overview of trial quality, for each included ftrial is presented. A
narrative description of population baseline characteristics and potential imbalances are
discussed for each ftrial. Clinical effectiveness results are reported by outcome (OS, PFS,
ORR, resection rate, health-related quality of life [HRQoL], and adverse effects). Within the
efficacy outcomes of OS, PFS, and ORR, results are presented separately for cetuxuimab

and panitumumab.

3.2.1. Studies identified

We screened the titles and abstracts of 2,636 unique references identified by the PenTAG
searches and additional sources, and retrieved 52 papers for detailed consideration. Of
these, 49 were excluded (a list of these items with reasons for their exclusion can be found
in Appendix C). Of the excluded items, four abstracts were identified as relevant to the
review (Ciardiello et al., 2015 [OPUS]; Van Cutsem et al., 2015 [CRYSTAL]; Douillard et
al., 2014 [PRIME], Peeters et al., 2013 [PRIME]) (see Appendix D), but were excluded as
there was not enough information was available to adequately quality appraise. Authors of
the abstracts were contacted which led to the identification of an additional two full papers
(Tejpar et al., 2015 [OPUS]; and, Van Cutsem et al., 2015 [CRYSTAL. In total, post hoc
analyses from five randomised controlled trials (RCTs) (OPUS [Tejpar et al., 2015];
CRYSTAL [Van Cutsem et al., 2015], FIRE-3 [Heinemann et al., 2014], PRIME [Douillard
et al., 2013], and PEAK [Schwartzberg et al., 2014]), met the inclusion criteria (see Table 8

and Appendix A). In assessing titles and abstracts, agreement between the two reviewers
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was substantial (k=0.801). At the full-text stage, agreement was good (k=0.636]). At both

stages, initial disagreements were easily resolved by consensus.

Update searches were conducted on 27 April 2015 using the same methodology as
described earlier. A total of 175 records were screened by two reviewers (LC and JVC) and
four records were selected for full-text retrieval. Of these, none were formally included in the
review although three were considered to meet the eligibility criteria for the review they were
only available in abstract format and, as such, could not be quality appraised (Rivera et al.,
2015 [PEAK], Siena et al., 2015 [PRIME], and Wang et al., 2015 [PRIME]) (see Appendix
D).

No studies comparing either cetuximab or panitumumab with the following comparators:
XELOX; capecitabine monotherapy; and tegafur+folinic acid+5-FU (specified in the NICE
scope) met the eligibility criteria for this review. In addition, no studies evaluating
panitumumab plus FOLFIRI met the eligibility criteria for this review (see Section 3.1.2,
p.85).

The study selection process is outlined in Figure 4.
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Figure 4. PRISMA flow chart for studies included and excluded from the clinical

effectiveness review

Records identified through
database searching

(n=3,841)

Records identified after
duplicates removed

Records identified through (n =2,636)
update searching
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\ 4
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Notes: a Seven abstracts presenting data from four trials (OPUS [Ciardiello et al., 2015]; CRYSTAL [Van Cutsem
et al., 2015]; PRIME [Douillard et al., 2014; Peeters et al., 2013; Siena et al., 2015; and, Wang et al., 2015];
and PEAK [Rivera et al., 2015]) were considered relevant to the review. Authors of the abstracts were
contacted leading to the identification of an additional two papers (OPUS [Tejpar et al., 2015] and CRYSTAL
[Van Cutsem et al., 2015]); b Two papers were identified via the authors (OPUS [Tejpar et al., 2015; provided
as academic in confidence] and CRYSTAL [Van Cutsem et al., 2015])
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3.2.2. Cetuximab

3.2.2.1. Study characteristics

The 2009 single technology appraisal (STA) review (TA176) identified two RCTs
investigating the effectiveness of the addition of cetuximab to either oxaliplatin-based
(FOLFOX) or irinotecan-based chemotherapy (FOLFIRI), those reported by Van Cutsem et
al. (2009) (CRYSTAL),*® and Bokemeyer et al. (2009) (OPUS).3? As research into the impact
of KRAS and NRAS tumour mutations on the effectiveness of EGFR inhibitors developed,
the ITT population from the pivotal trials were re-evaluated forming the basis for the revision

of the licensed population.

A total of three subgroup analyses from three randomised, open-label trials (OPUS, Tejpar
et al., 2015; CRYSTAL, Van Cutsem et al., 2015; and, FIRE-3, Heinemann et al., 2014),
were included in the update review.3” 5275 Of note, in the FIRE-3 (Heinemann et al., 2014)
trial there was a protocol amendment made restricting eligibility for the ITT population to
people with KRAS WT Exon 2 tumours, due to the emerging evidence on the negative
predictive value of KRAS Exon 2 mutations, and the subsequent changes to the licence for
cetuximab.®” However, in all of the included trials the extended RAS subgroup analysis of

interest to this review was conducted retrospectively.52 75

Of the included trials, two evaluated the addition of cetuximab to background chemotherapy
(FOLFOX [OPUS, Tejpar et al., 2015] or FOLFIRI [CRYSTAL, Van Cutsem et al., 2015]),
and one trial evaluated the addition of cetuximab or bevacizumab to background
chemotherapy (FOLFIRI [Heinemann et al., 2014]). All trials evaluated the same dose and

administration of cetuximab (Table 10).

All of the included trials (OPUS, Tejpar et al., 2015; CRYSTAL, Van Cutsem et al., 2015;
and FIRE-3, Heinemann et al.,, 2014), measured the following outcomes: objective
response rate (ORR); progression free survival (PFS); overall survival (OS); secondary
resection of liver metastases with curative intent; and, safety and tolerability (including the

incidence and type of adverse events [AEs]).3": 52 75

In two of the included trials (OPUS, Tejpar et al., 2015 and FIRE-3, Heinemann et al.,
2014),%"- 7> the primary endpoint was the proportion of participants who had an objective
response rate. In the OPUS trial (Tejpar et al., 2015),”°> tumour response was assessed by
an independent review committee according to modified World Health Organisation (WHO)
criteria, whereas in the FIRE-3 trial (Heinemann et al., 2014) tumour response was

measured according to the Response Evaluation Criteria in Solid Tumours (RECIST)
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Version 1.0, as assessed by the study investigators.3” The independent review committee
conducted a blinded review of images and clinical data. In the CRYSTAL trial (Van Cutsem
et al., 2015), the primary end point PFS time, defined as the time from randomisation to
disease progression or death from any cause within 60 days after the last tumour
assessment or after randomisation.5? No data were identified for HRQoL for the RAS WT

population from either of the included trials.

Median follow-up was not reported in the OPUS (Tejpar et al., 2015) or CRYSTAL (Van
Cutsem et al., 2015) trials.5? 7 In the FIRE-3 trial (Heinemann et al., 2014) median follow-
up was 33.0 months (IQR 19.0, 55.4) in the cetuximab plus FOLFIRI arm vs. 39.0 (IQR 22.5,
56.9) in the bevacizumab plus FOLFIRI arm.%”

Study characteristics for the included studies are summarised in Table 10.

3.2.2.2. Population characteristics

Baseline demographic and disease characteristics for the RAS WT subgroup are reported in
Table 11.

For the ITT population for each of the included trials the baseline demographic and disease
characteristics were well matched. In all studies, existing DNA samples from KRAS exon 2
WT tumours were re-analysed for other RAS mutations in four additional KRAS codons
(exons 3 and 4) and six NRAS codons (exons 2, 3, and 4). Mutation status was evaluable in
796 (73.0%) of 1,090 trial participants with KRAS exon 2 WT tumours (Table 10). Details of
the proportions of study participants evaluated to be RAS WT are summarised in Table 10.
In all trials, the baseline and disease characteristics were comparable with those seen for
the KRAS WT population (see Appendix E for baseline and disease characteristics for the
KRAS WT population).

Participants were similar in terms of age, gender distribution and site of primary cancer.
However, as is usually the case with cancer trials, the study populations were significantly
younger than the general population presenting with mCRC, where the peak in number of
cases in the UK, for example, is between 70 and 79 years of age for men and 75- to 85

years-plus for women, compared with a median of 59-65 years shown in Table 11.
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Table 10. Overview of included studies: Cetuximab trials

CONFIDENTIAL UNTIL PUBLICATION

Author, Year Included Included Inclusion ITT RAS WT Randomisation Interventions evaluated Primary Median Median follow-
Trial in in criteria (N) (n)/ stratification Dose endpoint  treatment up, mths (IQR)
NCT TA176a update analysed factors duration, mths
Study design review (N) (IQR)
Tejpar, 2015 NP Y 218 yrs; 337 871l ECOG PS 0-1 CET+FOLFOX4 vs FOLFOX4 ORR 5.7 (NR) NR
OPUS ECOG <2; or2 CET: Day 1, 400 mg/m?, then 250 CET+FOLFOX4
NCT00125034 first mg/m?2/wk vs 4.7 (NR)
Retrospective occurrence FOLFOX: Q2W as IV OX 85 mg/m2 Day FOLFOX4
subgroup metastatic 1 + folinic acid 200 mg/m? IV infusion
analysis disease (over 2 hrs) on Days 1 & 2 Q2W + FU
400 mg/m? bolus IV infusion (2—4 mins)
then 600 mg/m?2 infusion (during 22 hrs)
onDays 1 &2
Van Cutsem, NP Y 218 yrs; 1,198  367/430 ECOG PS 0-1 CET+FOLFIRI vs FOLFIRI PFS 7.41 (NR) NR
2015 ECOG =2; or 2; region CET: Day 1, 400 mg/m?, then 250 CET+FOLFIRI
CRYSTAL first (Western mg/m?/wk vs 5.77 mths
NCT00154102 occurrence Europe vs. FOLFIRI: 30—90 min infusion IRIN 180 (NR) FOLFIRI
Retrospective metastatic Eastern Europe  mg/m? + 120-min infusion of racemic
subgroup disease vs. outside leucovorin 400 mg/m? or I-leucovorin 200
analysis Europe) mg/m? + FU bolus 400 mg/m? then cont.
infusion for 46 hrs 2,400 mg/m?
Heinemann N Y 218 yrs; 592 342/542 ECOG PS 0-1 CET+FOLFIRI vs BEV+FOLFIRI ORR NR 33.0(19.0, 55.4)
FIRE-3 ECOG =2; or 2; no. of CET: Day 1, 400 mg/m?, then 250 CET+FOLFIRI vs
NCT00433927 first metastatic sites  mg/m?/wk 39.0 (22.5, 56.9)
Retrospective occurrence (=1 or>1); white  BEV: Day 1, 90-min infusion 5 mg/kg, 2 BEV + FOLFIRI
subgroup metastatic blood cell count  wks later 60-min infusion 5 mg/kg; over
analysis disease 30 mins every 2 wks thereafter

FOLFIRI: 60-90 min infusion IRIN 180
mg/m? + 120-min infusion of racemic
leucovorin 400 mg/m? + FU bolus 400
mg/m? then cont. infusion for 46 hrs
2,400 mg/m?

Key: BEV = bevacizumab; CET = cetuximab; ECOG = Eastern Cooperative Oncology Group; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin;
FU = fluorouracil; hrs., = hours; IRIN = irinotecan; ITT = intention to treat; IV = intravenous; mins., = minute(s); NCT = National Clinical Trial; ORR = objective response rate; OX = oxaliplatin;
PFS = progression free survival; PS = performance status; Q2w = every 2 weeks; RAS = rat sarcoma TA = Technology Appraisal; vs. = versus; wks., = week(s); WT = wild type; Y = yes; yrs.,

= year(s

Notes: (a) TA 176 was a single technology appraisal. The current scope specifies people with RAS WT mCRC, whereas TA176 specified EGFR-expressing mCRC. The papers identified by the
PenTAG searches report results from the post-hoc subgroup analysis for the OPUS and CRYSTAL studies and were not included in the previous STA review (TA 176)
Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS [also referred to Bokemeyer et al. 2009; Bokemeyer et al. 2014]); Data on File (OPUS), Merck Serono UK Ltd; Van Cutsem et al., J Clin Oncol,
2015 (CRYSTAL); Data on File (CRYSTAL), Merck Serono UK Ltd; Heinemann et al., Lancet Oncol, 2014 (FIRE-3); Data on File (FIRE-3), Merck Serono UK Ltd
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Table 11. Baseline characteristics (RAS WT [all loci]): Cetuximab trials

Age, yrs (median
(range))

Author, year Intervention N
Trial Name
Tejpar, CET+FOLFOX4 38
2015
OPUS FOLFOX4 49
Van Cutsem, CET+FOLFIRI 178
2014
CRYSTAL

FOLFIRI 189
Heinemann, CET+FOLFIRI 171
2014
FIRE-3

BEV+FOLFIRI 171

[ ]
[ ]
60.0 (24.0-79.0)
59.0 (19.0-82.0)

64.0 (41.0-76.0)

65.0 (33.0~76.0)

Male n/N (%)
.
.
109/178 (61.2)
120/189 (63.5)

125/171 (73.1)

114/171 (66.7)

ECOG PS
n/N (%)

0: 97/178 (54.5)

N = O N =

- O

- 76/178 (42.7)
1 5/178 (2.8)

- 114/189 (60.3)
- 68/189 (36.0)
1 7/189 (3.7)

- 87/171 (50.9)
- 82/171 (48.0)

2:2/171 (1.2)

0: 87/171 (50.9)

1

:81/171 (47.4)
2:

3/171 (1.8)

No. metastatic sites
n/N (%)

<2: 157/178 (88.2)

>2: 17/178 (9.6)
Other®: 4/178 (2.2)

<2: 161/189 (85.2)
>2: 25/189 (13.2)
Other?: 3/189 (1.6)

1: 751171 (43.9)
2: 56/171 (32.7)
>3: 38/171 (22.2)

1: 76/171 (44.4)
2: 54/171 (31.6)
>3: 41/171 (24.0)

Primary tumour diagnosis
n/N (%)

LLD n/N (%)

Colon: 106/178 (59.6)
Rectum: 68/178 (38.2)
Colon & rectum: 4/178 (2.2)
Missing: 0/178 (0)

Colon: 117/189 (61.9)
Rectum: 70/189 (37.0)
Colon & rectum: 2/189 (1.1)
Missing: 0/189 (0)

Colon: 106/171 (62)
Rectum: 55/171 (32.2)
Colon & rectum: 7/171 (5.8)
Missing: 3/171 (1.8)

Colon: 105/171 (61.4)
Rectum: 59/171 (34.5)
Colon & rectum: 7/171 (4.1)
Missing: 0/171 (0)

15/38 (39.5)
12/49 (24.5)

43/178 (24.2)

46/189 (24.3)

62/171 (36.3)

58/171 (33.9)

Key: BEV = bevacizumab; CET = cetuximab; ECOG = Eastern Cooperative Oncology Group; FOLFIRI = folinic acid + flurouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin;
LLD = liver limited disease; NA = not applicable; NR = not reported; PS = performance status
Notes: a Missing or unknown

Sources: Tejpar et al.,
Heinemann et al.,
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3.2.3. Panitumumab

3.2.3.1. Study characteristics

The appraisal of panitumumab in combination with chemotherapy for the treatment of mCRC
(NICE Technology Appraisal 240) was suspended as no evidence submission was received
from the manufacturer or sponsor of the technology. As such, all data included in this update
review for panitumumab were identified by the Assessment Group’s searches. It is also
important to consider that, as for cetuximab, the ITT population from the pivotal trials for
panitumumab were re-evaluated in line with research developments on the impact of RAS

mutations on the effectiveness of EGFR inhibitors.

For this MTA review, a total of two subgroup analyses of the RAS WT population from two
RCTs (PRIME, Douillard et al., 2013 and PEAK, Schwartzberg et al., 2014), evaluating
panitumumab were eligible for inclusion. In the PEAK study (Schwartzberg et al., 2014) the
extended RAS subgroup analysis was pre-specified.?® In the PRIME study, extended RAS
subgroup analysis was noted alongside a protocol amendment restricting the analysis of the

ITT population to compare PFS and OS according to KRAS status.

Of the two included ftrials, one evaluated the addition of panitumumab to background
chemotherapy (FOLFOX4 [PRIME, Douillard et al., 2013]),5 and one evaluated the addition
of panitumumab or bevacizumab to background chemotherapy (MFOLFOX6 [PEAK,
Schwartzberg et al., 2014]).3 All trials evaluated the same dose and administration of
panitumumab (Table 12). No clinical evidence assessing the effectiveness of panitumumab

in conjunction with FOLFIRI was identified.

Both of the included trials (PRIME, Douillard et al., 2013 and PEAK, Schwartzberg et al.,
2014),% 53 measured the following outcomes: ORR; PFS; OS; secondary resection of liver
metastases with curative intent; and, safety and tolerability (including the incidence and type
of adverse events [AEs]). The primary end point in both trials was PFS, defined as the time
from randomisation to disease progression or death from any cause within 60 days after the
last tumour assessment or after randomisation. No data were identified for HRQoL for the

RAS WT population from the included trials.

Median follow-up in the PRIME trial (Douillard et al., 2013) was 22.31 months (IQR 10.12,
35.65) for the panitumumab plus FOLFOX4 treatment group compared with 17.71 months
(IQR 8.74, 32.20) in the FOLFOX4 alone treatment group.>® In the PEAK trial
(Schwartzberg et al., 2014) median follow-up was 14.97 months (IQR 8.83, 22.81) in the
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cetuximab plus mFOLFOX6 treatment group compared with 14.93 (IQR 8.76, 21.39) in the

bevacizumab plus mFOLFOX6 treatment group.3®

Study characteristics for the included studies are summarised in Table 12.

3.2.3.2. Population characteristics

Baseline demographic and disease characteristics for the RAS WT subgroup are reported in
Table 13.

In all studies, existing DNA samples from KRAS exon 2 WT tumours were re-analysed for
other RAS mutations in four additional KRAS codons (exons 3 and 4) and six NRAS codons
(exons 2, 3, and 4). Mutation status was evaluable in 882 (65.6%) of 1,345 trial participants
with KRAS exon 2 WT tumours (Table 12). Details of the proportions of study participants
evaluated to be RAS WT are summarised in Table 12. In all trials, the baseline demographic
and disease characteristics were comparable with those seen for the KRAS WT population

(see Appendix E for baseline and disease characteristics for the KRAS WT population).

Participants were similar in terms of age, gender distribution, and site of primary cancer
(Table 11). However, as is usually the case with cancer trials, the study populations were
significantly younger than the general population presenting with mCRC, where the peak in
number of cases in the UK, for example, is between 70 and 79 years of age for men and 75-

to 85-plus for women, as opposed to a median of 60—62 shown in Table 13.
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Table 12. Overview of included studies: Panitumumab trials
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Author, Year Included Included Inclusion ITT RAS WT Randomisation Interventions evaluated & dose Primary Median Median follow-
Trial in in criteria (N) (n)/ stratification endpoint treatment up, mths (IQR)
NCT TA176a update analysed factors duration, mths
Study design review (N) (IQR)
Douillard, 2013 NP Y 218 yrs; 1,183 512/1,060 ECOG PS (0-1 PAN+FOLFOX4 vs FOLFOX4 PFS 6.47 (3.68, 11.40) 22.31(10.12,
ECOG <2; vs 2); region . . . PAN+FOLFOX4 35.65
PRIME first (We)sterr? PAN: 60-min |V infusion, 6 mg/kg vs. NR FOLFOX4 PAN+)FOLFOX4
NCT00364013 occurrence Europe, Canada, Q2W on Day 1 vs. 17.71 (8.74,
. of and Australia vs FOLFOX4: Q2W as IV OX 85 32.20) FOLFOX4
Retrospective metastatic Restof World) ~ mg/m2 Day 1 + racemic leucovorin
subgroup disease 200 mg/m? IV infusion on Days 1 &
analysis 2 + FU 400 mg/m2 IV bolus
followed by a 600 mg/m? infusion
over 22 hrs on Days 1 & 2
Schwartzberg, NP Y 218 yrs; 285 170/285 Prior adjuvant PAN+mFOLFOX6 vs PFS 7.45 (3.91, 11.66) 14.97 (8.83,
2014 ECOG =2; OX therapy BEV+mFOLFOX6 PAN+mFOLFOX6 22.81)
first . . . vs. 5.86 (3.13, PAN+mFOLFOX6
PEAK occurrence PAN: 60-min IV infusion, 6 mg/kg 9.57) ( vs. 14.93 (8.76,
NCT00819780 of Q2W on Day 1 BEV+mFOLFOX6  21.39)
. metastatic BEV: Day 1, 90-min infusion 5 BEV+mFOLFOX6
Prospective disease mg/kg, 2 wks later 60-min infusion
subgrqup 5 mg/kg; over 30 mins every 2 wks
analysis thereafter

mFOLFOX6: Q2W as OX 85 mg/m?
IV infusion (over 2 hrs) Day 1 +
leucovorin 400 mg/m? IV infusion
(over 2 hrs)+ FU 400 mg/m? IV
bolus (over 2—4 mins) Day 1
followed by a 2,400 mg/m?
ambulatory pump (46—48 hrs)

Key: BEV = bevacizumab; ECOG = Eastern Cooperative Oncology Group; FOLFOX = folinic acid + fluorouracil + oxalipaltin, mMFOLFOX = modified folinic acid + fluorouracil + oxaliplatin; FU =
fluourouacil; hrs., = hour(s); ITT = intention to treat; IV = intravenous; mins., =minute(s); N = no; NCT = National Clinical Trial; OX = oxaliplatin; PAN = panitumumab; PFS = progression free
survival; PS = performance status; Q2W = every two weeks; RAS = rat sarcoma; TA = Technology Appraisal; vs. = versus; wks., = week(s); WT = wild type; Y = yes; yrs., = year(s)

Notes: (a) The appraisal of panitumumab in combination with chemotherapy for the treatment of mMCRC (NICE Technology Appraisal 240) was suspended because no evidence submission was
received from the manufacturer or sponsor of the technology

Sources: Douillard et al. N Engl J Med, 2013 (PRIME); Data on File (PRIME), Amgen UK Ltd; Schwartzberg et al. J Clin Oncol, 2014 (PEAK); Data on File (PEAK), Amgen UK Ltd;
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Table 13. Baseline characteristics (RAS WT [all loci]): Panitumumab trials

Author, year Intervention N Age, yrs Male n/N (%) ECOG PS No. metastatic sites Primary tumour diagnosis LLD n/N (%)
Trial Name (median (range)) n/N (%) n/N (%) n/N (%)
Douillard, PAN+FOLFO 253 61 (27-81) 170 (67) 0: 150/253 (59) 1: 56/253 (22) Colon: 165/253 (65) 48/253 (19)
2013 x4 1: 88/253 (35) 2:92/253 (36) Rectum: 88/253 (35)
Data on File, ) .
Amgen Ltd 2: 15/253 (6) >3: 104/253 (41)
PRIME FOLFOX4 252b 61 (24-82) 158 (63) 0:137/252 (54) 1: 50/252 (20) Colon: 164/252 (65) 41/252 (16)
1: 98/252 (39) 2:93/252 (37) Rectum: 88/252 (35)
2: 16/252 (6) >3: 109/252 (43)
Schwartzberg, PAN+ 88 62 (23-82) 58/88 (66) 0:53/88 (60) 1: 32/88 (36) Colon: 64/88 (73) 23/88 (26)
2014 mFOLFOX6
1: 35/88 (40) 2:28/88 (32) Rectum: 24/88 (27)
PEAK Other?: NA >3: 28/88 (32)

Other?: 0/88 (0)

BEV+ 82 60 (39-82) 56/82 (68) O: 52/82 (63) 1 33/82 (40) Colon: 57/82 (70) 22/82 (27)
mFOLFOX6 1. 20/82 (35) 2: 20/82 (35) Rectum: 28/82 (30)
Othera: 1/82 (1) >3: 19/82 (23)

Other@: 1/82 (1)

Key: BEV = bevacizumab; ECOG = Eastern Cooperative Oncology Group; FOLFIRI = folinic acid + flurouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; LLD = liver limited
disease; m = modified; NA = not applicable; NR = not reported; PAN = panitumumab; PS = performance status

Notes: a Missing or unknown; b Baseline characteristics were not reported in Douillard et al., 2013 but provided by the Company. The total N reported in Douillard et al., 2013 is 512 but baseline
characteristics data provided by the Company were for total n = 505

Sources: Data on File (PRIME), Amgen UK Ltd; Douillard et al., N Engl J Med, 2013 (PRIME); Schwartzberg et al. J Clin Oncol, 2014 (PEAK)
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3.2.4. Quality appraisal

We appraised the five identified subgroup analyses. On occasion, however, we referred to
the original trials to clarify issues relating to study design or methods. The reason for this
was to put identified limitations associated with subgroup analyses into context for this

appraisal. Quality assessments of included trials are presented in Table 14.

Overall, the risk of bias was similar between studies in respect of treatment allocation,

allocation concealment, blinding, outcome reporting and loss to follow-up.

3.2.5. Treatment allocation

The method of random allocation, including the method of sequence generation, was clearly
stated and adequate for all of the included ftrials. All trials used a stratified permuted block
procedure. Stratification factors varied between the studies but were predominantly based
on ECOG performance status (0 or 1 vs. 2) and region (Eastern or Western Europe vs.

outside of Europe and Western Europe, Canada, Australia vs. rest of world).

However, data for people with RAS WT mCRC were only available from subgroup analyses
and not the ITT trial population for any of the included trials. In response to research
developments demonstrating a treatment interaction of RAS and EGFR inhibitors
(specifically the negative impact of RAS mutations on the effectiveness of EGFR inhibitors),
tumour samples from participants of the original RCTs were re-evaluated for RAS status.
None of the included studies stratified randomisation by RAS status; this was because the
impact of RAS mutations on the effectiveness of EGFR inhibitors was not known at the
protocol development phase. For four of the trials (OPUS, CRYSTAL, FIRE-3 and PRIME)
the subgroup analyses were retrospective. However, for two of these trials (PRIME and
FIRE-3) protocol amendments were made in line with research developments. The only trial

in which the extended RAS WT subgroup analysis was pre-specified was the PEAK trial.

Tumour samples from participants in the ITT population identified as KRAS Exon 2 WT were
re-evaluated for RAS mutations and either allocated to subgroups RAS WT or RAS mutant.
The methods used to detect RAS mutations varied between studies, minimising the potential
for ascertainment bias. The RAS ascertainment rate was 61% (1,478/2,435), the missing
data largely resulted from unavailable tumour samples or inconclusive RAS test results.Of
note, none of the included subgroup analyses reported the results of a test for treatment

interaction.
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3.2.5.1. Similarity of groups

Three of the included trials fully reported baseline characteristics for the RAS WT population
(OPUS, CRYSTAL, and PEAK). While two of the trials (PRIME and FIRE-3) did not report
baseline characteristics for the subgroup of interest in the trial publication we were able to
confirm these via the companies. Of note, however, baseline characteristics provided by the
manufacturer for the PRIME study were for a total 505 participants whereas the Douillard et

al. (2013) paper reports a total of 512 participants in the RAS WT subgroup.

Given the use of subgroup data, all comparisons were made without protection by
stratification/randomisation increasing the risk of selection bias. However, from the evidence
provided (published and unpublished) we were able to confirm evidence that the treatment
groups were adequately similar at baseline on a range of prognostic factors for the RAS WT
population. Moreover, characteristics were similar to those for both the ITT and KRAS WT

populations suggesting a low risk of selection bias in the RAS tested trial population.

3.2.5.2. Implementation of masking

The trials were open-label design and as such participants and outcomes assessors were
not blinded. There was, however, a blinded retrospective review of radiological assessment
and clinical data for progression and best objective response rate in two of the studies
(OPUS and CRYSTAL), and objective response rate for one study (PRIME). In addition, in
one study (PRIME) an independent data monitoring committee reviewed interim analyses of
safety and one descriptive interim analysis of PFS. No independent assessment was
performed in either the PEAK or FIRE-3 trial.

3.2.5.3. Completeness of trial data

With regards to the reporting of a priori outcomes, all included trials were rated as unclear.
This was because the original trial reports for the ITT population failed to explicitly state
whether all outcomes defined in the study protocol were reported. Therefore, we were by
default unable to assess whether all a priori outcomes had been reported for the RAS WT
population. Summary data, including event numbers and denominators were reported for the
majority of expected outcomes for the RAS WT population, and where not reported we were
able to confirm data (predominantly ORR and resection rates) using secondary sources;

e.g., European Medicines Agency (EMA) documents or via the manufacturer.

Withdrawals and dropouts were adequately reported in all of the original trial publications (by
providing numbers and reasons by treatment group in the form of a CONSORT flow
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diagram) for the ITT population. Loss to follow-up was, however, unclear. With respect to the
RAS WT population missing data largely resulted from unavailable tumour samples or

inconclusive RAS test results.

Currently available data on the effectiveness of both cetuximab and panitumumab in the
RAS WT population are from subgroup analyses not from the ITT trial population and, as
such, intention-to-treat (ITT) analysis was not conducted and results were not available. Due
to the retrospective nature of the RAS analysis there were a low number of samples

available for analysis reducing the power of the studies to show statistical significance.

3.2.5.4. Applicability to the NHS in England

The population evaluated is in line with that specified in the licensed indication and the NICE
final scope. The study arm populations had, median/mean ages of between 59 and 65 years
and the majority of participants had an ECOG performance status of <2, meaning that
people were younger and fitter than the UK population of people with mCRC. This is a
recurrent problem, however, in the findings of trials of therapies for mCRC to the UK
population. All of the included studies were multicentre studies (including European centres),
and evaluated the study drugs in line with their licensed indications. Importantly, however,
data for the RAS WT population were only available from subgroup analyses rather than ITT
analyses, and, as such, sample sizes were often small and results are subject to a high

degree of uncertainty.

The rationale for the use of subgroup data is based on research developments which have
demonstrated that genotype is an important determinant of both the response to treatment
and the susceptibility to adverse reactions for a wide range of drugs.% 7° In colorectal cancer
response to EGFR inhibitors has been shown to be dependent on gene expression; studies
have demonstrated a treatment interaction between RAS status and the effectiveness of
EGFR inhibitors.”"3 It was in line with these research developments evaluating the negative
impact of RAS mutations on the effectiveness of EGFR inhibitors, that tumour samples from
trial populations supporting the original licensed indications were evaluated retrospectively
for RAS status. Therefore data are not from the ITT population for any of the included

studies, but from a subgroup of people contained within the original RCTs.

While subject to the uncertainties outlined above, these subgroup data are currently the only
available data for the RAS WT sub-population. The Assessment Group did not identify any
RCTs with an ITT population by RAS WT status, and .only one of the included trials

prespecified the extended RAS analysis. Of note, the EMA’s recent change to the licensed
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indication was based on subgroup data from trials that inform this current assessment, and
while subgroup analyses were defined post-hoc the rationale was based on research
developments into tumour biology and results were in line with the expected direction of
effect and consistent across included studies. Hence the extent to which the results of
included trials can provide a reasonable basis for generalization to the UK NHS population of

people with mCRC is unclear.
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Table 14. Quality assessment: RAS WT subgroup

CONFIDENTIAL UNTIL PUBLICATION

Study, year Random Allocation Baseline Care Outcome Patients All a priori Complete ITT Applicability

allocation concealment  similarity providers assessors blinded outcomes data reported

blinded blinded reported

Van Cutsem, Inadequate? Unclear® Adequate Inadequatef Inadequate’9 Inadequatef Unclear” Inadequate’ Inadequate! Inadequate®
2015
CRYSTAL
Bokemeyer, Inadequate? Unclear® Adequate Inadequatef Inadequate’9 Inadequatef Unclear” Inadequate’ Inadequate! Inadequate®
2015
OPUS
Heinemann, Inadequate®®  Unclear® Adequate Inadequatef Inadequatef Inadequatef Unclear” Inadequate’ Inadequate! INadequate
2014
FIRE-3
Douvillard, 2013 Inadequate?® Unclear® Adequate Inadequatef Inadequate’9 Inadequatef Unclear” Inadequate’ Inadequate! Inadequate®
PRIME
Schwartzberg, Inadequate?d Unclear® Adequate Inadequatef Inadequate’9 Inadequatef Unclear” Inadequate’ Inadequate! Inadequate®
2014
PEAK

Key: CET = cetuximab; ECOG = Eastern Cooperative Oncology Group; IDMC = Independent Data Monitoring Committee; ITT = intention to treat; OS = overall survival; PAN = panitumumab;
PFS = progression free survival; PS = performance status; RAS = rat sarcoma; WT = wild type

Notes: a Although in the main trial population random allocation was considered adequate via stratified permuted block procedure, the data relevant to this review were from a subgroup analysis
by RAS status. The KRAS WT Exon 2 population from the original trials were re-evaluated for RAS status following research developments into the negative impact of RAS mutations on EGFR
inhibitors and changes to the licence for CET and PAN. Allocation to subgroups is based on biological assessment; ascertainment was 62% minimising the potential for ascertainment bias.
The biological rationale for the re-evaluation by RAS status supports the validity of the effect estimates; b Protocol amendment to eligibility criteria people with mCRC with KRAS WT Exon 2
tumours (and to note the intention to conduct subgroup analysis by RAS status); ¢ Protocol amendment to restrict statistical analysis for endpoints PFS and OS to participants with mCRC with
KRAS WT Exon 2 tumours (and to note the intention to conduct subgroup analysis by RAS status); d Subgroup analysis by RAS status was pre-specified; e Not reported; f The trials were
open-label design; g Blinded review for progression and objective response rate (OPUS & CRYSTAL) and for objective response rate (PRIME). In addition, an IDMC reviewed interim analyses
of safety and one descriptive interim analysis of PFS (PRIME). No independent assessments were performed in either FIRE-3 or PEAK; h The primary trial publications did not explicitly state
whether all outcomes defined in the trial protocol were reported as such we were not able to determine for the RAS WT population; i Missing data largely resulted from unavailable tumour
samples or inconclusive RAS test results; j In the primary publications data analyses were conducted for all of the included trials for the intention-to-treat population. However, as the population
of relevance to this review was people with mCRC with RAS WT status effectiveness estimates were determined via subgroup analysis; k Currently, available data on the effectiveness of both
CET and PAN are only available from subgroup analyses from RCTs. While we note the uncertainties associated with effect estimates from subgroup analyses; e.g. ascertainment bias and
selection bias we note that the potential for these is minimised. Lack of statistical power is also an issue with subgroup analyses but we also note the underlying rationale of tumour biology,
and consistency of effect estimates for both CET and PAN support the validity of effect estimates

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS); Van Cutsem et al., J Clin Oncol, 2015 (CRYSTAL); Heinemann et al., Lancet Oncol, 2014 (FIRE-3); Douillard et al. N Engl J Med, 2013
(PRIME); Schwartzberg et al. J Clin Oncol, 2014 (PEAK). In addition, primary sources referred to: Bokemeyer et al., J Clin Oncol, 2009 (OPUS); Van Cutsem et al., N Engl J Med, 2015
(CRYSTAL); Douillard et al., J Clin Oncol, 2010 (PRIME)
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3.2.6. Assessment of effectiveness

The following outcomes have been assessed:

e Progression free survival (PFS)
e Overall survival (OS)
e Objective response rate (ORR)

e Resection rate
We also sought HRQoL outcome data from included RCTs. However, none was reported.

Due to an insufficient number of RCTs, meta-analysis was not undertaken and publication

bias was not investigated using funnel plots.
The results of the assessment of clinical effectiveness are presented as follows:

o An overview of the quantity and quality of available evidence together with a table
summarising all included trials and a summary table of key quality indicators
e A critical review of the available evidence for each of the stated research questions
covering:
— the quantity and quality of available evidence
— asummary table of the study characteristics
— asummary table of the baseline population characteristics
— comparison of the baseline populations in the included trials
— study results presented in narrative and tabular form
— comparison of the results in terms of effectiveness and safety
e A summary of evidence for clinical effectiveness used in the manufacturers’

submissions.

3.2.6.1. Cetuximab

Progression-free survival

All of the included cetuximab trials reported PFS (Tejpar et al., 2015 [OPUS]; Van Cutsem

et al., 2015 [CRYSTAL]; Heinemann et al., 2014 [FIRE-3]).3" 52 7> Of these, one trial

reported PFS as a primary outcome (Van Cutsem et al., 2015 [CRYSTAL]).52 The definition

of disease progression appears relatively consistent across the three trials. In each case

PFS was defined as the interval from random assignment of treatment to radiologic evidence

of disease progression or death from any cause. Radiologic assessment of pregression was
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assessed according to either RECIST criteria (FIRE-3 [Heinemann et al., 2014]), or
modified WHO criteria (OPUS [Tejpar et al., 2015] and CRYSTAL [Van Custem et al.,
2015]). The time-to-event data were summarised by stratified hazard ratio (HR). A HR of <1

indicates an improvement in PFS for treatment (cetuximab) compared with control.

Cetuximab plus FOLFOX4 vs. FOLFOX4

Tejpar et al., (2015 [reported in abstract form in Bokemeyer et al., 2014]) (OPUS) reported
median PFS as 12 months (95% CI 5.8, NR) and 5.8 months (95% CI 4.7, 7.9) for the
cetuximab plus FOLFOX4 vs FOLFOX4 arms, respectively (Table 15).7° The addition of
cetuximab to FOLFOX4 was associated with a 47% reduction in the risk of progression in
people with RAS WT tumours (HR 0.53 [95% CI 0.27, 1.04]) (Table 15).7°

Cetuximab plus FOLFIRI vs. FOLFIRI

Van Cutsem et al. (2015) (CRYSTAL) reported median PFS as 11.4 months (95% CI 10,
14.6) and 8.4 months (95% CI 7.4, 9.4) for the cetuximab plus FOLFIRI vs FOLFIRI arms,
respectively (Table 15).52 The addition of cetuximab to FOLFIRI was associated with a 44%
reduction in the risk of progression in people with RAS WT tumours (HR 0.56 [95% CI 0.41,
0.76]) (Table 15).52

Cetuximab plus FOLFIRI vs. bevacizumab plus FOLFIRI

In the FIRE-3 trial (Heinemann et al., 2014), median PFS was similar between the treatment
groups 10.4 months (95% CI 9.5, 12.2) and 10.2 months (95% CI 9.3, 11.5) in the cetuximab
plus FOLFIRI and bevacizumab plus FOLFIRI arms respectively; HR 0.93 (95% CI 0.74,
1.17) (Table 15).37
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Table 15. Progression free survival (RAS WT [all loci]): Cetuximab trials

Author, year, TRIAL Experimental (n/N) Control (n/N) HRa (95% Cl)
Median mths (95% CI) Median mths (95% CI)

Tejpar, 2015 CET+FOLFOX4 (13/38) FOLFOX4 (29/49) 0.53 (0.27, 1.04)
OoPUS? 12 (5.8, NR) 5.8(4.7,7.9)

Van Cutsem, 2015 CET+FOLFIRI (73/178) FOLFIRI (99/189) 0.56 (0.41, 0.76)
CRYSTAL? 11.4 (10, 14.6) 8.4 (7.4,9.4)

Heinemann, 2014 CET+FOLFIRI (144/171) BEV+FOLFIRI (143/171) 0.93 (0.74, 1.17)
FIRE-32 10.4 (9.5, 12.2) 10.2 (9.3, 11.5)

Key: BEV = bevacizumab; CET = cetuximab; FOLFOX = folinic acid + fluorouracil + oxaliplatin; FOLFIRI = folinic
acid + fluorouracil + irinotecan; HR= hazard ratio; LCL = lower confidence limit; mFOLFOX — modified folinic
acid + fluorouracil = oxaliplatin; mths = months; PAN = panitumumab; UCL = upper confidence limit

Notes: a Stratified hazard ratio (HR). Random assignment was stratified by (i) ECOG performance status (0 or 1
vs. 2) (OPUS), (ii)) ECOG performance status (0 or 1 vs. 2) and region (sites in Western Europe vs.Eastern
Europe vs. outside Europe) (CRYSTAL); (iii) ECOG performance status (0—1 or 2), number of metastatic sites
(1 or >1), white blood cell count (<8 x 10° cells per L or 28 x 10° cells per L) and alkaline phosphatase con
centration (<300 units per L or 2300 units per L) (FIRE-3)

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS [also reported in abstact form in Bokemeyer et al., 2014]); Van
Cutsem et al., J Clin Oncol, 2015 (CRYSTAL); Heinemann et al., Lancet Oncol, 2014 (FIRE-3)

Overall survival

All of the included cetuximab trials reported overall survival (OS) (Tejpar et al., 2015
[OPUS]; Van Cutsem et al., 2015 [CRYSTAL]; Heinemann et al., 2014 [FIRE-3]).3"- 5275 |n
each of the trials OS was defined as the interval from random assignment of treatment to
death. The time-to-event data were summarised by stratified hazard ratio (HR). A HR of <1

indicates an improvement in OS for treatment compared with control.

Cetuximab plus FOLFOX4 vs. FOLFOX4

In the OPUS trial (Tejpar et al., 2015 [also reported in abstract form in Bokemeyer et al.
2014]), median OS was 19.8 months (95% CI 16.6, 25.4) in the cetuximab plus FOLFOX4
group compared with 17.8 months (95 % CI 13.8, 23.9) FOLFOX4 (HR 0.94 [95% CI 0.56,
1.56]) (Table 16).7°

Cetuximab plus FOLFIRI vs. FOLFIRI

In the CRYSTAL trial (Van Cutsem et al., 2015), median OS was 28.4 months (95% CI
24.7, 31.6) in the cetuximab plus FOLFIRI group compared with 20.2 months (95% CI 17,
24.5) for FOLFIRI (HR 0.69 [95% CI 0.54, 0.88]) (Table 16).52
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Cetuximab plus FOLFIRI vs. bevacizumab plus FOLFIRI

In the FIRE-3 trial (Heinemann et al., 2014), median OS was 33.1 months (95% CI 24.5,
39.4) in the cetuximab plus FOLFIRI group compared with 25.6 months (95% CIl 22.7, 28.7)
bevacizumab (HR 0.7 [95% CI 0.53, 0.92]) (Table 16).%"

Table 16. Overall survival (RAS WT [all loci]): Cetuximab trials

Author, year, TRIAL Experimental (n/N) Control (n/N) HRa (95% CI)
Median mths (95% Cl) Median mths (95% CI)

Tejpar, 2015 CET+FOLFOX4 (27/38) FOLFOX4 (36/49) 0.94 (0.56, 1.56)
OPUS? 19.8 (16.6, 25.4) 17.8 (13.8, 23.9)

Van Cutsem, 2015 CET+FOLFIRI (130/178) FOLFIRI (154/189) 0.69 (0.54, 0.88)
CRYSTAL® 28.4 (24.7, 31.6) 20.2 (17, 24.5)

Heinemann, 2014 CET+FOLFIRI (91/171) BEV+FOLFIRI (110/171) 0.7 (0.53, 0.92)
FIRE-32 33.1(24.5,39.4) 25.6 (22.7, 28.7)

Key: BEV = bevacizumab; CET = cetuximab; FOLFOX = folinic acid + fluorouracil + oxaliplatin; FOLFIRI = folinic
acid + fluorouracil + irinotecan; HR= hazard ratio; LCL = lower confidence limit; mFOLFOX — modified folinic
acid + fluorouracil = oxaliplatin; mths = months; PAN = panitumumab; UCL = upper confidence limit

Notes: a Stratified hazard ratio (HR). Random assignment was stratified by (i) ECOG performance status (0 or 1
vs. 2) (OPUS), (ii) ECOG performance status (0 or 1 vs. 2) and region (sites in Western Europe vs.Eastern
Europe vs. outside Europe) (CRYSTAL); (iii) ECOG performance status (0—1 or 2), number of metastatic sites
(1 or >1), white blood cell count (<8 x 10° cells per L or 28 x 10° cells per L) and alkaline phosphatase con
centration (<300 units per L or 2300 units per L) (FIRE-3)

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS [also reported in abstact form in Bokemeyer et al., 2014]); Van
Cutsem et al., J Clin Oncol, 2015 (CRYSTAL); Heinemann et al., Lancet Oncol, 2014 (FIRE-3)

Objective response rate

Data for objective response rate (ORR) were available from the three included studies
(Tejpar et al., 2015 [OPUS]; Van Cutsem et al., 2015 [CRYSTAL]; and Heinemann et al.,
2014 [FIRE-3]).37:52.75

In all of the cetuximab trials (Tejpar et al., 2015 [OPUS]; Van Cutsem et al., 2015
[CRYSTAL]J; and Heinemann et al., 2014 [FIRE-3]),%”- 52 75 response rate was defined as the
percentage of study participants that achieved a partial or complete response as the best

ORR according to radiological assessment.

In two of the analyses (Tejpar et al., 2015 [OPUS]; and Heinemann et al., 2014 [FIRE-3]),
ORR was evaluated using Response Evaluation Criteria in Solid Tumours (RECIST)
(Version 1.0); no independent review was performed.3”: 7 Tumour response evaluation was
performed every six weeks (+ 7 days) in the OPUS trial (Tejpar et al., 2015), and every eight
weeks (+ 7 days) in the FIRE-3 trial (Heinemann et al., 2014), and treatment was continued
until disease progression, unacceptable toxicities, death, withdrawal of consent, or

investigator decision, whichever was earlier. In the CRYSTAL analysis (Van Cutsem et al.,
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2015), tumour response including disease progression was assessed by an independent
review committee according to modified World Health Organisation (WHO) criteria. The
independent review committee conducted a blinded review of images and clinical data using

a common set of pre-specified criteria.>?

The WHO criteria for response rate are older than the current standard RECIST criteria (see
Appendix G). It can be seen that the two sets of criteria do not fully match; WHO criteria are
multidimensional and the RECIST criteria are unidimensional. This is not necessarily
important when considering a single trial but where there are several trials and some use

one set of criteria and some use the other, the results cannot easily be compared.

The effect of treatment on response was measured as an odds ratio (i.e. odds of a response

with cetuximab versus odds of a response without cetuximab).

Best available response rate (i.e. complete response [CR], partial response [PR], stable

disease [SD], progressed disease [PD]) is reported in Appendix H.

Cetuximab plus FOLFOX4 vs. FOLFOX4

Tejpar et al. (2015) (OPUS J[also reported in abstract form in Bokemeyer et al., 2014])
reported confirmed complete or partial tumour responses in 22 people (58%) receiving
cetuximab plus FOLFOX4 and in 14 people (29%) receiving FOLFOX4 alone (Error!
eference source not found.).”” The adjusted odds ratio for a tumour response with the
cetuximab plus FOLFOX4, as compared with FOLFOX4 alone, was 3.33 (95% CI 1.36, 8.17)
favouring the cetuximab plus FOLFOX4 arm (Table 17).7

Cetuximab plus FOLFIRI vs. FOLFIRI

Van Cutsem et al. (2015) (CRYSTAL) reported confirmed complete or partial tumour
responses in 118 people (66%) receiving cetuximab plus FOLFIRI and in 73 people (39%)
receiving FOLFIRI alone (Table 17).52 The adjusted odds ratio for a tumour response with
the cetuximab plus FOLFIRI, as compared with FOLFIRI alone, was 3.11 (95% CI 2.03,
4.78), favouring the cetuximab plus FOLFIRI arm (Table 17).52

Cetuximab plus FOLFIRI vs. bevacizumab plus FOLFIRI

Heinemann et al. (2014) (FIRE-3) reported confirmed complete or partial tumour responses
in 112 people (66%) receiving cetuximab plus FOLFIRI and in 102 people (60%) receiving

bevacizumab plus FOLFIRI (Table 17).3” The adjusted odds ratio for a tumour response with
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the cetuximab plus FOLFIRI, as compared with bevacizumab plus FOLFIRI, was 1.28 (95%
Cl 0.83, 1.99), favouring the cetuximab plus FOLFIRI arm (Table 17).%7

Table 17. Response rate (RAS WT [all loci]): Cetuximab trials

Author, year Experimental n/N Control n/N OR?

Trial (% [95% CI]) (%, 95% CI) (95% Cl)
Tejpar, CET+FOLFOX4 22/38 FOLFOX4 14/49 3.33
2015 (58 [41, 74]) (29 [17, 43]) (1.36, 8.17)
OPUSP

Van Cutsem, 2015 CET+FOLFIRI 118/178 FOLFIRI 73/189 3.1
CRYSTAL® (66 [59, 73)]) (39 [32, 46)) (2.03, 4.78)
Heinemann, 2014  CET+FOLFIRI 112/171  BEV+FOLFIRI 102/171 1.28
FIRE-3°¢ (65.5 [58, 73]) (60 [52, 67]) (0.83, 1.99)

Key: BEV = bevacizumab; CET = cetuximab; Cl = confidence interval; FOLFIRI = folinic acid + fluorouracil +
irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; OR = odds ratio

Notes: a Stratified odds ratio (OR). Random assignment was stratified by (i) ECOG performance status (0 or 1
vs. 2) (OPUS), (ii)) ECOG performance status (0 or 1 vs. 2) and region (sites in Western Europe vs.Eastern
Europe vs. outside Europe) (CRYSTAL); (iii) ECOG performance status (0—1 or 2), number of metastatic sites
(1 or >1), white blood cell count (<8 x 10° cells per L or 28 x 10° cells per L) and alkaline phosphatase con
centration (<300 units per L or 2300 units per L) (FIRE-3); b Assessed every eight weeks, median follow-up not
reported; c Assessed 28 days from last treatment cycle (tumour evaluations had to be performed at least six
weeks after first administration of therapy

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS [also reported in abstact form in Bokemeyer et al., 2014]); Van
Cutsem et al., J Clin Oncol, 2015 (CRYSTAL); Heinemann et al., Lancet Oncol, 2014 (FIRE-3)

Rate of complete resection
Data for rate of complete resection with curative intent before disease progression were

available from one of the included cetuximab trials (CRYSTAL [Van Cutsem et al., 2015]).5?

Rate of surgery with curative intent (with complete resection of all lesions [R0]) was defined
as the number of subjects with any resection of metastasis of curative intent and all lesions
completely resected to RO, divided by all subjects qualifying for the ITT population. The

effect of treatment on the likelihood of complete resection was measured as an odds ratio.

Cetuximab plus FOLFOX4 vs. FOLFOX4

No data were reported for the rate of complete resection from the OPUS trial (Tejpar et al.,
2015) for this comparison for the RAS WT population.”™

Cetuximab plus FOLFIRI vs. FOLFIRI

No data were reported for the rate of complete resection in the CRYSTAL trial publication

(Van Cutsem et al., 2015 [CRYSTAL]); however, data were provided as commercial in
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confidence (CiC) by the manufacturer. The rate of complete resection with curative intent
before disease progression was higher in the cetuximab plus FOLFIRI group than in the
FOLFIRI group (7.3% vs. 2.1%; OR 3.11; 95% CI 2.03, 4.78; p=NR).%?

Cetuximab plus FOLFIRI vs. bevacizumab plus FOLFIRI

No data were available for the rate of complete resection from the FIRE-3 trial (Heinemann

et al., 2014) for this comparison for the RAS WT population.3”

Table 18. Rate of complete resection (RAS WT [all loci]): Cetuximab trials

Author, year Experimental n/N Control n/N ORa

Trial (%) (%) (95% ClI)
Tejpar, CET+FOLFOX4 NR FOLFOX4 NR NR

2015

OPUS

Data on File, Merck Serono Ltd, 2015 CET+FOLFIRI 13/178 FOLFIRI 4/189 3.1
CRYSTAL® (7.3) (2.1) (2.03,4.78)
Heinemann, 2014 CET+FOLFIRI NR BEV+FOLFIRI NR NR

FIRE-3

Key: BEV = bevacizumab; CET = cetuximab; Cl = confidence interval; FOLFIRI = folinic acid + fluorouracil +
irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; NR = not reported; OR = odds ratio

Notes: a Stratified odds ratio (OR). Random assignment was stratified by (i) ECOG performance status (0 or 1
vs. 2) (OPUS), (ii)) ECOG performance status (0 or 1 vs. 2) and region (sites in Western Europe vs.Eastern
Europe vs. outside Europe) (CRYSTAL); (iii) ECOG performance status (0—1 or 2), number of metastatic sites
(1 or >1), white blood cell count (<8 x 10° cells per L or 28 x 10° cells per L) and alkaline phosphatase con
centration (<300 units per L or 2300 units per L) (FIRE-3); b Median follow-up not reported

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS); Data on File (CRYSTAL), Merck Serono UK Ltd; Heinemann
et al., Lancet Oncol, 2014 (FIRE-3)

Subgroup analyses: liver metastasis at baseline

There were no planned subgroup analyses in the RAS WT population as the data for this
population was obtained retrospectively. However, data for people with liver metastasis at
baseline were available from two of the included cetuximab trials (provided as CiC data by
the manufacturer), (Tejpar et al., 2015 [OPUS]; Van Cutsem et al., 2015 [CRYSTAL]) and

are presented below.%? 75

Cetuximab plus FOLFOX4 vs. FOLFOX4

Among the RAS WT subgroup a total of 27 (31.0%) participants in the OPUS trial (Tejpar et

al., 2015) had metastasis to the liver at baseline.” Results are summarised in Table 18.
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Complete resection was performed in two of 15 (13.3%) participants in the cetuximab plus
FOLFOX4 arm and none (0/12; 0%) participants in the FOLFOX4 alone arm.

Cetuximab plus FOLFIRI vs. FOLFIRI

Among the RAS WT subgroup a total of 89 (24.3%) participants in the CRYSTAL trial (Van
Cutsem et al., 2015) had metastasis to the liver at baseline.5? Results are summarised in
Table 19.

Complete resection was performed in seven of 43 (16.3%) participants in the cetuximab plus
FOLFOX arm and three of 46 (6.5%) participants in the FOLFOX alone arm (OR. 2.68 [95%
Cl10.63, 11.43)).

Cetuximab plus FOLFIRI vs. bevacizumab plus FOLFIRI

No data were available for people with liver metastasis at baseline from the FIRE-3 ftrial

(Heinemann et al., 2014).%"
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OPUS CRYSTAL FIRE-3
CET+FOLFOX4 FOLFOX4 CET+FOLFIRI FOLFIRI CET+FOLFIRI BEV+FOLFIRI
(n=15) (n=12) (n=43) (n=46) (n=NR) (n=NR)
PFS
Progression/death events (n/N, %) NR NR NR NR NR NR
Median PFS, months (95% ClI) NR 7.4 (NR) 14.0 (NR) 8.1 (NR) NR NR
Stratified hazard ratio (95% Cl)2 0.35 (0.06, 1.91) 0.21(0.09, 0.49) NR
oS
Deaths (n/N, %) NR NR NR NR NR NR
Median OS (95% CI) 23.9 (NR) 24.8 (NR) 29.8 (NR) 29.5(NR) NR NR
Stratified hazard ratio (95% CI)2 0.90 (0.33, 2.42) 0.65 (0.38, 1.10) NR
ORR
n/N, % 11/15 (73.3%)° 5/12 (41.7)° 36/43° (83.7%) 17/46° (37.0) NR NR
Stratified odds ratio (95% CI)? 3.30(0.63, 17.16)2 8.99 (3.17,25.52) NR
Resection rate
Surgical resection rate, n/N (%) NR NR NR NR NR NR
Stratified odds ratio (95% CI)? NR NR NR
Complete RO resection rate, n/N (%) 2/15 (13.3) 0/12 (0) 7143 (16.3) 3/46 (6.5) NR NR
Stratified odds ratio (95% CI)? NE 2.68 (0.63, 11.43) NR

Key: BEV = bevacizumab; CET = cetuximab; Cl = confidence interval; FOLFIRI = 5-fluorouracil + folinic acid + irinotecan; FOLFOX = 5-fluorouracil + folinic acid + oxaliplatin; HR =
hazard ratio; NE = not evaluable; NR = not reported; ORR = objective response rate; OS = overall survival; PFS = progression-free survival; RAS = rat sarcoma; WT wild type

Notes: a Stratified hazard ratio (HR) / odds ratio (OR). Random assignment was stratified by (i) ECOG performance status (0 or 1 vs. 2) (OPUS), (ii)) ECOG performance status (0 or 1
vs. 2) and region (sites in Western Europe vs.Eastern Europe vs. outside Europe) (CRYSTAL); (iii) ECOG performance status (0—1 or 2), number of metastatic sites (1 or >1), white
blood cell count (<8 x 10° cells per L or 28 x 10° cells per L) and alkaline phosphatase con centration (<300 units per L or 2300 units per L) (FIRE-3); b Assumption made that total N
was total population with liver metastasis at baseline

Sources: Data on File (OPUS), Merck Serono UK Ltd; Data on File (CRYSTAL), Merck Serono UK Ltd; Heinemann et al., Lancet Oncol, 2014 (FIRE-3)
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3.2.6.2. Panitumumab

Progression-free survival

Both of the included panitumumab trials reported progression free survival (PFS) in the RAS
WT subgroup (Douillard et al., 2013 [PRIME]; Schwartzberg et al., 2014 [PEAK]).38 5 The
definition of disease progression appears relatively consistent in both trials. In each case
PFS was defined as the interval from random assignment of treatment to radiologic evidence
of disease progression or death from any cause. Radiologic assessment of progression was
assessed according to RECIST criteria (PRIME [Douillard et al., 2013]), AND peak
[Schwartzberg et al., 2014]). The time-to-event data were summarised by stratified HR. A

HR of <1 indicates an improvement in PFS for treatment compared with control.

Panitumumab plus FOLFOX4 vs. FOLFOX4

Douillard et al. (2013) (PRIME) reported median PFS as 10.1 months (95% CI 9.3, 12) and
7.9 months (95% CI 7.2, 9.3) for the panitumumab plus FOLFOX4 and FOLFOX4 arms
respectively. The addition of panitumumab to FOLFOX4 was associated with a reduction in
risk of progression of 28% (HR 0.72 [95% CI 0.58, 0.9]) (Table 20).%3

Panitumumab plus mFOLFOX6 vs. bevacizumab plus mFOLFOX6

Schwartzberg et al. (2014) (PEAK) reported median PFS as 13 months (95% CI 10.9, 15.1)
and 9.5 months (95% CI 9, 12.7) for the panitumumab plus mFOLFOX6 and bevacizumab
plus FOLFOX4 arms respectively. The addition of panitumumab to mFOLFOX6 was
associated with a reduction in risk of progression of 35% (HR 0.65 [95% CI 0.44, 0.96])
(Table 20).%8
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Table 20. Progression free survival (RAS WT [all loci]): Panitumumab trials

Author, year, TRIAL Experimental (n/N) Control (n/N) HRa (95% Cl)
Median mths (95% CI) Median mths (95% CI)

Douiillard, 2013 PAN+FOLFOX4 (156/259) FOLFOX4 (170/253) 0.72 (0.58, 0.9)

PRIME?2P 10.1 (9.3, 12) 7.9(7.2,9.3)

Schwartzberg, 2014 PAN+mFOLFOX6 (50/88) BEV+mFOLFOX6 (60/82) 0.65 (0.44, 0.96)

PEAK® 13 (10.9, 15.1) 9.5(9,12.7)

Key: BEV = bevacizumab; Cl = confidence interval; FOLFOX = folinic acid + fluorouracil + oxaliplatin; FOLFIRI =
folinic acid + fluorouracil + irinotecan; HR= hazard ratio; mFOLFOX — modified folinic acid + fluorouracil =
oxaliplatin; mths = months; PAN = panitumumab; RAS = rat sarcoma; WT = wild type

Notes: a Stratified hazard ratio (HR). Random assignment was stratified by (i) ECOG performance status (0 or 1
vs. 2) and region (sites in Western Europe, Canada, and Australia vs. rest of world (PRIME); (ii) prior adjuvant
oxaliplatin therapy (PEAK); (b) Data cut-off date (primary analysis), 30 September 2008; ¢ Amgen also report
results from an updated analysis 2 Aug 2010 in the company submission as academic in confidence:

Sources: Douillard et al. N Engl J Med, 2013 (PRIME); Schwartzberg et al. J Clin Oncol, 2014 (PEAK)

Overall survival

Both of the included panitumumab trials reported OS for the RAS WT subgroup (Douillard
et al., 2014 [PRIME]; Schwartzberg et al., 2014 [PEAK]).% % In each case OS was defined
as the interval from random assignment of treatment to death. The time-to-event data were
summarised by stratified HR. A HR of <1 indicates an improvement in OS for treatment

compared with control.

Panitumumab plus FOLFOX4 vs. FOLFOX4

Douillard et al. (2013) (PRIME) reported median OS as 25.8 months (95% CI 21.7, 29.7)
and 20.2 months (95% CI 17.6, 23.6) for the panitumumab plus FOLFOX4 and FOLFOX4
arms respectively; HR 0.77 (95% CI 0.64, 0.94), favouring the panitumumab plus FOLFOX4
treatment group (Table 21).53

Panitumumab plus mFOLFOX6 vs. bevacizumab plus mFOLFOX6

Schwartzberg et al. (2014) (PEAK) reported median OS as 41.3 months (95% CI 28.8,
41.3) and 28.9 months (95% CI 23.9, 13.1) for the panitumumab plus mFOLFOX6 and
bevacizumab plus mFOLFOX6 arms respectively; HR 0.63 (95% CI 0.39, 1.02), favouring
the panitumumab plus mFOLFOX6 treatment group (Table 21).38
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Table 21. Overall survival (RAS WT [all loci]): Panitumumab trials

Author, year, Trial Experimental (n/N) Control (n/N) HRa (95% Cl)
Median mths (95% CI) Median mths (95% CI)

Douiillard, 2013 PAN+FOLFOX4 (204/259) FOLFOX4 (218/253) 0.77 (0.64, 0.94)

PRIME?2P 25.8 (21.7, 29.7) 20.2 (17.6, 23.6)

Schwartzberg, 2014 PAN+mFOLFOX6 (30/88) BEV+mFOLFOX6 (40/82) 0.63 (0.39, 1.02)

PEAK® 41.3 (28.8,41.3) 28.9 (23.9, 31.3)

Key: BEV = bevacizumab; Cl = confidence interval; FOLFOX = folinic acid + fluorouracil + oxaliplatin; FOLFIRI =
folinic acid + fluorouracil + irinotecan; HR= hazard ratio; mFOLFOX — modified folinic acid + fluorouracil =
oxaliplatin; mths = months; PAN = panitumumab; RAS = rat sarcoma; ET = wild type

Notes: a Stratified hazard ratio (HR). Random assignment was stratified by (i) ECOG performance status (0 or 1
vs. 2) and region (sites in Western Europe, Canada, and Australia vs. rest of world (PRIME); (ii) prior adjuvant
oxaliplatin therapy (PEAK); b OS update analysis (descriptive), data cut-off date 24 January 2013; ¢ Amgen

also reﬁort results from the final analisis 2 AUﬁuSt 2010 in the comﬁani submission as academic in confidence:

Sources: Douillard et al. N Engl J Med, 2013 (PRIME); Schwartzberg et al. J Clin Oncol, 2014 (PEAK)

Objective response rate

Data for objective response rate (ORR) were available from both included studies (Douillard
et al., 2014 [PRIME] and Schwartzberg et al., 2014 [PEAK]). 38 53

Overall response rate was defined as the percentage of participants that achieved a partial
or complete response as the best overall response according to radiological assessments. In
both trials (Douillard et al., 2014 [PRIME] and Schwartzberg et al., 2014 [PEAK]), ORR
was evaluated using Response Evaluation Criteria in Solid Tumours (RECIST) (Version 1.0);
no independent review was performed.3® % Tumour response evaluation was performed
every eight weeks (+ 7 days), and treatment was continued until disease progression,
unacceptable toxicities, death, withdrawal of consent, or investigator decision, whichever

was earlier.
The effect of treatment on response was measured as an odds ratio.

Best available response rate (i.e., CR, PR, SD, PD) is reported in Appendix H.

Panitumumab plus FOLFOX4 vs. FOLFOX4

Douillard et al. (2014) (PRIME) reported confirmed complete or partial tumour responses in
B people () receiving panitumumab plus FOLFOX4 and in [} people (i) receiving
FOLFOX4 alone (Table 22). The adjusted odds ratio for a tumour response with the
panitumumab plus FOLFOX4, as compared with FOLFOX4 alone, was | llGzGNGzGzG)
(Table 22).58
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Panitumumab plus mFOLFOX6 vs. bevacizumab plus mFOLFOX6

Schwartzberg et al. (2014) (PEAK) reported confirmed complete or partial tumour
responses in 56 people (64%) receiving panitumumab plus mMFOLFOX6 and in 49 people
(61%) receiving FOLFOX alone (Table 22). The adjusted odds ratio for a tumour response
with the panitumumab plus FOLFOX, as compared with mFOLFOX6 alone, was 1.08 (95%
Cl 0.55, 2.12) (Table 22).38

Table 22. Response rate (RAS WT [all loci]): Panitumumab trials

Author, year Experimental n/N Control n/N OR? (95%Cl)
Trial (% [95% CI]) (%, 95% CI)

Data on File, Amgen PAN+FOLFOX FOLFOX4

UK Ltd 4

PRIME?&

Schwartzberg, 2014 PAN+mFOLFO 56/88 BEV+mFOLFO  49/81 1.08
PEAK2P X6 (64153, 74]) X6 (61 [49, 71]) (0.55, 2.12)

Key: BEV = bevacizumab; Cl = confidence interval; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX =
folinic acid + fluorouracil + oxaliplatin; m= modified; OR = odds ratio; PAN = panitumumab

Notes: a Stratified hazard ratio (HR). Random assignment was stratified by (i) geographic region (Western
Europe, Canada, and Australia v rest of the world) and ECOG PS (0 or 1 v 2) (PRIME); (ii) prior adjuvant
oxaliplatin therapy (PEAK); b Timepoint measured not reported. Median duration follow-up: 22.31 (10.12,
35.65) months and 17.71 (8.74, 32.20) months for PAN+FOLFOX vs FOLFOX respectively (PRIME), and 14.97
(8.83, 22.81) months vs 14.93 (8.76, 21.39) months for PAN+FOLFOX vs BEV+FOLFOX respectively (PEAK);
¢ Company submission uses slightly different data for the PAN+FOLFOX4 arm, 59% (95% CI 52% to 65%).
Adjusted odds ratio was 1.63 (995% CI 1.13 to 2.38) in favour of PAN+FOLFOX 30 Sept 2008 data cut off.
Data inTable 22 were prvided to the Assessment Group by Amgen.

Sources: Data on File (PRIME), Amgen UK Ltd; Schwartzberg et al. J Clin Oncol, 2014 (PEAK)

Rate of complete resection

Data for rate of complete resection with curative intent before disease progression were
available from both of the included panitumumab ftrials (Douillard et al., 2014 [PRIME] and
Schwartzberg et al., 2014 [PEAK]).38 %3

Rate of surgery with curative intent (with complete resection of all lesions [RO]) was defined
as the number of subjects with any resection of metastasis of curative intent and all lesions

completely resected to RO, divided by all subjects qualifying for the ITT population.

The effect of treatment on the likelihood of complete resection was measured as an odds

ratio.

Panitumumab plus FOLFOX4 vs. FOLFOX4

No data were reported for the rate of complete resection in the PRIME trial publication

(Douillard et al., 2014 [PRIME]); however, data were provided as AiC by the manufacturer
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(Table 23). The rate of RO resection with curative intent before disease progression for
metastases was higher in the panitumumab plus FOLFOX4 group (Jl}) than in the FOLFOX4

group (Hl); OR N ~*

Panitumumab plus mFOLFOX6 vs. bevacizumab plus mFOLFOX6

No data were reported for the rate of complete resection in the PEAK trial publication
(Schwartzberg et al., 2014 [PEAK]); however, data were provided as CiC by the
manufacturer (Table 23). The rate of RO resection with curative intent before disease
progression for metastases was higher in the panitumumab plus mFOLFOX6 group (13%)
than in the mFOLFOX6 group (11%); OR for panitumumab plus mFOLFOX6, 1. 61; 95% CI
0.45, 2.96; p=NR).38

Table 23. Rate of complete resection (RAS WT [all loci]): Panitumumab trials

Author, year Experimental n/N Control n/N OR®

Trial (% [95%CI]) (% [95%CI] (95% ClI)
Data on File, Amgen UK PAN+FOLFO FOLFOX4

Ltd X4

PRIMEP

Schwartzberg, 2014 PAN+mFOLF  11/88 BEV+mFOLFO 9/82 1.16
PEAKP OX6 (13 [6, 21]) X6 (11 [5, 20]) (0.45, 2.96)

Key: BEV = bevacizumab; Cl = confidence interval; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX =
folinic acid + fluorouracil + oxaliplatin; m = modified; OR = odds ratio; PAN = panitumumab

Notes: a Stratified hazard ratio (HR). Random assignment was stratified by (i) geographic region (Western
Europe, Canada, and Australia v rest of the world) and ECOG PS (0 or 1 v 2) (PRIME); (ii) prior adjuvant
oxaliplatin therapy (PEAK); b Timepoint measured not reported. Median duration follow-up: 22.31 (10.12,
35.65) months and 17.71 (8.74, 32.20) months for PAN+FOLFOX vs FOLFOX respectively (PRIME), and 14.97
(8.83, 22.81) months vs 14.93 (8.76, 21.39) months for PAN+FOLFOX vs BEV+FOLFOX respectively (PEAK)

Sources: Data on File (PRIME), Amgen UK Ltd; Data on File (PEAK), Amgen UK Ltd

Subgroup analyses: liver metastases at baseline

There were no planned subgroup analyses in the RAS WT population as the data for this
population was obtained retrospectively. However, data for people with liver metastases at
baseline were available from both of the included panitumumab trials (provided by the
manufacturer), (Douillard et al., 2014 [PRIME]; Schwartzberg., 2014 [PEAK]).

Panitumumab plus FOLFOX4 vs. FOLFOX4

Among the RAS WT subgroup a total of 89 (17.6%) participants in the PRIME trial
(Douillard et al., 2014) had metastasis to the liver at baseline. Results are summarised in
Table 24. Complete resection was performed in 15/48 (31%) participants in the
panitumumab plus FOLFOX4 arm and 7/41 (17%) participants in the FOLFOX4 alone arm;
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odds ratio for panitumumab plus FOLFOX4 2.2 (95% CI 0.80, 6.10), favouring panitumumab
plus FOLFOX4.

Panitumumab plus FOLFOX4 vs. bevacizumab plus FOLFOX4

Among the RAS WT subgroup a total of 45 (26.5%) participants in the PEAK trial
(Schwartzberg et al., 2014) had metastasis to the liver at baseline. Results are summarised
in Table 24. Complete resection was performed in ||l participants in the
panitumumab plus mFOLFOX6 arm and ||l participants in the bevacizmab plus
mFOLFOX6 arm; odds ratio for panitumumab plus mFOLFOX6 |G
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Table 24. Subgroup analyses by liver metastases (RAS WT [all loci]): Panitumumab trials

PRIME PEAK
PAN+FOLFOX4 FOLFOX4 PAN+mFOLFOX6 BEV+ mFOLFOX6
(n=48)° (n=41)° I I

PFS

Progression/death events, n/N (%) 38/48 (79) 37/41 (90) [ [

Median PFS, months (95% CI) 11.3 (9.4, 21.3) 9.9 (7.2, 12.9) [ I

Stratified hazard ratio (95% Cl)2° 0.75 (0.48, 1.19) [ ]

0s

Deaths, n/N (%) 32/48 (67) 31/41 (76) [ I

Median OS (95% Cl) 40.7 (26.6, 51.7) 33.4 (19.4, 46.8) [ ] [ ]

Stratified hazard ratio (95% Cl)2® 0.71(0.43, 1.16) [ ]

ORR

n/N, (%) 38/47 (81) 27/41 (66) [ [

Stratified odds ratio (95% Cl)2P 2.18 (0.75, 6.41) ]

Resection rate

Surgical resection rate, n/N (%) 16/48 (33) 10/41 (24) [ ] [ ]

Stratified odds ratio (95% Cl)aP 1.55 (0.61, 3.94) [ ]

Complete resection rate, n/N (%) 15/48 (31) 7141 (17) I I

Stratified odds ratio (95% Cl)2P 2.2 (0.80, 6.10) ]

Key: BEV = bevacizumab; Cl = confidence interval; FOLFIRI = 5-fluorouracil + folinic acid + irinotecan; FOLFOX = 5-fluorouracil + folinic acid + oxaliplatin; HR = hazard ratio; m = modified; NE = not
evaluable; NR = not reported; OR = odds ratio; ORR = objective response rate; OS = overall survival; PAN = panitumumab; PFS = progression-free survival; RAS = rat sarcoma; WT wild type

Notes: a Stratified hazard ratio (HR) / odds ratio (OR). Random assignment was stratified by (i) geographic region (Western Europe, Canada, and Australia v rest of the world) and ECOG PS (0 or 1
v 2), (ii) prior adjuvant oxaliplatin therapy; b Timepoint measured not reported. Median duration follow-up: 22.31 (10.12, 35.65) months and 17.71 (8.74, 32.20) months for PAN+FOLFOX vs
FOLFOX respectively (PRIME), and 14.97 (8.83, 22.81) months vs 14.93 (8.76, 21.39) months for PAN+FOLFOX vs BEV+FOLFOX respectively (PEAK); c Company submission uses data cut-off
28 Aug 2009 data: N=90 15/49 (31%) people vs 7/41 (17%). Adjusted odds ratio 2.31 (95% CI 0.74, 7.66). Data in Table 24 were provided to the Assessment Group by Amgen

Sources: Data on File (PRIME), Amgen UK Ltd; Peeters et al. Markers in Cancer, 2013 Brussels Belgium; Data on File (PEAK), Amgen UK Ltd
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3.2.7. Adverse events

Data for adverse events (AEs) from the RAS WT subgroup from the individual trials are
reported below. Within each trial, the safety population comprised study participants who had
received at least one dose of study drug. The most frequently reported AEs were as
expected for the individual treatments based on the Summary of Product Characteristics

(SmPC) for the interventions of interest for this review (cetuximab and panitumumab).

Adverse events in the included trials were coded using versions of the Medical Dictionary for
Regulatory Activities (MedDRA). The National Cancer Institute Common Terminology Criteria
(NCI-CTC) (see Table 25), frequently used by trials to report drug toxicities, was used to
grade severity. For each AE, grades are assigned using a scale from 0 to 5. Grade 0 is
defined as absence of AE or within normal limits for values. Grade 5 is defined as death
associated with an AE. All of the included cetuximab and panitumumab trials used NCI-CTC
AEs Version 3.0; see Table 25

Table 25. NCI-CTC for AEs

Grade Description

0 No AE or within normal limits

1 Mild AE

2 Moderate AE

3 Severe AE

4 Life threatening or disabling AE
5 Death related to an AE

Key: AE, adverse event; NCI-CTC = National Cancer Institute Common Terminology Criteria
Source: Common Terminology Criteria for Adverse Events, National Cancer Institute, 2006

3.2.7.1. Cetuximab

All of the included trials reported AEs. Two trials reported any AEs and any serious AEs,
(Tejpar et al., 2015 [OPUS]; Van Cutsem et al., 2015 [CRYSTAL]) one reported any Grade
1 or 2 events (Van Cutsem et al., 2015 [CRYSTAL]) and all three trials reported any Grade
3 or 4 events (Tejpar et al., 2015 [OPUS]; Van Cutsem et al.,, 2015 [CRYSTAL];
Heinemann et al., 2014 [FIRE-3]).

As RAS mutation status refers to the tumour only, the EMA concluded in their report that
there were no good reasons to postulate differences in safety profiles related to RAS status

other than from the perspective that people with RAS WT tumours would be treated for

120



PenTAG CONFIDENTIAL UNTIL PUBLICATION

longer periods of time. Taking small sample sizes into account, the assumption that safety is

independent of tumour RAS status was considered to be in-line with reported data.*®

Cetuximab plus FOLFOX4 vs. FOLFOX4

In the OPUS trial (Tejpar et al., 2015)"° all AEs were recorded between the onset of or after
the first day of study medication up to six weeks after the end of the last administration of
study treatment. Adverse events were coded using the Medical Dictionary for Regulatory
Activities (MedDRA) (Version 10.0), and summarised by worst severity per patient according
to the National Cancer Institute Common Terminology Criteria (NCI-CTC) for AEs (Version

3.0). Only AEs with a frequency of 25% in either treatment group were reported.

Incidences of any AEs were the same in both treatment arms (100% in each arm) (Table 26).
However, both Grade 3 or 4 AEs and serious AEs were more commonly reported in the
cetuximab plus FOLFOX4 arm (79% and 39.5% respectively) when compared to the
FOLFOX4 arm (63% and 16% respectively). More specifically, commonly reported Grade 3
and 4 AEs included; diarrhoea, leukopenia, neutropenia, paraesthesia, peripheral sensory
neuropathy, rash, any skin reactions and acne-like rash skin reaction. Incidences of which,
were similar between treatment arms except for the skin reactions (any and acne-like) which
were higher in the cetuximab plus FOLFOX4 arm (skin reaction any,13% vs 0%; skin
reaction acne-like, 8% vs 0%) and paresthesia which was higher in the FOLFOX4 arm (0%
Vs 6%).

All AEs reported were noted as likely to occur by the SmPC and consistent with the known

safety profile of cetuximab.

Cetuximab plus FOLFIRI vs. FOLFIRI

In the CRYSTAL trial (Van Cutsem et al., 2015) 2 AEs were recorded continuously and
categorised according to the MedDRA Version 10.0. The severity of AEs were assessed
according to the NCI-CTC AEs (Version 3.0).33 Only AEs with a frequency of 25% in either

treatment group were reported.

Incidences of any AEs were slightly higher in the cetuximab plus FOLFIRI (100%) when
compared to FOLFIRI arm (98.9%; Table 27). Any Grade 1 or 2 AEs were more frequently
reported in the FOLFIRI arm (41.8%) in comparison to the cetuximab plus FOLFIRI arm
(19.1%). Whereas both Grade 3 or 4 AEs and serious AEs were more commonly reported in

the cetuximab plus FOLFIRI arm (80.9% and 38.8% respectively) when compared to the
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FOLFIRI arm (58.2% and 32.8% respectively). More specifically, commonly reported Grade 3
and 4 AEs included; deep vein thrombosis, dermatitis acneiform, diarrhoea, fatigue,
leukopenia, neutropenia, infusion-related reaction, any skin reactions and acne-like rash skin
reaction. Incidences of which, were all higher in the cetuximab plus FOLFIRI arm when
compared to the FOLFIRI arm. Incidences were most notably higher for any skin reactions
(20.8% vs 0.5%); skin reaction acne-like (16.9% vs 0 %); neutripenua (30.9% vs 20.1%) and
rash (9% vs 0%).

All AEs reported were noted as likely to occur by the SmPC and consistent with the known

safety profile of cetuximab.

Cetuximab plus FOLFIRI vs. bevacizumab plus FOLFIRI

In the FIRE-3 trial (Heinemann et al., 2014)” AEs were recorded continuously from
enrolment to the end of the final study visit and were coded by the MedDRA (Version 13.1),
and classified and graded according to the NCI-CTC AEs. Only AEs with a frequency of 25%
in either treatment group were reported. Information on the safety population definition was

not available.

Incidences of any Grade 3 or 4 AEs were similar between cetuximab plus FOLFIRI (69.0%)
and bevacizumab plus FOLFIRI (67.3%), other subcategories for AEs were not reported.
More specifically, commonly reported Grade 3 and 4 AEs included; acneiform/exanthema,
desquamation, diarrhoea, haematotoxicity, hepatotoxicity, hypertension, hypokalemia,
infection, mucositis/stomatitis, nail changes/paronychia, nausea, pain, skin reactions,
thromboembolic events and thrombosis (any). Incidences of which, were all comparable
between the two arms except for the following AEs which were higher in the cetuximab plus
FOLFIRI arm when compared to bevacizumab plus FOLFIRI: skin reactions (28.7% vs.
2.9%); nail changes/paronychia (7.0% vs. 0%); desquamation (7% vs. 0.6%) and

acneiform/exanthema (19.3 % vs. 0%).

Specific AEs which were classified as Grade 1 or 2 in severity were also available for

Heinemann et al., 2014 (FIRE-3), a summary of which is provided in Appendix H.
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Table 26. Adverse events (reported at a frequency of 25% in either treatment group) (RAS WT [all loci]): Cetuximab trials

OPUS3acd CRYSTAL?° FIRE-3°d
CET+FOLFOX4 FOLFOX4 CET+FOLFIRI FOLFIRI CET+FOLFIRI BEV+FOLFIRI
(n=38) (n=49) (n=178) (n=189) (n=171) (n=171)
Any AE, n/N (%) 38/38 (100) 49/49 (100) 178/178 (100) 187/189 (98.9) NR NR
Worst grade of 3, n/N (%) NR NR NR NR NR NR
Worst grade of 4, n/N (%) NR NR NR NR NR NR
Worst grade of 5, n/N (%) NR NR NR NR NR NR
Any Grade 1 or 2 event, n/N (%) NR NR 34/178 (19.1) 79/189 (41.8) NR NR
Any Grade 3 or Grade 4 event, n/N (%) 30/38 (79) 31/49 (63) 144/178 (80.9) 110/189 (58.2) 118/171 (69) 115/171 (67.3)
Any serious AE, n/N (%) 15/38 (39.5) 8/49 (16) 69/178 (38.8) 62/189 (32.8) NR NR

Key: AE = adverse event; BEV = bevacizumab; CET = cetuximab; CTC = Common Terminology Criteria; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; MedDRA = Medical Dictionary for Regulatory Activities; NR = not reported; RAS = rat sarcoma; Vn = Version; WT = wild type

Notes: a Participants were observed for safety 30 days after last study drug administration; b Participants were observed for safety approximately 6 months after randomisation;
¢ MedDRA Vn 10.0 terms, with special emphasis on Grade 3 and 4 toxic effects according to the National Cancer Institute — CTC for AEs, Vn 3.0; b MedDRA Vn 12.0 terms
(except composite categories which use MedDRA Vn 10.0 terms), with special emphasis on Grade 3 and 4 toxic effects according to the National Cancer Institute — CTC for
AEs Vn 2.0; d MedDRA Vn 13.1 preferred terms, with special emphasis on Grade 3 and 4 toxic effects according to the National Cancer Institute — CTC for AEs Vn 3.0

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS); Data on File (OPUS), Merck Serono UK Ltd; Van Cutsem et al., J Clin Oncol, 2015 (CRYSTAL); Data on File (CRYSTAL),
Merck Serono UK Ltd; Data on File (FIRE-3), Merck Serono UK Ltd
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Table 27. Incidence of Grade 3 or 4 adverse events (reported at a frequency of 25% in either treatment group) (RAS WT [all loci]):

Cetuximab trials?

OPUS2P CRYSTAL?¢ FIRE-32¢

CET+FOLFOX4 FOLFOX4 CET+FOLFIRI FOLFIRI CET+FOLFIRI BEV+FOLFIRI

(n=38) (n=49) (n=178) (n=189) (n=171) (n=171)
Acneiform/Exanthema, n/N (%) - - - - 33/171 (19.3) 0/171 (0)
Deep vein thrombosis, n/N (%) - - 11/178 (6.2) 1/189 (0.5) - -
Dermatitis acneiform, n/N (%) - - 9/178 (5.1) 0/189 (0) - -
Desquamation, n/N (%) - - - - 12/171 (7.0) 1/171 (0.6)
Diarrhoea, n/N (%) ] ] 26/178 (14.6) 18/189 (9.5) 18/171 (10.5) 24/17 (14.0)
Fatigue, n/N (%) - - 12/178 (6.7) 9/189 (4.8) - -
Haematotoxicity, n/N (%) - - - - 47/171 (27.5) 37/171 (21.6)
Hepatotoxicity, n/N (%) - - - - 9/171 (5.3) 9/171 (5.3)
Hypertension, n/N (%) - - - - 11/171(6.4) 12/171 (7.0)
Hypokalemia, n/N (%) - - - - 17/171 (9.0) 7/171 (4.1)
Infection, n/N (%) - - - - 16/171 (9.4) 15/171 (8.8)
Leukopenia, n/N (%) 1/38 (3) 3/49 (6) 15/178 (8.4) 7/189 (3.7) - -
Mucositis/Stomatitis, n/N (%) - - - - 8/171 (4.7) 6/171 (3.5)
Nail Changes / Paronychia, n/N (%) - - - - 12/171 (7.0) 0/171 (0)
Nausea, n/N (%) - - - - 6/171 (3.5) 9/171 (5.3)
Neurotoxicity, n/N (%) [ | [ ] - - - -
Neutropenia, n/N (%) [ ] [ ] 55/178 (30.9) 38/189 (20.1) - -
Pain, n/N (%) | | - - 6/171 (3.5) 10/171 (5.7)
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OPUS?® CRYSTAL?2¢ FIRE-32

CET+FOLFOX4 FOLFOX4 CET+FOLFIRI FOLFIRI CET+FOLFIRI BEV+FOLFIRI

(n=38) (n=49) (n=178) (n=189) (n=171) (n=171)
Paresthesia, n/N (%) [ | [ - - - -
Rash, n/N (%) [ | [ 16/178 (9.0) 0/189 (0) - -
Skin reactions, n/N (%) - - - - 49/171 (28.7) 5/171 (2.9)
Thromboembolic event, n/N (%) - - - - 8/171 (4.7) 12/171 (7.0)
Thrombosis (any), n/N (%) - - - - 10/171 (5.8) 13/171 (7.6)
COMPOSITE CATEGORIES
Infusion-related reaction, n/N (%) - - 4/178 (2.2) 0/189 (0) - -
Skin reactions
any, n/N (%) 5/38 (13) 0/49 (0) 37/178 (20.8) 1/189 (0.5) - -
acne-like rash, n/N (%) 3/38 (8) 0/49 (0) 30/178 (16.9) 0/189 (0) - -

Key: AE = adverse event; BEV = bevacizumab; CET = cetuximab; CTC = Common Terminology Criteria; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; MedDRA = Medical Dictionary for Regulatory Activities; NR = not reported; RAS = rat sarcoma; Vn = Version; WT = wild type

Notes: a For trials OPUS and CRYSTAL: data reported for most common Grade 3 or 4 adverse events reported at a frequency of 25% in either treatment group according to
composite categories of special interest, and for FIRE-3 data reported for Grade 3 or 4 adverse events reported at a frequency of 25% in either treatment group; b MedDRA
Vn 10.0 terms, with special emphasis on Grade 3 and 4 toxic effects according to the National Cancer Institute — CTC, Vn 2.0; c MedDRA Vn 12.0 terms (except composite
categories which use MedDRA Vn 10.0 terms), with special emphasis on Grade 3 and 4 toxic effects according to the National Cancer Institute — CTC, Vn 2.0; d MedDRA Vn

13.1 preferred terms, with special emphasis on Grade 3 and 4 toxic effects according to the National Cancer Institute — CTC, Vn 3.0

Sources: Tejpar et al., Eur J Cancer, 2015 (OPUS); Van Cutsem et al., J Clin Oncol, 2015 (CRYSTAL); Data on File (PEAK), Amgen UK Ltd
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3.2.7.2. Panitumumab

Data were available for AEs from both the PRIME and PEAK trials (Douillard et al., 2013
[PRIME],and Schwartzberg et al., 2014 [PEAK]).%8 53 Both trials reported any AEs, AEs with
a worst Grade of 3, AEs with a worst Grade of 4, AEs with a worst Grade of 5, any Grade 1
or 2 AEs, any Grade 3 or 4 AEs and any serious adverse events (SAEs). Adverse events
with a worst Grade of 1 or 2 and AEs with a worst Grade of 3 or 4 were available from the
PEAK trial (Schwartzberg et al., 2014) but not from the PRIME trial (Douillard et al.,
2013).%8.53

The EMA concluded that no new safety concerns were identified for the safety profile of
panitumumab in people with RAS WT tumour status as these people were indistinguishable

from people with KRAS WT tumour status.

Panitumumab plus FOLFOX4 vs. FOLFOX4

In the PRIME trial (Douillard et al., 2013) 53 people were followed for safety 30 days after the
last study drug administration. Adverse events were coded using the MedDRA (Version
15.0), and were graded for severity using the NCI-CTC AEs (Version3.0) with modifications
for specific skin- and nail-related toxicities. The safety population comprised of people who
received at least one dose of the protocol therapy. Only AEs with a frequency of 25% in

either treatment group were reported.

Similar incidences were found between the arms panitumumab plus FOLFOX4 and
FOLFOX4 (Table 28), for any AEs (100 % vs 99%), AEs with a worst Grade of 3 (57% vs
50%), AEs with a worst Grade of 4 (28% vs 20%), AEs with a worst Grade of 5 (5% vs 6%),
any Grade 1 or 2 events (10% vs. 22%), any Grade 3 or 4 AEs (85% vs 70%) and any SAEs
(43% vs 37%). More specifically, commonly reported Grade 3 and 4 AEs included (Table 29);
abdominal pain, anaemia, asthenia, dermatitis acneiform, diarrhoea, fatigue, hypokalemia,
hypomagnesemia, mucosal inflammation, neuropathy peripheral, neutropenia, paraesthesia,
rash and stomatitis. Incidences of which, were similar between treatment arms except for
the following AEs which were higher in the panitumumab plus FOLFOX4 arm when
compared to the FOLFOX4 arm: dermatitis acneiform ([l diarrhoea (I and
rash (]l the skin reactions (any and acne-like).

Specific Grade 1 or 2 AEs were also available for Douillard et al. (2013) (PRIME), a

summary of which is provided in Appendix H.
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Panitumumab plus mFOLFOX6 vs. Bevacizumab plus mFOLFOX6

In the PEAK trial (Schwartzberg et al., 2014)% people were followed for safety 30 days after
the last study drug administration. Adverse events were coded using the MedDRA (Version
15.0), and were graded for severity using the NCI-CTC AEs (Version 3.0) with modifications
for specific skin- and nail-related toxicities. The safety population was comprised of people
who received at least one dose of the protocol therapy. Only AEs with a frequency of 25% in

either treatment group were reported. 3

Incidences of any AEs and any Grade 1 and 2 AEs were the same in both treatment arms
(100% in each). Similar incidences were also found between the arms panitumumab plus
mFOLFOX6 and bevacizumab plus mFOLFOX6 (Table 28) for: AEs with a worst Grade of 3
(70% vs 54%), AEs with a worst Grade of 4 (20% vs. 19%), AEs with a worst Grade of 5 (5%
vs 9%), worst Grade 1 or 2 AEs (6% vs. 19%), worst Grade 3 or 4 AEs (90% vs. 73%), any
Grade 3 or 4 AEs (93% vs. 81%) and any SAEs (43% vs. 39%). More specifically, commonly
reported Grade 3 and 4 AEs included (Table 29); asthenia, decreased appetite, deep vein
thrombosis, dehydration, diarrhoea, fatigue, hypertension, hypokalemia, hypomagnesemia,
mucosal inflammation, neuropathy peripheral, neutropenia, paraesthesia, periperhal sensory
neuropathy, polyneuropathy, pulmonary embolism, rash, skin disorders and stomatitis.
Incidences of which, were similar between treatment arms except for the following AEs which
were higher in the panitumumab plus mMFOLFOX6 arm when compared to the bevacizumab
plus mFOLFOX6 arm: rash (14% vs. 0%) and skin disorders (34% vs. 1%).

Specific Grade 1 or 2 AEs were also available for Schwartzberg et al. (2014) (PEAK), a

summary of which is provided in Appendix H.
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Table 28. Adverse events (reported at a frequency of 25% in either treatment group) (RAS WT [all loci]): Panitumumab trials

CONFIDENTIAL UNTIL PUBLICATION

PRIME®b< PEAK#b

PAN+FOLFOX4 FOLFOX4 PAN+mFOLFOX6 BEV+mFOLFOX6

(n=250) (n=250) (n=86) (n=80)
Any AE, n/N (%) 250/250 (100) 247/249 (99) 86/86 (100) 80/80 (100)
Worst Grade of 3, n/N (%) 142/250 (57) 125/249 (50) 60/86 (70) 43/80 (54)
Worst Grade of 4, n/N (%) 70/250 (28) 50/249 (20) 17/86 (20) 15/80 (19)
Worst Grade of 5, n/N (%) 13/250 (5) 16/249 (6) 4/86 (5) 7/80 (9)
Worst Grade 1 or 2 event, n/N (%) NR NR 5/86 (6) 15/80 (19)
Worst Grade 3 or Grade 4 event, n/N (%) NR NR 77/86 (90) 58/80 (73)
Any Grade 1 or 2 event, n/N (%) 25/250 (10) 56/249 (22) 86/86 (100) 80/80 (100)
Any Grade 3 or Grade 4 event, n/N (%) 212/250 (85) 175/249 (70) 80/86 (93) 65/80 (81)
Any serious AE, n/N (%) 108/250 (43) 92/249 (37) 37/86 (43) 31/80 (39)

Key: AE = adverse event; BEV = bevacizumab; CTC = Common Terminology Criteria; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX4 = folinic acid + fluorouracil +
oxaliplatin; mFOLFOX6 = modified folinic acid + fluorouracil + oxaliplatin; MedDRA = Medical Dictionary for Regulatory Activities; NR = not reported; PAN = panitumumab;

RAS = rat sarcoma; Vn = Version; WT = wild type

Notes: a Participants were observed for safety 30 days after the last study drug administration; b Adverse events were coded using MedDRA Vn 15.0, severity graded
according to the National Cancer Institute — CTC for Adverse Events (Vn 3.0) with modifications for specific skin- and nail-related toxicities. Fatal adverse events were

classified as Grade 5; ¢ Data cut-off date 24 January 2013

Sources: Data on File (PRIME), Amgen UK Ltd; Schwartzberg et al. J Clin Oncol, 2014 (PEAK); Data on File (PEAK), Amgen UK Ltd
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Table 29. Incidence of Grade 3 or 4 adverse events (reported at a frequency of 25% in either treatment group) (RAS WT [all loci]):

Panitumumab trials

PRIME?b PEAKaD

PAN+FOLFOX4 FOLFOX4 PAN+mFOLFOX6 BEV+mFOLFOX6

(n=250) (n=249) (n=86) (n=80)
Abdominal pain, n/N (%) [ [ ] | 1
Anaemia, n/N (%) [ ] ] | 1
Asthenia, n/N (%) ] ] ] I
Decreased appetite, n/N (%) i | ] [
Deep vein thrombosis, n/N (%) i | I ]
Dehydration, n/N (%) i | [ ] [
Dermatitis acneiform, n/N (%) _ - l l
Diarrhoea, n/N (%) [ I ] [
Fatigue, n/N (%) [ I ] [
Hypertension, n/N (%) i | I ]
Hypokalemia, /N (%) I . L L
Hypomagnesemia, n/N (%) [ ] I I I
Mucosal inflammation, n/N (%) - - - -
Neuropathy peripheral, n/N (%) [ ] I ] [
Neutropenia, n/N (%) _ _ - -
Paraesthesia, n/N (%) - - - -
Periperhal sensory neuropathy, n/N (%) i | [ ]
Polyneuropathy, n/N (%) i | I ]

12
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PRIME2 PEAK2P
PAN+FOLFOX4 FOLFOX4 PAN+mFOLFOX6 BEV+mFOLFOX6
(n=250) (n=249) (n=86) (n=80)

Pulmonary embolism, n/N (%)

|

Rash, n/N (%) [ ]
|

I

Skin disorders®, n/N (%)

Stomatitis, n/N (%)

Key: AE = adverse event; BEV = bevacizumab; CTC = Common Terminology Criteria; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX4 = folinic acid + fluorouracil +
oxaliplatin; mFOLFOX6 = modified folinic acid + fluorouracil + oxaliplatin, MedDRA = Medical Dictionary for Regulatory Activities; NR = not reported; PAN = panitumumab;
RAS = rat sarcoma; Vn = Version; WT = wild type

Notes: * Of Grade 3 or 4 AEs reported in at 25% participants in either treatment arm, * indicates a difference >5% between treatment arms; a Participants were observed for
safety 30 days after the last study drug administration; b Adverse events were coded using MedDRA Vn 15.0, severity graded according to the National Cancer Institute —
CTC for Adverse Events (Vn 3.0) with modifications for specific skin- and nail-related toxicities. Fatal adverse events were classified as Grade 5; ¢ Skin disorders includes
multiple terms from the skin and subcutaneous tissue disorders system organ class per MedDRA Vn 15.0

Sources: Data on File (PRIME). Amgen UK Ltd; Schwartzberg et al.J Clin Oncol, 2014 (PEAK); Data on File (PEAK), Amgen UK Ltd.
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3.3. Network meta-analysis

To inform the decision problem, a network-meta-analysis (NMA) was carried out. Based on
trials identified, it was not possible to construct a complete network. Two discrete networks
were generated, one evaluating FOLFOX-containing chemotherapy regimens and the
second comparing FOLFIRI-containing chemotherapy regimens. It should be stressed that

results from the two discrete networks are not directly comparable.

3.3.1. FOLFOX regimens

Three RCTs (PRIME [Douillard et al., 2014], PEAK [Schwartzberg et al., 2014], and OPUS
[Tejpar et al., 2014]), contributed to estimating the effectiveness of four treatments
(FOLFOX, bevacizumab plus FOLFOX [BEV+FOLFOX], panitumumab plus FOLFOX
[PAN+FOLFOX], and cetuximab plus FOLFOX [CET+FOLFOX]). As there was no direct
evidence for CET+FOLFOX vs PAN+FOLFOX, the network meta-analysis allowed indirect
estimation of this comparison. The network diagram — including which trials informed the

network meta-analysis for each outcome of interest — is shown in Figure 5.

131



PenTAG CONFIDENTIAL UNTIL PUBLICATION

Figure 5. Network diagram for the FOLFOX network

CET+FOLFOX BEV+FOLFOX
1 (OPUS) 1 (PEAK)
1 (PRIME)
FOLFOX PAN+FOLFOX
PFS (o 1] ORR Resection Any Any SAE AE by
rate Grade 12 Grade 3/4 type
AE AE
OPUS v v v X X v v va
RAS WT PRIME v v v v v v v va
PEAK v v v v x v v '8
OPUS v v v X X X X X
RAS WT +liver
metastasis at PRIME v v v v'e X X X X
baseline
PEAK v v v Ve X X X X

Key: AE = adverse event; BEV = bevacizumab; CET = cetuximab; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; OS = overall survival; ORR = overall response rate; PFS = progression-free survival; RAS = rat
sarcoma; SAE = serious adverse event; WT = wild type

Notes: Adverse events based on incidence rates reported in the trials (occurring in 25% participants in either
treatment arm); For the purposes of the network meta-analysis skin conditions included: acneiform exanthema,
dermatitis acneiform, desquamation, nail changes/paronychia, skin reactions, and skin disorders based on rates
reported in the included trials. Rash was treated separately. As composite reactions appeared to include
conditions also reported by specialist preferred term these were excluded from the analysis. Incidence rates are
reported in Section 3.2.7.1 (p120; cetuximab), and Section 3.2.7.2 (p126; panitumumab); a All trials (OPUS,
PRIME and PEAK) informed the network meta-analysis for: Grade 3/4 neutropenia, paresthesia, rash, and skin
conditions occurring in 25% participants in either treatment arm; and, Two trials (PRIME and PEAK) informed
the network meta-analysis for Grade 3/4 diarrhoea, hypokalemia, hypomagnesemia, mucositis/stomatitis,
mucosal inflammation, fatigue, neuropathy, and asthenia occurring in 25% participants in either treatment arm;
b Data available to inform network meta-analysis for both surgical resection rate (partial and complete resection)
and complete resection rate

3.3.1.1. Progression free survival

All three RCTs contributed to the estimation of PFS. The network meta-analysis found no
evidence to suggest that CET+FOLFOX is any more effective than PAN+FOLFOX at
increasing the time to progression or death (HR 0.74 (95% Crl 0.36, 1.49), see Table 30);
however, CET+FOLFOX had a high probability (80%) of being the most effective treatment
compared to the other treatments. Nevertheless, as the upper 95% Crl for CET+FOLFOX
compared to all of the other treatments are >1, it is possible that CET+FOLFOX could be
associated with greater progression or death than FOLFOX, BEV+FOLFOX or
PAN+FOLFOX.
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The direct evidence from PRIME and PEAK suggest that PAN+FOLFOX is more effective
than FOLFOX (HR 0.72 (95% Crl 0.58, 0.90)) and BEV+FOLFOX (HR 0.65 (95% Crl 0.44,
0.96)).

Table 30. Hazard ratio* (and 95% Crl) for progression or death from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX <1% 2% 66% 32%
BEV+FOLFOX 1.11 <1% 4% 29% 67%

(0.71,1.73)
PAN+FOLFOX 0.72 0.65 20% 79% 1% <1%
(0.58, 0.90)** (0.44, 0.96)***
CET+FOLFOX 0.53 0.48 0.74 80% 15% 3% 2%

(0.27, 1.04)=** (0.21, 1.07) (0.36, 1.49)

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; HR = hazard ratio; PAN = panitumumab

Notes: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS

3.3.1.2. Overall survival

All three RCTs contributed to the estimation of OS. The analysis suggests that there is no
evidence that PAN+FOLFOX is more effective than CET+FOLFOX (HR 1.22 (95% Crl 0.71,
2.11), Table 31) since the upper 95% Crl is greater than 1.

The direct evidence from PRIME suggests that PAN+FOLFOX is more effective than
FOLFOX (HR 0.77 (95% Crl 0.64, 0.93)).
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Table 31. Hazard ratio* (and 95% Crl) for death from a fixed effects network meta-

analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX <1% 32% 55% 13%
BEV+FOLFOX 1.22 2% 12% 18% 67%

(0.73, 2.05)
PAN+FOLFOX 0.77 0.63 74% 25% <1% <1%
(0.64, 0.93)* (0.39, 1.02)***
CET+FOLFOX 0.94 0.77 1.22 24% 31% 26% 19%

(0.56, 1.57)*** (0.37, 1.59) (0.71, 2.11)

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; PAN = panitumumab

Notes: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS

3.3.1.3. Objective response rate

All three RCTs contributed to the estimation of ORR. Objective response rate was measured
at either six- or eight-week intervals (according to methods reported in the primary
publications). However, due to differences in the reporting of the timing of ORR in each study
it is unclear whether the timings are entirely comparable across studies. Given this
uncertainty, results reported for the RAS WT population for this outcome should be treated

with caution.

The network meta-analysis suggests that there is little evidence that CET+FOLFOX is any
more effective than PAN+FOLFOX for overall response rate (HR 1.90 (95% Crl 0.72, 5.02),
see Table 32).
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Table 32. Odds ratio* (and 95% Crl) for ORR from a fixed effects network meta-analysis

model
Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX <1% <1% 1% 88%
BEV+FOLFOX 1.62 9% 34% 46% 1%

(0.75, 3.51)
paN+FOLFOX | 1.08 6% 57% 37% <1%
(0.55, 2.12)***
CET+FOLFOX 3.33 2.05 1.90 85% 9% 6% <1%

(1.36, 8.12)*** (0.63, 6.70) (0.72, 5.02)

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; OR = odds ratio; ORR = overall response rate; PAN = panitumumab

Notes: * OR >1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS

3.3.1.4. Resection rates

Only data from the PRIME and PEAK trials are available to analyse resection rates, therefore
a comparison with CET+FOLFOX cannot be made. The data suggests there is little

difference in resection rates between the treatments as the 95% Crls all include 1 (Table 33).

Table 33. Odds ratio* (and 95%Crl) for resection rate calculated from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFOX BEV+FOLFOX 1st 2nd 3rd
treatment
FOLFOX 18% 35% 46%
BEV+FOLFOX 1.04 35% 21% 44%
(0.35, 3.10)
pAN+FOLFOX | 1.61 47% 44% 9%

(0.45, 2.98)***

Key: BEV = bevacizumab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil + oxaliplatin; OR = odds
ratio; ORR = overall response rate; PAN = panitumumab
Notes: * OR >1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;

3.3.1.5. Adverse events

The indirect evidence suggests no difference in the odds ratios (ORs) for any Grade 3/4 AEs

or any serious AEs between CET+FOLFOX and PAN+FOLFOX (see Table 34 and Table

35). However, PAN+FOLFOX is estimated (from direct evidence) to be associated with more
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Grade 3/4 AEs than FOLFOX or BEV+FOLFOX. However, the evidence is less clear for
CET+FOLFOX vs FOLFOX or BEV+FOLFOX since the 95% Crls include 1 (see Table 34).

Table 34. Odds ratio* (and 95% Crl) for any Grade 3/4 AEs? from a fixed effects network

meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX 34% 63% 3% 0%
BEV+FOLFOX 0.81 64% 28% 8% <1%

(0.24, 2.43)
PAN+FOLFOX 2.58 3.20 0% <1% 40% 60%
(1.59, 4.30)** (1.21, 9.56)***
CET+FOLFOX 2.24 2.80 0.86 2% 9% 49% 40%

(0.85, 6.24)"*** (0.64, 13.34) (0.29, 2.69)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid
+ fluorouracil + oxaliplatin; OR = odds ratio; PAN = panitumumab

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from PRIME; *** OR
calculated from study arm data from PEAK; **** OR calculated from study arm data from OPUS; a Reported in
>5% participants in either treatment arm

Table 35. Odds ratio* (and 95% Crl) for any serious AEs® from a fixed effects network

meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX 57% 37% 6% <1%
BEV+FOLFOX 1.09 40% 31% 26% 2%

(0.53, 2.23)
PAN+FOLFOX 1.30 1.19 2% 31% 64% 2%
(0.91, 1.86)** (0.64, 2.24)***
CET+FOLFOX 3.45 3.18 2.66 <1% 1% 3% 95%

(1.28, 9.88)"*** (0.94, 11.33) (0.93, 8.05)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid
+ fluourouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; OR = odds ratio; PAN =
panitumumabNote: * OR <1 favours ‘Intervention’ treatment; a Reported in 25% participants in either treatment
arm

The results of analyses of specific Grade 3/4 AEs are shown below. The available
information allows estimation of the ORs for CET+FOLFOX versus PAN+FOLFOX for
neutropenia (Table 36), paresthenia (Table 37), rash (Table 38), and skin conditions (Table
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39). The estimated ORs (and 95% Crls) suggest that there is little difference between the
number of individuals experiencing those AEs for CET+FOLFOX and PAN+FOLFOX. Note
that for the outcomes of rash and skin conditions, the 95% Crls are very wide due to the low

number of events reported in all three RCTs.

Table 36. Odds ratio* (and 95% Crl) for Grade 3/4 neutropenia® from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX 28% 38% 26% 8%
BEV+FOLFOX 1.07 31% 17% 22% 30%

(0.50, 2.26)
PAN+FOLFOX 1.08 1.01 12% 32% 38% 18%
(0.75, 1.54)* (0.52, 1.95)***
CET+FOLFOX 1.15 1.08 1.07 30% 13% 14% 44%

(0.45, 2.94)**** (0.32, 3.57) (0.39, 2.90)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid
+ fluorouracil + oxaliplatin; HR = hazard ratio; OR = odds ratio; PAN = panitumumab

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from PRIME; *** OR
calculated from study arm data from PEAK; **** OR calculated from study arm data from OPUS; a Reported in
>5% participants in either treatment arm

Table 37. Odds ratio* (and 95% Crl) for Grade 3/4 paresthesia®? from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX 3% 54% 34% 10%
BEV+FOLFOX 1.21 5% 35% 22% 38%

(0.24, 5.76)
PAN+FOLFOX 1.44 1.19 <1% 7% 43% 50%
(0.73, 2.94)** (0.29, 5.21)***
CET+FOLFOX 0.09 0.07 0.06 92% 4% 2% 2%

(0.01, 1.45)**** (0.01, 1.92) (0.01,1.10)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid
+ fluorouracil + oxaliplatin; HR = hazard ratio; OR = odds ratio; PAN = panitumumab

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from PRIME; *** OR
calculated from study arm data from PEAK; **** OR calculated from study arm data from OPUS; a Reported in
25% participants in either treatment arm

137



PenTAG CONFIDENTIAL UNTIL PUBLICATION

Table 38. Odds ratio* (and 95% Crl) for Grade 3/4 rash® from a fixed effects network

meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX 53% 45% 2% 0%
BEV+FOLFOX 1.34 44% 38% 18% <1%

(0.01, 82.99)
PAN+FOLFOX 74.61 56.33 0% <1% 24% 76%
(13.2, 1958)**  (4.71, 16540)***
CET+FOLFOX 13.06 13.12 0.17 3% 17% 56% 24%

(0.67, 5480)*** (0.06, 36870) (0.01, 86.72)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid
+ fluourouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; HR = hazard ratio; OR = odds
ratio; PAN = panitumumab

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from PRIME; *** OR
calculated from study arm data from PEAK; **** OR calculated from study arm data from OPUS; a Reported in
>5% participants in either treatment arm

Table 39. Odds ratio* (and 95% Crl) for Grade 3/4 skin conditions®® from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment

FOLFOX 54% 44% 2% 0%
BEV+FOLFOX 1.32 43% 42% 15% 0%

(0.03, 43.18)
PAN+FOLFOX 135.90 103.1 0% 0% 18% 82%
(24.97, 2660)**  (18.17, 2906)***
CET+FOLFOX 13.22 11.93 0.09 3% 14% 64% 18%

(0.66, 69.02)"*** (0.10, 13540) (0.01, 60.23)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid
+ fluorouracil + oxaliplatin; HR = hazard ratio; OR = odds ratio; PAN = panitumumab

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from PRIME; *** OR
calculated from study arm data from PEAK; **** OR calculated from study arm data from OPUS; a Reported in
>5% participants in either treatment arm; b For the purposes of the network meta-analysis skin conditions
included: acneiform exanthema, dermatitis acneiform, desquamation, nail changes/paronychia, skin reactions,
and skin disorders based on rates reported in the included trials. Rash was treated separately. As composite
reactions appeared to include conditions also reported by specialist preferred term these were excluded from
the analysis. Incidence rates are reported in Section 3.2.7.1 (p120; cetuximab), and Section 3.2.7.2 (p126;
panitumumab)

For the remaining AEs, the OPUS study did not provide the required information and so no
comparison can be made between CET+FOLFOX and PAN+FOLFOX for diarrhoea,
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hypokalemia, hypomagnesemia, mucositis/stomatitis, musosal inflammation, fatigue,
neuropathy peripheral or asthenia. Instead these analyses are reported to allow the indirect
comparison of BEV+FOLFOX vs FOLFOX (see Appendix H). Note that due to small numbers
of events for hypomagnesemia, mucositis/stomatitis and musosal inflammation, the 95% Crls

are wide.

3.3.1.6. Subgroup analyses by liver metastases at baseline

Restricting the evidence to the subgroup of people with liver metastases at baseline has little
impact on the overall conclusions: there is limited evidence to suggest any difference
between CET+FOLFOX and PAN+FOLFOX for progression free survival (Table 40), overall

survival (Table 41) and overall response rate (Table 42) as the 95% Crls include 1.

Table 40. Hazard ratio* (and 95% Crl) for progression or death (liver metastases

subgroup) from a fixed effects network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment
FOLFOX 2% 17% 42% 39%
BEV+FOLFOX 1.04 6% 21% 24% 49%
(0.42, 2.59)

PAN+FOLFOX 0.79 q 13%  56%  28% 4%

(0.49, 1.27)*

CET+FOLFOX 0.35 0.34 044  79% 6% 6% 8%
(0.08, 1.96)**** (0.05, 2.37) (0.07, 2.66)

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid
+ fluorouracil + oxaliplatin; HR = hazard ratio; PAN = panitumumab

Note: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS
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Table 41. Hazard ratio* (and 95% Crl) for death (liver metastases subgroup) from a

fixed effects network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment
FOLFOX 3% 41% 53% 2%
BEV+FOLFOX 1.95 <1% 2% 10% 88%
(0.35, 10.79)
PAN+FOLFOX 0.69 - 65%  30% 5% 0%
(0.42, 1.15)*
CET+FOLFOX 0.90 0.46 1.29 32% 27% 31% 10%

(0.33, 2.43)"** (0.06, 3.39) (0.42, 3.94)

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; HR = hazard ratio; OS = overall survival; PAN = panitumumab

Note: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS

Table 42. Odds ratio* (and 95% Crl) for ORR (liver metastases subgroup) from a fixed

effects network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment
FOLFOX <1% 10% 45% 45%
BEV+FOLFOX 0.98 6% 15% 29% 49%
(0.16, 5.80)

PAN+FOLFOX 2.18 - 29%  55% 14%  <1%

(0.74, 6.36)**

CET+FOLFOX 3.30 3.35 151  64%  19%  12% 5%
(0.63, 17.10)**** (0.30, 38.24) (0.21, 10.80)

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; OR = odds ratio; ORR = overall response rate; PAN = panitumumab

Note: * OR >1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS

Only data from two RCTs (PRIME and PEAK) are available for the analysis of surgical
resection rates (Table 43) for the liver mets subgroup. Since OPUS does not report this
outcome, no comparison can be made between CET+FOLFOX and PAN+FOLFOX.
However, the available data suggests that there is little evidence of a difference in surgical
and complete resection rates between FOLFOX, BEV+FOLFOX and PAN+FOLFOX.
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For completion resection, all three RCTs report relevant evidence and so a comparison
between PAN+FOLFOX and CET+FOLFOX can be made. However, there is very little
evidence to say that one treatment is associated with a greater number of complete
resections than any other (Table 44), although these analyses are based on a small number

of participants.

Table 43. Odds ratio* (and 95% Crl) for surgical resection rate calculated from a fixed

effects network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFOX BEV+FOLFOX 1st 2nd 3rd
treatment
FOLFOX 8% 19% 72%
BEV+FOLFOX 2.18 66% 18% 36%
(0.42, 11.43)

PAN+FOLFOX 1.55 - 26% 62% 33%

(0.61, 3.93)*

Key: BEV = bevacizumab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil + oxaliplatin; OR = odds
ratio; PAN = panitumumab
Note: *OR >1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK

Table 44. Odds ratio* (and 95% Crl) for complete resection rate calculated from a fixed

effects network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFOX BEV+FOLFOX PAN+FOLFOX 1st 2nd 3rd 4th
treatment
FOLFOX <1% 3% 23% 73%
BEV+FOLFOX 4.22 43% 39% 12% 6%
(0.58, 30.68)

PAN+FOLFOX 2.20 - 7%  39%  49% 4%

(0.80, 6.07)**

CET+FOLFOX 4.63 1.09 209 50% 19%  15%  16%
(0.20, 104. (0.03, 44.34) (0.08, 56.28)
60)****

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFOX = folinic acid + fluorouracil +
oxaliplatin; OR = odds ratio; PAN = panitumumab

Note: *OR >1 favours ‘Intervention’ treatment; ** direct evidence from PRIME; *** direct evidence from PEAK;
****direct evidence from OPUS
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Two RCTs (CRYSTAL [Van Cutsem et al., 2015], and FIRE-3 [Heinemann et al., 2014])
contribute to the estimation of the effectiveness of three treatments (FOLFIRI, bevacizumab
plus FOLFIRI [BEV+FOLFIRI] and cetuximab plus FOLFIRI [CET+FOLFIRI]). Even though

there is no evidence on the effectiveness of panitumumab plus FOLFIRI (PAN+FOLFIRI) in

this network, the network meta-analysis was conducted to allow estimation of the evidence

that was available, i.e. to inform the indirect comparison of BEV+FOLFIRI vs FOLFIRI. The

network diagram — including which ftrials informed the network meta-analysis for each

outcome of interest — is shown in Figure 6.

Figure 6. Network diagram for the FOLFIRI network

1(CRYSTAL)
CET+FOLFIRI FOLFIRI
1 (FIRE-3)
BEV+FOLFIRI
PFS 0s ORR Resection Any Any SAE= AE by
rate Grade 1/2 Grade 3/4 type=
AE= AE=
CRYSTAL v v Vb v v v v ve
RAS WT
FIRE-3 v v Vb X X X X X
RAS WT +liver CRYSTAL v v v vd X X X X
metastasis at
baseline FIRE-3 X X X X X X X X

Key: AE = adverse event; BEV = bevacizumab; CET = cetuximab; FOLFIRI = folinic acid + fluorouracil +
irinotecan; OS = overall survival; ORR = overall response rate; PFS = progression-free survival; RAS = rat
sarcoma; SAE = serious adverse event; WT = wild type

Notes: a Adverse events based on incidence rates reported in the trials (occurring in 25% participants in either
treatment arm); b The CRYSTAL trial used World Health Organisation (WHQO) criteria and the FIRE-3 trial used
Response Criteria in Solid Tumours (RECIST) to assess response; ¢ Grade 3/4 skin conditions occurring in
=>5% participants in either treatment arm, and Grade 3/4 diarrhoea occurring in 25% participants in either
treatment arm. (For the purposes of the network meta-analysis skin conditions included: acneiform exanthema,
dermatitis acneiform, desquamation, nail changes/paronychia, skin reactions, and skin disorders based on rates
reported in the included trials. Rash was treated separately. As composite reactions appeared to include
conditions also reported by specialist preferred term these were excluded from the analysis. Incidence rates are
reported in Section 3.2.7.1 [p120; cetuximab], and Section 3.2.7.2 [p126; panitumumab]); d Surgical resection

rate (partial and complete resection)
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3.3.2.1. Progression free survival

The network meta-analysis suggests that BEV+FOLFIRI is more effective than FOLFIRI at
increasing time to progression or death (HR 0.60 (0.41, 0.88), see Table 45), while evidence
from CRYSTAL suggests that CET+FOLFIRI is more effective than FOLFIRI. Evidence from
the FIRE-3 RCT suggests that CET+FOLFIRI is no more effective than BEV+FOLFIRI (see
Table 45).

Table 45. Hazard ratio* (and 95% Crl) for progression or death from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked

Intervention FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
treatment

FOLFIRI <1% <1% 99%
BEV+FOLFIRI 0.60 27% 73% <1%

(0.41, 0.88)
CET+FOLFIRI 0.56** 0.93*** 73% 27% <1%
(0.41, 0.76)* (0.74, 1.17)**

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; HR = hazard ratio
Note: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from CRYSTAL; *** direct evidence from FIRE-3

3.3.2.2. Overall survival

The network meta-analysis suggests that there is no evidence that BEV+FOLFIRI is more
effective than FOLFIRI at increasing time to death, however evidence from CRYSTAL and
FIRE-3 indicate that CET+FOLFIRI is more effective than both FOLFIRI and BEV+FOLFIRI
(see Table 46).

Table 46. Hazard ratio* (and 95% Crl) for death from a fixed effects network meta-

analysis model

Comparator treatment Probability ranked
Intervention treatment FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
FOLFIRI <1% 47% 53%
BEV+FOLFIRI 0.99 <1% 53% 47%
(0.68, 1.42)
CET+FOLFIRI 0.69 0.70 99% <1% <1%
(0.54, 0.88)* (0.53, 0.92)**

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; HR = hazard ratio
Note: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from CRYSTAL,; *** direct evidence from FIRE-3
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3.3.2.3. Objective response rate

Two RCTs contributed to the estimation of objective response rate (ORR) in the FOLFIRI
network. However, due to differences in the reporting of the timing of ORR in each study it is
unclear whether the timings are entirely comparable across studies. Given this uncertainty,

results reported for the RAS WT population for this outcome should be treated with caution.

The network meta-analysis suggests that BEV+FOLFIRI and CET+FOLFIRI are both more
effective than FOLFIRI for ORR; however, the evidence that CET+FOLFIRI is any more
effective than BEV+FOLFIRI for ORR is uncertain due to the wide 95% Crl (OR 1.28 (95%Crl
0.83, 1.99), see Table 47.

Table 47. Odds ratio* (and 95% Crl) for ORR from a fixed effects network meta-analysis
model

Comparator treatment Probability ranked
Intervention FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
treatment
FOLFIRI 0% 13% 87%
BEV+FOLFIRI 2.43 <1% 87% 13%
(1.32,4.48)
CET+FOLFIRI 311 1.28*** 100% <1% 0%
(2.03,4.77) (0.83, 1.99)

Key: BEV = bevacizumab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil + irinotecan; OR = odds
ratio; ORR = objective response rate; PAN = panitumumab
Notes: *OR>1 favours ‘Intervention’ treatment; ** direct evidence from CRYSTAL; *** direct evidence from FIRE-3

3.3.2.4. Adverse events

The network meta-analysis suggests that BEV+FOLFIRI and CET+FOLFIRI are associated
with greater Grade 3/4 AEs than FOLFIRI (Table 48), and that CET+FOLFIRI is associated
with greater skin conditions than FOLFIRI or BEV+FOLFIRI (Table 49). For diarrhoea the
evidence is unclear as to whether one treatment is associated with more cases than the

other treatments (Table 50).
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Table 48. Odds ratio* (and 95% Crl) for any Grade 3/4 AEs? from a fixed effects network

meta-analysis model

Comparator treatment Probability ranked
Intervention treatment FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
FOLFIRI 99% <1% 0%
BEV+FOLFIRI 2.82 <1% 64% 36%
(1.46, 5.49)
CET+FOLFIRI 3.06 1.09 0% 36% 64%
(1.91, 4.95)* (0.69, 1.72)**

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; OR = odds ratio

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from CRYSTAL; *** OR
calculated from study arm data from FIRE-3; a Reported in 25% participants in either treatment arm

Table 49. Odds ratio* (and 95% Crl) for Grade 3/4 skin conditions®® from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked
Intervention treatment FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
FOLFIRI 72% 28% 0%
BEV+FOLFIRI 2.67 28% 72% 0%
(0.18, 1177)
CET+FOLFIRI 127.60 47.60 0% 0% 100%
(11.12, 53970)** (21.30, 129.40)***

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; OR = odds ratio

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from CRYSTAL; *** OR
calculated from study arm data from FIRE-3; a Reported in 25% participants in either treatment arm; b For the
purposes of the network meta-analysis skin conditions included: acneiform exanthema, dermatitis acneiform,
desquamation, nail changes/paronychia, skin reactions, and skin disorders based on rates reported in the
included trials. Rash was treated separately. As composite reactions appeared to include conditions also
reported by specialist preferred term these were excluded from the analysis. Incidence rates are reported in
Section 3.2.7.1 (p120; cetuximab), and Section 3.2.7.2 (p126; panitumumab)
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Table 50. Odds ratio* (and 95% Crl) for Grade 3/4 Diarrhoea® from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked
Intervention treatment FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
FOLFIRI 85% 1% 4%
BEV+FOLFIRI 2.04 4% 13% 82%
(0.82, 5.20)
CET+FOLFIRI 1.46 0.72 10% 76% 14%
(0.77, 2.82)* (0.37, 1.38)***

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; OR = odds ratio

Note: * OR <1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from CRYSTAL; *** OR
calculated from study arm data from FIRE-3; a Reported in 25% participants in either treatment arm

Sensitivity analyses

Addition of FIRE-3 data (taken from the manufacturer’s submission; see also Appendix H) to
the estimation of HRs for progression or death (Table 51), HRs for death (Table 52), and
ORs for ORR (Table 53). However, inclusion of these data had very little difference on the

overall conclusions for the FOLFIRI network.

Table 51. Hazard ratio* (and 95% Crl) for progression or death from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked
Intervention treatment FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
FOLFIRI <1% <1% 100%
BEV+FOLFIRI 0.58 39% 61% <1%
(0.40, 0.84)
CET+FOLFIRI 0.56 0.97 61% 39% <1%
(0.41, 0.76)** (0.78, 1.20)***

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; HR = hazard ratio
Note: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from CRYSTAL; *** direct evidence from FIRE-3
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Table 52. Hazard ratio* (and 95% Crl) for death from a fixed effects network meta-

analysis model

Comparator treatment Probability ranked
Intervention treatment FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
FOLFIRI <1% 47% 53%
BEV+FOLFIRI 0.99 <1% 53% 47%
(0.69, 1.40)
CET+FOLFIRI 0.69 0.70 100% <1% <1%
(0.54, 0.88)* (0.54, 0.90)***

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; HR = hazard ratio
Note: * HR <1 favours ‘Intervention’ treatment; ** direct evidence from CRYSTAL,; *** direct evidence from FIRE-3

Table 53. Odds ratio* (and 95% Crl) for objective response rate from a fixed effects

network meta-analysis model

Comparator treatment Probability ranked
Intervention FOLFIRI BEV+FOLFIRI 1st 2nd 3rd
treatment
FOLFIRI 0% 8% 92%
BEV+FOLFIRI 2.34 <1% 91% 8%
(1.29, 4.22)
CET+FOLFIRI 311 1.33** >99% <1% 0%
(2.03, 4.76) (0.89, 2.00)

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluourouracil +
irinotecan; HR = hazard ratio

Note: * OR >1 favours ‘Intervention’ treatment; ** OR calculated from study arm data from CRYSTAL; *** OR
calculated from study arm data from FIRE-3

3.4. Summary

3.4.1. Summary of clinical effectiveness systematic review

o Of 2,811 titles/abstracts screened, five RAS WT subgroup analyses from
randomised controlled trials (RCTs) met the inclusion criteria for the clinical
effectiveness systematic review.

¢ Research has demonstrated a treatment interaction between RAS and EGFR
inhibitors. Tumour samples from trial populations were re-evaluated for RAS status.
In response to these research developments the EMA has recently amended the
licence for cetuximab and panitumumab to restrict use to people with RAS WT

mCRC. Importantly, currently available data for the effectiveness of EGFR inhibitors
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3.4.1.1.

in people with RAS WT mCRC are from a subgroup of the ITT trial populations for
both cetuximab and panitumumab. Reported data were in line with the expected
direction of effect across all of the include studies. No RCTs with a ITT population
by RAS status were identified in the Assessment Group’s searches.

The risk of bias was high but generally similar between studies in respect of
randomisation, allocation concealment, blinding, outcome reporting and loss to
follow-up. The main limitation in terms of interpretation and validity was that all of
the included studies were subgroup analyses of ITT trial populations. Allocation to
subgroups was based on re-evaluating tumour samples from the KRAS WT Exon 2
population for RAS status. While this minimised the potential for ascertainment
bias, there were missing data for some of the trials (either the tumour was not
evaluable for RAS status or the results were inconclusive). No significant imbalance
between the trial populations were observed minimising the potential for selection
bias. Due to the retrospective nature of the RAS analysis, for some studies, there
were a low number of samples available for analysis reducing the power of the
studies to show statistical significance. Despite these limitations, these are currently
the only available data evaluating the effectiveness in people with mCRC with RAS
WT tumour status in line with the recently revised licensed indication and the NICE

final scope.

Cetuximab

Two trials provided evidence for the effectiveness of cetuximab in combination with
chemotherapy (FOLFOX or FOLFIRI) compared with chemotherapy alone
(FOLFOX or FOLFIRI). Evidence consistently suggests a treatment effect in favour
of the addition of cetuximab to chemotherapy compared with chemotherapy alone.

— Median PFS ranged from 11.4 months in the Van Cutsem et al., 2015
(CRYSTAL) study to 12 months in the Tejpar et al. (2015) (OPUS) study for
the experimental arms, and from 5.8 months to 8.4 months, respectively in the
control arms.

— Median OS ranged from 19.8 months in the Van Cutsem et al., 2015
(CRYSTAL) study to 20.4 months in the in the Tejpar et al. (2015) (OPUS)
study for the experimental arms, and from 17.8 months to 20.2 months,
respectively in the control arms.

— Tumour response rates in the experimental arm ranged from 58% in the
Tejpar et al. (2015) (OPUS) study to 66% in the Van Cutsem et al. (2015)
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(CRYSTAL) study vs 29% to 60% in the same respective studies for the
control arms.

In people with liver metastases at baseline results in terms of improvement in
OS and PFS were consistent with results for the overall RAS WT population.
Of these people 13.3% in the Tejpar et al. (2015) (OPUS) study to 16.3 % in
the Van Cutsem et al. (2015) (CRYSTAL) study had complete resection in
the experimental arms.

Overall, clinical safety data for the RAS WT population were consistent with
results for KRAS WT population in all the trials. The most common events

were diarrhoea, haematotoxiticity, neutropenia and skin reactions.

One trial provided evidence for the effectiveness of cetuximab in combination with

chemotherapy (FOLFIRI) compared with bevacizumab with chemotherapy
(FOLFIRI).

The proportion of people who achieved an objective response was similar
between the cetuximab plus FOLFIRI and bevacizumab plus FOLFIRI.
However, the association with longer overall survival suggests a benefit with
cetuximab plus FOLFIRI (HR 0.70, 95% CI 0.53, 0.92).

Panitumumab

One trial provided evidence for the effectiveness of panitumumab in combination
with chemotherapy (FOLFOX4) compared with chemotherapy alone (FOLFOX4).
No evidence was identified comparing panitumumab plus FOLFIRI with FOLFIRI.

Evidence consistently suggests a treatment effect in favour of the addition of
panitumumab to FOLFOX4 compared with FOLFOX4.

Median PFS was 10.1 months for the experimental arm, and 7.9 months in the
control arm (Douillard et al., 2013 [PRIME]).

Median OS was 25.8 months for the experimental arm, and 20.2 months in the
control arm (Douillard et al., 2013 [PRIME]).

Tumour response rates in the experimental arm were ] compared with [Jf in
the control arm (Douillard et al., 2013 [PRIME]).

In people with liver metastases at baseline results in terms of improvement in
OS and PFS were consistent with results at baseline. Of these people,

B i the experimental arm compared with || in the

control arm had complete resection.
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— Overall, clinical safety data for the RAS WT population were consistent with
results for KRAS WT population in all the trials. The most common events
were diarrhoea, haematotoxiticity, neutropenia and skin reactions.

¢ One trial provided evidence for the effectiveness of panitumumab in combination
with chemotherapy (mMFOLFOX6) compared with bevacizumab with chemotherapy
(mFOLFOX6).

— The proportion of people who achieved an objective response were similar
between the panitumumab plus mMFOLFOX6 and bevacizumab plus
mFOLFOX6. For PFS the addition of panitumumab to mFOLFOX6 was
associated with a 35% reduction in risk of progression compared with
bevacizumab plus mFOLFOX6. In addition, a trend towards OS benefit with
panitumumab plus mFOLFOX6 was observed (HR 0.63; 95% CI 0.39, 1.02).

3.4.1.3. Summary of network meta-analysis

e A network meta-analysis was also conducted based on trials identified, it was not
possible to construct a complete network. Two discrete networks were generated,
one evaluating FOLFOX-containing chemotherapy regimens and the second

comparing FOLFIRI-containing chemotherapy regimens.

FOLFOX network

e Three RCTs (PRIME [Douillard et al., 2014], PEAK [Schwartzberg et al., 2014],
and OPUS [Tejpar et al., 2014]), contributed to estimating the effectiveness of four
treatments (FOLFOX, bevacizumab plus FOLFOX [BEV+FOLFOX], panitumumab
plus FOLFOX [PAN+FOLFOX], and cetuximab plus FOLFOX [CET+FOLFOX]).

e There is no evidence to suggest that cetuximab plus FOLFOX is any more effective
than FOLFOX, bevacizumab plus FOLFOX or panitumumab plus FOLFOX to
increase the time to death or the time to progression or death.

e Direct evidence suggests that panitumumab plus FOLFOX is more effective at
increasing time to progression or death than FOLFOX and bevacizumab plus
FOLFOX. Panitumumab plus FOLFOX is also estimated to be more effective at
increasing time to death than FOLFOX.

e There is limited evidence to suggest that cetuximab plus FOLFOX is more effective

at improving overall response rate than panitumumab plus FOLFOX.
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e There is little evidence than cetuximab plus FOLFOX is associated with fewer AEs
than panitumumab plus FOLFOX, however some of these analyses are limited by

the small number of events recorded in the treatment arms.

FOLFIRI network

¢ No evidence was identified comparing panitumumab plus FOLFIRI with FOLFIRI.

e Two RCTs (CRYSTAL [Van Cutsem et al., 2015], and FIRE-3 [Heinemann et al.,
2014]) contribute to the estimation of the effectiveness of three treatments (FOLFIRI,
bevacizumab plus FOLFIRI [BEV+FOLFIRI] and cetuximab plus FOLFIRI
[CET+FOLFIRI]).

e Evidence suggests that cetuximab plus FOLFIRI and bevacizumab plus FOLFIRI are
more effective than FOLFIRI at increasing time to progression or death, and objective
response rate.

o Direct evidence suggests that cetuximab plus FOLFIRI is more effective than

FOLFIRI and bevacizumab plus FOLFIRI at increasing the time to death.

3.4.2. Summary results tables (clinical effectiveness)

A summary of results (direct and indirect evidence) for cetuximab plus FOLFOX, cetuximab
plus FOLFIRI, and panitumumab plus FOLFOX compared with interventions of interest are
provided for efficacy (PFS, OS, ORR, complete resection rate), and safety outcomes in Table
54 and Table 55. Note that for Grade 3 or 4 AEs by type (reported in 25% of participants in
either treatment arm) only those analyses in the NMA are included in the summary results
tables. A more complete summary of Grade 3 or 4 AEs by type is provided in Section 3.2.7.1
(p-120) and Section 3.2.7.2 (p.126).
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Table 54. Results summary (direct and indirect evidence): Efficacy outcomes (RAS WT population and RAS WT with liver metastases at baseline)

RAS WT RAS WT with liver metastases at baseline
PFS os ORR Complete resection PFS os ORR Complete resection
rate rate"
HR (95%Crl) HR (95% Crl) OR (95% Crl) HR (95%Crl) HR (95% Crl) OR (95% Crl)
OR (95% Crl) OR (95% Crl)
Intervention: CET+FOLFOX vs.
FOLFOX 0.53(0.27,1.04)2  0.94 (0.56, 1.57)*>  3.33(1.36,8.12) NE 0.35(0.06, 1.96)2  0.90 (0.33, 2.43)® 3.30 (0.63, 17.10) 4.63 (0.20,
104.60)2
PAN+FOLFOX 0.74 (0.36, 1.49) 1.22 (0.71, 2.11) 1.90(0.72,5.02) NE 0.44 (0.07, 2.66) 1.29 (0.423.94) 1.51(0.21,10.80) 2.09 (0.08, 56.28)
BEV+FOLFOX 0.48 (0.21,1.07)  0.77(0.37,1.59)  2.05(0.63,6.70) NE 0.34 (0.05,2.37)  0.46 (0.06,3.39) 3.35(0.30,38.24)  1.09 (0.03, 44.34)
Intervention: PAN+FOLFOX vs.
FOLFOX 0.72(0.58,0.90)>  0.77 (0.64, 0.93)° [ ] B 07°(049,127)° 0.69(0.42,1.15° 2.18(0.74,6.36)°  2.20 (0.80, 6.07)°
BEV+FOLFOX 0.65(0.44,0.96)°  0.63 (0.39, 1.02)°  1.08 (0.55, 2.12)c  1.61 (0.45, 2.98)¢ [ ] [ ] [ ] [ ]

Intervention: CET+FOLFIRI vs.

FOLFIRI 0.56 (0.41, 0.76)4
PAN+FOLFIRI NE
BEV+FOLFIRI 0.93 (0.74, 1.17)f

Intervention: PAN+FOLFIRI vs.
FOLFIRI NE

BEV+FOLFIRI NE

0.69 (0.54, 0.88)
NE
0.70 (0.53, 0.92)°9

NE
NE

3.1 (2.03, 4.77)°
NE
1.28 (0.83, 1.99)'

NE
NE

NE NE NE
NE NE NE
NE NE NE
NE NE NE
NE NE NE

NE NE
NE NE
NE NE
NE NE
NE NE

Key: BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin; HR = hazard ratio; NE =
not evaluable; OR = odds ratio; ORR = objective response rate; OS = overall survival; PAN = panitumumab; PFS = progression free survival; RAS = rat sarcoma; SAEs = serious adverse

events; vs. = versus; WT = wild type

Notes: Fixed effects model; NE = indicates no data available; Bold text indicates direct evidence; HR <1 favours intervention; OR >1 favours intervention; a direct evidence from OPUS; b direct
evidence from PRIME; c direct evidence from PEAK; d direct evidence from CRYSTAL,; e direct evidence from FIRE-3; f Estimate for HR for progression or death using unpublished data HE
0.97 (95% Crl 0.78, 1.20); g Estimate for HR for death using unpublished data HR 0.70 (95% Crl 0.54, 0.90); h Note that surgical resection rate is also reported for PRIME and PEAK studies
for the subgroup of RAS WT participants with liver metastases at baseline, see Section 3.3.1.6, Table 43, p.141)
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Any Grade 3/4 Any SAEsf Grade 3/4 Grade 3/4 Grade 3/4 rashf Grade 3/4 skin Grade 3/4
AEsf OR (95% Crl) neutropenia’ paresthesia’ OR (95% Crl) conditionsf Diarrhoeaf
OR (95% Crl) OR (95% Crl) OR (95% Crl) OR (95% Crl) OR (95% Crl)
Intervention: CET+FOLFOX vs.
FOLFOX 2.24 (0.85, 6.24)a 3.45(1.28, 9.88)a 1.15 (0.45, 2.94)a 0.09 (0.01, 1.45)a 13.06 (0.67, 5480)a 13.22 (0.66, NE
69.02)a
PAN+FOLFOX 0.86 (0.29, 2.69) 2.66 (0.93, 8.05) 1.07 (0.39, 2.90) 0.06 (0.01, 1.10) 0.17 (0.01, 86.72) 11.93 (0.10, 13540) NE
BEV+FOLFOX 2.80 (0.64, 13.34) 3.18 (0.94, 11.33) 1.08 (0.32, 3.57) 0.07 (0.01,1.92) 13.12 (0.06, 36870) 0.09 (0.01, 60.23) NE
Intervention: PAN+FOLFOX vs.
FOLFOX 2.58 (1.59, 4.30)b 1.30 (0.91, 1.86)b 1.08 (0.75, 1.54)b 1.44 (0.73, 2.94)b 74.61 (13.2, 135.90 (24.97, NE
1958)b 2660)b
BEV+FOLFOX 3.20 (1.21, 9.56)c 1.19 (0.64, 2.24)c 1.01 (0.52, 1.96)c 1.19 (0.29, 5.21)c 56.33 (4.71, 103.1 (18.17, NE
16540)c 2906)c

Intervention: CET+FOLFIRI vs.

FOLFIRI 3.06 (1.91,4.95)¢ NE NE NE
PAN+FOLFIRI NE NE NE NE
BEV+FOLFIRI 1.09 (0.69, 1.72)¢ NE NE NE

Intervention: PAN+FOLFIRI vs.
FOLFIRI NE NE NE NE
PAN+FOLFIRI NE NE NE NE

NE

NE
NE

NE
NE

127.60 (11.12,

53970)

NE
47.60 (21.30,
129.40)°

NE

NE

1.46 (0.77, 2.82)¢

NE
0.72 (0.37, 1.38)°

NE
NE

Key: AEs = adverse events; BEV = bevacizumab; CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic acid + fluorouracil + oxaliplatin;
HR = hazard ratio; OR = odds ratio; ORR = objective response rate; OS = overall survival; PAN = panitumumab; PFS = progression free survival; RAS = rat sarcoma; SAEs = serious adverse

events; vs. = versus; WT = wild type

Notes: Fixed effects model; NE = indicates no data available; Bold text indicates direct evidence; HR <1 favours intervention; OR >1 favours intervention; a OR calculated from study arm level
data from OPUS; b OR calculated from study arm level data from PRIME; ¢ OR calculated from study arm level data from PEAK; d Any Grade 3/4 AEs occurring in 25% participants in either

treatment arm
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3.5. Ongoing trials

Searches of ClinicalTrials.gov, WHO (ICTRP), UK Clinical Research Network and ISRCTN
were conducted (see Appendix B for the search strategy used). All searches were carried out
in March 2015. Ten trials were considered as relevant to this review (see Appendix | for
information of the trials), and were investigated further. Seven trials were identified as
ongoing (ongoing n=2, ongoing not recruiting n=2, active, not recruiting n=1, or recruiting
n=2). Three ftrials were completed and included in this review (OPUS, CRYSTAL and
PRIME).

3.6. Manufacturers’ reviews of clinical effectiveness

Both manufacturers — Amgen and Merck Serono — submitted clinical evidence for

consideration for this MTA.

3.6.1. Amgen

Amgen carried out literature searches for clinical evidence in MEDLINE, MEDLINE-in-
Process and EMBASE, via Ovid, and the Cochrane Central Register of Controlled Trials
(CENTRAL), via the Cochrane library (Amgen Submission, Section 1.2, pp11-12). They also
carried out a rapid appraisal search in the Cochrane library to identify existing systematic
reviews and protocols in the topic area. The search strategies combine free-text and index
terms for relevant cancers with free-text and index terms for relevant interventions (Amgen
Submission, Appendix 2, pp86-114). The Cochrane randomized controlled trial publication

filter was used to limit the search results to RCTs. No language or date limits were applied.

Amgen also searched grey literature resources, including trials registries, online conference
proceedings, and the websites of national guideline and regulatory agencies (Amgen

Submission, Section 1.2, pp12-13).

The Amgen literature searches use an appropriate range of databases and grey literature
resources for the topic. The choice of free-text and index terms is also appropriate, and the
searches have an appropriate balance of sensitivity and specificity. The search strategies are
reproduced in the appendices, including the number of hits retrieved per search and the

dates the searches were carried out (Amgen Submission, Appendix 2, pp86-114).

The submission set out to identify the evidence available from randomised controlled trials

(RCTs) evaluating the efficacy and safety of panitumumab and other therapies for the
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treatment of people with previously untreated mCRC. The review identified two panitumumab
trials (PRIME and PEAK) of which one (PRIME, [Douillard et al., 2013]) was considered to
meet the criteria set out in the decision problem specified in the final scope (Table 56). The
PRIME trial was also included in the PenTAG systematic review. In addition, the PenTAG
review included the PEAK trial (Schwartzberg et al., 2014) which evaluated the efficacy of
panitumumab in combination with mFOLFOX6 compared with bevacizumab in combination
with mFOLFOX6. This trial was excluded from the Amgen submission as bevacizumab is no
longer available via the Cancer Drugs Fund but information from the trial was provided as

supporting evidence (Amgen Submission, Section 4.6, p44).

Table 56. Amgen submission: Included panitumumab studies

Trial acronym First author, year Included in PenTAG Reason for exclusion
review
PRIME Douillard et al., 2013 Y NA
(PAN+FOLFOX4 Reference also made in Section N Identified and listed in
vs. FOLFOX4) 4.4 to the Amgen Submission,, Appendix D (both only
Section 4.4 to Siena et al. 2015 available in abstract
and Wang et al., 2015 format; not enough
information to quality
appraise

Key: NA = not applicable; RAS = rat sarcoma; vs. = versus; WT = wild type; Y= Yes

Sources: Douillard JYet al. New Engl J Med. 2013;369:1023-34 (PRIME); Siena S et al. 2015 Gastrointestinal
Cancers Symposium San Francisco, CA United States. 2015;33 (3 SUPPL. 1.); Wang J et al. 2015
Gastrointestinal Cancers Symposium San Francisco, CA United States. 2015;33 (3 SUPPL. 1.)

Health-related quality of life (HRQoL) data from the PRIME trial (EQ-5D health state index
[HSI] and overall health rating [OHR]; Siena et al. 2015 [abstract]’®), were included in the
Amgen submission (see Amgen submission, Section 4.4, p31). An analysis of quality-
adjusted survival in participants with RAS WT tumours using the quality-adjusted time
without symptoms of disease or toxicity (Q-TWiST) method was also completed (see Amgen
submission, Section 4.4, p31). No HRQoL data were identified for inclusion in the
Assessment Group’s review; however, two abstracts were identified (Siena et al., 2015 and
Wang et al., 2015 [listed in Appendix D; not formally included as there was not enough
information to conduct quality appraisal]’® 77). Amgen reported a summary of AEs, patient
incidence of AEs of interest, AEs occurring in 210% of participants in either treatment arm,
and AEs with >5% difference in incidence between treatment arms (see Amgen submission,
Section 4.7, pp49-51; Appendix VI Table 1 and Table 2). For AEs, the Assessment Group
reported a summary of AEs, and Grade 3/4 AEs occurring in 25% participants in either

treatment arm.
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In Section 4.6 of the Amgen Submission (pp44-45), the company present ‘Supporting
evidence of panitumumab in combination with FOLFIRI' and note the data used to obtain
regulatory approval. We have listed these data for information in the table below (see Table
57).

Table 57. Amgen submission: Supporting evidence referenced for panitumumab plus
FOLFIRI

Trial acronym First author, year Included in PenTAG Reason for exclusion
review
PLANET Abad, ESMO, 2014 [abstract, N Published as abstract

ESMO] only (see Appendix D; not

(PAN+FOLFIRI vs. enough information to

FOLFIRI) conduct quality
appraisal), reports data
predominantly for KRAS
WT population for
response rate for RAS
WT population

Study 20060314 Data on File, Amgen Ltd (CSR N Not identified in searches

RAS analysis), October 2014 as unpublished

(PAN+FOLFIRI) information; study design
(single arm)

Study 20050181 Peeters et al., Gastrointestinal N Population (previously

(PAN+FOLFIRI vs Cancers Symposium, 2014 treated; not first-line)

FOLFIRI)

Study 20080763 Price et al., 2014 N Population (previously

(ASPECCT) treated [not first-line] and
not RAS WT);

(PAN vs CET) Intervention (PAN or CET

as monotherapy)

Key: CET = cetuximab; CSR = clinical study report; ESMO = Euorpean Society of Medical Oncology; FOLFIRI =
folinic acid + 5-fluourouracil + irinotecan; FOLFOX = folinic acid + 5-fluourouracil + oxaliplatin; KRAS = Kirsten
rat sarcoma; N = no; PAN = panitumumab; RAS = rat sarcoma; vs. = versus; WT = wild type; Y= Yes

Sources: Abad A et al. ESMO 16th World Congress on Gastrointestinal Cancer (25-28 June); 2014; Amgen Ltd
(CSR RAS analysis), October 2014; Barcelona, Spain; Peeters M et al. Gastrointestinal Cancers Symposium;
2014; San Francisco (CA), USA; Data on File, Price TJ, et al. Lancet Oncology. 2014;15:569-79.

3.6.1.1. Network meta-analysis

Amgen performed a network meta-analysis (NMA) to compare panitumumab in combination

with FOLFOX with other identified comparators in the scope (see Section 2.1, p80).

The company conducted a systematic review: the search strategy combined ‘drug names’
with ‘disease terms’ and ‘study design terms’ (the search strategy was provided as an
appendix). Inclusion criteria for the NMA were in line with the PICO criteria specified in the
NICE scope (see Section 2.1, p80).
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Evidence informing the NMA comprised a total of 21 RCTs (reported in 23 publications
[Ducreux et al., 2013; Badulescu et al., 2009; Hong et al., 2013; Cornella et al., 2009;
Ciardiello et al., 2014; Seymour et al., 2007; Seymour et al., 2011; Heinemann et al., 2014;
Ducreux et al.,, 2011; Cassidy et al., 2011; Saltz et al., 2008; Bokemeyer et al. 2014;
Schwartzberg et al., 2014; Karthaus et al.,, 2014; Douillard et al., 2013; Amgen, 2013;
Pectasides et al., 2012; Porschen et al., 2007; Rosati et al., 2010; Schmiegel et al., 2013;
Souglakos et al., 2012; Hochster et al., 2008; and Yamazaki et al., 2014]).37. 38, 42, 43, 53, 78-95
Four trials (Hong et al., 2013; Seymour et al., 2011; Porschen et al., 2007; Rosati et al.,
2010),85 88 89, 93 were excluded from the primary analysis due to population differences or
differences in treatment regimen administered. Based on the 17 RCTs, Amgen built one
network (Figure 7). Studies excluded from the company’s primary analysis were included in a
sensitivity analysis. Sensitivity analyses included: clinically similar chemotherapy (FOLFOX /
XELOX and FOLFIRI / XELIRI), and the inclusion of relevant comparators (FOLFOX,
XELOX, XELIRI and cetuximab plus FOLFOX/FOLFIRI). There were insufficient data to
perform a NMA comparing panitumumab plus FOLFOX or FOLFIRI with the comparators of

interest in the subgroup of people with liver metastases.
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Figure 7. Amgen NMA diagram
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~_
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Bevacizumab
+ XELIRI

Key: FOLFIRI = folinic acid+5-fluorouracil+irinotecan+irinotecan; FOLFOX = folinic acid+5-fluorouracil+oxaliplatin;
NMA = network meta-analysis; XELIRI = capecitabine+irinotecan; XELOX = capecitabine+oxaliplatin

The study designs of the included studies were comparable; however, not all studies
reported all outcomes of interest (OS, PFS, or ORR), hence not all studies contributed to the
analysis for each outcome (see Amgen Submission, Appendix 8: Network meta-analysis:
Methods and Results, pp27-35). In addition, disease progression and response rate were
not assessed using the same method in all of the included studies, but it was assumed that
this had no impact on the comparative treatment effect of the PFS or ORR endpoints.
Population characteristics were assumed to be the same; however, the studies evaluating a
non-EGFR inhibitor included people with mixed or unknown RAS status.
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The company used meta-analysis techniques (random effects with fixed effects examined in
sensitivity analysis) to pool direct comparisons using SAS Vn 9.2 software. For indirect
comparison, the company used the Bucher method.% The indirect estimate of panitumumab
versus comparator was adjusted according to the results of their direct comparisons with a
common control using both fixed and random effects meta-analysis. Each indirect
comparison was estimated separately within the IC framework. Within the indirect
comparison, the underlying assumptions of homogeneity, similarity and consistency were
reviewed according to guidelines by Song et al.®” Details of implementation of the meta-
analysis and indirect comparison are given in the Amgen submission (see Amgen

Submission, Appendix 8: Network meta-analysis: Methods and Results).

For the NMA, a Bayesian framework with Markov chain Monte Carlo (MCMC) simulation was
taken using methodology outlined by Ades et al (2006).°¢ Analyses were performed using
SAS Version 9.3. Non-informative priors were used. Analyses were run with an initial burn-in
of 10,000 iterations followed by an additional 50,000 iterations. To address the potential for
auto-correlation, it was necessary to thin the samples that are generated through SAS (a
thinning factor of 40 was used). The posterior mean/median and 95% credible interval were
reported together with the probability that each treatment was better (more effective) than the
others. Within the indirect comparison, the underlying assumptions of homogeneity, similarity
and consistency were reviewed according to guidelines by Song et al. (2009).°” Convergence
of the models was examined and Amgen note that, in some cases, the models for the
treatment arm level analyses did not converge to a stationary distribution, showing a high
level of autocorrelation between draws of the Markov chain, even with thinning factors of 100
or more and a burn-in period of over 1,000,000 iterations attempted. The results for these
models were not shown; the company note that this is due to their unsuitability. Details of the
implementation of the MTC are given in the Amgen submission (see Amgen Submission,

Appendix 8: Network meta-analysis: Methods and Results).

Point estimates for relative effectiveness (including 95% Crl and the probability of being the
better treatment), are reported in full in the Amgen submission (see Amgen Submission,
Appendix 8: Network meta-analysis: Methods and Results, pp41-42 and pp87-97). Table 58
summarises the results for OS, PFS, and ORR for PAN+FOLFOX versus relevant
comparators. Full results (including results of the sensitivity analyses conducted) are
reported in the Amgen submission (see Amgen Submission, Appendix 8: Network meta-
analysis: Methods and results, pp87-97). Amgen’s NMA was not used to analyse liver

resection rates or adverse events.
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Table 58. Relative effectiveness results for PAN+FOLFOX vs. relevant comparators:
Amgen NMA

PFS oS ORR
HR (95% Crl) HR (95% Crl) RR (95% Crl)
[P(HR >1] [P(HR >1] [P(RR <1]

FOLFOX ﬁ

XELOX ﬁ

FOLFIRI ﬁ

CET+FOLFOX ﬁ

CET+FOLFIRI ﬁ

Key: CET = cetuximab; Crl = credible interval; FOLFIRI = folinic acid + fluorouracil + irinotecan; FOLFOX = folinic
acid + fluorouracil + oxaliplatin; HR = hazard ratio; ORR = objective response rate; OS = overall survival; P =
probability; PAN = panitumumab; PFS = progression-free survival; RR = relative risk; XELOX = capecitabine +
oxaliplatin

Notes: HR <1 favours panitumumab plus FOLFOX; RR >1 favours panitumumab + FOLFOX; statistical
significance is indicated by P<0.025 or P>0.975

Source: Amgen submission, Table 15, p41

The following limitations of the NMA were acknowledged: (1) data for non-EGFR inhibitors
were from populations with mixed or unspecified RAS status; and, (2) data for the RAS WT
population was not the protocol defined population for any of the EGFR inhibitor studies and

results are not for the intention-to-treat (ITT) population but a retrospective subgroup.

Comparison with the Assessment Group’s NMA

Of the studies included in Amgen’s NMA (n=21 [reported in 23 publications]), 18 studies were
not included in the Assessment Group’s NMA (Ducreux et al., 2013; Badulescu et al., 2009;
Hong et al., 2013; Cornella et al., 2009; Seymour et al., 2007; Seymour et al., 2011; Ducreux
et al., 2011; Cassidy et al., 2011; Saltz et al., 2008; Pectasides et al., 2012; Porschen et al.,
2007; Rosati et al., 2010; Schmiegel et al., 2013; Souglakos et al., 2012; Hochster et al.,
2008; Karthaus et al., 2014; Amgen, 2013; and Yamazaki et al., 2014).7%-% The reason for
their exclusion was that these studies did not evaluate the effectiveness of the interventions
in the RAS WT population. In addition to the abstracts for the OPUS and CRYSTAL trials
(Bokemeyer et al., 2014 and Ciardiello et al., 2014) included in the Amgen NMA the
Assessment Group identified the full publications (Tejpar et al., 2015 [provided to the
Assessment Group by the lead author as AiC] and Van Cutsem et al., 2015).
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Evidence from the included studies enabled the company to construct a complete network.
The study Badulescu et al. (2009)”° compared FOLFOX and FOLFIRI and enables the
complete network approach based on the assumption that there was little difference between
FOLFOX and FOLFIRI in terms of effectiveness. The NMA conducted by the Assessment
Group comprised two separate networks (FOLFOX and FOLFIRI) as none of the included
studies provided evidence to link the two networks; the two networks in the RAS WT

population

Assumptions regarding the similarity between the included trials in terms of the study and
design of the included studies were considered by the Assessment Group to be appropriate.
However, in terms of population characteristics although data included in the NMA for
panitumumab and cetuximab were restricted to the RAS WT population in line with the
population specified in the NICE scope, data for non-EGFR inhibitors were not available for
the RAS WT population given that efficacy is not contingent on the expression of the RAS
genotype. While the Assessment Group consider this to be a logical approach it should be
noted that data included in the NMA for non-EGFR inhibitor treatments came from study
populations with mixed or unspecified RAS status. The likely impact of which would be to

increase the uncertainty surrounding the effect estimates.

Analyses were conducted for outcomes PFS, OS, ORR, CR and PR. Time to event data
were analysed using study level data (HR), and response rate data were analysed using
study level data (RR). The company also note there were insufficient data to perform a NMA
for PAN+FOLFOX vs. CET+FOLFOX or CET+FOLFIRI in the subgroup of people with liver

metastases.

The methods used in Amgen’s NMA were in line with guidance set out in the publication by
Ades et al., 2006.%8

Despite the broader approach taken the results for PAN+ FOLFOX versus FOLFOX were
similar to the Assessment Group’s NMA for OS and PFS. The effect estimates for this
comparison for all outcomes showed a greater effect of PAN+FOLFOX vs FOLFOX but the
95% Crl were wider in the Assessment Group’s results. There was no evidence to suggest
that time to progression or death or time to death was any more effective for PAN+FOLFOX
than for CET+FOLFOX. All results, however, are subject to uncertainty as a result of the
acknowledged limitations. As the Assessment Group’s NMA focused entirely on the RAS WT
population no comparison could be made with Amgen’s comparison of PAN+FOLFOX versus

XELOX, and given that the Assessment Group’s approach to the NMA resulted in two
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networks no comparison of results could be made with the company’s NMA for
PAN+FOLFOX versus either FOLFIRI or CET+FOLFIRI.

3.6.2. Merck Serono

Merck Serono also carried out literature searches for clinical evidence in MEDLINE,
MEDLINE-in-Process and EMBASE, via Ovid, and the Cochrane Central Register of
Controlled Trials (CENTRAL), via the Cochrane library (Merck Serono Submission, Section
3.1.2.1, p11). As per Amgen, the searches combine free-text and index terms for relevant
cancers with free-text and index terms for relevant interventions; however, unlike Amgen, the
cancer search terms are combined with RAS search terms to further refine the results (Merck
Serono Submission, Appendix A, pp44-49). A publication filter is used to limit the results to
randomised controlled trials and observational studies. No language or date limits were

applied.

Merck Serono also searched grey literature resources, including an online trials registry -
ClinicalTrials.gov - and several online conference proceedings (Merck Serono Submission,
Section 3.1.2.1, p12).

The Merck Serono literature searches use an appropriate range of bibliographic databases
and grey literature resources for the topic, albeit they search fewer grey literature resources
than Amgen. Their choice of free-text and index terms is also appropriate, and there is no
evidence that the balance of sensitivity and specificity is compromised by the inclusion of
RAS search terms. The database search strategies are reproduced in the appendices,
including the number of hits retrieved per search (Merck Serono Submission, Appendix A,
pp44-49). The dates the searches were carried out are reported elsewhere in the submission
(Merck Serono Submission, Section 3.1.2.1, p11). The grey literature search strategies are
not reproduced in the appendices, but the numbers of hits retrieved are reported in the
PRISMA flow diagrams (Merck Serono Submission, Section 4.1, pp22-25).

The submission set out to identify the relevant efficacy and safety evidence for the
interventions of interest in first-line treatment of people was RAS WT mCRC. Seven studies
were identified that evaluated cetuximab. Of these, four studies were included in the
systematic review presented by Merck Serono (Table 59). Three of the studies were included
in the PenTAG systematic review; however, only the studies reporting results for the RAS
WT population were considered relevant to the scope for this review and, as such, the other
related publications were excluded on population. The CALGB-80405 study (Lenz et al.,

2014) was not identified in the PenTAG searches. This was because we did not search the
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ESMO conference database instead checking the ASCO database in line with published

recommendations on searching for HTA reviews.®® This study would have been excluded

from our review, as while the CALGB-80405 trial randomised participants to cetuximab or

bevacizumab, participants were not randomised to the background chemotherapy (FOLFOX

or FOLFIRI), which could introduce bias into the analysis. In addition, the data are only

published as an abstract and not available as a full paper and, as such, not enough

information to conduct quality appraisal.

Table 59. Merck Serono submission: Included cetuximab studies

Trial acronym First author, year

Included in PenTAG
review

Reason for exclusion

CRYSTAL Van Cutsem et al., 2009 (primary
study reference); Van Cutsem et
(F%ELTFTE?'-F'R' VS- al., 2011; Ciardiello et al., 2014;
) Van Cutsem et al., 2015
OPUS Bokemeyer et al., 2009 (primary
(CET+FOLFOX study reference); Tejpar et al.,

vs. FOLFOX4) 2015

FIRE-3 Heinemann et al., 2013 (primary
(CET+mFOLFOX6 study reference); Stintzing et al.,
VS. 2014a; Heinemann et al., 2014
BEV+mFOLFOXG6)

CALGB-80405

(CET+CTX? vs.
BEV+CTX?)

Lenz et al., 2014

Y (only data for the RAS
WT population, Van
Cutsem et al., 2015)

Y (only data for RAS WT
population, Tejpar et al.,
2015)

Y (only data for RAS WT
population, Heinemann et
al., 2014)

Van Cutsem et al., 2009
(no data for RAS WT
population); Van Cutsem
et al., 2011 (no data for
RAS WT population);
Ciardiello et al., 2014
(abstract)

Bokemeyer et al., 2009
(no data for RAS WT
population);

Heinemann et al., 2013
[abstract of Heinemann et
al., 2014]; Stintzing et al.,
2014 [no data for RAS
WT population; abstract]

Study not identified in
searches [no indexed in
EMBASE or MEDLINE].
Participants only
randomised to cetuximab
or bevacizumab and not
to the background
chemotherapy. Study
published in abstract
format (presented at
ESMO, 2014) and not
enough information to
quality appraise.

Key: ESMO = European Society of Medical Oncology; N = No; NA = not applicable; RAS = rat sarcoma; vs. =

versus; WT = wild type; Y= Yes

Notes: a Chemotherapy was either FOLFOX or FOLFIRI at physician’s discretion and randomised to cetuximab or

bevacizumab

Sources: Bokemeyer C et al. J Clin Oncol 2009; 27(5): 663-71Ciardiello F et al. 2014 Annual Meeting of the
American Society of Clinical Oncology, ASCO Chicago, IL United States. 2014;32 (15 SUPPL. 1.); Heinemann
V et al. Jahrestagung der Deutschen, Osterreichischen und Schweizerischen Gesellschaften fur Hamatologie
und Onkologie 2013 Wien Austria. 2013;36:10; Heinemann V et al.. Lancet Oncol. 2014; 15(10): 1065-1075;
Lenz HJ et al. European Society of Medical Oncology (ESMO); 2014; Madrid (Spain): Abstr LBA3; Stintzing S et
al. (Abstract 445). Gastrointestinal Cancers Symposium; 2014; San Francisco (CA), USA: J Clin Oncol; Tejpar S
et al.. Eur J Cancer. 2015 (in press); Van Cutsem E et al, New Engl J Med 2009; 360(14): 1408-9; Van Cutsem
E etal. J Clin Oncol 2011; 29(15): 2011-2019; Van Cutsem Eet al. J Clin Oncol. 2015; 33(7): 692-700;
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Health-related quality of life (HRQoL) data from the OPUS trial (EORTC QLQ-C30 Global
Health Status; unpublished data), and the CALGB-80405 trial (EORTC QLQ-C30 and
Dermatology Specific Quality of Life [DSQLQ] scale), were also included in the Merck Serono
submission (see Merck Serono submission, Section 2.1.3.3, pp34—35). No HRQoL data were
identified for inclusion in the Assessment Group’s review. Merck Serono reported a summary
of AEs, Grade 3 /4 AEs by special AE category, and a comparison of the frequency of Grade
3/4 AEs (number of subjects) known for cetuximab (see Merck Serono submission, Section
2.1.4, pp36—40). For AEs, the Assessment Group reported a summary of AEs, and Grade

3/4 AEs occurring in 25% participants in either treatment arm.

Data reported for the FIRE-3 trial in the Merck Serono submission are different to those in
the analysis condicted by the Assessment Group (values as reported in the Heinemann et
al. (2014) paper. It is possible that the data reported in the Merck Serono submission are
from a more recent data cut, as the number of participants evaluated as RAS WT is 199 in
the cetuximab plus FOLFIRI treatment group and 201 in the bevacizumab plus FOLFIRI
treatment group compared with 171 participants in each treatment group in the published
paper. These unpublished data were analysed in the NMA as a sensitivity analysis (see
Sensitivity analyses, p146). Although the results change slightly this difference does not

impact the direction of effect.

3.6.2.1. Network meta-analysis

Merck Serono performed a network meta-analysis (NMA) to compare cetuximab plus
chemotherapy (FOLFOX or FOLFIRI) for the treatment of RAS WT mCRC with other

comparators specified in the NICE scope (see Section 2, p80).

The company conducted a systematic review: the search strategy combined ‘drug names’
with ‘d