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Best supportive care
Cost-effectiveness acceptability curve
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Economic Evaluation Database
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US Food and Drug Administration
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Health-related quality of life
Health Technology Assessment
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Inverse probability of censoring weighted
Inverse probability of treatment and censoring weighted
Inverse probability of treatment weighted
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v-Ki-ras2 Kirsten Rat Sarcoma Viral Oncogene Homolog
Last observation carried forward
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MeSH
mg/m2
MRI
MS
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MTC
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NHS
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NIHR
No.
NR
NSCLC
ORR
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PD
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PROFILE
PSA
PSS
QALY
QoL
QTc
RCT
RECIST
RPSFT
RR
RT-PCR
SM-EGFR-DB
TAX 317
TKI
TTP
UK
vs.

Medical Subject Headings
Milligram per metre squared
Magnetic resonance imaging
Manufacturer’s submission
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Mixed treatment comparison
Not applicable
National Comprehensive Cancer Network
Next generation sequencing
National Health Service
National Institute for Health and Clinical Excellence
National Institute for Health Research
Number
Not reported
Non-small cell carcinoma/cancer
Objective response rate
Overall survival
Progressive disease
Pulmonary embolism
Progression-free
Progression-free survival
Pfizer sponsored studies of crizotinib (1001,1005 and 1007 included in MS)
Probabilistic sensitivity analysis
Personal social services
Quality adjusted life year
Quality of life
QT interval corrected for heart rate
Randomised controlled trial
Response Evaluation Criteria in Solid Tumours
Rank-preserved structural failure time
Relative risk/risk ratio
Reverse transcriptase-polymerase chain reaction
Somatic Mutations in Epidermal Growth Factor Receptor DataBase
A phase III RCT of comparing Taxotere (docetaxel) and BSC
Tyrosine kinase inhibitor
Time to progression
United Kingdom
Versus
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1. SUMMARY
1.1

Critique of the decision problem in the manufacturer’s submission

The manufacturer’s submission (MS) evaluates crizotinib within its licensed indication. The
population, intervention, and outcomes in the MS are consistent with the NICE scope. The
manufacturer did not agree with the NICE scope that erlotinib was a relevant comparator; the
Evidence Review Group (ERG) agrees with this position.
1.2

Summary of clinical effectiveness evidence submitted by the manufacturer

The MS conducted a systematic review evaluating the efficacy and safety of second-line treatments in
anaplastic lymphoma kinase positive (ALK+ve) advanced or metastatic non-small cell lung cancer
(NSCLC) patients. The MS relied most heavily on a phase III RCT comparing crizotinib with
chemotherapy where patients received either docetaxel or pemetrexed (PROFILE 1007).1 A subgroup
of patients from an uncontrolled phase II study (PROFILE 1005) were used to derive estimates of
overall survival (OS) for crizotinib.2
PROFILE 1007 showed crizotinib to have a significant benefit in terms of median PFS compared to
the docetaxel subgroup (hazard ratio (HR) 0.30, 95% confidence interval (CI) 0.21 to 0.43) and
pooled chemotherapy (HR 0.49, 95% CI 0.37 to 0.64). The crossover-adjusted HR for OS for
crizotinib used by the manufacturer was **** (95% CI **** to ***). The HR for OS for the
comparison between crizotinib and best supportive care (BSC) was ***** (95% CI ***** to *****).
This was derived from a mixed treatment comparison that included studies that compared crizotinib
with chemotherapy, docetaxel with pemetrexed, and docetaxel with BSC.
1.3

Summary of the ERG’s critique of clinical effectiveness evidence submitted

The ERG identified a number of limitations of the evidence presented. In particular, there was a lack
of survival data for a population of patients with advanced NSCLC with ALK fusion; the data from
PROFILE 1007 was immature, and the relatively small sample size for the high rate of crossover
meant the attempt to derive an absolute survival gain for crizotinib using methods to adjust for
crossover were questionable. In addition, the populations in the studies used to inform estimates
within the manufacturer’s economic model (PROFILE 1005, GFPC 05-06, JMEI and TAX 317) were
not comparable to the population recruited in PROFILE 1007.
1.4

Summary of cost effectiveness submitted evidence by the manufacturer

The de novo analysis presented by the manufacturer used a three health state model (progression free,
progression and death) referred to as a semi-Markov “area under the curve” analysis. The transitions
were informed from several data sources and different methods were applied to each of the treatments
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evaluated. For crizotinib, the proportion of patients in the different health states at each cycle was
calculated from parametric survival curves fitted to empirical data on PFS (PROFILE 1007) and OS
(PROFILE 1005). For docetaxel, a separate, independent parametric function was fitted to PFS (using
data from the docetaxel subgroup of PROFILE 1007) and OS was estimated by applying the crossover
adjusted hazard ratio (IPTCW 5) to the parametric OS function calculated for crizotinib. For BSC, the
same parametric function applied to docetaxel was used for PFS. However, a separate hazard ratio
estimate for OS of crizotinib vs. BSC was applied based on the results of the MTC analysis.
Quality of life was quantified by applying treatment specific utility weights, derived from EuroQol
Group QoL questionnaire (EQ-5D) data from PROFILE 1007, to each model state in order to estimate
quality-adjusted life years (QALYs). Costs were assessed from an NHS and personal and social
services perspective and incorporated acquisition, administration and monitoring costs of the
alternative regimens, ALK testing, adverse events and other supportive care and terminal care costs
associated with the management of progressed disease.
The manufacturer presented two separate pair-wise comparisons of the incremental cost-effectiveness
ratio (ICER) in the base-case analysis: crizotinib vs. docetaxel (£41,544 per QALY), and crizotinib
vs. BSC (£35,455 per QALY). The manufacturer also presented a series of one-way deterministic
sensitivity analyses and scenario analyses to assess the impact of uncertainty around key input
variables and assumptions on the ICER estimates. The results of these indicated that the base-case
ICER estimates were most sensitive to: (i) the hazard ratio estimates for OS; (ii) the utility values
assigned to the progression state; (iii) the method of adjustment for crossover; and (iv) the duration of
crizotinib treatment.
1.5

Summary of the ERG’s critique of cost effectiveness evidence submitted

The ERG considers the manufacturer’s base-case ICERs to be both highly uncertain (largely due to
the immature survival data) and overly optimistic towards crizotinib. The selection of the IPTCW 5
adjustment method for crossover was not adequately justified in terms of internal or external validity.
The ERG is particularly concerned about the face-validity of the magnitude of the resulting survival
projections, given the variation across the different adjustment methods and the immaturity of the data
overall. The model also makes a number of important assumptions concerning the relationship
between crizotinib treatment duration and impact on survival per QALY gains and the maintenance of
HRQoL differences between treatments post-progression. The ERG considers that these critical
assumptions have not been robustly justified by the manufacturer and are not clearly supported by the
existing evidence.
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1.6

ERG commentary on the robustness of evidence submitted by the manufacturer
1.6.1

Strengths

The description of the underlying health problem in the MS was appropriate to the submission and
technology under appraisal. The systematic reviews were generally well-conducted, using established
methodology that would reduce the risk of error and bias during the review process. The ERG
considers that the manufacturer identified all the available evidence on the clinical effectiveness of
crizotinib. The evidence for the effectiveness and safety of crizotinib was based primarily on a good
quality trial, which demonstrated a benefit of crizotinib in terms of PFS over chemotherapy (docetaxel
and pemetrexed) although there were high rates of crossover and the data were immature in terms of
OS.
There is a lack of published evidence on the cost-effectiveness of crizotinib; the only study, identified
by the ERG, was US specific, making generalisability of the results to the UK uncertain. The ERG
therefore considers the manufacturer’s model to provide the most relevant evidence for the decision
problem. The model structure was appropriate for the decision-problem and the manufacturer
undertook a detailed set of systematic reviews and performed extensive sensitivity analyses.
1.6.2

Weaknesses and areas of uncertainty

The major weaknesses of the clinical evidence presented in the MS were 1. the lack of a randomised
comparison between crizotinib and docetaxel, and 2. the lack of OS data for a population of patients
with advanced NSCLC with ALK fusion, particularly as OS was a key driver in the manufacturer’s
economic model. There were a number of issues regarding the comparability of the populations used
in the MS, both to each other and to the population that would be eligible for treatment with crizotinib
in clinical practice. There was also an issue regarding the use of the term ‘mature’ in the MS. The
definition of mature differed between PROFILE 1005 and PROFILE 1007, making the use of the term
potentially misleading, and therefore the manufacturer’s rationale for using data from a subgroup of
patients in PROFILE 1005 questionable.
The main uncertainties surrounding the clinical evidence include:
OS in patients with ALK fusion receiving crizotinib compared to docetaxel.
Comparability of the populations in the PROFILE 1005 and 1007 studies with clinical practice.
Whether the cause of difference in outcomes between docetaxel and pemetrexed is due to
differences in efficacy and safety profiles and/or differences in population characteristics?
The optimum screening strategy and population to identify patients eligible for treatment with
crizotinib.
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There are two distinct areas of uncertainty relating to screening and treatment related issues. The key
areas of uncertainty regarding screening relate to: (i) the screening strategy itself and both the validity
of the manufacturer’s proposed approach and issues regarding whether this would be the same
approach that would be applied in the NHS; (ii) the costs of the tests and (iii) the prevalence rate of
ALK positivity. However, the ERG, considers that the uncertainties surrounding the treatment
effectiveness of crizotinib are a more important driver of cost-effectiveness. These include: (i) the
discontinuation rule applied to crizotinib; (ii) the method of adjustment for cross-over; and (iii) the
application of treatment specific utilities for the entire model horizon.
The ERG did not consider that the manufacturer had adequately justified a number of critical
assumptions underpinning their base-case ICER estimates. The ERG also thought that there were
equally plausible alternative scenarios which have not been reflected by the manufacturer. The ERG
considered that many of these issues were potentially inter-related which wasn’t fully reflected in the
manufacturer’s sensitivity and scenario analyses.
1.7

Summary of exploratory and sensitivity analyses undertaken by the ERG

The ERG undertook a range of exploratory analyses based on plausible alternative scenarios which
reflected the joint nature of several key uncertainties. Applying the same decision rule to the
continuation of crizotinib as assumed by the manufacturer (i.e. crizotinib is discontinued at RECIST
progression), the ERG estimates the ICER to be between £71,400 and £137,883 per QALY based on
the IPTCW 5 and RSPFT methods, respectively. These ICER estimates increase to £78,515 and
£150,366 per QALY when lower acquisition costs for docetaxel, as reported in the Electronic Market
Information Tool (eMIT), are applied. Furthermore, the ERG considers that these ICER estimates
may be conservative if crizotinib is continued beyond RECIST progression. Based on the alternative
assumptions applied to represent this scenario, the ERG estimates the ICER of crizotinib vs. docetaxel
to be between £100,460 and £167,575 per QALY based on the IPTCW 5 and RSPFT methods,
respectively (equivalent range of £105,351 to £175,829 per QALY based on eMIT costs for
docetaxel).
2

BACKGROUND

2.1

Critique of manufacturer’s description of underlying health problem.

The description of the underlying health problem in the manufacturer’s submission (MS) is
appropriate to the submission and technology under appraisal.
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2.2

Critique of manufacturer’s overview of current service provision

The MS evaluates crizotinib within its licensed indication. The summary of product characteristics
state that crizotinib is indicated for the treatment of adults with previously treated anaplastic
lymphoma kinase fusion-positive (ALK+ve) advanced NSCLC.3 The recommended dose is 250 mg
twice daily taken continuously until disease progression or unacceptable toxicity; prolongation of
treatment after objective disease progression in selected patients may be considered on an individual
basis, but no additional benefit has been demonstrated.3 Dosing interruption and/or reduction may be
required based on individual safety and tolerability; a reduction to 200 mg taken twice daily is
indicated initially, with a further dose reduction to 250 mg taken once daily if necessary.3
The MS states that crizotinib received ‘conditional approval’ by the European Medicines Agency
(EMA) for this population in October 2012, and as part of this conditional approval, the manufacturer
will be providing the EMA with further evidence on crizotinib in advanced NSCLC from the Phase III
PROFILE 1007 trial. The MS states that crizotinib is expected to receive a UK marketing
authorisation for the treatment of adults with previously-treated ALK+ve locally advanced (stage
IIIb/IV) NSCLC. Crizotinib was approved by the US Food and Drug Agency (FDA) in August 2011
for the treatment of locally advanced or metastatic NSCLC that is ALK+ve as detected by an FDAapproved test under the FDA’s accelerated approval program. Other countries in which crizotinib has
been approved to date include: Argentina, Canada, India, Israel, Japan, Korea, Kuwait, Mexico,
Switzerland.
3

Critique of manufacturer’s definition of decision problem

3.1

Population

The NICE scope specified the target population as people with previously treated locally advanced or
metastatic non-small-cell lung cancer that is positive for ALK fusion. Therefore the population in the
MS is consistent with the NICE scope, although there are some issues with comparability between the
different populations used in the MS; these are discussed in Section 4.2.3.2.
3.2

Intervention

The intervention specified in the manufacturer’s decision problem is crizotinib (Xalkori),
administered 250 mg twice daily taken continuously until disease progression or unacceptable
toxicity.
3.3

Comparators

The NICE scope specified docetaxel, erlotinib and best supportive care (BSC) as the comparators for
crizotinib. The MS specifies docetaxel is the main comparator for crizotinib; BSC was also considered
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a comparator. There was no specification as to the dosing regimen for docetaxel, either in the NICE
scope or the MS; the MS included studies that administered 75 mg/m2 and 100 mg/m2 of docetaxel
intravenously, with the 75 mg/m2 dose appropriately being used as the comparator regimen for
crizotinib. The manufacturer states that erlotinib is not a valid comparator for crizotinib, as although
erlotinib is a NICE-approved therapy, its use in clinical practice is primarily in patients with
epidermal growth factor receptor (EGFR) mutation. The manufacturer considered ALK fusion and
EGFR mutation to be mutually exclusive and therefore an EGFR targeted medicine would not be
expected to be standard of care in clinical practice for ALK+ve patients. Although concomitant ALK
fusion and EGFR mutation is rare, it has been detected in a small minority of patients; this is
discussed further in Section 4.2.3.4. The manufacturer also highlights the lower survival benefit of
erlotinib compared with docetaxel when used as second-line treatment of unselected NSCLC patients.
The ERG considers the manufacturer’s stance on the validity of erlotinib as a comparator reasonable.
3.4

Outcomes

All the outcomes considered in the NICE scope to be appropriate for the submission (overall survival
(OS), progression-free survival (PFS), response rate, adverse effects of treatment, and health-related
quality of life (HRQoL)) were considered in the MS. PFS was the primary efficacy outcome, with OS
and HRQoL being key outcomes in the economic model.
3.5

Other relevant factors

Despite erlotinib not being considered a relevant comparator, trials of erlotinib and gefitinib were
included in the manufacturer’s mixed treatment comparison (MTC), in an attempt to produce a hazard
ratio (HR) for the comparison between crizotinib and BSC. However, the results from the MTCs that
included EGFR tyrosine kinase inhibitors (TKIs) were not used in the economic model; the estimate
of OS for the comparison between crizotinib and BSC was derived from Analysis 2 of the MTCs,
which was restricted to crizotinib, BSC, pemetrexed and docetaxel.
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4

CLINICAL EFFECTIVENESS

4.1

Critique of the methods of review(s)

The MS included the results from three studies conducted by the manufacturer; an uncontrolled phase
I study (PROFILE 1001),4 an uncontrolled phase II study (PROFILE 1005),2 and a phase III
randomised controlled trial (RCT) comparing crizotinib with a chemotherapy arm where patients
received either docetaxel or pemetrexed (PROFILE 1007).1 The MS also included a systematic review
evaluating the efficacy and safety of second-line treatments for ALK+ve advanced or metastatic
NSCLC patients. The review had two parts, one with a specific focus towards patients with NSCLC
who were ALK+ve, and the second with a broader search of NSCLC and the use of additional
keywords relating to genetic testing, protein products and histological markers.
4.1.1 Searches
The MS gave detailed descriptions of the search strategies to identify:
1. Studies for a systematic review of all published research relating to the efficacy and safety of
second-line treatments for ALK+ve advanced or metastatic NSCLC patients inclusive of
crizotinib;
2.

A broader set of studies investigating a range of drugs in a more general population of patients
with NSCLC for a mixed treatment comparison.

Both strategies included a list of the specific databases searched, the service providers used, the dates
across which the searches were conducted, the search strategies used, and the total numbers of studies
retrieved. Both searches met NICE requirements, including a search of all of the databases required
by NICE in the specification for MS of evidence (MEDLINE, MEDLINE In-Process, EMBASE, and
the Cochrane Library). In addition, the bibliographies of systematic reviews were hand-searched for
additional systematic reviews and meta-analyses to inform the evaluation of the efficacy and safety of
crizotinib. Searches of the conference proceedings of the American Society of Clinical Oncology,
European Lung Cancer Conference, European Multidisciplinary Cancer Congress and World
Conference on Lung Cancer were also performed.
The search terms used for each search facet in both searches were appropriate, with the correct use of
Boolean operators, truncation and wildcards. The searches for the systematic review specifically in
ALK+ve NSCLC patients were not restricted by study design, therefore, non-randomised studies and
studies likely to report crizotinib-related adverse events would have been identified. The searches for
the MTC were restricted using filters for RCTs and quality of life (QoL); given the role of drugs other
than crizotinib and docetaxel in the population of interest, the ERG consider this to be appropriate.
The ERG did note that the combination of MeSH terms used in two searches appeared to be incorrect,
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and the MeSH term ‘Lung Neoplasms’ was not used, however, we don’t believe the manufacturer has
missed any relevant, completed, studies. The ERG conducted an additional search of trials registries
to identify any ongoing studies that may not have been included in the MS. We identified a number of
ongoing Pfizer-sponsored studies that are summarised in Section 4.4 and Appendix 11.1.
4.1.2 Inclusion criteria
The two parts of the systematic review had different inclusion criteria for the eligible population:
The specific ALK+ve search: Adults with advanced or metastatic NSCLC, identified as being
positive for the ALK fusion, or patients matched to this population
The broader search for NSCLC patients: Adults with molecularly defined NSCLC.
The inclusion criteria for the two searches were the same for the remainder of the review question:
Intervention: Crizotinib
Comparators: Any
Outcomes: OS, PFS, time to progression (TTP), tumour response rate (objective response rate
(ORR), partial response, stable disease), duration of response, safety and tolerability
Study design: RCT, Non-RCT, observational studies, retrospective analyses.
Given the manufacturer’s stance on the use of erlotinib, restriction to docetaxel and BSC as
comparators could have been expected. However, the MS does utilise data from erlotinib and
gefitinib, and PROFILE 1007 uses pemetrexed in the comparator arm. The use of these treatments
within the MS is discussed further in Section 4.3.3.
4.1.3 Critique of data extraction
Data were extracted by one reviewer and checked by a second in order to calculate HRs or risk ratios
(RR) with 95% confidence intervals (CI); this is an appropriate method that reduces the potential for
error and bias during the data extraction process.
4.1.4 Quality assessment
The manufacturer assessed the quality of the PROFILE studies, and the JMEI, GFPC 05-06 and TAX
317 trials using seven appropriate criteria specific to RCTs. PROFILE and 1001 and 1005 were
assessed using 27 appropriate criteria from the Downs and Black checklist for non-randomised
studies. The areas covered were reporting, external validity, internal validity, the assessment of
confounding factors, and statistical power. The studies of erlotinib and gefitinib that were included in
the mixed treatment comparisons (MTCs) do not appear to have been quality assessed.
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4.1.5 Evidence synthesis
Detailed results were presented for the PROFILE 1005 and 1007 trials separately. There was no
standard meta-analysis of the studies identified that evaluated crizotinib. A number of MTCs were
conducted, two comparing crizotinib with pemetrexed, docetaxel, and BSC, and further MTCs that
included studies of EGFR TKIs.
To populate the economic model, the manufacturer extrapolated from PROFILE 1005 to estimate OS
for the crizotinib arm, and used adjusted data from PROFILE 1007 to estimate OS for the
chemotherapy arms (the methods used to adjust for crossover of patients in PROFILE 1007 are
discussed in Section 4.2.3.5). Data from an MTC comparing crizotinib with pemetrexed, docetaxel
and BSC was used to derive a relative OS effect for the comparison between crizotinib and BSC. PFS
was extrapolated from PROFILE 1007 for the crizotinib and chemotherapy arms. The manufacturer
stated that data were available for PFS for BSC, but an HR was not provided, therefore they
concluded that they could not conduct a MTC using PFS data.
4.2 Critique of studies of the technology of interest, their analysis and interpretation
4.2.1 Main studies included in the manufacturer’s submission
The main study on which the MS is based is the Phase III PROFILE 1007 RCT. The trial commenced
in September 2009, randomising 347 adults on a 1:1 basis to either crizotinib 250 mg twice daily
(BID) or chemotherapy (to pemetrexed 500mg/m2, or docetaxel 75mg/m2 if the patients had already
been administered pemetrexed). The trial was conducted at 238 sites, located in USA (97), Canada
(14), France (16), Italy (13), Spain (11), Japan (10), Germany (10), Brazil (9), China (9), UK (8),
Hungary (6), Russia (6), Bulgaria (5), Poland (4), Australia (4), Greece (3), Korea (3), Hong Kong
(3), Taiwan (3), Ireland (2), the Netherlands (1), and Sweden (1).5
Randomisation in the PROFILE 1007 trial was stratified by Eastern Cooperative Oncology Group
(ECOG) performance, the presence/absence of brain metastases, and the prior use of an EGFR TKI.
The primary outcome for the trial was PFS. Secondary outcomes specified in the trial protocol were:
objective response rate (ORR); duration of response; disease control rate; OS; patient reported
symptoms of lung cancer; HRQoL; plasma concentrations of crizotinib and pharmacodynamic
biomarkers; types of Echinoderm microtubule-associated protein-like 4 (EML4)-ALK fusion and
ALK gene expression; QT interval corrected for heart rate; and time to tumour response.5 Subgroups
of interest were not prespecified in the registered trial protocol.5 The MS gave a list of post hoc
subgroup analyses conducted on the PROFILE 1007 data, comparing crizotinib with docetaxel. These
were based on:
Patient characteristics on which randomisation was stratified
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Other subgroups determined by baseline patient characteristics, not specified in the MS.
Where ECG was performed: PR interval, QT interval, RR interval and QRS complex.
Patients who received Multiple Gate Acquisition (MUGA) scans.
The MS stated that patients for whom treatment failed (early progression, death, toxicity, withdrawal,
or symptomatic deterioration) prior to determination of best response were assumed to be nonresponders, with the following exception: patients who discontinued treatment with stable disease or
an unconfirmed response and who subsequently had response confirmed prior to starting a new
treatment were classified as responders. Patients enrolled who did not receive treatment, or who
discontinued treatment prior to obtaining one on-study assessment for administrative reasons (e.g.,
family emergency, relocation, etc) other than for early disease progression, death, symptomatic
deterioration or unacceptable toxicity, were considered to be unevaluable for response. The MS also
stated that patients who did not have an on-study assessment of ORR were included in analyses as
non-responders; ORR was defined as the percent of patients with confirmed CR or PR according to
the Response Evaluation Criteria in Solid Tumours (RECIST) (as determined by independent
radiology review), relative to the total population of patients enrolled who received at least one dose
of study medication.
The trial was generally good quality, using a computer generated randomisation sequence, and
blinding of outcome assessors. Treatment change was indicated on disease progression, which was
measured radiographically using the RECIST criteria; treatment with crizotinib did continue beyond
this point in some patients. Symptomatic progression was not taken into consideration; this is
discussed further in Section 4.2.3.7. There was a very high incidence of crossover in the PROFILE
1007 trial; ****% withdrew from pemetrexed and ****% from docetaxel and ****% from crizotinib
group; the methods used to adjust for crossover within PROFILE 1007 in the MS are discussed in
Section 4.2.3.5. The manufacturer was asked to provide a schematic of the flow of patients through
the PROFILE 1007 trial, but this was not provided. The ERG have produced a schematic based upon
the information available to them (Figure 1). The inclusion and exclusion criteria for the trial were
extensive, and are given in Table 2. The baseline characteristics of the patients in the PROFILE 1007
trail available to the ERG are discussed in Section 4.2.3.2.
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Figure 1: Schematic for the flow of patients through the PROFILE 1007 trial (xxx=confidential information removed)
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Table 2: Inclusion and exclusion criteria for PROFILE 1007
Inclusion criteria

Histologically or cytologically proven diagnosis of locally advanced
or metastatic NSCLC.
Positive for ALK gene translocation or inversion events involving.
Progressive disease after only one prior (platinum-based)
chemotherapy regimen, which may have included maintenance
therapy.
Considered appropriate candidates for additional chemotherapy
with either single-agent pemetrexed or single-agent docetaxel.
Patients with brain metastases were eligible if appropriately treated
and neurologically stable for at least 2 weeks and were not taking
any medications contraindicated in the Exclusion Criteria.
Prior chemotherapy or major surgeries must have been completed
at least 4 weeks prior to initiation of study medication.
Prior radiation or minor surgeries/ procedures must have been
completed at least 2 weeks prior to the initiation of study
medication.
Acute toxicity must have recovered to ≤ Grade 1 (except alopecia).
Tumour measurable as per RECIST (version 1.0).
At least one target lesion measurable in at least one dimension of
≥20mm by conventional CT or MRI, or ≥ 2 x the reconstruction
interval by spiral CT.
Target lesions could have been chosen from a previous irradiated
area if lesions in those areas had documented progression.
Female or male, 18 years of age or older.
ECOG performance status 0-2.
Adequate organ function

Exclusion criteria

Current treatment on another therapeutic clinical trial.
Prior therapy specifically directed against ALK.
Spinal cord compression, carcinomatous meningitis, or leptomeningeal disease.
Any of the following within the 6 months prior to starting study treatment: myocardial
infarction, severe/unstable angina, coronary/peripheral artery bypass graft,
congestive heart failure, or cerebrovascular accident including transient ischemic
attack.
Ongoing cardiac dysrhythmias of Grade 2, atrial fibrillation of any grade, or QTc
interval >470 msec.
Previous treatment with crizotinib.
Patients assigned to pemetrexed and had predominantly squamous cell NSCLC.
Patients assigned to docetaxel with peripheral neuropathy Grade >2.
Patients assigned to docetaxel who received concomitant medications with
polysorbate 80.
Uncontrolled hypertension.
Pregnancy or breastfeeding.
Use of drugs/foods known to be potent CYP3A4 inhibitors.
Use of drugs known to be potent CYP3A4 inducers.
Prior malignancy (other than current NSCLC): patients were not eligible if they had
evidence of active malignancy (other than non-melanoma skin cancer or in situ
cervical cancer, or localized and presumed cured prostate cancer) within 5 years
prior to study initiation.
Other severe acute or chronic medical or psychiatric conditions, or laboratory
abnormalities that would have imparted, in the judgment of the investigator and/or
sponsor, excess risk associated with study participation or study drug
administration, and which would, therefore, have made the patient inappropriate for
entry into this study.

ALK: Anaplastic lymphoma kinase; CT: Computerised tomography; CYP3A4: Cytochrome P450 3A4; ECOG: Eastern Cooperative Oncology Group; Fish: Fluorescence in situ hybridisation; MRI:
Magnetic resonance imaging; NSCLC: Non-small cell cancer; QTc: QT interval corrected for heart rate; RECIST: Response Evaluation Criteria in Solid Tumours
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Table 3: Inclusion and exclusion criteria for PROFILE 1005
Inclusion criteria

Histologically or cytologically proven locally advanced or metastatic NSCLC
Positive ALK gene translocation or inversion events determined ALK breakapart FISH assay.
Met one of the following criteria:
Randomised to the chemotherapy PROFILE 1007 and discontinued due to
progression
Ineligibility for PROFILE 1007 due to
Prior treatment for advanced disease with more than 1 chemotherapy
regimen,
Prior treatment with only 1 non-platinum-based chemotherapy regimen
for advanced disease,
Prior treatment with pemetrexed a and did not meet the docetaxel
eligibility requirements from PROFILE 1007, or treated with docetaxel,
but had NSCLC that was predominantly squamous cell and not eligible
for pemetrexed
Patients with brain metastases were eligible if treated and neurologically
stable for at least 2 weeks and were not taking any contraindicated
medications
Prior treatment must have been completed at least 2 weeks prior to
initiation of study medication.
Acute toxicity must have been recovered to Grade ≤1 (except alopecia)
Tumours must have measurable disease as per RECIST
Female or male, ≥18 years of age
ECOG performance status 0 to 3
Adequate organ function

Exclusion criteria

Eligibility for Study A8081007
No prior chemotherapy for advanced NSCLC, or erlotinib or gefitinib as the
only prior treatment for advanced NSCLC
Current treatment on another therapeutic clinical study
Prior therapy specifically directed against ALK
Spinal cord compression (unless treated with the patient attaining good pain
control and stable or recovered neurologic function), carcinomatous
meningitis, or leptomeningeal disease
Any of the following within the 3 months prior to starting study treatment:
myocardial infarction, severe/unstable angina, coronary/peripheral artery
bypass graft, congestive heart failure, or cerebrovascular accident including
transient ischemic attack
Ongoing cardiac dysrhythmias of the Grade ≥2, uncontrolled atrial fibrillation
of any grade, or QTc interval >470 msec
Previous treatment with crizotinib
Pregnant or breastfeeding
Use of drugs or foods that are known potent CYP3A4 inhibitors
Use of drugs that are known potent CYP3A4 inducers
Use of drugs that were CYP3A4 substrates with narrow therapeutic indices
Prior malignancy (other than current NSCLC): patients were not eligible if
they had evidence of active malignancy (other than non-melanoma skin
cancer or localized cervical cancer, or localized and presumed cured
prostate cancer ) within the last 3 years

ALK: Anaplastic lymphoma kinase; CT: Computerised tomography; CYP3A4: Cytochrome P450 3A4; ECOG: Eastern Cooperative Oncology Group; Fish: Fluorescence in situ hybridisation; NSCLC:
Non-small cell cancer; QTc: QT interval corrected for heart rate; RECIST: Response Evaluation Criteria in Solid Tumours
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The manufacturer states that data from the phase II PROFILE 1005 study was used to inform OS for
those receiving crizotinib due to the lack of maturity of the OS data from PROFILE 1007. PROFILE
1005 was a single arm study, commenced in January 2010, that aimed primarily to assess the antitumour efficacy in terms of objective response rate (ORR) of crizotinib in ALK+ve NSCLC patients
after failure of at least one line of chemotherapy, and secondarily to assess efficacy in terms of OS,
duration of response, disease control rate and PFS, safety, tolerability, symptoms, quality of life and
other patient reported outcomes. The inclusion and exclusion criteria are given in Table 3 (the
baseline characteristics of the included population are given in Section 4.2.3.2). The PROFILE 1005
study scored 19 out of a possible 28 on the Downs and Black checklist. Limitations of the PROFILE
1005 study relate to both the internal and external validity of the study. There was no randomisation
or blinding (of intervention or outcome assessment), and it was unclear how representative the
patients were to the population from which they were recruited, or how representative the staff and
facilities were of the treatment the majority of patients would receive (Appendix 7 P314 of the MS).
4.2.2 Summary of the results from the PROFILE 1005 and 1007 studies
Results from PROFILE 1007 are given in Table 4 for crizotinib compared to docetaxel, Table 5 for
crizotinib compared to chemotherapy, Table 6 for crizotinib compared to chemotherapy when
adjustment was made for crossover in the trial. Table 7 gives the modelled mean survival times for
each of the methodologies used to adjust for crossover in the PROFILE 1007 trial (these are discussed
in Section 4.2.3.5). The crossover-adjusted data from the inverse probability of treatment and
censoring weighted (IPTCW) method variant 5 (Table 6) were used for the comparison between
crizotinib and docetaxel in the manufacturer’s economic model. Kaplan-Meier curves for PFS for
crizotinib compared to the pooled chemotherapy arm, docetaxel, and pemetrexed, are given as
presented in the PROFILE 1007 trial report (Figure 2 to Figure 4).
Table 4: Efficacy results from PROFILE 1007 for crizotinib compared to docetaxel; all values in
brackets are 95% CIs
Outcome
Table B20 P78
(as-treated population)

Median PFS
ORR

Crizotinib

Docetaxel

7.7 (6.0 to 8.8)
65.7 (************)

2.6 (1.6 to 4.0)
6.9 (************

HR 0.30 (0.21 - 0.43)

***********************
Table B31 P105
OS
**
**
*********************
(crossover adjusted IPTCW 5)
CI: Confidence intervals; IPTCW: Inverse probability of treatment and censoring weighted; HR: Hazard ratio; NR: Not
reported; RR: Relative risk
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Table 5: Efficacy results from PROFILE 1007 for crizotinib compared to chemotherapy (Table B11
P66; full analysis population); all values in brackets are 95% CIs
Outcome
Median PFS
ORR
OS
6-month OS probability

Crizotinib

Chemotherapy

7.7 (6.0 to 8.8)
65.3 (57.7 to 72.4)
20.3 (18.1 to NR)
********************

3.0 (2.6 to 4.3)
19.5 (13.9 to 26.2)
22.8 (18.6 to NR)
********************

HR 0.49 (0.37 to 0.64)
RR 3.39 (2.44 to 4.68)
HR 1.02 (0.68 to 1.54)
NA

12-month OS probability

********************

********************

NA

CI: Confidence intervals; HR: Hazard ratio; RR: Relative risk; NA Not applicable

Table 6: Relative OS from the crossover adjusted analyses of data from PROFILE 1007 for crizotinib
compared to chemotherapy (Table B17 P73; Table B19 P77; Table B60 P167)
Outcome
RPSFT
Real world data
IPTCW 1: Worst prognosis, full LOCF
IPTCW 2: Worst prognosis, LOCF 28 days
IPTCW 3: Worst prognosis, LOCF 56 days
IPTCW 4: Last observed value, full LOCF
IPTCW 5: Last observed value, full LOCF 56 days

HR (95% CI)
0.83 (0.36 to 1.35)
0.36 (0.17 to 0.75)
*******************
*******************
*******************
*******************
*******************

CI: Confidence intervals; HR: Hazard ratio; IPTCW: Inverse probability of treatment and censoring weighted; RPSFT: Rankpreserved structural failure time

Table 7: Modelled mean survival times for crizotinib compared to docetaxel estimated by the
different methodologies
Absolute survival

PFS

PD

PFS to PD

(months)

(months)

ratio

9.6

23.4

1 to 2.4

NA

RPSFT

3.9

23.3

1 to 6.0

5.8

Real world data

3.9

7.4

1 to 1.9

21.7

IPTCW 1 (worst full)

3.9

22.0

1 to 5.6

7.1

IPTCW 2 (worst 28)

3.9

22.0

1 to 5.6

7.1

IPTCW 3 (worst 56)

3.9

20.6

1 to 5.3

8.5

IPTCW 4 (last full)

3.9

23.0

1 to 5.9

6.1

IPTCW 5 (last 56)

3.9

16.8

1 to 4.3

12.3

gain for Crizotinib
(months)

Crizotinib

Chemotherapy

CI: Confidence intervals; HR: Hazard ratio; IPTCW: Inverse probability of treatment and censoring weighted; NA: Not
applicable; PD: Progressive disease; PFS: Progression-free survival; RPSFT: Rank-preserved structural failure time

Figure 2: CONFIDENTIAL
(*********************************************************************************
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**********************************************************************************
*********************

Figure 3: CONFIDENTIAL
**********************************************************************************
**********************************************************************************
*******************

Figure 4: CONFIDENTIAL
**********************************************************************************
**********************************************************************************
********************
In terms of adverse events, crizotinib resulted in a greater incidence of vision disorder (****% vs.
***%), diarrhoea (59.9% vs. ****%), nausea (54.7% vs. ****%), vomiting (46.5% vs. ****%),
constipation (42.4% v. ****%), elevated transaminases (38.4% vs. ****%), oedema (31.4% vs.
****%), dysgeusia (25.6% vs. ***%), dizziness (16.3% vs. ***%), pulmonary embolism (PE; ***%
vs. ***%), bradycardia (***% vs. *%), and hepatotoxicity (***% vs. ***%). Chemotherapy resulted
in a greater incidence of alopecia (20.5% vs. ***%), rash (17.0% vs. ***%), and dyspnoea (18.7% vs.
****%). Where there was a difference, most of the adverse events were classified as grade * or *. The
exceptions were elevated transaminases (****% of patients on crizotinib had grade * compared to
***% of patients on chemotherapy), and PE (*** patients on crizotinib had grade * or *; ** patients
on chemotherapy had a PE). It is worth noting that the adverse event profile of pemetrexed is thought
to be better than that of docetaxel, particularly in terms of neutropenia and alopecia, therefore the
profile for the combined chemotherapy arm is also likely to be better; see Section 4.2.3.3 for a
discussion about the relative efficacy and safety of docetaxel and pemetrexed.
The MS reported results for the population from PROFILE 1005 that the manufacturer described as
‘mature’, defined as ALK+ve by investigational-use only whose ALK fusion was confirmed centrally
prior to the protocol amendment; the use of the term mature within the MS is discussed in Section
4.2.3.1. Results for the mature population of 261 patients from PROFILE 1005 are given in Table 8.
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Table 8: Results from the ‘mature’ population from PROFILE 1005

Table B36 P127

Table B37 P128

Outcome
Median OS
6-month OS probability
12-month OS probability
Median PFS
Number with objective progression
6-month PFS probability

Results
***********
***************************
***************************
8.1 (95% CI 6.8 to 9.7) months
140 (53.6%)
60.5% (95% CI 54.1 to 66.2)

CI: Confidence interval; OS: Overall survival; PFS: Progression-free survival;

4.2.3 Issues concerning the PROFILE 1005 and 1007 studies
The manufacturer’s economic model utilises data from both the PROFILE 1005 and 1007 studies, as
well as data from an MTC that included studies of docetaxel, pemetrexed and BSC. There are a
number of issues with the evidence presented in the MS that need to be considered, including: the use
of the term ‘mature’ when discussing data from trials; the comparability of the populations within
RCTs, across studies, and with clinical practice; the use of pemetrexed in the comparator arm of the
PROFILE 1007 trial; the assumption that ALK fusion and EGFR mutation are mutually exclusive; the
prevalence of ALK fusion; the level of crossover in the PROFILE 1007 trials and the methods used to
adjust for it; the use of PFS as the primary outcome, and to derive estimates of OS; the use only of
radiographic criteria to determine progression, with no assessment of symptomatic progression. These
issues are discussed in the subsequent sections.
4.2.3.1 The use of the term ‘mature’
The MS stated that OS data from PROFILE 1007 were immature, and data from a mature subset of
patients from the PROFILE 1005 study were to be used to inform the economic model in terms of OS
for crizotinib. The ERG consider the use of the term ‘mature’ in the MS to be potentially misleading;
the definition seems to differ between the PROFILE 1005 and 1007 trials. The difference in the use of
this term was not made clear in the MS when justifying the use of OS data from PROFILE 1005 for
crizotinib.
On P162/3 of the MS, it states: ‘Maturity: In contrast to PROFILE 1007, which currently has only
reported OS as an interim endpoint, 1005 contains much longer-term patient data than study 1007, in
a larger patient population. In PROFILE 1007, only 28% of OS events have been achieved meaning
that extrapolation of these OS results will have a high degree of uncertainty (Table B57). The
PROFILE 1005 mature safety population was also followed up for a longer period of time than 1007;
Kaplan-Meier median follow up from the 1005 mature safety population was 14.2 months (95% CI
13.8 to 15.3), versus 12.2 (11.0 to 13.4) for 1007. Additionally, at the time of the MS, preparation of
the PROFILE 1007 study trial report had not been completed and the lack of a final clinical efficacy
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dataset limited the extent to which data from 1007 could be incorporated into the MS within the
timelines specified by NICE’.
There are several incidences within the MS that imply that the ‘mature’ subset of PROFILE 1005 has
longer-term follow-up and/or a higher event rate, and that it is therefore a more mature dataset than
PROFILE 1007. For example: P20 ‘The OS for crizotinib was extrapolated from PROFILE 1005, as
this provided a larger and slightly more mature patient population than PROFILE 1007 (N=261 in the
mature 1005 population, ********deaths; N=172 in the 1007 population, 48 (28%) deaths), but with
similar baseline characteristics to PROFILE 1007’; P162: ‘The mature population from PROFILE
1005 (n=261) was chosen, as it includes a subset of patients with the longest follow up in the 1005
study, provides a more mature cohort than the 1007, and includes a larger number of patients’.
However, in a footnote of Table A3 on P31, the ERG noted that maturity of the PROFILE 1005 study
was defined as ‘patients who were ALK+ve by the central laboratory using the Abbott Molecular
break-apart fluorescence in situ hybridisation (FISH) test’.
The ERG asked the manufacturer to clarify the definitions used for PROFILE 1005 and 1007. On P12
of the points of clarification, the manufacturer confirmed the following definitions:
PROFILE 1005: 261 patients treated as of 1 February 2011 and defined as ALK+ve by
investigational-use only whose ALK fusion was confirmed centrally prior to the protocol
amendment. As this sub-population had been recruited first, the length of follow-up was greater
than for the full 1005 population. As such, the data was also considered as more mature.
PROFILE 1007: The extent to which the number of events specified in the statistical analysis plan
has been reached (**%); 28% of OS events had been reached by the March 2012 data-cut used in
the MS.
PROFILE 1005 commenced in January 2010, with the data cut for the MS in January 2012. PROFILE
1007 commenced September 2009, with the data cut for the MS in March 2012. Therefore, the trial
duration is similar between the two trials, with that for the patients in PROFILE 1005 being slightly
shorter. The median follow-up time (time from initial recruitment/treatment until exit from the
trial/event occurrence) is reportedly slightly longer for the mature population from PROFILE 1005,
however, this is by only approximately two months (14.2 vs. 12.2 months).
Using the definition for mature used in PROFILE 1007, the data cannot be considered mature for
either study. The higher OS rate in PROFILE 1005 of **% OS events (compared to 28% in PROFILE
1007) may be a reflection of the poorer performance status of the patients in PROFILE 1005. In
addition, on P66 of the MS, it is stated that **% of deaths had been observed at the time of an interim
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analysis for which a date was not specified; these data were used to derive the HR for OS in Table
B11 (HR 1.02, 95% CI 0.68 to 1.54). Therefore, the manufacturer’s rationale for the use of this
subgroup data to inform OS in the PROFILE 1007 crizotinib population is questionable.
4.2.3.2 Comparability of populations at baseline
The manufacturer’s economic model utilises data primarily from four different populations taken
from the PROFILE 1005 and PROFILE 1007 studies:
1. The crizotinib arm in PROFILE 1007;
2. The pooled chemotherapy arm in PROFILE 1007;
3. The docetaxel subgroup from the comparator arm of PROFILE 1007; and
4. The population receiving crizotinib in PROFILE 1005 the manufacturer described as mature.
The baseline characteristics available to the ERG for these populations, along with the entire
PROFILE 1005 population and the PROFILE 1007 pemetrexed subgroup, are given in Table 9. In this
section, we highlight the differences between the populations in these studies.
PROFILE 1005 vs. 1007
In addition to the difference in the use of the term mature, there are also significant differences in
some baseline characteristics (Table 9) between the populations in the PROFILE 1005 and 1007
studies; this is not acknowledged in the MS, which states that the populations in PROFILE 1005 and
1007 are similar in terms of prognostic factors (P163). The differences between these populations,
namely the number and type of prior therapies received and the ECOG performance status, could
impact on treatment response.
Number of prior therapies: Nearly **% of patients in the overall PROFILE 1005 group and over **%
of the subgroup of patients with mature data had three or more prior therapies, compared to
approximately *% of the crizotinib group in PROFILE 1007; **% of the patients treated with
crizotinib in PROFILE 1007 had only one prior systemic therapy.
Type of prior therapies:
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
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**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
***************************.

ECOG performance status:
******************************************************************************
******************************************************************************
******************************************************************************
******************************************************************************
******************************************************************************
******************************************************************************
********************************.
Comparability of populations within PROFILE 1007
The disparities between the populations within PROFILE 1007 were less pronounced than those
between PROFILE 1005 and 1007 (Table 9), although
**********************************************************************************
************************************. Details of the number and type of prior treatments for
the docetaxel and pemetrexed subgroups were not provided when requested from the manufacturer,
therefore, this cannot be fully assessed. The MS states (P54) that pemetrexed was the preferred choice
of treatment for patients recruited to the comparator arm; patients received docetaxel only if they had
received pemetrexed either as part of their prior chemotherapy regimen or as maintenance therapy,
and if they met the liver function test and peripheral neuropathy eligibility criteria. This will have led
to selection bias within the trial. However, in the NHS, pemetrexed is only recommended as first-line
therapy for patients with NSCLC, with docetaxel recommended as second–line therapy, making the
treatment pathway in the docetaxel subgroup reflective of clinical practice. It is however, unclear
whether the docetaxel subgroup is representative in terms of patient characteristics.6
Comparability of the populations in the studies with clinical practice
The manufacturer provided an estimate as to the number of patients they considered to be eligible for
treatment with crizotinib in England and Wales (P31/2). This estimate was 548 patients with stage
III/IV NSCLC with ALK fusion, who had survived first-line therapy, and were eligible for secondline therapy. This was calculated using 5% as the prevalence for ALK fusion in patients with stage
III/IV NSCLC; the reported prevalence of ALK fusion in patients with advanced NSCLC is discussed
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in Section 4.2.3.4; the use of 5% seems a reasonable estimate for an adenocarcinoma-enriched
NSCLC population.
Table 9: Baseline characteristics of the populations in the PROFILE 1005 and 1007 studies
PROFILE 1005

PROFILE 1007

Crizotinib 250 mg BID
Characteristic
Patient number
Duration of follow-up (months)

Whole

Mature

901

261

Crizotinib

Docetaxel

Pemetrexed

250 mg BID

75 mg/m2

500 mg/m2

173

72

99

14.2 (95% CI 13.8 to 15.3)

No. cycles Median (range)

12.2 (95% CI 11.0 to 13.4)
10.5 (1-37)

3 (1-22)

6 (1-30)

Age (years)
Median (range)

53 (>18-83)

52 (24-82)

51 (22-81)

***************

*************

<45

NR

NR

*********

Min 24

Min 26

45<55

NR

NR

*********

NR

NR

55<65

NR

NR

*********

NR

NR

≥65

NR

NR

Max 85

Male (%)

387 (43.0%)

119 (45.6%)

*********
75 (43.4)

Max 71
**********

**********

485 (53.8%)

154 (59.0%)

90 (52.0)

**********

**********

Age (years) N (%)

Ethnicity N (%)
White
Black

18 (2.0%)

8 (3.1%)

*******

********

******

Asian

379 (42.1%)

94 (36.0%)

79 (45.7)

**********

**********

Other

19 (2.1%)

5 (1.9%)

*******

********

******

225 (25.0)
511 (56.7)

68 (26.1%)

72 (41.6)

*********

**********

1

148 (56.7%)

84 (48.6)

*********

**********

2

134 (14.9)

42 (16.1%)

16 (9.2)

********

*********

3

31 (3.4)

3 (1.1%)

0

0

0

Never smoked

592 (65.7%)

176 (67.4%)

108 (62.4%)

*********

*********

Ex -smoker

271 (30.1%)

73 (28.0%)

59 (34.1%)

*********

*********

38 (4.2%)

12 (4.6%)

5 (2.9%)

********

********

826 (91.7%)

245 (93.9%)

163 (94.2%)

**********

**********

Squamous cell

0

0

0

********

*

Large cell

0

0

1 (<1.0%)

*

*********

ECOG performance N (%)
0

Smoking status

Smoker
Histological classification
Adenocarcinoma

Adenosquamous

0

0

*********

261 (100%)

4 (2.3%)
169 (97.7%)

*********

901 100%

**********

**********

0

0

4 (2.3%)

*********

*********

0

3 (<1%)

0

0

NR

NR

1

248 (27.5%)

32 (12.3%)

***********

NR

NR

2

299 (33.2%)

91 (34.9%)

**********

NR

NR

Non-squamous
Other

Number of prior systemic therapies

3

0

0

********

NR

NR

>3

351 (39.0%)

138 (52.8%)

0

NR

NR
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PROFILE 1005

PROFILE 1007

Crizotinib 250 mg BID
Characteristic

Crizotinib

Docetaxel

Pemetrexed

250 mg BID

75 mg/m2

500 mg/m2

Whole

Mature

Patient number

901

261

173

72

99

Not reported

0

0

*********

NR

NR

*********

**********

********

********

**********

***********

***********

***********

**********

**********

Locally advanced

NR

NR

NR

NR

NR

Metastatic

NR

NR

NR

NR

NR

EGFR TKI

***********

***********

**********

*********

**********

Platinum-based

**********

**********

*********

NR

NR

NR

NR

NR

NR

NR

Stage of disease N (%)
III A/B
IV
Extent of disease N (%)

Prior treatments N (%)

Paclitaxel
BSC

NR

NR

NR

NR

NR

Radiation therapy

**********

**********

*********

NR

NR

Investigational therapy

**********

**********

*******

NR

NR

Biologic therapy

NR

NR

*********

NR

NR

Other Chemotherapy

NR

NR

**********

NR

NR

NR

NR

60 (35%)

**********

**********

0

0

0

0

0

Comorbidities N (%)
Brain metastases
Pulmonary fibrosis/interstitial
lung disease

BID: Twice daily; BSC: Best supportive care; ECOG: Eastern Cooperative Oncology Group; EGFR TKI: Epidermal growth
factor receptor tyrosine kinase inhibitor; NR: Not reported

The characteristics of the population that will be eligible for treatment with crizotinib in clinical
practice will reflect the observed characteristics of the ALK+ve population. This is younger people,
Asian descent, non- or light smokers, and patients with adenocarcinomas. The poor prognosis of
NSCLC, and the difficulties tolerating chemotherapy, also means that chemotherapy tends to be
administered in those patients with good performance status (ECOG 0 to 2). This means that
PROFILE 1007 is reflective of the current population of patients with advanced NSCLC and the ALK
fusion eligible for treatment with chemotherapy; PROFILE 1005 was less reflective of this
population. As stated above, it was not clear whether PROFILE 1005 met the criteria relating to the
representativeness of the population recruited into the study compared to the entire population from
which they were recruited. It is worth noting that ALK fusion is found in patients with cancer other
than NSCLC.

29

Crizotinib for ALK fusion positive NSCLC: ERG report
4.2.3.3 Safety and efficacy of docetaxel compared to pemetrexed
The PROFILE 1007 trial uses a comparator arm in which the patients could receive either docetaxel
or pemetrexed; on P54 of the MS, it is stated that docetaxel was only administered in patients who had
received pemetrexed either as part of their prior chemotherapy regimen or as maintenance therapy,
and if they met the liver function test and peripheral neuropathy eligibility criteria. In the NHS,
pemetrexed is used as a first-line therapy as recommended in NICE guidance,6 and is not an option for
second-line therapy. Therefore, both the manufacturer and the ERG consider docetaxel to be the
appropriate comparator for crizotinib. Within the MS, data from the entire chemotherapy control arm
and the docetaxel subgroup are used variably. As a result, the potential for selection bias due to a lack
of randomisation of patients to docetaxel and pemetrexed, and the relative efficacy and safety of
docetaxel and pemetrexed need to be considered in order to assess the appropriateness of using data
from these populations interchangeably. The baseline comparability of the docetaxel and pemetrexed
subgroups to each other and to the crizotinib arm is discussed in detail Section 4.2.3.2. This section
discusses the comparative efficacy and safety of docetaxel and pemetrexed, but it should be borne in
mind that baseline differences in the characteristics of these two populations could influence treatment
effectiveness and/or toxicity, depending upon the interaction between the differences. Without an
analysis of individual patient data, it is not possible for the ERG to predict the direction of such a
change, however the potential impact is important given the results for the docetaxel subgroup and the
whole chemotherapy control group are used variably within the manufacturer’s economic analysis.
The manufacturer identified two phase III trials comparing docetaxel with pemetrexed as second-line
therapy for patients with advanced NSCLC and ECOG status of 0 to 2, the JMEI trial and the GFPC
05-06 trial.7-8 Several systematic reviews were identified by the ERG that evaluated the efficacy
and/or safety of second-line treatments in patients with NSCLC;9-13 the only trial identified in these
reviews that compared docetaxel with pemetrexed was the JMEI trial (it is likely that the GPFC 05-06
was published too recently to be identified by the searches in these reviews). Therefore, it seems that
the MS has included the available evidence.
The JMEI trial recruited 571 patients and reported no statistically significant differences between
docetaxel and pemetrexed in terms of median PFS, median survival time, and 1 year survival.7
However, docetaxel was more toxic, with significantly increased incidence of grade 3 or 4
neutropenia, febrile neutropenia, neutropenia with infections, hospitalisations for neutropenic fever or
other drug-related adverse events, the use of granulocyte colony-stimulating factor support and all
grade alopecia.7 The ERG identified a post hoc analysis of the JMEI trial that investigated the
relationships between QoL, symptoms and efficacy outcomes.14 This analysis reported that there were
no significant differences between docetaxel and pemetrexed in any of the nine QoL items on the

30

Crizotinib for ALK fusion positive NSCLC: ERG report
Lung Cancer Symptom Scale (anorexia, fatigue, cough, dyspnoea, hemoptysis, pain, symptom
distress, activity level, global QoL).14 The GFPC 05-06 trial recruited 150 patients and also reported
similar efficacy outcomes, with no significant difference in terms of objective response rate, median
PFS, and median survival time. As with the JMEI trial, docetaxel proved more toxic with significantly
greater incidence of grade 3 and 4 toxicities.8 The quality of these trials, according to the
manufacturer’s assessment, is unclear; information seems to be lacking regarding the appropriateness
of the method of randomisation, and outcome assessors did not appear to be blinded. Therefore the
trials could be subject to bias.
It is unclear whether a comparison of the effectiveness and safety of docetaxel and pemetrexed would
have the same results in the EGFR-ve/ALK+ve primarily adenocarcinoma population recruited in
PROFILE 1007. The lack of any data in this population makes it difficult to determine the
appropriateness of including data from patients treated with pemetrexed in the comparison with
crizotinib. However, the clinical advisor to the ERG did not consider that the response of the
PROFILE 1007 population to docetaxel and pemetrexed would be different to those seen in the JMEI
and GFPC 05-06 trials. Therefore, the inclusion of data from patients receiving pemetrexed in the
PROFILE 1007 comparator arm, would increase the power of the efficacy outcomes, but would
potentially underestimate the incidence of drug-related adverse events such as neutropenia.
4.2.3.4 Prevalence of ALK fusion and concomitant EGFR mutation
The manufacturer made two major assumptions with regard to a patient’s ALK fusion status: firstly
that ALK fusion and EGFR mutation were mutually exclusive; and secondly, that the prevalence of
ALK fusion in patients with NSCLC was approximately 5%. The ERG sought evidence to determine
the validity of these assumptions.
Concomitant ALK fusion and EGFR mutation
The ERG identified a study, reported as an abstract, that tested 398 patients with NSCLC for EML4ALK fusion status using multiplex reverse transcriptase-polymerase chain reaction (RT-PCR)
followed by sequencing, and EGFR and KRAS mutations by direct DNA sequencing.15 In this study,
the frequency of EML4-ALK fusion was 10.6% (42/398), with 4 patients (1%) having concomitant
EGFR gene mutation and EML4-ALK fusion (all of which had advanced adenocarcinoma wild type
KRAS). Those patients with concomitant EGFR mutation and EML4-ALK gene fusion were sensitive
to first-line EGFR TKIs; the authors could not speculate as to whether they could benefit from ALK
inhibition after failure of EGFR TKIs.15 A second study identified by the ERG detected ALK fusion
in 13/73 patients with lung cancer; one patient (7.7%) with adenocarcinoma had a concomitant EGFR
mutation.16 Given the limited evidence available, it seems that the proportion of patient who have
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concomitant EGFR gene mutation and EML4-ALK fusion would be extremely small, making the
assumption of mutual exclusivity reasonable.
Prevalence of ALK fusion in patients with NSCLC
The ALK fusion gene has been reported to be present in up to 11.6% of patients with NSCLC,
depending on the population studied and screening methods used; the average prevalence was
reported to be approximately 3% in unselected populations and 4.5% in populations that have been
‘enriched’ by selection of patients with adenocarcinoma (Table 10).17
Table 10: Prevalence of ALK fusion in unselected and adenocarcinoma-enriched populations from
Bang (2011):17
Unselected populations

Adenocarcinoma-enriched
populations

Total, N

ALK+ve, n (%)

Soda et al. 2007

Study

Japan

Country

75

5 (6.7)

Total, N

ALK+ve, n (%)

Rikova et al. 2007

China

103

4 (3.9)

Koivunen et al. 2008

USA/Korea

305

Inamura et al. 2008

Japan

221

8 (2.6)

200

8 (4.0)

5 (2.3)

149

5 (3.4)

Takeuchi et al. 2008

Japan

Perner et al. 2008

USA/Switzerland

343

11 (3.2)

253

11 (4.3)

603

16 (2.7)

Shinmura et al. 2008
Boland et al. 2009

Japan

77

2 (2.6)

USA

335

6 (1.8)

185

5 (2.7)

Wong et al. 2009

China

266

13 (4.9)

209

11 (5.3)

Martelli et al. 2009

EU

120

9 (7.5)

Rodig et al. 2009

USA

Takeuchi et al. 2009

Japan

Takahashi et al. 2010

Japan

Zhang et al. 2010

China

Total

63

3 (4.8)

358

20 (5.6)

130

4 (3.1)

211

5 (2.4)

313

5 (1.6)

103

12 (11.7)

62

10 (16.1)

2864

96 (3.4)

1820

82 (4.5)

ALK: Anaplastic lymphoma kinase

Table 10 shows that in studies reporting results for both unselected and adenocarcinoma-enriched
populations that ALK fusion does not seem to be restricted to those with adenocarcinomas. When the
original publications were consulted, the histology in these patients were: seven patients with
squamous cell carcinoma,18-20 two with adenosquamous carcinoma;19 and two with ‘other’ histology
(not adenocarcinoma, lymphoepithelioma-like carcinoma, or squamous cell carcinoma). More recent
studies have reported similar prevalence of ALK fusion. Of the 1500 patients with NSCLC for
inclusion into the PROFILE 1001 study, 82 (5.46%) were ALK+ve and subsequently recruited (96%
had adenocarcinoma).21 A retrospective study that reviewed 640 tumours (70.3% adenocarcinomas),
reported 28 (4.4%) as ALK+ve.22 A study of 465 resection samples (58% adenocarcinomas), reported
18 (4%) to be ALK+ve using chromogenic in situ hybridisation (CISH), of which 17 were also
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ALK+ve using FISH.23 In a prospective study assessing 253 resection specimens of lung
adenocarcinomas, 11 (4.35%) were ALK+ve; 111 other types of lung carcinomas were also assessed,
none of which were ALK+ve.24 The study by Takahashi et al. (2010) included in the review by Bang
et al. (2011)17 reported results for 75 squamous cell carcinomas separately; none were positive for
ALK fusion.25
The manufacturer assumed within the economic analysis that the prevalence of ALK+ve is 5% in the
tested population; given the evidence base, this estimate is slightly on the high side compared to the
average for an adenocarcinoma-enriched population reported by Bang et al. (2011),17 but not
unreasonably so.
4.2.3.5 Methods used to produce OS estimates for patients receiving chemotherapy
Patients can swap treatments during the course of a trial; such crossover is common and unavoidable
in oncology trials. This can be one way, from placebo to treatment in placebo-controlled trials, or in
both directions in trials with active comparators. The usual way of dealing with this when analysing
RCT data is the use of an ITT analysis, however, this can underestimate the treatment effect if there is
a high proportion of crossover.26 Alternatively, trial data can be analysed on a per protocol basis,
where patients are analysed based on the treatment they actually receive, regardless of which
treatment arm they were randomised to, and those who crossover during the trial are either excluded
from the analysis or the censored at the time of their switch.26 This method, however, can result in
selection bias if those omitted differ from those included in the analysis.26 Therefore alternative
methods have been developed to adjust for crossover in RCTs. Four methods were used by the
manufacturer to adjust for the crossover between treatments in the PROFILE 1007 trial: the inverse
probability of treatment weighted (IPTW) method, the IPTCW method, the rank-preserving structural
failure time (RPSFT) method and ‘real world data’.
IPTCW is a double inverse weighting based on Cox proportional hazard models; inverse probability
of treatment weighting is used to balance the treatment-specific baseline adjustment covariate
distributions. Inverse probability of censoring weighted (IPCW) is concurrently applied to deal with
the dependent censoring due to time-varying factors for which no adjustment is made.27 IPTCW has
the advantage over IPCW by assuming the ability to crossover in both directions, rather than from the
comparator to intervention only.27 IPTW uses inverse probability of treatment weighting without
inverse probability of censoring weighting; this method was used only as a sensitivity analysis, and
the results were not considered.
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The RPSFT model estimates ‘counterfactual’ survival times, using data for the time spent on the
control treatment, the time spent on the experimental treatment, an acceleration factor associated with
experimental treatment, and treatment effect. The key assumption was that treatment effect received
by crossover patients was the same as that received by patients initially randomised to the
experimental group. A multivariate version of the method was used for the scenario where a new
therapy was compared to an active control rather than placebo in a randomised trial.
The real world data model estimated the incremental impact on overall survival using a published
case-matched analysis comparing ALK+ve patients in the 1001 study to case-matched, crizotinib
naïve, ALK+ve controls from a retrospective analysis.4
The manufacturer used seven different variations of the IPTCW method. Two of these produced
estimates favourable for chemotherapy, but were excluded from consideration. The manufacturer
stated that ‘a reduced survival benefit associated with crizotinib was considered clinically implausible
due to the PFS benefits of the treatment’. The ERG challenge this view in Section 4.2.3.5; there are
occasions where a benefit in PFS may not translate into a benefit in OS. The five IPTCW models
presented as plausible by the manufacturer, differed in terms of how missing values were imputed.
The methods used were: 1. worst prognosis within cycle imputation and full last observation carried
forward (LOCF); 2. worst prognosis value within cycle and LOCF by 28 days; 3. worst prognosis
value within cycle and LOCF by 56 days; 4. last observed value within cycle and full LOCF; and 5.
last observed value within cycle and LOCF by 56 days. Covariates included in the regression model
were: the treatment the patient was randomised to; ECOG performance; the presence or absence of
brain metastases; prior EGFR TKI therapy; age; gender; time since diagnosis; smoking history;
ethnicity; extent of disease; histological classification; geographic region; an indication of progressive
disease; post progression treatment type, occurrence of grade 3 or 4 adverse event, and change in
body weight. The manufacturer also presented the results of the RPSFT and real world methods
(Table 11).
The ERG has concerns regarding the crossover adjustment methods. Observational methods of
adjustment (such as IPCTW) are particularly sensitive to the proportion of patients who crossover
(increasing bias with increasing proportion of crossover),28-29 and sample size (decreasing bias with
increasing sample size).27-30 RPSFT only produces unbiased estimates when treatment effect is not
time dependent.28-29 Therefore, both these methods have limitations that could bias any crossoveradjusted OS estimates produced using the PROFILE 1007 data.
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Table 11: Modelled mean survival times for crizotinib vs. docetaxel estimated by the different
methodologies; the emboldened result is the one chosen by the manufacturer for their economic
model
PFS
(months)

PD
(months)

PFS to PD
ratio

Absolute survival gain for
Crizotinib (months)

Crizotinib

9.6

23.4

1 to 2.4

NA

Chemotherapy
RPSFT
Real world data

3.9
3.9

23.3
7.4

1 to 6.0
1 to 1.9

5.8
21.7

IPTCW 1 (worst full)

3.9

22.0

1 to 5.6

7.1

IPTCW 2 (worst 28)

3.9

22.0

1 to 5.6

7.1

IPTCW 3 (worst 56)

3.9

20.6

1 to 5.3

8.5

IPTCW 4 (last full)

3.9

23.0

1 to 5.9

6.1

IPTCW 5 (last 56)
3.9
16.8
1 to 4.3
12.3
IPTCW ; Inverse probability of treatment and censoring weighted; NA: Not applicable; PD: Progressive disease; PFS:
Progression-free survival; RPSFT: Rank-preserved structural failure time

If the values in Table 11 are taken at face value, a benefit in terms of PFS of 5.7 months for crizotinib,
would provide a benefit of between 5.8 months (RPSFT method) and 21.7 months (real world data) in
OS. The option chosen by the manufacturer would give a benefit of 12.3 months in terms of OS,
doubling the benefit seen in terms of PFS. The MS stated that all the crossover adjustment methods
were likely to overestimate chemotherapy post-progression survival. The ERG believe the same could
be argued for crizotinib as OS gains exceeded PFS gains for all crossover adjustment methods. Given
that treatment was assumed to stop upon progression within the economic model, it would not seem
clinically plausible that the treatment would prolong OS more in the post-progression stage. It then
follows, that treatment duration is a factor that needs consideration, particularly given the difference
in the assumptions made in the manufacturer’s economic model, and what happened in the PROFILE
1007 trial.
In the PROFILE 1007 trial crizotinib was continued beyond radiographic progression. It is unclear
why this occurred, but one likely scenario the ERG consider valid to explore is that the patients had
not experienced symptomatic progression; continued treatment may have been beneficial in terms of
symptom control. Assuming this was the case, the median time to treatment change could give an
indication to the time to symptomatic progression. Symptomatic progression is likely be the trigger
for treatment change or discontinuation in clinical practice, therefore the use of this trigger could be
more relevant to the NHS. The difference between crizotinib and chemotherapy in the median time to
treatment change was 11.1 months. This means that a benefit in terms of PFS of 11.1 months would
provide a benefit of between 5.8 months (RPSFT method) and 21.7 months (real world data) in OS;
these ratios seem to be more reflective of the evidence in the relationship between PFS and OS seen in
studies of patients with NSCLC (Section 4.2.3.6).
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In summary, there is currently a lack of evidence available to inform survival estimates in an ALK+ve
NSCLC population; the sample size in PROFILE 1007 is too small for the level of crossover to
reliably inform such an estimate. In addition, the limited evidence available in studies in patients with
other types of NSCLC does not support the magnitude of benefit in terms of OS compared to PFS
presented in the MS (Section 4.2.3.6). The ERG therefore questions the validity of the values for OS
presented by the manufacturer.
4.2.3.6 The use of PFS as a surrogate for OS
In trials evaluating the efficacy of a treatment for cancer, OS and PFS are common endpoints. OS is
an accurate measure of the time of death, whereas PFS is a more complex measure of disease
progression or death.31 PFS is increasingly being used as the primary outcome in trials of cancer
therapy, as a surrogate for OS in the absence of mature data; this was the case in the PROFILE 1007
trial. There are several disadvantages to the use of PFS, primarily (but not solely) due to the complex
relationship between PFS and OS; the ability of PFS to accurately predict OS across populations
and/or treatments may vary considerably.32-33 A benefit in terms of PFS may be associated with either
no benefit or a reduction in OS. Examples as to when this could occur are where there is long termtoxicity associated with the intervention, where different treatments have different resistance profiles,
or where biological changes lead to increased metastatic potential.33 The EMA state that the timing
and objectives of an interim analysis should not be planned considering only the detection of
statistical significance in PFS; the maturity of PFS and OS data and evidence available in subgroups
on safety and on secondary endpoints needs consideration, and such considerations may render an
interim analysis impractical.33
There are three recent literature reviews that have reported the relationship between PFS and OS
specifically in patients with NSCLC in RCTs; all received first-line therapy.34-36 Berghmans et al.
(2012) identified a conference abstract for a meta-analysis of seven RCTs, which reported that a 30%
reduction in the risk of progression assessed by PFS predicted a statistically significant effect on OS
in patients with advanced NSCLC treated with docetaxel or vincalcaloid-containing regiments.35 The
review stated that this positive association was not confirmed in RCTs comparing chemotherapy to
EGFR TKIs, despite a high HR favouring the TKI treatment (data not provided).35 Hayashi et al.
(2011) included 69 trials, with 37,986 patients (range 153 to 1,725); most of the trials had high
proportion of male patients, and patients with adenocarcinoma.34 Using Spearman’s rank correlation
weighted by the number of patients in each arm median PFS was shown to be moderately correlated
with median OS (r = 0.43, p<0.0001). The authors concluded that PFS was not strongly associated
with OS.34 Hotta et al. (2011) reported a weak association between PFS and OS using linear
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regression weighted on sample size.36 Median PFS explained approximately 25% of the overall
variability in median OS (R2 0.2563); the relationship was strengthened in patients who had received
first-line platinum-based chemotherapy (r2 0.7354), but was weaker in more recent studies (R2 0.2319)
compared to older studies (R2 0.4214).36
Three reviews investigated the use of time to progression (TTP; time from study enrolment to the first
date of disease progression; same as PFS if death does not occur).35, 37-38 The results of these reviews
have limited value in informing the relationship between PFS and OS.32, 34. Johnson et al. (2006)
conducted a meta-analysis of 61 trials in patients with NSCLC.37 This showed that the incremental
gain in TTP required to predict an improvement in OS was a median of 1.8 months for trials with 750
patients, 2.2 months for 500 patients and 3.3 months for 250 patients.37 Hotta et al. (2009) included
phase III trials of first-line therapy using cytotoxic or molecular-targeted agents in patients with
advances NSCLC; the relationship between median TTP and median OS was low to moderate (R2
0.16 to 0.51), although TTP ratio was identified as an independent predictive factor of OS in a
multiple regression model (p<0.01).38 Berghmans et al. (2012) summarised the findings of Johnson et
al. (2006)37 and Hotta et al. (2009).35
The most recent systematic review was conducted by the Decision Support Unit (DSU), which
investigated the relationship between PFS/TTP and OS for all types of cancer.31 The studies in
NSCLC included in this review were the reviews by Hotta et al. (2009),38 Hotta et al. (2011),36 and
Johnson et al. (2006),37 which have been summarised above by the ERG, and a study by Mandrekar et
al.(2010) of four consecutive Phase II trials conducted by the North Central Cancer Treatment
Group.39 The review concluded that the relationship varies considerably across different types of
cancers, and even where strong evidence exists supporting a correlation between treatment effects, it
is unclear how that should be converted into a quantified relationship between PFS and OS treatment
effects in a cost-effectiveness model. As indicated in the summaries above, the reviews included that
investigated NSCLC showed weak correlations between PFS and OS. Importantly, the DSU
recommend treating with caution any cost-effectiveness analysis which makes a strong assumption
regarding the relationship between PFS and OS.31
In the MS, gains in PFS were derived from parametric curves from the PFS data from PROFILE
1007. As the OS data was considered immature in PROFILE 1007, gains in OS were derived from
using a parametric curve of OS data for crizotinib from PROFILE 1005, and applying a crossoveradjusted HR for docetaxel. The PROFILE 1007 trial had high rates of crossover, which could
compromise the reliability of the OS data; such crossover after progression hampers subsequent
comparisons in terms of OS and other long-term secondary endpoints;33, 40 this was discussed in
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Section 4.2.3.5, and the predicted gains reported in the MS for PFS and OS are given in Table 11. The
predicted OS gains for crizotinib were higher than the PFS gains reported in reviews of trials in
patients with NSCLC.31, 35-38 The weak to moderate relationship between PFS and OS seen in patients
with NSCLC, means the use of such a high estimate of OS gain in excess of the PFS gain, is not
supported by the available evidence.31, 35-38 Even the most conservative value, obtained from the
RPSFT method, seems to be an overestimate considering the evidence available.
4.2.3.7 The use of radiographic criteria only to determine progression
The PROFILE 1007 trial uses the RECIST criteria to identify disease progression and inform the
decision for treatment change; symptomatic progression was not considered. Criteria such as RECIST
were developed to determine tumour response rate; they were not developed to infer meaningful
benefit from those changes (the magnitude of change in tumour size does not necessarily indicate a
change in the patients state or QoL).40 The definitions are arbitrary and used to identify signals of
activity in early drug development, not to convey that achieving these states had an associated benefit
for patients.40 There seems to be little evidence available that investigates the relationship between the
percent increase in tumour size/identification of new lesions on radiographic assessment of
progression and worsening of symptoms. Performance status is considered the best indicator of
progression when considering a patient’s QoL. Lung cancer patients may have poor performance
status scores because of worsening clinical symptoms, disease progression, comorbidities, and
toxicities associated with therapy.41 The EMA recommend the provision of clear definitions on nonradiologic criteria.33 Discussion with the clinical advisor to the ERG has led us to understand that the
point of progression is most commonly determined in clinical practice by worsening of symptoms
rather than radiographic criteria. The relationship between radiographic and symptomatic progression
is unclear. It is possible that progression identified using radiographic criteria would not be sufficient
to cause worsening of symptoms, and therefore the use of only radiographic criteria may result in the
earlier identification of progressive disease and crossover of treatment in the PROFILE studies
compared to clinical practice. This is an important point in terms of the manufacturer’s economic
model, which assumes discontinuation on radiographic progression; the use of symptomatic
progression as the trigger would likely increase the duration of treatment, and therefore costs.
4.3 Critique of the indirect comparison and/or multiple treatment comparison (MTC)
Analysis 2 of the manufacturer’s MTCs (Figure 5) was used to derive an HR for OS for the
comparison between docetaxel and BSC for use in the economic model.
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4.3.1 Trials included in Analysis 2 of the manufacturer’s MTC
Analysis 2 included four trials: PROFILE 1007, GFPC 05-06 and JMEI that compared docetaxel with
pemetrexed,7-8 and TAX 317 that compared two doses of docetaxel with BSC.42 The baseline
characteristics of these trials are given in Table 12. The quality of these trials, according to the
manufacturer’s assessment, is unclear; information seems to be lacking regarding the appropriateness
of the method of randomisation, and outcome assessors did not appear to be blinded. Therefore the
trials could be subject to bias.

Figure 5: Two of the MTCs conducted by the manufacture; results from Analysis 2 were used to
provide an estimate for the relative effect of crizotinib compared to BSC for use in the economic
model
4.3.2 Summary of the results of Analysis 2 of the manufacturer’s MTC
As discussed in Section 4.2.3.3, the two trials comparing docetaxel and pemetrexed showed these
treatments to be comparable in terms of efficacy and QoL outcomes.7-8 The trial comparing docetaxel
with BSC showed benefits of docetaxel 75 mg/m2 over BSC.42 The HR for OS from each of the trials
are given in Table 13, and from Analysis 2 of the manufacturer’s MTC in Table 14. The HR for OS
derived from Analysis 2 for the comparison between crizotinib and BSC and used in the economic
analysis was ***** (95% CI ***** to *****).
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Table 12: Baseline characteristics of the docetaxel, pemetrexed and BSC arms of the trials in Analysis 2 of the manufacturer’s MTC
PROFILE 1007
Docetaxel 75
Pemetrexed
mg/m2
500 mg/m2
72
99
Maximum 30
********
********
************
**********
**********
**********
ALK+ve; EGFR mutation unlikely

GFPC 05-068
Docetaxel 75
Pemetrexed 500
mg/m2
mg/m2
75
75
Median 24
3.7 (1-6)
3.6 (1-7)
59.4 (95% CI ±8.3) 58.3 (95% CI ±8.7)
64 (85.3%)
62 (82.7%)
NR
NR

JMEI7
Docetaxel 75
Pemetrexed
mg/m2
500 mg/m2
288
283
Median 7.5
4 (1-14)
4 (1-20)
57 (28-87)
59 (22-81)
~217 (75.3%)
~194 (68.6%)
NR
NR

TAX 31742
Docetaxel 75
BSC
mg/m2
55
100
Minimum 12
4 (NR)
NA
61 (37-73)
61 (28-77)
35 (63.6%)
65 (65%)
NR
NR

Patient number
Follow-up (months)
No. cycles Months (range)
Age Median (range)
Male (%)
EGFR+ve (%)
ECOG performance N (%)
0
*********
**********
13 (23.6%)
22 (22%)
70 (93.3%)
71 (94.7%)
~255 (88.6%)
~248 (87.6%)
1
*********
**********
28 (50.9%)
53 (53%)
2
********
*********
5 (6.7%)
4 (5.3%)
~33 (11.4%)
~35 (12.4%)
14 (25.5%)
25 (25%)
Smoking status
Never smoked
*********
*********
NR
NR
NR
NR
NR
NR
Ex -smoker
*********
*********
NR
NR
NR
NR
NR
NR
Smoker
********
********
NR
NR
NR
NR
NR
NR
Histological classification
Adenocarcinoma
**********
**********
NR
NR
~142 (49.3%)
~154 (54.4%)
NR
NR
Squamous cell
********
*
23 (30.7%)
18 (24%)
~93 (32.3%)
~78 (27.6%)
NR
NR
Large cell
*
*********
NR
NR
NR
NR
NR
NR
Adenosquamous
*********
*********
NR
NR
NR
NR
NR
NR
Non-squamous
**********
**********
52 (69.3%)
57 (76%)
~195 (67.7%)
~205 (72.4%)
NR
NR
Other
*********
*********
NR
NR
NR
NR
NR
NR
Number of prior systemic therapies
0
NR
NR
0
0
NR
NR
0
0
1
NR
NR
75 (100%)
75 (100%)
NR
NR
44 (80%)
76 (76%)
2
NR
NR
0
0
NR
NR
7 (12.7%)
15 (15%)
3
NR
NR
0
0
NR
NR
4 (7.3%)
9 (9%)
>3
NR
NR
0
0
NR
NR
Stage of disease N (%)
III A/B
********
**********
16 (21.3%)
13 (17.3%)
~73 (25.3%)
~71 (25.1%)
15 (27.3%)
19 (19%)
IV
**********
**********
59 (78.7%)
62 (82.7%)
~215 (74.7%)
~212 (74.9%)
40 (72.7%)
81 (81%)
Extent of disease N (%)
Locally advanced
NR
NR
0
0
NR
NR
NR
NR
Metastatic
NR
NR
75 (100%)
75 (100%)
NR
NR
NR
NR
Prior treatments N (%)
EGFR TKI
*********
**********
NR
NR
NR
NR
NR
NR
Platinum-based
NR
NR
75 (100%)
75 (100%)
~259 (89.9%)
~262 (92.6%)
55 (100%)
100 (100%)
Paclitaxel
NR
NR
NR
NR
~80 (27.8%)
~73 (25.8%)
NR
NR
BSC
NR
NR
NR
NR
NR
NR
NR
NR
~ Approximate figures calculated by the ERG from the total number of patients and proportions reported; BSC: Best supportive care; ECOG: Eastern Cooperative Oncology Group; EGFR:
Epidermal growth factor receptor; NA: Not applicable; No.: Number; NR: Not reported; TKI: Tyrosine kinase inhibitor
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Table 13: Results for OS from the individual trials included in Analysis 2 of the manufacturer’s MTC
(P95 of the MS)
Study
JMEI

Treatment

7

2

0.99 (0.82 to 1.20)

2

1.17 (0.83 to 1.64)

Pemetrexed vs. Docetaxel 75 mg/m

GFPC 05-06
TAX 317

HR (95% CI)

42

8

Pemetrexed vs. Docetaxel 75 mg/m
2

Docetaxel 75 mg/m vs. BSC

Profile 1007

Crizotinib vs. Docetaxel 75 mg/m

Profile 1007

Crizotinib vs. Pemetrexed

0.484 (NR)
2

*******************
*******************

BSC: Best supportive care; CI: Confidence intervals; HR: Hazard ratio; NR: Not reported

Table 14: Results for OS the comparisons between crizotinib and docetaxel and BSC from Analysis 2
of the manufacturer’s MTC
Page of MS

Outcome

HR (95% CI)

97/8

vs. BSC

**********************

105
309
311/2

*******************
vs. docetaxel

*****************) with RPSFT adjustment
*****************) with GFPC 05-06 excluded

BSC: Best supportive care; CI: Confidence intervals; HR: Hazard ratio; MS: Manufacturer’s submission; RPSFT: Rankpreserved structural failure time; Vs.: Versus

4.3.3 Further MTCs conducted by the manufacturer
The manufacturer conducted further MTCs that included trials of erlotinib and gefitinib, with placebo
arms either considered separately or combined with the BSC arms (networks P301 of MS). The
addition of a substantial volume of data in these analyses would have strengthened the analyses
statistically, however, the populations in these additional trials are even less similar to those of
PROFILE 1007 than the TAX 317, JMEI and GFPC 05-06 trial populations. In addition, ALK fusion
genes are considered to be strongly associated with resistance to EGFR TKIs such as erlotinib and
gefitinib, therefore, ALK+ve patients that were recruited into these trials are most likely to be a small
subgroup of the patients where the treatment was not effective. Therefore the use of the relative
effectiveness of these treatments to placebo or BSC to inform the relative effect of crizotinib to BSC
is questionable. The results from these analyses were not used in the manufacturer’s economic model,
therefore these trials are not discussed further in the ERG report.
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4.3.4 Issues requiring consideration regarding the manufacturer’s MTC
4.3.4.1 Baseline comparability of the populations in the studies in Analysis 2
The populations in the trials included in the MTCs differ from that of PROFILE 1007. Table 9 shows
the available baseline characteristics of patients in the docetaxel and pemetrexed subgroups of the
comparator arm of PROFILE 1007 and the docetaxel, pemetrexed and BSC arms of the three trials
included in Analysis 2.
One of the major differences between the JMEI and GFPC 05-06 trials and PROFILE 1007 is
*******************************************************; the distribution of histology
across the patients in TAX 317 was not reported. In addition, the median age
**********************************************************************************
**********************************************************************************
**********. The ALK fusion gene appears to be more common in younger people and patients with
adenocarcinomas, therefore these are likely to be important prognostic differences between the
populations.17, 43 There is also a substantial difference in
**********************************************************************************
**********************************************************************************
***************************************. All these factors could impact on treatment
effectiveness, and therefore, there is some question as to the reliability of the HR for OS for the
comparison between crizotinib and BSC.
4.4 Were any relevant trials excluded or missed from the manufacturer’s submission?
The ERG did not identify any completed studies that were relevant to the decision problem that were
not included in the MS. The MS identified the PROFILE 1005 and 1007 studies as ongoing. The ERG
identified 10 further Pfizer-sponsored studies that are registered and classified as ongoing; details are
given in Appendix 11.1.44-53 Two of the identified studies are phase III trials of crizotinib as a firstline treatment.46, 52
4.5 Screening for the ALK fusion gene
Crizotinib will benefit a subgroup of patients with NSCLC with ALK fusion, making the accuracy
and affordability of the detection of ALK fusion an important factor in the patient management
pathway. Several methods for detecting the EML4-ALK fusion have been developed since its first
detection in a lung adenocarcinoma specimen in 2007.54 Currently, the Vysis ALK Break-Apart FISH
Probe Kit is the only test to have been validated for the detection of ALK fusion status, and is
considered the gold standard.55 Other methods that may be used include immunohistochemistry (IHC)
using an ALK-specific antibody, CISH (not identified as an alternative in the MS), reverse
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transcription polymerase chain reaction (RT-PCR), and next generation sequencing (NGS). Detailed
descriptions of these tests have been published elsewhere.17, 55-59 Brief summaries are given in
Appendix 11.2.
4.5.1 Test accuracy
The MS identifies several tests that could be of use during the screening for ALK fusion, either as an
alternative to, or supplementary to ALK FISH. As the Vysis ALK Break-Apart FISH Probe Kit is
considered the gold standard for detecting ALK fusion, evidence was sought by the ERG that assessed
the accuracy of the tests identified by the manufacturer (and CISH), using FISH as the reference
standard, to investigate the potential for their use in clinical practice.
CISH: One study used 465 FFPE tissue samples to compare the results of CISH (conducted in 449
patients) with FISH (conducted in 453 patients); the sample consisted of 269 adenocarcinomas, 169
squamous cell carcinomas, and 27 with other histology.23 CISH identified 18 patients with ALK
fusion, and FISH 19 patients. The sensitivity of CISH was 94.4% and specificity was 100%; these
estimates were based on the results of 18 patients, as FISH had one test result classified as not
applicable (the meaning of this was not reported).23
IHC: A recent review identified 11 published articles (including 13 datasets) reporting comparisons
between IHC and FISH in patients with NSCLC.59 A range of antibodies were used across the studies;
the ALK1 antibody was used in six studies, 5A4 in four, and D5F3 in two; the results for the
comparisons between FISH and IHC reported in Thunnissen et al. (2012) where IHC+ was defined as
2+ or 3+, are provided in Appendix 11.2. The MS suggests that once an IHC becomes validated, that
FISH would be used only in those patients who had an equivocal IHC result (IHC 1+ or 2+) that
needed validation; some of the studies contained within the review by Thunnissen et al. (2012)
reported concordance for each of the IHC categories, and therefore provide evidence to test this
suggestion (Table 15 to Table 18).59
Table 15: Results from Yang et al. (2011)60
IHC 3+

IHC 2+

IHC 1+

IHC 0

Total

FISH+ve

15

3

2

0

20

FISH-ve

0

11

52

124

187

FISH not done

3

0

10

83

96

Total

18

14

64

207

303
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Table 16: Results for the test and validation sets combined from Paik et al. (2011)22
IHC 3+

IHC 2+

IHC 1+

IHC 0

Total

22

6

0

0

28

FISH-ve

0

10

16

586

612

Total

22

16

16

586

640

FISH+ve

Table 17: Results from Paik et al. (2012); this dataset include results for patients in the validation set
used in Paik et al. (2011) presented in Table 1661
IHC 3+

IHC 2+

IHC 1+

IHC 0

Total

FISH+ve

15

13

0

0

28

FISH-ve

0

7

20

680

707

Total

15

20

20

680

735

IHC 3+

IHC 2+

IHC 1+

IHC 0

Total

FISH+ve

8

1

1

0

10

FISH-ve

0

2

20

69

91

Total

8

3

21

69

101

Table 18: Results from Yi et al. (2011)62

FISH: Fluorescence in situ hybridisation; IHC: Immunohistochemistry

The manufacturer was requested to provide the sources of data used in their submission relating to the
analytical and clinical validity of the three testing strategies considered in the economic model: IHC
with FISH validation for IHC1+/2+; IHC with FISH validation for IHC 1+/2+/3+; and FISH only.
The manufacturer provided unpublished 2x2 data from a presentation of study conducted by Blackhall
et al. (2012) that they considered to be the largest to date from the European Thoracic Oncology
Platform (ETOP) group’s work on the Lungscape project; the study used the 5A4 antibody, and the
Vysis Break-Apart FISH probe, in patients with adenocarcinoma NSCLC.63 The study was not
included in the review by Thunnissen 2012.64 From the data provided by the manufacturer, Table 19
was derived by the ERG.
Table 19: Table of test performance derived by the ERG using the data provided by the manufacturer
from the Blackhall et al. (2012) study.64
IHC 3+

IHC 1+, 2+

IHC 0

Total

19

3

1

23

FISH-ve

2

36

137

175

Total

21

39

138

198

FISH+ve

FISH: Fluorescence in situ hybridisation; IHC: Immunohistochemistry

These results support the manufacturer’s suggestion that that once an IHC becomes validated, that
FISH could be used to validate equivocal IHC results (IHC 1+ or 2+).
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The accuracy of IHC will be affected by the antibody clone used. One study reported the results of
comparison of different antibodies used in IHC for the detection of ALK fusion that had been
confirmed by FISH (Table 20 to Table 22).65 From Table 20 and Table 21, it can be seen that ALK1
missed three tumours with ALK fusion, making 5A4 the more sensitive of the two antibody clones.
From Table 22, D5F3 resulted in one false positive, and caused membranous staining in 264 ALK-ve
samples that were correctly classified as negative by 5A4. The 5A4 clone resulted in 94 false
positives; these also exhibited membranous staining with D5F3. If membranous staining is easily
distinguishable from true positive results, then it seems that the D5F3 antibody clone may provide the
most accurate results.
Table 20: ALK1 compared to 5A4 using tissue microarray
5A4+ve

5A4-ve

Total

10

0

10

ALK1-ve

3

348

351

Total

13

348

361

ALK1+ve

Table 21: ALK1 compared to 5A4 using biopsy tissue
5A4+ve

5A4-ve

Total

ALK1+ve

3

0

3

ALK1-ve

3

37

40

Total

6

37

43

Table 22: D5F3 compared to 5A4
5A4+ve

5A4-ve

Total

12

1

13

D5F3-ve

0

343

343

D5F3 Membranous only

94

264

358

Total

106

608

714

D5F3+ve

Ventana®: Ventana has been compared to the Vysis ALK Break-Apart FISH Probe Kit in three
studies, the results of which are presented in the Ventana package insert provided by the manufacturer
in response to the points for clarification; these are reproduced in Appendix 11.2.66 Ventana uses the
**** antibody clone. Sensitivity of Ventana ranged from ****% to ***%, and specificity from
****% to ***% across the three studies.
**********************************************************************************
**********************************************************************************
**********************************************************************************
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**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
****************************66
RT-PCR: No studies were identified by the ERG with the aim of evaluating the diagnostic accuracy of
RT-PCR using FISH as the reference standard. One study identified 6/35 NSCLC samples (5
adenocarcinoma and 1 squamous cell) as ALK+ve using IHC and FISH, and examined four of these
using RT-PCR. RT-PCR failed to identify the ALK fusion in two of these cases.18 Another study
identified 11/253 lung adenocarcinomas as having ALK fusion using RT-PCR. The authors stated that
these were confirmed by genomic PCR and FISH, however, this does not give an indication as to the
number of specimens with ALK fusion that RT-PCR may have missed.24
NGS: No studies were identified by the ERG that compared the results of NGS with FISH.
4.5.2 Population to be screened
As discussed in Section 4.2.3.4, ALK fusion is primarily detected in patients with adenocarcinoma,
and the co-existence of ALK fusion with EFGR mutation is rare. It is therefore an option to restrict
testing for ALK fusion in patients with adenocarcinoma and/or patients who are EGFR-ve. The MS is
primarily based upon studies that excluded patients with squamous cell carcinoma, and therefore on
an adenocarcinoma-enriched population. The clinical advisor to the ERG indicated that in the UK, it
is likely that only patients with adenocarcinoma would undergo ALK testing. However, the
histopathologist advising the ERG expressed a desire to see more widespread testing, so that patients
with ALK fusion who may benefit from treatment would not be missed. As highlighted in Section
4.2.3.4, not all ALK fusion is seen in patients with pure adenocarcinoma. Across eight studies that
reported both unselected and adenocarcinoma populations (Table 10), 69 patients were ALK+ve. Of
these 69, 11 (15.9%) patients had histology other than adenocarcinoma, of which only two were
reported as having an adenocarcinoma component.17
There are several guidelines available regarding the population requiring screening; these were
summarised by Thunnissen et al. (2012):59
National Consensus from Spain: testing in patients with advanced NSCLC who are negative for
the EGFR mutation (all histological subtypes in non-smokers; non-squamous cell carcinoma
subtype in current or ex-smokers)
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National Comprehensive Cancer Network (NCCN) guidelines: testing concurrent with EGFR
mutation testing for adenocarcinomas, large cell carcinomas and NSCLC not otherwise specified;
Guidelines in Switzerland and France: testing only by FISH and only in EGFR-ve/KRAS-ve
adenocarcinoma patients.
Draft Lung Cancer Biomarker Guidelines, produced by a collaboration between the College of
American Pathologists, the International Association for the Study of Lung Cancer, and the
Association for Molecular Pathology, recommended the testing of all NSCLCs that have an
adenocarcinoma component, including adenosquamous carcinomas.67 The guidelines did not
recommend ALK testing for pure squamous cell, small cell carcinomas, or neuroendocrine
carcinomas, unless the sample was too small to exclude an adenocarcinoma component.67 The
guidelines went on to state that ALK fusion testing is indicated in all patients who are candidates for
EGFR testing, using the Break-Apart ALK FISH method; rearrangement in >15% of 50 analysed cells
should be considered as evidence of an ALK+ve tumour.67 The guidelines highlighted the challenges
of using IHC for detecting ALK fusion due to low expression levels, and did not recommend the use
of RT-PCR.67 The guidelines did not consider patient characteristics such as age, ethnicity, or
smoking history to be sufficiently sensitive for selecting patients for EGFR or ALK testing.67
There is clearly inconsistency across guidelines as to precisely who should be tested for ALK fusion.
As expected, it seems that recommendations are based primarily on tumour histology and EGFR
status. Age and ethnicity do not contribute to any of the algorithms, and smoking history was used to
indicate when testing should occur in squamous cell carcinomas in one guideline.59 It is difficult to
give an accurate estimation for the number of patients that may be missed if screening was confined to
patients with adenocarcinoma. The ERG attempted to calculate a rough estimate using the method
used by the manufacturer to calculate the number of patients who would be eligible for treatment with
crizotinib (Table A4, P31/2). The ERG used the number of patients with NSCLC stage III/IV
estimated by the manufacturer in Table A4, P31/2 of the MS (19,561), the estimated proportion of
patients with different histologies presented in the MS in Figure A2, P29 of the MS (50%
adenocarcinoma; 37.5% squamous cell; 12.5% large cell), a more conservative estimate than the 3.5%
average reported by Bang et al. (2011)17 for the prevalence of ALK fusion in unselected populations
(3%), and the above-average 5% estimate used by the manufacturer for the prevalence of ALK fusion
in adenoma-enriched populations. Using these values, there could be nearly 100 patients with nonadenocarcinoma NSCLC who may benefit from crizotinib (Box 1); there is substantial uncertainty
around this estimate.
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Box 1
19,561 patients with stage III/IV NSCLC
3% of 19,561 with ALK fusion = 586 patients
50% of 19,561with adenocarcinoma = 9,781
5% of 9,781 with ALK fusion = 489 patients
586 – 489 = 98 (16.7%) patients with ALK fusion who do not have adenocarcinoma

If it is considered likely that such a proportion of patients could be missed if screening was restricted
to patients with adenocarcinoma, and this was an unacceptable miss rate, screening would have to
extend beyond those with adenocarcinoma, and probably beyond those with an adenocarcinoma
component to their tumour. This would involve a substantial additional cost to the NHS. As the
incidence of concomitant ALK fusion and EGFR mutation is rare, testing of non-adenocarcinomas
could be restricted to patients who test EGFR-ve. A simple average of the data contained on the
Somatic Mutations in Epidermal Growth Factor Receptor DataBase (SM-EGFR-DB) gives a rate of
EGFR mutation of approximately 27% in patients with NSCLC;68 published sources report rates of
between 10% to 15% in Caucasians and up to 40% in those of Asian descent.69 Using the 27%
average, of the 9,781 non-adenocarcinoma tumours, approximately 7,140 would be EGFR-ve. This is
still a substantial number of patients to screen, and therefore costly for the NHS. Smoking history has
been used during the selection of people with non-adenocarcinoma tumours.59 However, evidence
shows that adenocarcinoma is the predominant histological type in never smokers (accounting for up
to 70% of tumours in cohorts identified by Wakelee et al. (2007)),70 making the screening of only
non-smokers in those with non-adenocarcinomas questionable.
In summary, although it is clear that patients with adenocarcinoma histology, particularly those who
are EGFR-ve, would be the primary target for testing for ALK fusion, it is unclear how many patients
who may benefit from crizotinib would be missed, and the most appropriate testing strategy in
patients with non-adenocarcinoma histology in order to identify these patients has yet to be
established.
4.5.3 Timing of screening in the patient management pathway
The main issues regarding the timing of tests are:
1. Should testing for EFGR and KRAS mutations and ALK fusion be conducted simultaneously
or sequentially, with testing for ALK fusion conducted only in those who are EFGR-ve?
2. If an IHC test is validated, should it be used as an initial screening test, with subsequent
validation only of equivocal results by FISH?
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3. Should testing for ALK fusion be conducted early in the treatment management pathway at
the time of initial testing, or once treatment has failed and crizotinib is being considered as a
second-line therapy?
The MS relies upon studies that use only ALK FISH to screen for ALK fusion, as this is currently the
only validated test. However, the MS suggests that once an IHC becomes validated, that FISH would
be used only in those patients who had an equivocal IHC result (IHC 1+ or 2+) that needed validation.
Although the evidence currently available supports this suggestion in terms of accuracy, factors other
than test accuracy need to be considered.
Stepwise testing algorithms make more efficient use of resources than simultaneous testing, but can
result in a delay in treatment. Due to the rapid deterioration these patient can experience, timeliness of
treatment is important. Given the time constraint associated with stepwise testing algorithms, the lung
cancer biomarkers guideline recommends that such algorithms should contain no more than 3 steps
and must still be completed within 10 working days.67 The guidelines state that the simplest algorithm
would be to test for EGFR mutations, then proceed to ALK FISH if the EGFR results are wild type,
but also suggest a slower, more costly alternative that would begin with a KRAS analysis, with
KRAS-ve tumours then being tested for EGFR, and only KRAS-ve/EGFR-ve tumours being tested for
ALK fusion.67
Several algorithms suggest initial IHC with subsequent confirmation in patients with a positive test
(IHC 1+, 2+ or 3+).59, 61, 65, 71 However, this is not the method used during screening of other types of
cancer, where only equivocal results (IHC 1+ and 2+) go on to be confirmed by FISH. As highlighted
earlier in the test accuracy part of this section, IHC 0 generally results in a negative FISH result, and
IHC 3+ in a ALK+ve FISH result. Therefore, it is the equivocal IHC results where the use of ALK
FISH may be most beneficial; this approach would reduce the number of ALK FISH test required, and
therefore the cost of screening. The use of ALK FISH in equivocal IHC results is the strategy
recommended by both the manufacturer, and the clinical advisor to the ERG. However, in order for
the any sequential screening strategy to be introduced, at least one IHC test would need to be
validated. Currently, only ALK FISH has been validated.
As with the use of sequential testing, delaying testing for ALK fusion until the time when second-line
therapy is being considered after treatment failure, rather than at the time of diagnosis, would delay
the administration of crizotinib to those who would benefit. The Lung Cancer Biomarker Guidelines
recommend the testing of all stage III and IV disease for ALK and EGFR at the time of diagnosis, if
an adenocarcinoma component of the tumour is established; the timing of testing of earlier stage
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cancers was considered to be a decision for the individual institution.67 It should be kept in mind that
there is some indication that requests could be made for crizotinib to be made available for first-line
treatment, which would negate this issue.71
4.5.4 Summary
It has been highlighted that any practically useful screening process would need to demonstrate a low
rate of false negatives, low variability in sensitivity and specificity of the antibody used, and robust
reliability across multiple users and sites; the use of IHC for ALK fusion screening is considered
desirable due to its practicality and wide availability.17 For this to occur, an IHC test would need to be
validated; the D5F3 antibody clone seems to be the most promising of the three available (ALK1, 5A4
and D5F3). If this happens, it seems reasonable for the use of IHC, with subsequent confirmation of
equivocal results using ALK FISH to become standard practice, as it is for screening for other types
of cancer.
**********************************************************************************
**********************************************************************************
**********************************************************************************
************************************************* The PROFILE 1007 trial reflects current
UK clinical practice, as ALK FISH is the only validated test for ALK fusion. In terms of the
population to be tested, patients with adenocarcinoma histology, particularly those who are EGFR-ve,
would be the primary target for testing for ALK fusion. The most appropriate testing strategy in
patients with non-adenocarcinoma histology is unclear; if only patients with an adenocarcinoma
component to their tumour are screened for ALK fusion, some patients who may benefit from
crizotinib would be missed.
The testing strategy is a crucial part of the patient treatment pathway, and there are a number of
potential test/treat strategies that could be relevant. Therefore lack of clarity as to the most appropriate
testing strategy (due to uncertainty regarding the prevalence of ALK fusion in non-adenomatous
NSCLC and the lack of data validating an IHC assay) has implications for the decision problem under
investigation, and consequently cost-effectiveness as the testing approach will clearly impact costs,
but may also impact on the effectiveness/costs of the treatment itself.
4.6

Conclusions of the clinical effectiveness section

The MS evaluated the effectiveness and safety of crizotinib for the treatment of previously treated
locally advanced or metastatic NSCLC that is positive for ALK fusion. The systematic review
conducted by the manufacturer was generally well-conducted, and no relevant, completed, studies

50

Crizotinib for ALK fusion positive NSCLC: ERG report
appear to have been missed. Ten ongoing Pfizer-sponsored studies of crizotinib were identified by the
ERG that were not highlighted in the MS.
Compared to the NICE scope, the MS:
Did not consider erlotinib or other EGFR TKIs to be relevant comparator to crizotinib; trials
of these drugs were included in an MTC, but the results were not used in the economic model.
Relied upon PFS as the primary outcome, as this was the primary outcome in the PROFILE
1007 trial, and the OS data were considered to be immature.
Included data for patients who received pemetrexed in the comparator arm of PROFILE 1007,
therefore, although there was a direct comparison between crizotinib and docetaxel, this was
not a randomised comparison; patients were preferentially allocated to pemetrexed and only
received docetaxel if they had been treated with pemetrexed previously.
The manufacturer made some assumptions within the MS. The ERG agrees with the manufacturer
that: ALK+ve/EGFR+ve is rare and presumption of mutual exclusivity seems reasonable; EGFR TKIs
are not suitable comparators for crizotinib as a second-line treatment; 5% is a reasonable prevalence
rate for ALK fusion in adenocarcinoma-enriched populations. The ERG do not agree, however, that:
the populations recruited into PROFILE 1005 and 1007 are comparable; the use of a ‘mature’
subgroup of patients from PROFILE 1005 to inform OS on crizotinib is appropriate, as the higher
event rate is probably due to the population having a poorer performance status rather than a longer
period of follow-up; the results from the IPTCW 5 analysis, used in the base-case of the economic
analysis, represent the relationship between PFS and OS in clinical practice. Whether the inclusion of
data from patient receiving pemetrexed is appropriate remains uncertain.
The PROFILE 1007, one of the two studies on which the MS was primarily based, was generally a
well-conducted trial. The other studies that contributed to the MS and in particular their economic
analysis (PROFILE 1005, JMEI, GFPC 05-06, and TAX 317) all had methodological limitations that
could have introduced bias.
Overall, the evidence shows crizotinib to have a significant improvement in PFS compared to
chemotherapy, and compared to the docetaxel subgroup. However,
**********************************************************************************
************; the adverse event profile for the combined chemotherapy arm is likely to be better
than the profile would have been if only docetaxel was administered. Currently, there is a lack of
evidence for the efficacy and safety of crizotinib in terms of OS. This is a particularly important issue,
as the projected gains that are applied within the economic model appear to be the main driver of cost-
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effectiveness. There is also a group of patients who may not be able to tolerate chemotherapy and who
could benefit from crizotinib, for which there is currently no data; this leads to concerns regarding the
generalisability of the evidence in the population that is currently available.
In relation to screening strategies for detecting ALK fusion, the PROFILE 1007 trial reflects current
UK clinical practice, as ALK FISH is the only validated test. If an IHC test is validated and becomes
available, the evidence supports the testing strategy used for other cancers, where ALK FISH would
only be required in patients with equivocal IHC results (IHC 1+ or 2+), as long as the antibody clone
is readily available at a reasonable cost. Patients with adenocarcinoma, particularly those who are
EGFR-ve, would be the primary target for testing for ALK fusion; the most appropriate testing
strategy in patients with non-adenocarcinoma histology is unclear.

52

Crizotinib for ALK fusion positive NSCLC: ERG report
5

COST EFFECTIVENESS

The manufacturer’s initial economic submission to NICE included:
1. A systematic review of the cost-effectiveness evidence for crizotinib in ALK+ve patients.
2. A de-novo economic evaluation including an electronic version of the model in Microsoft
Excel.
This section of the ERG report provides a critical review of the quality of the economic evaluation;
key assumptions, possible limitations and any remaining uncertainties are highlighted. These issues
are subsequently explored through additional model analyses undertaken by the ERG in Section 6.
5.1

ERG comment on manufacturer’s review of cost-effectiveness evidence
5.1.1

Searches

The manufacturer conducted three searches for the review of cost-effectiveness. These aimed to
identify:
1. Economic evaluations of patients with advanced/metastatic (stage IIIb/IV) NSCLC treated with
pharmaceutical interventions currently used in clinical practice;
2. Measurement and valuation of health effects (HRQoL data relating to NSCLC); and
3. Resources, measurement and valuation (cost studies in advanced lung cancer).
Each search included all the databases specified by NICE in the specification for MS of evidence;
MEDLINE, MEDLINE In-Process, EMBASE, EconLIT and NHS EED. Hand-searches of the
conference proceedings of key societies were also undertaken for the review of economic evaluations,
and various HTA websites were searched to identify economic models for each of the searches. The
MS gave detailed descriptions for each of the search strategies, which largely met NICE requirements.
They included the specific databases searched; the service providers used; the dates across which the
searches were conducted; and the complete strategies used. No details of the EconLit strategy were
included in the MS. The search terms used for each search facet were generally appropriate, with the
correct use of Boolean operators, truncation and wildcards. Crizotinib was not included in the search
terms used for pharmaceutical interventions for NSCLC, although in MEDLINE and EMBASE
broader index terms were included in the strategy that were likely to have captured cost effectiveness
studies of crizotinib. Therefore, although there was the potential for relevant cost effectiveness studies
of crizotinib to have been missed, the ERG does not believe this to be the case, within the dates
searched by the manufacturer. It is worth noting, that the searches for the economic sections of the
MS were conducted in October 2011, and were therefore conducted a year prior to the submission. As
a consequence, a 2012 publication was missed by the manufacturer.
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5.1.2

Inclusion/exclusion criteria used for study selection

The manufacturer’s searched for economic evaluations, including cost-effectiveness, cost-utility and
cost-benefit analyses. To be included in the analysis, a study had to report on one of a range of
treatments currently available in clinical practice, including crizotinib. The ERG believes that the
inclusion/exclusion criterion was reasonable, and would have identified any relevant studies.
5.1.3

Studies included and excluded in the cost effectiveness review

The manufacturer’s review did not identify any cost-effectiveness analyses that assessed crizotinib.
The ERG identified one relevant cost-effectiveness study by Atherly et al. (2012) 72 that was not
included in the MS as it was published after the manufacturer conducted their search. The study aimed
to assess the cost-effectiveness of molecular screening techniques for targeted drugs, using crizotinib
as an example, from a US societal perspective. Three ALK screening tests were considered: FISH (the
gold standard), RT-PCR and IHC. Four screening populations were considered, restricted
accumulatively according to the following criteria: NSCLC patients; patients with adenocarcinoma
histology; never-smokers; and patients known to be both EGFR and KRAS wild-type. The study
concluded that: FISH was the most expensive but provided the most QALYs per person screened;
IHC was the least expensive and ranked second in terms of QALYs; and as the patient population
became increasingly restricted (enriched) ALK prevalence increased, but so did the proportion of
cases missed, resulting in an increase in the QALYs gained per person screened and decrease in
screening cost per QALY. For prevalence rates of <5%, acceptable cost-effectiveness (using a
threshold of $100,000 per QALY) was only achieved through either reducing the screening price or
through restricting the tested population. As the prevalence of ALK+vity increased, the relative
importance of the screening costs diminished; at a rate of 3 to 5% (depending on exact cost of
screening test), the price of the drug treatment alone dominated.
5.1.4

Conclusions of the systematic review

Currently there is a lack of evidence on the cost-effectiveness of crizotinib. The only study, identified
by the ERG, was US specific, making generalisability of the results to the UK uncertain. In addition,
there were stylistic and methodological flaws, in particular no justification for the choice of sources
used to derive cost, QALY and effectiveness data were reported, and the calculation of cost and
QALY data was overly simplistic. The ERG therefore considers the manufacturer’s model to provide
the most relevant evidence for the decision problem. Nevertheless, Atherly et al. (2012) highlighted
key potential drivers in the economic model that should be kept in mind. In particular it highlights the
combined importance of the prevalence rate and cost of testing in determining to what extent the cost
of testing dominates in a cost-effectiveness analysis, and the trade-off between having increased true
positives and false negatives with reduced costs when restrict testing to enriched populations.
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5.2

Summary and critique of the manufacturer’s submitted economic evaluation by the ERG

The de novo analysis presented by the manufacturer uses a three health state model (progression free,
progression and death) referred to as a semi-Markov “area under the curve” analysis. The transitions
were informed from several data sources and different methods were applied to each of the treatments
evaluated. Table 23 provides a summary of the manufacturer’s economic evaluation, with
justifications for key aspect and signposts to the relevant sections of the MS. The ERG has considered
the methods applied in the manufacturer’s economic evaluation in the context of a detailed checklist,
reported in Appendix 11.3.73
5.2.1

Model structure

The de novo analysis presented by the manufacturer uses a three health state model which the
manufacturer refers to as a semi-Markov “area under the curve” analysis (Figure 6). The three states
are: (i) Progression free (PF); (ii) Progressed disease (PD); and (iii) Death, which is the absorbing
state. Patients enter the model in the PF state and, at each 30 days cycle, they can remain in PF or
transition through the model to PD or Death. No reversion from the PD state to the PF state is
possible. All patients in the model were assumed to be ALK+ve, as testing was assumed to be
performed prior to, or during, first-line treatment.

Figure 6: Model structure (Figure B23, P158 in the MS)
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Table 23: Summary of the manufacturer’s economic evaluation, with justifications for key aspects and signposts to the relevant sections of the MS
Model

Approach
Cost-effectiveness (cost-utility) analysis using a semi-Markov model

States and
events

The model contains 3 states: progression free, progressed disease,
and death.

Comparators

Crizotinib was compared to:
1. Intravenous docetaxel
2. BSC
3. Pooled chemotherapy (intravenous docetaxel or
intravenous pemetrexed)

Source / Justification
Health states are aligned with two primary objectives of treatment
(avoiding disease progression and prolonging life), are typical of
metastatic oncology models and have been used in previous NICE
STA’s.
Docetaxel and BSC are in line with current standard of care for the
second-line treatment of unselected ALK+ve NSCLC patients.
Pooled chemotherapy is considered as a scenario analysis, as it
corresponds to the full comparator arm of PROFILE 1007 (the main
data source for the economic evaluation).

Subgroups

Docetaxel treated patients in PROFILE 1007

Natural
History

Based on semi-Markov model. Movement between states were
based on PROFILE 1007 and PROFILE 1005 trials.

Erlotinib was not used has a comparator, since it was not expected
to be standard clinical practice for ALK+ve patients.
Even though Final Scope did not define any subgroups, a subgroup
from the full comparator arm in PROFILE 1007 was used to establish
the comparison between crizotinib and docetaxel in the economic
evaluation. The subgroup analysis was performed due to the fact
that pemetrexed (which was the other alternative treatment in the
comparator arm) is not a comparator in the MS.
An area under the curve approach was used to estimate disease
progression and was calculated from PFS and OS estimates from
PROFILE 1007 and PROFILE 1005.

Clinical outcomes included PFS and OS.

PROFILE 1007 was the only RCT that compared crizotinib directly to
chemotherapy (which included docetaxel treatment) in ALK+ve
patients with advanced NSCLC.

PFS was extrapolated from PROFILE 1007 for crizotinib, docetaxel
and pooled chemotherapy.
BSC PFS was assumed to be equal to docetaxel in PROFILE 1007.
Treatment
effectiveness

OS for crizotinib was extrapolated from PROFILE 1005 “mature”
population.
OS for pooled chemotherapy was estimated by applying the
crossover adjusted HR between crizotinib and pooled
chemotherapy from PROFILE 1007 to the crizotinib OS curve (from
PROFILE 1005).
OS for BSC was estimated by applying a generated HR between
crizotinib and BSC to the crizotinib OS curve (from PROFILE 1005).

Currently there is no direct comparison between crizotinib versus
BSC, and there was not sufficient data to establish a network to
obtain an indirect comparison estimate for BSC PFS. The
assumption was tested by using a scenario analysis where BSC
patient were no PFS was assumed for BSC.
PROFILE 1005 data was assumed to reflect overall survival trends in
the PROFILE 1007 population. The manufacturer considered
PROFILE 1005 a more suitable source of data to inform crizotinib
OS due to its larger number of patients and the greater maturity of
data.

Location in MS
Section 7.2.2; P157-158
Section 7.2.2; P157
Section 7.2.3; P158
Section 7.2.5; P168-159

Section 7.2.7; P160-161
Section 2.7; P37

Section 5; P43
Section 6.3.7; P63

Section 7.2.5; P159

Section 6.10.1; P149
Section 7.3.1.1; P161-162
Section 7.3.1.3; P167-170
Section 7.3.8; P176-177

PROFILE 1007 was considered the best source of available efficacy
evidence for crizotinib versus chemotherapy. However, the great
extent of crossover from crizotinib to chemotherapy in this study
required the use of statistic techniques to adjust HR estimates for
crossover.
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Approach

Utilities were estimated from EQ-5D collected in the PROFILE 1007
Utilities in progression free for crizotinib, docetaxel and pooled
chemotherapy corresponded to a weighted average of on-treatment
utility for each treatment group.
HRQoL

The use of end of treatment utility for the progressed disease state
was justified by stating that patients would be expected to
discontinue treatment upon progression

BSC utility in progression free was assumed to be equal to baseline
utility of pooled chemotherapy treatment group.

BSC utility in progression free was expected to be similar to
comparator group in PROFILE 1007 has it was not expected that
BSC patients would receive any increase in HRQoL form treatment
or any decrease in HRQoL from treatment related adverse events.

Adverse events were included if they were grade 3/4 and there was
incidence greater than 5% in any of the treatment arms in PROFILE
1007. They were costed, but impact on utility was assumed to be
already accounted for in the trial estimates.

Cost categories were as follows: ALK testing (FISH and IHC) ; drug
Resource use acquisition, administration and monitoring; treatment of adverse
and costs
effects; best supportive care; routine medical management: and
terminal care

Location in MS

In the absence of direct comparisons between crizotinib versus BSC,
a was used to generate the HR between crizotinib versus BSC.
EQ-5D utility questionnaire was collected in the PROFILE 1007. It is
unclear whether data collection was performed every month or every
4 months. The utility for progressed disease was not collected on the
PROFILE 1007 study.

Utilities in progression free for crizotinib, docetaxel and pooled
chemotherapy corresponded to a weighted average of utility at the
end of treatment utility for each treatment group.

BSC utility on progressed disease was assumed equal to pooled
chemotherapy.
Adverse
events

Source / Justification

Section 7.4.3; P179
Section 7.3.8; P178
Section 7.4.9; P184

Adverse event rates were taken from PROFILE 1007.
Costs of neutropenia were only attributed to docetaxel arm, as
neutropenia in crizotinib arm was assumed not to require active
treatment.
Unit costs were taken from NHS Reference costs (2010-11) for
medical oncological visits, outpatient parenteral administration, and
the costs of tests (excluding ALK testing).
Drug acquisition costs (excluding crizotinib) were taken from BNF 63
(2012).
FISH costs were obtained from an intercompany communication with
Abbot Laboratories, and IHC costs through expert opinion.

Section 7.4.8; P182-183
Section 7.5.7; P205

Section 7.5.1; P186-205
Pfizer clarification
response; P19

Resource use items were obtained using expert opinion.
Discount
rates

Costs (apart from ALK testing) and benefits were discounted at
3.5% per annum

In accordance with the NICE reference case.

Section 7.2.2; P157

Probabilistic sensitivity analysis was performed. Deterministic
univariate probabilistic analysis was performed on a series of model
In accordance with the NICE reference case.
Section 7.6; P206-208
parameters. A series of scenario analyses was also performed.
ALK: Anaplastic lymphoma kinase ; BNF: British National Formulary; BSC: Best supportive care; EQ-5D: EuroQol Group QoL questionnaire; FISH: Fluorescence in situ hybridisation; IHC:
Immunohistochemistry; NHS: National Health Service
Sensitivity
analysis
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5.2.2

The manufacturer’s economic evaluation compared to the NICE reference case

checklist
Attribute
Comparator(s)

Reference Case
Alternative therapies in the NHS,
including those currently regarded
as current best practice

Perspective - costs

NHS and PSS

Perspective - benefits

All health effects on individuals

Time horizon

Sufficient to capture differences in
costs and outcomes

Synthesis of evidence
on outcomes

Included
in MS

Yes

Yes
Yes
Yes

Systematic review

Partly

Outcome measure

QALYs
Yes

Health states for QALY
measurement
Benefit valuation

Described using a standardised and
validated instrument
Time Trade Off or Standard Gamble

Yes

Comment on whether de novo
evaluation meets requirements of NICE
reference case
Included all relevant comparators. Despite
its inclusion in the NICE final scope,
Erlotinib was not considered, since it was
not expected to be standard clinical
practice for ALK-positive patients.
NHS and PSS costs have been taken into
account.
QALY benefits to treated individuals were
considered.
The economic model follows a time
horizon of 15 years. Less than 0.01% of
patients are expected to survive beyond
this period.
No evidence synthesis was used to obtain
health benefits estimates, as there were
no other studies conducted in the ALK
positive population.
An indirect comparison was used to obtain
OS estimates for BSC, since there was no
head-to-head comparison between it and
crizotinib.
EQ-5D data was collected during the
PROFILE 1007 trial and converted to
QALYs. Utility estimates for progressed
disease were based on EQ-5D index
scores at the end of treatment on
PROFILE 1007.
Derived from EQ-5D data.
Time Trade Off

Yes
Source of preference
data

Representative sample of the public

Discount rate

3.5% on costs and health benefits

Equity weighting

No special weighting

Sensitivity analysis

Probabilistic sensitivity analysis

Yes

Societal tariffs from EQ-5D and sample of
general public for the TTO trial.

Yes

Costs and benefits have been discounted
at 3.5% per annum.

Yes

No special weighting undertaken.

Probabilistic sensitivity analysis was
undertaken.
ALK: Anaplastic lymphoma kinase; EQ-5D: EuroQol Group QoL questionnaire; MS: Manufacturer’s submission; PSS: Personal
social services; QALY: Quality adjusted life year
Yes

The transitions were informed from several data sources and different methods were applied to each
of the treatments evaluated. For crizotinib, the proportion of patients in the different health states at
each cycle was calculated from parametric survival curves fitted to empirical data on PFS (PROFILE
1007) and OS (PROFILE 1005). The use of parametric curves enabled the observed data to be
extrapolated beyond the follow-up period of the trial data in order to estimate mean survival times
required for the cost-effectiveness analysis. The proportion of patients in the PD state, at each cycle,
was calculated as the difference between OS and PFS fitted curves. This type of model has also been
referred to as a ‘partitioned’ survival model, and has been used previously in other submissions to
NICE.
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For docetaxel, a separate, independent parametric function was fitted to PFS (using data from the
docetaxel subgroup of PROFILE 1007) and OS was estimated by applying the crossover-adjusted
hazard ratio (IPTCW 5) to the parametric OS function calculated for crizotinib. For BSC, the same
parametric function applied to docetaxel was used for PFS. However, a separate hazard ratio was then
applied to the OS function for crizotinib based on the results of the MTC analysis previously
discussed in Section 4.3.2, using the estimated HR of crizotinib vs. BSC.
Life years were generated by the model according to the proportion of patients in PF and PD states at
each cycle and summing these over the lifetime horizon. Quality of life was quantified by applying
utility weights to each model state in order to estimate quality-adjusted life years (QALYs). Costs
were assessed from an NHS and personal and social services perspective and incorporated acquisition,
administration and monitoring costs of the alternative regimens, ALK testing, adverse events and
other supportive care costs associated with the management of progressed disease. The cost of
terminal care was included as a one-off cost incurred in the transition to the death state.
Given the importance of the extrapolation methods applied to PFS and OS to the general modelling
approach employed and also to the validity of the subsequent cost-effectiveness results, the methods
of these are discussed and critiqued in more detail below and also in Section 5.2.6.
5.2.2.1 PFS extrapolation
The extrapolation of PFS was undertaken by fitting independent parametric survival curves to the
Kaplan-Meier data from PROFILE 1007 for the crizotinib arm and the docetaxel treated subgroup of
the comparator arm. In the manufacturer’s base-case, the PFS curve for crizotinib was assumed to
follow a Weibull distribution, which implicitly assumes that the hazard function is monotonic over
time.74 For the docetaxel arm, a log normal distribution was considered the best fit. This parametric
model assumes that the hazard function increased in time to a maximum after which it decreased.74 By
fitting two independent survival curves to each treatment, it is not necessary to assume that the
respective hazards for crizotinib and docetaxel are proportional over the observed and extrapolated
time periods. Furthermore, it may allow a better fit of survival, by not imposing the assumption of the
same survival model to all treatments. However, any assessment of the appropriateness of the
methods employed need to consider both internal validity (i.e. goodness of fit) and external validity
(e.g. clinical plausibility, generalisation to actual clinical practice etc). The emphasis placed on
internal and external validity will depend on the maturity of data (i.e. the degree of censoring) and the
generalisability of the data. These issues are further discussed in Section 5.2.6.
Currently there are no studies that establish a direct comparison between crizotinib and BSC. The
manufactured therefore performed a MTC to estimate the hazard ratios of crizotinib vs. BSC for OS
(Section 4.3.2). However, in the absence of a HR for PFS from the primary study, a HR for BSC
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compared to crizotinib could not be obtained from the MTC, therefore the manufacturer assumed a
PFS equivalent to that of docetaxel in their base-case analysis; this assumption was changed to zero
PFS as part of a separate scenario.
5.2.2.2 OS extrapolation
The crizotinib OS curve in the model was obtained by fitting a Weibull distribution to the KaplanMeier data of a subgroup from the single arm study, PROFILE 1005. The manufacturer justified the
use of this alternative source of data based on the immaturity of the PROFILE 1007 population for
which median OS had not been reached at its latest data cut-off as only 28% of the patients had died
(Table B57, P162); it is stated in the MS that **% of deaths had been observed at the time of an
interim analysis for which a date was not specified (P66). Another justification presented by the
manufacturer for not using PROFILE 1007 data to estimate the OS of crizotinib was the existence of
crossover from crizotinib to other chemotherapy treatment in the trial, which may lead to the
overestimation of OS for crizotinib unless these alternative treatments would actually be received by
patients in routine clinical practice.
We have previously highlighted a number of concerns regarding the use of the term ‘mature’ and the
different definitions employed in PROFILE 1005 and 1007 (Section 4.2.3.1) and the comparability of
the populations in these separate studies (Section 4.2.3.2). As previously concluded, patients recruited
into PROFILE 1005 appear less generalisable to the eligible patient population within the proposed
indication, than those recruited within PROFILE 1007. Although these differences in patient
characteristics and the use of PROFILE 1005 may lead to an under-estimate of OS for crizotinib (i.e.
due to the use of a sicker cohort), this potential source of bias also needs to be balanced against the
high levels of uncertainty regarding the extrapolation of this data over a longer time horizon, due to
the high levels of censoring and relative immaturity of the OS data. That is, although it is possible that
OS is under-estimated in the model over the time period for which data is available, it is equally
possible that OS for the complete time horizon of the model (i.e. based on the observed and
unobserved extrapolation periods) could be under or over-estimated for crizotinib. The problems of
interpreting the potential direction of bias due to differences in patient characteristics which arise
from the use of different data sources is compounded by additional difficulties in assessing the
external validity of the extrapolated data; in particular, the relative immaturity of survival data
currently available for crizotinib and the lack of other longer-term data sources to assist with more
detailed validity assessments or to inform approaches to model calibration.
Furthermore, the population of PROFILE 1005 from which the crizotinib OS curve was extrapolated
was in fact a subgroup of the complete study population (261 out of 901 patients), which was
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recruited prior to a protocol amendment on ALK testing at the point of enrolment. The manufacturer
defined this population as the study “mature” population, as they stated that the follow-up period was
longer in PROFILE 1005; the difference in follow-up between PROFILE 1005 and 1007 has been
discussed earlier in Section 4.2.3.1. No equivalent OS data was presented for the entire population in
PROFILE 1005 despite requests from the ERG during the clarification stage. Hence, the ERG cannot
assess whether this entire population could have been a more appropriate basis for the OS analysis
when compared to the selected subpopulation. In addition, the ERG also requested comparable
survival data for the crizotinib arm of PROFILE 1007, since this might provide an alternative basis for
the extrapolation of OS in the economic model and would appear to be more reflective of the
characteristics of patients who would be eligible to receive crizotinib in routine clinical practice.
However, these data were not provided by the manufacturer who argued that the data was not
sufficiently mature for this purpose. While we have previously discussed the different uses of the term
‘mature’ and the apparent relatively arbitrary distinction between these definitions, it is also important
to acknowledge that the potential biases of using a less ‘mature’ dataset could be offset by the
increased generalisability of using data from a cohort which appears more reflective of the
characteristics of patients in clinical practice.
Since PROFILE 1005 was not a controlled clinical trial, no survival data on docetaxel was available
from this study. PROFILE 1007 data was used to estimate a hazard ratio for crizotinib versus pooled
chemotherapy which was then applied to the crizotinib OS function to estimate equivalent survival
estimates for docetaxel. The manufacturer used the results for pooled chemotherapy because the
equivalent estimates were not available for docetaxel at the time of their submission. Importantly, the
hazard ratio was adjusted for crossover using different adjustment methods, due to the high proportion
of crossover from chemotherapy to crizotinib arm in PROFILE 1007 (Section 4.2.3.5).
We have previously discussed in detail a number of concerns regarding: the degree of crossover
(Section 4.2.3.5); the existing evidence on the strength of the surrogate relationship between PFS and
OS (section 4.2.3.6); and the proposed method of crossover adjustment (section 4.2.3.5) leading to
concerns regarding the external validity of the projected survival gains with crizotinib which underpin
the cost-effectiveness results. In addition to these concerns, the approach employed by the
manufacturers made a number of additional assumptions which cannot be validated by the ERG due
to the lack of available data (e.g. whether the assumption of proportional hazards underpinning the
method of estimating OS in the economic model is justifiable). It is also important to acknowledge
that the high degree of variability between the results of applying different methods to obtain a
crossover adjusted hazard ratio estimates inevitably means that any attempt to characterise decision
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uncertainty (i.e. based on the results of a probabilistic analysis) using a single method will not capture
the additional uncertainty that is inherent in the selection of an adjustment method.
As is evident in later sections of this report, OS is the key driver of the cost-effectiveness estimates
reported for crizotinib and the uncertainty surrounding the data sources and methods employed for
this component inevitably dwarf the potential impact of other assumptions/approaches applied within
the MS.
5.2.3

Population

The population included in the economic evaluation corresponds to the licensed indication for
crizotinib according to its summary of product characteristics. The ERG has identified two issues
which are relevant to the cost-effectiveness assessment:
Firstly, the ALK+ve prevalence in the population may be implicitly defining a more restricted
population, that of the NSCLC patients with adenocarcinoma. As discussed in Section 4.2.3.4, the
populations in the PROFILE 1005 and 1007 studies were mostly composed of patients with
adenocarcinoma (more than 90% of patients), so there may be an issue on the generalisability of
costs and outcomes to a broader NSCLC population (and also implications for the costs of the
testing strategy itself).
Secondly, the decision regarding the appropriate population to test (all NSCLC patients or only
those with particular histological subtypes) and the timing of this test (i.e. concurrently/in parallel
with EGFR testing at first-line, or only when patients fail first-line treatment) is likely to impact
differently across costs and outcomes for alternative testing strategies (Sections 4.5 and 5.2.8).
We have attempted to illustrate how these factors can impact on the cost-effectiveness of the
crizotinib by performing a series of additional scenarios (Section 6). However, these analyses only
estimated the impact on costs, as the model design did not allow investigating the impact on outcomes
without extensive modification.
5.2.4

Interventions and comparators
5.2.4.1 Appropriateness of comparators

The most relevant comparators were identified by the manufacturer as docetaxel and BSC. The ERG
have previously noted that the exclusion of erlotinib as a comparator appears reasonable (Section 3.3).
The manufacturer’s economic model was developed to assess pair-wise comparisons between
crizotinib, and docetaxel, BSC or pooled chemotherapy (docetaxel and pemetrexed).
The ERG consider the comparison against pooled chemotherapy to be inappropriate on the basis that
pemetrexed is not recommended as a second-line therapy in the UK and therefore this comparison

62

Crizotinib for ALK fusion positive NSCLC: ERG report
does not provide an appropriate basis for informing assessments of cost-effectiveness for the NHS.
Equally, given the inherent selection bias in the assignment of patients to receive docetaxel in
PROFILE 1007 (Sections 4.2.3.2), consideration should be given to the appropriateness of using data
from the docetaxel subgroup. In PROFILE 1007 patients were allocated to docetaxel if they had
already been administered pemetrexed; it is unclear to the ERG whether other patient characteristics
contributed to this decision. As discussed in Section 4.2.3.3, differences in the results between the
overall comparator population and the docetaxel subgroup could arise due to the different efficacy and
toxicity of pemetrexed or docetaxel, even small differences in patient characteristics of these two
subgroups could also impact on their outcomes. It is therefore not possible to conclude that the
observed differences in effectiveness estimates for the docetaxel subgroup are directly attributable to
differences in effectiveness and/or toxicity of docetaxel and pemetrexed, resulting in a concern that
the use of data from the docetaxel subgroup from PROFILE 1007 to inform PFS estimates and
provide utility estimates, may not be appropriate. Given that the ideal comparison (a randomised
comparison between crizotinib and docetaxel) is not available, the ERG considers that the use of
effectiveness data from the entire comparator arm may provide a more appropriate basis for informing
these efficacy inputs for docetaxel in the economic model.
5.2.4.2 The use of pair-wise or simultaneous three-way comparisons
The use of pair-wise comparison rather than a simultaneous three-way comparison between crizotinib,
docetaxel and BSC, implies that the manufacturer views these comparisons as representing separable
decision problems (patients would only receive BSC if they were not eligible for docetaxel due to
possible contra-indications), requiring separate decisions concerning the use of crizotinib in these
distinct populations. While the ERG acknowledges that this approach may provide a more appropriate
characterisation of the relevant decision problems faced by the NHS, it is important to recognise that
the existing data for crizotinib from PROFILE 1007 is only directly relevant to populations eligible
for chemotherapy; existing data may not be generalisable to other populations ineligible for
conventional chemotherapy who would receive BSC. In addition, methods of the MTC used to derive
the HR for crizotinib compared to BSC appear questionable (Section 4.3.2). As a result, the ERG
urges caution in relation to the comparisons presented by the manufacturer versus BSC, and considers
the pair-wise comparison between crizotinib and docetaxel to be the most relevant to UK clinical
practice. Consequently, the ERG primarily focuses on this specific comparison throughout Sections 5
and 6.
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5.2.4.3 Treatment discontinuation rules applied
The decision rules applied within PROFILE 1007 concerning the continued use of crizotinib and
docetaxel treatments differ from those applied in the economic model. In PROFILE 1007, crizotinib
could be administered beyond radiographic disease progression (using RECIST criteria) at the
discretion of individual physicians. In the economic model the manufacturer assumed treatment would
be discontinued upon RECIST progression. It is worth noting that the decision rules used for the
discontinuation of crizotinib and docetaxel, both in PROFILE 1007 and the manufacturer’s economic
model, may not reflect what would be routinely practiced in the NHS. In routine practice symptomatic
progression may be the primary indicator for discontinuation of switching of treatment which might
be subsequent to radiographic progression increasing the duration of treatment.
The assumption by the manufacturer in the base-case of their economic model that crizotinib would
be discontinued in all patients at the point of radiographic progression implies that treatment
effectiveness is independent of treatment duration. The base-case is justified by stating that no
additional benefit of continued treatment beyond radiographic progression has been demonstrated
(and this is also stated in the SPC). However, the ‘absence of evidence’ is not necessarily the same as
‘evidence of absence’ and the ERG remains concerned that imposing different decision rules on the
use of crizotinib to those employed within PROFILE 1007 could lead to differences in costs (which
are accounted for by the manufacturer across the different scenarios) and differences in outcomes
(which are not accounted for). The implications of this assumption are partially explored by running a
scenario analysis where the crizotinib treatment duration curve from PROFILE 1007 was used to
extrapolate PFS.
Treatment duration for docetaxel is not explicitly described in the MS, and justification for the
duration selected is not given. Nevertheless, docetaxel was implicitly assumed to be administered
once every 21 days until RECIST progression. In PROFILE 1007 the median number of docetaxel
cycles started corresponded to * (range **** cycles), according to information provided within the
manufacturer’s response to clarification questions (corrected Table B63, P20 of manufacturer
clarification response). However, according to the ERG clinical advisor, it is unlikely that treatment
would be administered for more than 6 cycles. Consequently, there is a concern that costs of docetaxel
could be overestimated in the manufacturer’s analysis.
It is clear that there are a number of key issues which relate to how the intervention and comparator
strategies have been assessed in the existing trials, how these relate to anticipated clinical practice,
and the assumptions employed in the manufacturer’s model. How treatment discontinuation is
considered in an economic model will impact on the duration and cost of that treatment. There will
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also be interactions with other model inputs (i.e. assumptions concerning quality of life and costs)
further impacting on the cost-effectiveness of the treatment. It is therefore the ERG’s viewpoint that
treatment discontinuation rules and their interactions with other model inputs can have an important
impact on the relative cost effectiveness of crizotinib, and that further investigation through
simultaneous testing of alternative sets of assumptions and data sources is required. The ERG will
address this concern in Section 6.
5.2.4.4 Screening
Treatment with crizotinib requires testing for ALK fusion. The ‘intervention’ appraised within the MS
is therefore a combination of two elements: (i) a screening approach, based on sequential testing using
IHC and confirmatory FISH tests and (ii) treatment strategies for ALK+ve patients. We have
previously discussed in detail issues related to the screening approach proposed by the manufacturer
(Section 4.5). Therefore, the screening strategy used to determine eligibility for crizotinib treatment
will impact on the cost-effectiveness of subsequent treatment. Although the impact on costs of
alternative screening strategies are considered by the manufacturer, it is not possible to determine how
differences in the screening strategy may also impact on the efficacy estimates (clinical utility) and
the potential cost-effectiveness of crizotinib.
5.2.5

Perspective, time horizon and discounting

A 3.5% per annum discount rate was applied for costs and outcomes, in line with NICE guidance. The
model had a time horizon of 15 years (180 cycles), which was stated to represent a lifetime horizon.
The ERG considered this an appropriate time horizon, as a proportion of less than 0.01% patients in
the model were expected to remain alive beyond 15 years.
5.2.6

Treatment effectiveness and extrapolation

Both PFS and OS are considered in the manufacturer’s economic model. The model generated the
proportion of patients for each treatment strategy that are expected to be alive and alive and
progression free at different times (t). The proportion of patients with PD (PD(t)) was then calculated
by subtracting PFS(t) from OS(t). The expected overall life years for each treatment strategy were
also calculated, corresponding to the integral of OS(t) for the time horizon, i.e. the area under the OS
curve.
5.2.6.1 PFS extrapolation
For PFS extrapolation, two independent parametric survival curves were fitted to the Kaplan-Meier
plots of the crizotinib arm and docetaxel subgroup of the comparator arm from the PROFILE 1007
trial. This assumed that PFS was independently distributed for crizotinib and docetaxel. The
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assumption was justified based on the different mechanisms of action of each drug. However, it is
worth noting that progression should depend not only on the treatment, but also on the underlying
disease mechanism, so there may not be complete independence of PFS between treatments. The
manufacturer considered several different survival models: exponential, Weibull, Gompertz, logistic
and log normal. Of these, a Weibull survival function was fitted to the crizotinib Kaplan-Meier data,
and log normal distributions to the docetaxel and pooled chemotherapy arms, based on the best fitting
curve as determined by the Akaike information criterion (AIC) and Bayesian information criterion
(BIC), visual inspection, clinical validation and plausibility of the long-term estimates. The ERG
thinks it is important to consider the weight placed on each selection criterion within each specific
context. In cases where there is little censoring, the emphasis on statistical goodness of fit (as assessed
by the AIC/BIC criteria) may be reasonable for the purposes of extrapolation. Conversely, if
censoring is more extensive, it may be appropriate to place more weight on the clinical plausibility of
the extrapolated curves than on statistical goodness of fit. It is worth mentioning that there were
situations, where more than one survival model could provide a valid alternative curve fit, although
this appears less of a concern to the ERG for PFS compared to treatment duration and OS; this is
discussed in detail in Appendix 11.4. Although the ERG believe that alternative survival models may
have been more appropriate for the PFS extrapolation, it is not believed that the use of these
alternative models would impact significantly on the ICER. The ERG therefore consider the
manufacturer’s use of the Weibull survival function to be reasonable in this instance.
5.2.6.2 Treatment duration
The ERG considered that given the high degree of censoring, the choice of which curve to adopt
should be more cautiously assessed in this instance. From Figure 7 we can distinguish two groups of
curves. The two curves with higher survival tails corresponded to the log logistic and the log normal
functions. These appear to be disproportionally influenced by the last step of the Kaplan-Meier curve.
The log normal curve also had the highest values for the AIC/BIC criteria (Appendix 11.5). The ERG
believes that the curves with the best visual fit were the Weibull and the exponential distributions,
since these appear to be less distorted by the last Kaplan-Meier value. The exponential also had the
better statistical fit: this would therefore be the preferred distribution in the ERG’s view. Selection of
the exponential over the Weibull would translate into an increase of the ICER for crizotinib versus
docetaxel from £63,785 to £66,847 per QALY (NB: the different magnitude of ICERs is due to
different assumptions employed in relation to cost and utility which are further explained later in the
ERG report).
Figure 7: (CONFIDENTIAL) ***************************************
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5.2.6.2 OS extrapolation
OS in the model relied on two separate data sources. OS curves for crizotinib were obtained by fitting
parametric survival curves to data from the “mature” population in PROFILE 1005. The selection of
parametric distribution for the crizotinib OS curve was also based on AIC and BIC criteria, visual
inspection, clinical validation and plausibility of the long-term estimates. However, only proportional
hazard models were considered, namely exponential, Weibull and Gompertz models. The
manufacturer did not test the fit of any accelerated failure (log logistic and log normal) time models
due to the need to use HRs to estimate the OS curve for docetaxel and BSC. However, the
manufacturer did not provide any statistical tests that supported the validity of the proportional
hazards assumption.
Similarly to PFS, in the manufacturer’s base-case a Weibull survival function was fitted to the
crizotinib Kaplan-Meier data, and so it was also implicitly assumed that the hazard function was
monotonic in time.74 The manufacturer justified the selection of the Weibull distribution despite its
higher AIC and BIC criteria, based on the intermediate long-term survival estimate (between the
exponential and the Gompertz) that it provides. The table of the AIC/BIC criteria is available in
Appendix 11.6. The OS curves for crizotinib are illustrated in Figure 8 (P417of the MS). It should be
noted that there is a discrepancy in the estimate of ρ for the Weibull distribution in Table 104 (P417 in
the MS; **************), and the value used in the model, given in Table B64 (P171/5 in MS;
***********). Assuming that the correct value for the fitted Weibull distribution is the one used in
the model, then this model’s correspondent hazard function would decrease in time.
Figure 8: CONFIDENTIAL *************************
The first issue that the ERG would like to highlight is that the degree of censoring is much higher than
for any of the PFS models, so the selection of the extrapolation method should take more account of
external validity and clinical plausibility. However, given the lack of long-term survival data from
other sources, assessments of external validity are clearly problematic. Regarding the visual fit of the
curves, the exponential and the Weibull showed similar fit, whereas the Gompertz appears to have an
excessively long tail. The ERG concurs that it seems reasonable to exclude this function. The ERG
thus concurs that the choice appears to be between the Weibull and the exponential. Although the
manufacturer selected the Weibull function, the ERG considers the exponential equally plausible (due
to the lack of additional data to assess external validity) and hence perhaps the more appropriate
choice given the better statistical fit (i.e. higher internal validity). It should be noted that the ICER for
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crizotinib versus docetaxel would increase from £41,554 to £44,643 per QALY if the exponential was
to be used in the manufacturer’s base-case instead of the Weibull.
Due to the absence of a comparator arm in the PROFILE 1005 study, HRs for OS were estimated
using data from crizotinib versus the full comparator arm in PROFILE 1007 (and the MTC for BSC).
The HR estimates were then applied to the baseline OS curve of crizotinib obtained from the “mature”
population of PROFILE 1005 to generate an OS curve for docetaxel and BSC. Importantly, the HRs
estimates for docetaxel were derived from the whole comparator population (i.e. pooled
chemotherapy), since the manufacturer could not provide a crossover adjusted OS analysis for the
docetaxel subgroup at the time of submission.
The methodologies of crossover adjustment have been previously described and critiqued in Section
4.2.3.5. The impact on cost-effectiveness of the different crossover adjustment methods are shown in
Table 24. The table clearly demonstrates how critical this aspect is to the cost-effectiveness estimate.
Table 24: Modelled mean survival times and ICER results for crizotinib vs. docetaxel, estimated by
the different crossover methodologies (manufacturer’s base-case emboldened)

Crizotinib
Chemotherapy
RPSFT
Real world data
IPTCW 1 (worst
full)
IPTCW 2 (worst
28)
IPTCW 3 (worst
56)
IPTCW 4 (last full)

PFS
(months)

PD
(months)

PFS to PD
ratio

Absolute survival gain
for Crizotinib (months)

ICER

9.6

23.4

1 to 2.4

n/a

-

3.9
3.9

23.3
7.4

1 to 6.0
1 to 1.9

5.8
21.7

£56,164
£30,277

3.9

22.0

1 to 5.6

7.1

£52,268

3.9

22.0

1 to 5.6

7.1

£52,268

3.9

20.6

1 to 5.3

8.5

£48,886

3.9

23.0

1 to 5.9

6.1

£55,136

IPTCW 5 (last 56)
3.9
16.8
1 to 4.3
12.3
£41,544
ICER: Incremental cost-effectiveness ratio; IPTCW: Inverse probability of treatment and censoring weighted; PD: Progressive
disease; PFS: Progression-free survival; RPSFT: Rank-preserved structural failure time

5.2.6.3 Comparison to BSC
The lack of data to establish a direct comparison between crizotinib and BSC was also a limitation of
the analysis. In the particular case of PFS, there was not sufficient data in other studies that allowed
estimation of a PFS HR through an indirect comparison. To overcome the absence of data, the
manufacturer tested two alternative assumptions on the PFS for BSC: i) PFS of BSC is equivalent to
docetaxel PFS in PROFILE 1007; and ii) zero PFS for patients on BSC. The two assumptions
corresponded to two extreme scenarios of the highest and lowest expected effectiveness, with the
‘true’ effect assumed to lie somewhere in between. Since no direct comparative evidence was
available for the clinical efficacy of crizotinib versus BSC, the manufacturer used an MTC to produce
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an equivalent measure of OS. The HR derived from the MTC for crizotinib vs. BSC was
************************) with IPTCW 5 and *************************) with RSPFT (from
Table B62, P169 of the MS). More details on the MTC methodology can be found in Section 4.3.2.
Table 25 illustrates the impact on OS and PFS gains of the different set of assumption around the
effectiveness of crizotinib versus BSC.
Table 25: Comparison of crizotinib vs. BSC OS gains with PFS gains, by crossover adjustment
method (manufacturer’s base-case emboldened)
Crizotinib OS gains

Crizotinib PFS gain

(months)

(months)

ICER

BSC with same PFS as docetaxel
RPSFT

12.1

IPTCW 5

15.8

5.7

£ 40,089
£ 35,455

BSC with no PFS
RPSFT

8.2

IPTCW 5

11.9

9.6

£39,439
£34,971

BSC: Best supportive care; ICER: Incremental cost-effectiveness ratio; IPTCW: Inverse probability of treatment and censoring
weighted; PD: Progressive disease; PFS: Progression-free survival; RPSFT: Rank-preserved structural failure time

5.2.7

Health related quality of life

HRQoL was reflected by assigning utility estimates to each of the 3 model health states. Estimates for
the PF and PD health states were derived from EQ-5D data collected within PROFILE 1007. Utility
estimates for both PF and PD states were specific to each treatment considered in the economic
model. That is, differences in utilities were attributed to treatments throughout the entire model time
horizon. The utility weights used for each treatment and health state in the model are summarised in
Table 26. In addition, a utility of zero was assigned to the absorbing, death state. The respective utility
estimates were applied to the proportion of patients within each health state during each cycle of the
model, in order to determine the overall QALY estimates for each treatment strategy.
Table 26: Summary table of the utility estimate model inputs (mean (SE)) by health state and
treatment strategy (adapted from Table B64, P175 in the MS)
Pooled

Crizotinib

Docetaxel

Progression Free

*************

************

************

*************

Progressed disease

*************

************

*************

*************

chemotherapy

BSC

BSC: Best supportive care;

The ERG has a number of concerns with the approach and assumptions used by the manufacturer in
their base-case analysis, these are discussed in the following sections.
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5.2.7.1 The use of different utilities between treatments within the PF state
Utility weights for patients in the PF state were estimated from EQ-5D data from the PROFILE 1007
study; a table of the EQ-5D index values by treatment in PROFILE 1007 are given in Appendix 11.7.
Although it may be reasonable to reflect utility differences between treatments within the PF state, the
ERG is not convinced that this is an appropriate assumption within the PD state (and certainly not for
the entire duration of the PD state). For BSC, the utility in the PF and PD states was assumed to be the
same as baseline utility for pooled chemotherapy in that respective state. No alternative assumptions
are discussed by the manufacturer for utility values for BSC.
5.2.7.2 The continued utility benefit of crizotinib after discontinuation of treatment, and
treatment related differences, beyond symptomatic progression
The assumptions around post-progression HRQoL were the primary area of concern to the ERG. The
assumption that patients maintain the HRQoL at the end of treatment throughout time spent in PD was
not adequately justified or discussed by the manufacturer. As previously noted, these concerns relate
to (i) whether the ‘exit’ EQ-5D (utility reported at the end of treatment) PD values, appropriately
reflect the ‘average’ utility value experienced during the entire PD period, and (ii) whether it is
appropriate to assume treatment related differences at the point patients transition to the PD state (and
if so, for how long and is this related to the treatment discontinuation rule and/or difference in time
between radiographic and symptomatic progression).
Any utility differences which may be argued to be attributed to treatments during the PD state (e.g.
due to the continuation of treatments beyond RECIST defined progression or due to the additional
time between radiographic and symptomatic progression) are unlikely to be maintained throughout
the entire PD period. Once patients have experienced symptomatic progression, the assumption of any
ongoing treatment related differences seems difficult to justify. Both the existence of and/or duration
of any treatment related differences in utility values for the PD state are likely to be closely related to
the assumptions made concerning treatment discontinuation. That is, it may be more appropriate to
assume that differences are maintained in the PD state only when the treatments themselves are
continued in this period (e.g. through the continued use of crizotinib post radiographic progression).
5.2.7.3 The source of HRQoL data
PROFILE 1007 was the only source of HRQoL data used to inform the model. Although the
manufacturer also reported on the results of an updated systematic review they conducted based on
the previous NICE appraisal of erlotinib in advanced or metastatic NSCLC,75 the results were not
subsequently used in the model. The utility values from PROFILE 1007 were instead argued to
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provide a more relevant data source and were obtained in accordance with the NICE Reference Case
approach.
The manufacturer used the results of the external literature to qualitatively conclude that baseline
utilities in PROFILE 1007 fell within the range of values reported in the literature, whilst recognising
that the PF treatment utilities for crizotinib were higher than previously reported in NSCLC. The
manufacturer did not discuss the equivalent estimates for docetaxel and pooled chemotherapy which
appear significantly higher than those reported in previous submission for docetaxel or any reason for
this difference. This is an important consideration, since these differences, if real, and not simply
driven by differences in the methodology, could reflect a generalised finding that ALK+ve with
advanced NSCLC are generally healthier than ALK-ve patients. However, this will also clearly
depend on the generalisability of the PROFILE 1007 population to ALK+ve patients in clinical
practice.
Importantly, no comment was provided on the marked difference in utility values assigned to the PD
state compared to those used in the previous appraisal for erlotinib. The ERG considered that the
magnitude of this difference and the potential implications of these differences for cost-effectiveness
was worthy of additional discussion and critique by the manufacturer. However, it should be
appreciated that the relationship between the cost-effectiveness of crizotinib and the utility value
assigned to the PD state is relatively complex. The potential impact of differences in the absolute
values of utility applied in the PD state and the cost-effectiveness of crizotinib is affected both by the
duration of time in the PD state as well as the proportion of the overall survival time which is spent in
the PF and PD states. Applying a lower utility value in the PD state would not necessarily lead to a
less favourable ICER for crizotinib and the direction and magnitude of any impact on the ICER will
be influenced by the method employed to adjust the OS hazard ratios for crossover (since the different
methods result in different incremental estimates of OS and also result in different proportions of OS
duration spent in the PF and PD states).
5.2.7.4 The lack of adjustment for differences in baseline utility
The manufacturer made no adjustment for differential baseline utilities between treatments, and gave
no justification for not doing so, despite the crizotinib estimate being numerically higher than the
docetaxel subgroup and the pooled chemotherapy; this could lead to bias. This could be compounded
by potential selection bias due to the non-randomised allocation to docetaxel, which could affect the
baseline utility for docetaxel, as well as all other utility values calculated for this subgroup.
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5.2.7.5 The use of utility data reported at the end of treatment for estimating PD health
state values
‘Exit’ EQ-5D was used as the basis for estimating the PD health state values and hence may not
reflect radiographic or symptomatic progression (i.e. for patients who stopped treatment for other
reasons) and are also unlikely to appropriately characterise the ‘average’ utility experienced over the
entire PD period. This assumed that utility at the end of treatment was reflective of PD utility, but also
that differences between treatments would be maintained in the absence of treatment being continued.
Hence the utility of PD is assumed to be both independent of time spent in the state as well as the
treatment discontinuation rule applied. As we have noted above, this is a critical assumption which
has not been adequately justified by the manufacturer within their base-case analysis.
5.2.7.6 The lack of adjustment for adverse events
The manufacturer did not apply any additional adjustments to reflect adverse effects since it was
assumed that these would have been captured within the EQ-5D data. To assess the validity of this
assumption, the ERG asked for more detail on EQ-5D measurement, specifically the reason for noncompletion, to determine whether this might have been influenced by adverse events (and hence may
not have been appropriately captured). However, although additional details were provided on the
reason for non-completion, the categories were relatively broad and there was no specific category
that could be related to the presence of adverse effects. Although this remains an area of potential
uncertainty, the relative importance of this aspect is considered marginal compared to the other
assumptions that have been identified by the ERG.
5.2.7.7 Summary
Overall, the ERG is concerned that the assumptions employed by the manufacturer in their base-case
have not been robustly justified and generally appear optimistic towards crizotinib. Alongside the
extrapolation of OS data for crizotinib and the method of adjustment of the OS hazard ratios, the ERG
considers the utility assumptions to be a key driver of the cost-effectiveness and an area of significant
uncertainty. The ERG is particularly concerned that the majority of the assumptions employed in the
manufacturer’s base-case appear optimistic towards crizotinib. Furthermore, the effect of these
assumptions will be compounded if the method of OS adjustment has also overestimated the OS gains
for crizotinib. Table 27 provides a useful summary of the QALY estimates derived from the
manufacturer’s base-case analysis and provides a clear indication that the assumptions employed
regarding post-progression will be a key driver of cost-effectiveness since they account for
approximately 57% of the incremental gain in QALYs. This issue is further explored within the
additional analyses undertaken by the ERG in Section 6.
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Table 27: Summary of QALY gain for crizotinib compared to docetaxel by health state and treatment
strategy (Adapted from Table B83, P211 in the MS)
QALY
QALY
Absolute
% absolute
Increment
intervention (X)
comparator (Y)
increment
increment
PFS
0.658
0.238
0.419
0.419
43.3%
Post-progression survival
1.292
0.743
0.549
0.549
56.7%
Total
1.949
0.981
0.968
0.968
100%
PFS: Progression-free survival; QALY: Quality adjusted life year; RPSFT: Rank-preserved structural failure time

5.2.8

Resources and costs

The MS gave a detailed description of a wide range of resources and costs. These included: the choice
of testing strategy; infrastructure costs; incremental costs incurred from testing; prevalence of ALK
fusion; the duration of treatment; drug acquisition costs; health state costs; and adverse events. The
ERG considered there to be four areas relating to resources and costs that require specific attention, as
they were either key drivers of the manufacturer’s economic model, or their use within the model
caused the ERG some concern. These areas were: the choice of testing strategy, the duration of
treatment, drug acquisition costs, and adverse events. Given that the ERG consider these to have
greater importance compared to the other resources and costs presented in the MS, this section will
concentrate solely on these four key areas; each of the resources and costs presented in the MS are
critiqued in full in Appendix 11.8.
5.2.8.1 Choice of testing strategy
Two tests were considered as part of the possible testing strategies: IHC and FISH. The
manufacturer’s base-case testing strategy was to test the entire NSCLC population with IHC and
confirm equivocal results (IHC 1+ and 2+) using FISH. Scenario analyses investigated two alternative
strategies: IHC in all NSCLC patients, with confirmation of IHC 1+, 2+ and 3+ using FISH; and FISH
on all NSCLC patients. The manufacturer calculated the cost of each testing strategy as the expected
cost per patient to identify one ALK+ve patient from a cohort of all patients with NSCLC. The
manufacturer assumed a prevalence rate of ALK+ve of 5%, resulting in a multiplication factor of 20
for testing the entire NSCLC cohort. A summary of the cost of different testing strategies applied in
the manufacturer’s economic model is given in Table 28. The MS originally did not state which costs
were included in the unit costs for each test. Upon clarification, it was confirmed that the initial cost
for FISH included only the cost of the kit test; a subsequent cost estimate for FISH based on a microcosting analysis was supplied, increasing the cost of FISH from £113 to £***. The unit cost of IHC
was left unchanged at £25, which was considered to reflect the full cost to the laboratory of doing the
test. The summaries in Table 28 are based on the revised cost provided by the manufacturer, and show
the increase from the cost using the original £113.
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Table 28: A summary of the cost of different testing strategies applied in the manufacturer’s
economic model
Testing Strategy

Cost per test

Calculation

Cost per
ALK+ve patient

Increase from initial
strategy cost
(FISH=£113)

IHC 1+ and 2+ confirmed by
IHC: £25
(£25 /5%) +
*******
*************************
FISH (base-case)
FISH: £***
(£***/47.5%*2.7%/5%)
IHC 1+, 2+ and 3+ confirmed by
IHC: £25
(£25 /5%) +
*******
***************************
FISH
FISH: £***
(£***/62.4%*5%/5%)
FISH only
£***
£***/5%
*****
********************
ALK: Anaplastic lymphoma kinase; FISH: Fluorescence in situ hybridisation; IHC: Immunohistochemistry;

As discussed in Section 4.5.2, the choice of testing strategy includes the choice of the population to be
tested. Testing may be conducted on different patient populations; an enrichment strategy such as
testing only patients with adenocarcinoma histology and/or who are EGFR-ve could be considered.
The manufacturer only considered testing the entire NSCLC patient population. This strategy is the
most costly but ensures that the number of patients ‘missed’ is minimized. Given the lack of
information available on the number of patients that would be missed by enrichment of the testing
strategy, the ERG believe the manufacturer’s assumed population of all NSCLC patients is the most
appropriate. Nevertheless it may be that in practice as more information becomes available, testing
could be appropriately restricted to enriched populations. This would result in a lower cost of testing
associated with crizotinib treatment and as such reduce the resulting ICER.
As described in Section 4.5.3, the timing of the test is also important, and would impact on the cost of
the test/treatment combination. Whatever point testing is assumed to occur at, the testing strategy cost
calculation should take into account the fact that patients will die in between first and second line
treatments. The manufacturer assumed that testing would be conducted alongside other diagnostic
testing at the stage of first line treatment, requiring testing all NSCLC patients. The manufacturer did
not account for the effect of the mortality factor between first and second line treatments however:
they calculated the cost of identifying each ALK+ve patient who goes on to receive second line
treatment, they did not inflate this cost to account for those patients who would have been tested but
died before receiving second line treatment. It is likely therefore that the manufacturer has
underestimated the cost of testing. Nevertheless, the ERG does not believe that this would be a major
driver in the cost-effectiveness analysis.
5.2.8.2 Duration of treatment
The manufacturer’s economic model assumes discontinuation of crizotinib, docetaxel, and
pemetrexed immediately on evidence of radiographic progression. However, in PROFILE 1007,
patients continued to receive crizotinib beyond this point. Therefore the decision rules applied for
treatment discontinuation in both the manufacturer’s base-case analysis and PROFILE 1007 may not
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reflect treatment discontinuation rules applied in clinical practice. This issue will be further explored
in the ERG analysis in Section 6.
5.2.8.3 Drug acquisition costs
The drug acquisition costs that were applied in the manufacturer’s economic model for crizotinib,
docetaxel and pemetrexed are given in Table 29; the source for the costs of docetaxel and pemetrexed
was the British National Formulary (BNF) 63 (2012).76
Table 29: Dose, cycle length, and drug acquisition costs for crizotinib, docetaxel and pemetrexed
Crizotinib

Recommended
dose per cycle
14,000 mg

Cycle
length
30 days

£78.15 for 250 mg

Docetaxel

75 mg/m² *

21 days

£534.75 for 20 mg/mL vial, 4 mL

Pemetrexed

500 mg/m² *

21 day

£800 for 500 mg

Unit costs

Cost per 30 day cycle - no
vial sharing (base-case)
£4,689.00
£1,527.86
(534.75*2*(30/21))
£2,285.71
(800*2*(30/21))

The unit costs of the drugs reported in the BNF reflect the public list prices of medicines. However,
nationally available price reductions, for example for medicines procured for use in secondary care
through contracts negotiated by the NHS Commercial Medicines Unit, are available. Where this
occurs, the reduced price should also be considered in any economic evaluation. The Electronic
Market Information Tool (eMIT) provides estimates of the usage weighted average of price paid for
generic drugs in English trusts which include docetaxel.77 As the acquisition of these drugs is usually
negotiated through contracts, its costs are generally lower than its correspondent BNF estimates. The
ERG additional analyses will thus consider both eMIT and BNF as sources of unit costs for docetaxel.
Since a more recent version of BNF is available, the BNF 64, the ERG will use it rather than BNF 63.
5.2.8.4 Adverse events
Adverse events were considered for inclusion in the MS model if they had an incidence of ≥5% in any
group of the PROFILE 1007 trial. The justification given for this was that grade I or II adverse events
would not be expected to require active intervention. Adverse events were applied as one-time events,
occurring in the first 30 days of treatment and assumed to last 30 days. The justification for this was
that the severity of grade 3/4 adverse events would mean that they would likely be dealt with
immediately, with treatment being discontinued if not resolved.
Two adverse events meeting this inclusion criteria were identified for the crizotinib arm: elevated
alanine level transferase and neutropenia. Of those, the manufacturers stated that, based on clinical
expert opinion, neither would require active intervention and both would be managed through dose
reduction/ interruption, or “watch and wait” monitoring. For chemotherapy the only relevant adverse
event was neutropenia. Based on clinical expert opinion the manufacturers assumed that
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chemotherapy-related neutropenia would require treatment with granulocyte colony stimulating factor
(GcSF) for an expected duration of 3 to 5 days (P205). Table 30 below (Table B79, P205 of the MS)
shows the derivation of the cost for neutropenia in the chemotherapy arm. The unit cost is multiplied
by the incidence of neutropenia from the PROFILE 1007 trial (18.1%, see Table B47, p142 of the
MS).
Table 30: The derivation of the cost for chemotherapy-induced neutropenia
Resource use

Unit cost(£)

Cost(£)

£210.84

18.1%*£210.84
= £38.16

Net price for GcSF - 1-mL vial = £52.71.
Treatment assumed to be delivered for 4 days (3
to 5 days) based on expert opinion

BNF: British National Formulary; GcSF: Granulocyte colony-stimulating factor

Reference
BNF
Neupogen® (Amgen) ,
Injection, filgrastim 30 millionunits (300 micrograms)/mL

The ERG asked the manufacturer to provide justification for not providing active treatment for
neutropenia in crizotinib-treated patients, given that chemotherapy-treated patients required treatment
with GcSF. The manufacturer stated that ‘Owing to crizotinib’s mechanism of action, its effects can
be quickly reduced (or stopped) upon dose reduction (or cessation of treatment). However, the same
cannot be said for chemotherapy, which is why it is assumed that dose reduction would not be not
sufficient treatment for chemotherapy-induced neutropenia and that active treatment with GCSF
would be required. Further to that, there appears a limited risk of crizotinib-induced neutropenia
developing into febrile neutropenia
(*********************************************************************************
************************************************************* meaning there may not
be the need to initiate active treatment at an earlier stage as there may be with chemotherapy’. The
clinical advisor to the ERG agreed that the development of neutropenia would trigger a reduction in
the dose of crizotinib, and a discontinuation if necessary, and that the need for GcSF treatment in
these patients was unlikely.
5.2.9

Discounting

Both costs and benefits were discounted at an annual rate of 3.5%, as per the NICE reference case.
The manufacturer inflated the unit costs for all resource items, other than drugs, to 2011-2012 prices.
Inflation indices were taken from the Unit Costs of Health and Social Care Publication (2011),
University of Kent. An inflation index for 2011-2012 was estimated based on the same rate of
increase between 2009/10 and 2010/11.
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5.2.10 Cost effectiveness results
5.2.10.1 Base-case
The manufacturer presented two separate pair-wise comparisons in the base-case analysis: crizotinib
vs. docetaxel, and crizotinib vs. BSC reported in Table 31 and Table 32.
Table 31: Base-case results – crizotinib vs. docetaxel (Table B86, P213 of the MS)
Treatments
Docetaxel

Total costs
(£)

Total
LYG

Total
QALYs

£13,922

1.625

0.981

Incremental
costs (£)

Incremental
LYG

Incremental
QALYs

Crizotinib
£54,149
2.504
1.949
£40,227
0.879
0.968
ICER: Incremental cost-effectiveness ratio; LYG: Life years gained; QALY: Quality adjusted life year

ICER (£)
incremental
(QALYs)

£41,544

Table 32: Base-case results – crizotinib vs. BSC (Table B87, P213 of the MS)
Treatments

Total costs
(£)

Total
LYG

Total
QALYs

BSC

£6,021

0.928

0.592

Crizotinib

£54,149

2.504

1.949

Incremental
costs (£)

Incremental
LYG

£48,128

1.576

Incremental
QALYs

1.357

ICER (£)
incremental
(QALYs)

£35,455

ICER: Incremental cost-effectiveness ratio; LYG: Life years gained; QALY: Quality adjusted life year

5.2.10.2 Sensitivity analyses
The manufacturer presented a series of one-way deterministic sensitivity analyses (DSA) to assess the
impact of uncertainty around key input variables on the ICERs. The majority of parameters
(prevalence, costs, utilities and discount rates) were stated to have been varied across a range from
20% below to 20% above the initial base-case point estimate. Only the results for crizotinib compared
to docetaxel are presented here in Figure 9 (for crizotinib compared to BSC results see P215 of the
MS).
The MS also included a series of scenario analyses that were performed to check the robustness of the
model to uncertainty related to structural assumptions. The main analyses are reported below (Table
33) for crizotinib compared to docetaxel (equivalent results for crizotinib compared to BSC are
presented on P221 in the MS).
Finally, the manufacturer completed probabilistic sensitivity analysis (PSA), from which costeffectiveness acceptability curves (CEACs) were derived. The CEAC for crizotinib vs. docetaxel is
presented in Figure 10. (For the crizotinib vs. BSC CEAC see P219 of the MS).
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Tornado diagram
£29,446

Hazard ratio for the OS [0.33; 1.24]

£239,699

Parameters

Crizotinib - Progression utility [0.675; 0.825] £36,654

£47,939

Docetaxel - Progression utility [0.513; 0.627] £38,584

£44,996

Crizotinib - On treatment utility [0.7569; 0.9251] £38,901

£44,571

Docetaxel - On treatment utility [0.666; 0.814]

£40,546

£42,592

Docetaxel - Acquisition [£1375; £1681]

£40,934

£42,153

Discount rate - outcomes [3.15%; 3.85%]

£41,060

£42,028

Cost of Progression Free State [£217; £266]

£41,406

£41,681

Discount rate - costs [3.15%; 3.85%]

£41,413

£41,676

Cost of Progressed Disease State [£160; £196]

£41,451

£41,636

ALK prevalence [4.50%; 5.50%]

£41,490

£41,609

Cost of IHC test [£23; £28]

£41,492

£41,595

Docetaxel - Administration - subsequent months [£131; £160]

£41,500

£41,588

Docetaxel - Administration - 1st month [131; £160]

£41,530

£41,558

Cost of FISH test [£102; £124]

£41,530

£41,557

Lower input value

£24,000

Upper input value

£74,000

£124,000

£174,000

£224,000

ICER

Figure 9: Manufacturer’s deterministic sensitivity analyses results- crizotinib vs. docetaxel (Figure
B30, P214 of the MS)
Table 33: Results for scenario analyses comparing crizotinib with docetaxel
Parameter
Base-case
Method of Crizotinib PFS
extrapolation

Base-case

Scenario analysis

Weibull

Method of Docetaxel PFS
Extrapolation

Log Normal

Method of OS
extrapolation
Method of adjustment for
crossover

Weibull

Crizotinib Treatment
Duration
Testing platform

Treatment
Duration to PFS
IHC with 1&2+
FISH validation

Exponential
Gompertz
Log normal
Log Logistic
Weibull
Exponential
Gompertz
Log Logistic
Exponential
Gompertz
IPTCW 1
IPTCW 2
IPTCW 3
IPTCW 4
RPSFT
Treatment duration based on 1007

IHC antibody concordance
with FISH
Chemotherapy wastage
Chemotherapy
comparison
ALK+ve prevalence

IPTCW 5

Novacastra
antibody
Wastage
incorporated
Docetaxel only

IHC with 1-3+ FISH validation
FISH only
No Testing Costs

ICER vs. docetaxel (£)
£41,544
£47,065
£41,526
£49,634
£52,488
£41,594
£41,430
£41,494
£41,318
£44,643
£26,112
£52,268
£52,268
£48,886
£55,136
£56,164
£63,785
£41,597

Dako antibody

£43,227
£40,893
£41,593

No wastage assumed

£42,496

Pooled Docetaxel/Pemetrexed

£41,267

5%

3%
£41,937
7%
£41,375
Time horizon
15 years
10 years
£42,984
20 years
£41,299
Discount Rate
3.5% costs and
6%
£44,029
QALYs
0%
£37,960
ALK: Anaplastic lymphoma kinase; FISH: Fluorescence in situ hybridisation; ICER: Incremental cost-effectiveness ratio; IHC:
Immunohistochemistry; IPTCW: Inverse probability of treatment and censoring weighted; PFS: Progression-free survival;
QALY: Quality adjusted life year
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Figure 10: Manufacturer's CEAC for crizotinib compared to docetaxel
The DSA results illustrate that the OS hazard ratio is the main driver of uncertainty in both analyses.
For the crizotinib vs. docetaxel analyses, the ICER varies from £29, 446 to £239,699 through altering
the OS hazard ratio between its 95% CI; for the crizotinib vs. BSC analysis the ICER varies from
£28,173 to £82,289. After the OS HR, the next most sensitive parameters were the utility values for
the PD and PF states for each of the treatment arms. Both the HR and utility values were derived from
immature trial data, and therefore the uncertainty around their base-case values is likely to be high.
The scenario analyses illustrates that the method of crizotinib PFS and OS extrapolation, the method
of crossover adjustment and the crizotinib treatment duration values are key drivers in the structural
uncertainty of the model. Again, these parameters rely on immature data, and are therefore subject to
high levels of uncertainty. The CEAC figures show that at a threshold of £50,000 per QALY the
probability of crizotinib being cost-effective when compared to docetaxel was 64%, and 81% when
compared to BSC. At a more conservative threshold value of £30,000 the probability of crizotinib
being cost-effective falls to below 20% when compared to docetaxel and below 30% when compared
to BSC.
The key issues that the ERG identified in the manufacturer’s results and sensitivity analyses are listed
below, and more formally addressed in Section 6:
The base-case results reported in Table 31 and Table 32 are deterministic, not probabilistic. They
do not therefore reflect uncertainty in the model parameters. Whilst the manufacturer did conduct
PSA, the ICERs consistently referred to as the base-case results throughout the MS refer to these
deterministic ICERs.
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For the DSA the ERG considers the manufacturer’s decision to alter values between 20%
fluctuations as somewhat arbitrary, and it is not clear whether such value ranges actually represent
the true uncertainty around the given parameters. In addition it should be noted that although the
manufacturer reported that most parameters would be altered between 20% fluctuations, the
results given in the subsequent tornado diagrams actually correspond to 10% variations.
In the PSA the use of 1,000 simulations in the probabilistic analyses is unlikely to provide an
adequate reflection of uncertainty around the model parameters; and that full characterisation of
the input distributions requires significantly more simulations (see Section 6).
The ERG is concerned that for the PSA, given the way the manufacturer’s model was coded, it
was unclear whether or not parameter values were being sampled from the full range of
distributions to which they were assigned. If parameter values were not sampled from their full
distributions then the results may not properly reflect the uncertainty in model parameters: the
ERG was unable to confirm that this was the case. In the additional analyses undertaken by the
ERG in Section 6, alternative coding was used to ensure that the model was sampling across the
full range of parameters.
5.2.11 Model validation
The model validation was reported to have been performed by a researcher not involved in the model
implementation. The validation was undertaken using pre-specified scenarios to guarantee that the
model was fully functioning. Extreme tests were also reported to have been done to evaluate the
single effect of each parameter. The manufacturer also stated that model assumptions and results were
presented to UK lung clinicians to validate the survival assumptions and the resource use to the
different health states and adverse events. Although the manufacturer appears to have undertaken a
thorough approach to the internal and external validation of their results, we remain concerned
regarding the external validity (face-validity) of the projected survival gains and the assumptions
made concerning HRQoL which have a significant influence on the overall cost-effectiveness results.
However, the relatively immature survival data and limited data which is specific to an ALK+ve
patient group makes any assessment of external validity problematic. Furthermore, in the course of
our review, we identified a number of minor programming errors in the model (i.e. issues of internal
validity) which are addressed in Section 6.
5.3

Exploratory and sensitivity analyses undertaken by the ERG

Importantly, due to the complex interplay between many of the assumptions highlighted in this
chapter, it is difficult to conclude that individual parameter estimates or assumptions are in themselves
likely to lead to optimistic or conservative estimates of the ICER. The ERG conducted a large number
of exploratory analyses in order to investigate the impact of these factors and their interactions. The
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ERG considers that many of the key issues identified in this section need to be considered jointly, in
order to more fully characterise the nature of the uncertainty and to provide a more appropriate basis
for informing the ICER estimates. Hence, the ERG have selected the most important issues to present
within the report. Consequently, much of Section 6 is devoted to a joint assessment of these key
issues, and the impact on the ICER based on additional exploratory analyses undertaken by the ERG.
5.4

Conclusions of the cost effectiveness section

The existing literature on the cost-effectiveness of crizotinib is limited and unlikely to be
generalisable to the UK NHS. Consequently, the manufacturer’s model represents the most relevant
source of existing evidence. The manufacturer reported two separate ICER estimates as part of their
base-case analysis: £41,544 per QALY vs. docetaxel and £35,455 per QALY vs. BSC. The
manufacturer also undertook a range of sensitivity analyses to explore the robustness of these results,
demonstrating that the assumptions concerning: (i) the magnitude of survival benefit and (ii) the
discontinuation of crizotinib following RECIST progression appear to be the key driver of
uncertainty. Importantly, the uncertainty explored by the manufacturer relates to parameter inputs (i.e.
the HR estimate for OS) as well as structural assumptions (i.e. whether crizotinib is discontinued at
RECIST progression or continued according to the protocol determined usage in PROFILE 1007).
However, these impacts were largely explored separately using univariate analyses. Consequently, the
uncertainty surrounding the base-case ICERs is likely to be higher than represented in the MS since
the simultaneous impact changes in key parameter and structural assumptions has not been
considered.
In summary, the ERG considers the manufacturer’s base-case ICERs to be both highly uncertain
(largely due to the immature survival data) and overly optimistic towards crizotinib. In particular the
ERG would like to highlight two key assumptions which underpin these base-case estimates.
1. The use of the IPTCW 5 adjusted HR for OS
This was not adequately justified in terms of internal or external validity. The ERG is particularly
concerned about the face-validity of the magnitude of the resulting survival projections, particularly
given the variation across the different adjustment methods and the immaturity of the data overall.
There was little discussion by the manufacturer regarding the external validity of the survival
projections for crizotinib (and the incremental OS gains relative to docetaxel and BSC) despite this
being the key driver of cost-effectiveness. Clearly, the lack of long-term survival data for crizotinib
makes it difficult to appropriately assess the external validity of these estimates. However, the implied
relationship between PFS and OS gains also appears difficult to justify based on the strength of this
relationship evident in other studies in NSCLC. Any assessment of the external validity of the
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incremental survival gains need to carefully consider both the adjusted OS HR and the underlying
absolute survival estimates. The comment made by the manufacturer that that the projected absolute
survival estimates for docetaxel appear optimistic compared to other external studies and that this may
arise because the full impact of crossover has not been taken into account, does not consider the
underlying absolute survival estimates. Although it is not possible to conclude that one single
adjustment method is more appropriate than another (based on both internal and external validity
assessments), the ERG considers that the results from the RPFST method appear to have more facevalidity than the approach selected by the manufacturer in their base-case analysis.
2. The assumptions made regarding treatment duration and the maintenance of QoL
The model makes a number of important assumptions concerning: a. the relationship between
crizotinib treatment duration and impact on survival/QALY gains and b. the maintenance of QoL
differences between treatments post-progression. The ERG considers that these critical assumptions
have not been robustly justified by the manufacturer and are not clearly supported by the existing
evidence:
a. The manufacturer assumes in their base-case analysis that discontinuing treatment with crizotinib
at the point of RECIST progression will have no impact on the subsequent survival projections
and the relative efficacy of crizotinib. However, this discontinuation rule differs from that used in
PROFILE 1007, in which crizotinib is continued beyond radiographic progression. The
justification cited by the manufacturer is that there is no evidence supporting the additional
efficacy of continued treatment with crizotinib beyond RECIST progression. However, there
appears to be no convincing evidence demonstrating that continued treatment doesn’t have an
additional effect either. Consequently, there exists significant uncertainty concerning the
generalisability of the base-case ICER estimates.
b. The manufacturer assumes continuing QoL benefits attributable to crizotinib over the remaining
lifetime of the patients. The ERG considers this to be an overly optimistic assumption and that the
continuation of QoL benefits is likely to only be maintained whilst treatment continues.
Furthermore, the ERG considers that the QoL estimates themselves applied in the postprogression state are unlikely to reflect the ‘average QoL’ over the remaining post-progression
survival period.
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6

Impact on the ICER of additional clinical and economic analyses undertaken by the
ERG

6.1

Overview

This section presents the results of some of the additional cost-effectiveness analyses undertaken by
the ERG. Following on from the discussion in Section 5, we begin by reconsidering the results
presented by the manufacturer based on the RPFST method of crossover adjustment, rather than the
IPTCW 5 method used by the manufacturer, for the OS HR. As we have previously stated, the ERG
consider the RPFST method to be a more appropriate approach for the base-case analysis. We then
explore a range of additional uncertainties highlighted in the Section 5, namely:
1.

The use of deterministic estimates of the ICER, rather than probabilistic.

2.

Alternative costing assumptions for the different screening strategies which might be
employed in the NHS.

3.

The potential impact on cost-effectiveness of alternative prevalence rates of ALK fusion.

4.

Alternative discontinuation rules for crizotinib (i.e. discontinuation following RECIST
progression compared to the continued use reflecting the treatment duration within PROFILE
1007)

5.

Alternative assumptions concerning the utility estimates in the PD state, and the maintenance
of any longer term QoL benefits beyond RECIST progression.

Importantly, given the complex interplay between many of the treatment-related uncertainties, rather
than investigating particular assumptions/inputs in isolation, we present a number of alternative
‘scenarios’ which reflect a combined set of assumptions which we consider to be as plausible as the
base-case proposed by the manufacturer. We acknowledge that there remains considerable uncertainty
surrounding the method of adjustment for crossover, hence we also present these same scenarios
based on the manufacturer’s preferred method (IPTCW 5). While we consider these to be optimistic,
they also represent a ‘best-case’ set of results to contrast with those based on the RPSFT approach.
6.2

ERG revisions to the manufacturer’s base-case model

The manufacturer presented ICER estimates for the RPFST method of adjustment as part of their
sensitivity analyses. The ICER for crizotinib vs. docetaxel was £56,164 per QALY, and for crizotinib
vs. BSC £40,089, per QALY (Tables B88 and B89, P220/1 of the MS). However, in common with the
manufacturer’s base-case ICER estimates, both of these ICERs are derived from the deterministic
analysis. Since Markov models are usually non-linear structures, deterministic estimates may not
reflect the uncertainty around the estimates, therefore the use of probabilistic estimates is generally
more appropriate.78 The degree of non-linearity in the model will then determine: (a) whether the
deterministic and probabilistic ICERs differ; and (b) the magnitude of this difference. However, when
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reporting the probabilistic ICERs, it is important to ensure that sufficient iterations are run to fully
sample from the input distributions such that the ICERs are relatively stable when the model is run at
different times (and different random numbers are used).
The ERG performed a series of five runs of the manufacturer’s model based on 1,000 and 10,000
iterations to assess the degree of non-linearity and to determine an appropriate basis for determining
the number of simulations to run. The results of these are reported in Table 34 for crizotinib compared
to docetaxel, and Table 35 for crizotinib compared to BSC. In all instances, the probabilistic ICERs
were higher than the deterministic estimates; such a consistent discrepancy between the

deterministic and probabilistic estimates indicates that the model is non-linear. For comparison
purposes, the deterministic ICER for crizotinib vs. docetaxel was £56,164 per QALY, and for
crizotinib vs. BSC was £40,089 per QALY. Also, the ICER estimates were not sufficiently stable
unless at least 10,000 iterations were run. In these circumstances, the ERG considers the deterministic
ICERs to be unreliable estimates of cost-effectiveness and at least 10,000 simulations are necessary in
order to get reasonably robust results. Consequently, all additional analyses conducted by the ERG are
based on probabilistic results derived from 10,000 iterations.
Table 34: ERG assessment of non-linearity and model stability (crizotinib vs. docetaxel)
Model runs
1
2
3
4
5
Average

1,000 iterations
ICER (per
% Change
QALY)
from average
£ 59,583
-2.29
£ 62,525
2.53
£ 59,402
-2.59
£ 61,105
0.21
£ 62,281
2.13
£ 60,979
-

10,000 iterations
% Change from
ICER (per QALY)
average
£ 61,029
0.91
£ 59,799
-1.12
£ 60,360
0.19
£ 60,617
0.23
£ 60,579
0.17
£ 60,477
-

Table 35: ERG assessment of non-linearity and model stability (crizotinib vs. BSC)
1,000 iterations
10,000 iterations
ICER (per
% Change
% Change from
ICER (per QALY)
QALY)
from average
average
1
£ 43,067
-0.37
£ 43,758
0.75
2
£ 43,482
0.59
£ 43,129
-0.34
3
£ 42,959
-0.62
£ 43,282
-0.34
4
£ 42,460
-1.78
£ 43,436
0.01
5
£ 44,173
2.19
£43,400
-0.07
Average
£ 43,228
£ 43,431
BSC: Best supportive care; ICER: Incremental cost-effectiveness ratio; QALY: Quality adjusted life year
Model runs

6.3

Additional ERG sensitivity analyses

The following sections report the results of the additional sensitivity analyses performed by the ERG
to explore areas of uncertainty and issues that were highlighted in Section 5.
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6.3.1

Screening and prevalence of ALK fusion

As discussed in Sections 4.5 and 5.2.3, there are a number of issues regarding potential
screening strategies for ALK positivity, which have not been explicitly specified by the
manufacturer in the submission. The main issues associated with the screening strategy are: i)
the decision regarding the appropriate population to test (all NSCLC patients or only those
with particular histological subtypes); ii) the timing of this test (i.e. concurrently/in parallel with
EGFR testing at first-line, or only when patients fail first-line treatment); iii) the type of test used; and
iv) the cost of tests. In order to model patient outcomes based on estimates such a sensitivity and
specificity, the manufacturer’s model would have required extensive modification. Therefore, the
ERG was restricted to sensitivity analyses that only altered costs for the testing strategy.
Table 36 illustrates how different testing strategies may impact on the cost-effectiveness of crizotinib
in the population implicitly determined in the submission, i.e. patients with adenocarcinoma (5%
ALK+ve prevalence) using the updated cost estimate for FISH test (£***, as reported in the
manufacturer’s response to the points of clarification). Table 36 also shows results for an alternative
ALK+ve prevalence (3%) that corresponds to a conservative estimate of prevalence in an unselected
NSCLC population.
The use of FISH alone as a screening strategy had a greater impact on the ICER, due to its greater
cost; this is consistent with the conclusions drawn by the manufacturer. The impact of using the
updated unit cost for FISH tests was diluted when an IHC strategy was considered where FISH was
used only to confirm equivocal IHC results, as the number of patients undergoing the more expensive
FISH validation would be lower. The costs were slightly higher when IHC 1+, 2+, and 3+ were
validated with FISH, rather than IHC 1+ and 2+, due to the greater number of FISH validations
expected to be performed with that strategy.
As expected, the costs of testing increased when ALK+ve prevalence decreased to 3%, as the number
of patients needed to test to identify one ALK+ve patient would increase. As with the analysis for a
5% ALK+ve prevalence, FISH was the most costly testing strategy when prevalence of 3%, followed
by IHC 1+, 2+, 3+ validated by FISH, and IHC 1+, 2+ validated by FISH.
Despite the importance of making a decision on the population to test alongside the selection of the
test itself, as demonstrated by the additional analyses, this did not seem to be a key driver of costeffectiveness. Nevertheless, the ERG would like to highlight again this was only examined on the cost
side of the analysis. The additional analyses at this level are unable to predict the potential impact that
the use of different testing strategies could have on efficacy and cost-effectiveness of crizotinib.
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Table 36: Cost-effectiveness results for different testing strategies at using a prevalence of ALK fusion of 5% and 3%
ALK+ve
prevalence

Inc. Costs
(£)

Inc. QALYs

% Change

ICER
(£/QALY)

% Change

5%

38,785

0.631

-

61,466

-

3%

39,276

0.631

-

62,244

1.27

5%

38,954

0.631

-

61,734

0.44

3%

39,445

0.631

-

62,512

1.70

5%

45,297

0.631

-

71,786

16.79

3%

50,257

0.631

-

79,646

29.58

IHC with FISH validation for IHC 1+ and 2+

IHC with FISH validation for IHC 1+,2+ and 3+

FISH only

The percentage change was calculated in relation to the emboldened ICER (scenario for which assumptions are similar to those in the manufacturer’s base case with the exception of crossover
adjustment method which was RPSFT). ALK Anaplastic lymphoma kinase; FISH: Fluorescence in situ hybridisation; IHC: Immunohistochemistry; QALY: Quality adjusted life year
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6.3.2

ERG alternative scenarios
6.3.2.1 Crizotinib vs. docetaxel

The ERG has identified five key assumptions/uncertainties related to treatment which are considered
to be important drivers of cost-effectiveness:
1. The method of adjusting for crossover in the HR estimates for OS
We have extensively discussed the alternative approaches used to adjust for crossover. Here we
consider the impact of alternative assumptions based on the ERG’s preferred approach (RPSFT) vs.
the manufacturer’s (IPTCW 5).
2. Crizotinib treatment duration
The manufacturer assumed that crizotinib would be discontinued at the point of RECIST progression.
This does not reflect how crizotinib was administered in PROFILE 1007 (which allowed for patients
to be continued on crizotinib beyond RECIST progression), or how it may be used in clinical practice
(where symptomatic progression is likely to be used). Theoretically, these different discontinuation
rules represent different comparators, and the cost-effectiveness of different treatment durations
should be incrementally assessed to determine the added value of these different treatment durations.
However, it is impossible to appropriately inform these different strategies based on the existing
evidence. Instead we consider two alternative scenarios based on the manufacturer’s assumption and
based on the treatment duration curves from PROFILE 1007. Importantly, rather than simply
reflecting different cost assumptions, we have made an explicit assumption concerning the
discontinuation rule applied and the maintenance of pre-progression utility gains. Alternatively to
assuming that the QoL differential between treatments lasts for the entire lifetime of a patient, we
assume that any differential only applies for the actual duration of treatment. Consequently the two
treatment discontinuation scenarios modeled for crizotinib assume that the additional QoL gains for
crizotinib last until RECIST progression or until treatment is actually discontinued. Hence, alternative
assumptions are applied to both costs and QoL.
3. Post-progression utility
The manufacturer assumes differential utilities between treatments in the post-progression state, with
patients in the crizotinib treatment arm receiving utility benefits over the comparator treatment arm
beyond progression and treatment discontinuation. The justification and validity of this assumption is
unclear. The ERG has employed an alternative assumption whereby patients are assigned the same
post-progression utility on transition to the PD state, regardless of their previous treatment. However,
given the uncertainty surrounding the appropriate estimate of post-progression utility, the ERG
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considers three alternative estimates based on the PROFILE 1007 data, by assigning: i) all patients the
pooled chemotherapy utility estimate; ii) the crizotinib post-progression utility estimate; and iii)
published utility values from the previous NICE appraisal of erlotinib79).
4. Unit costs of docetaxel
We explore two scenarios for the unit costs of docetaxel, based on the current public list price from
the BNF 64,80 as well as the costs reported in eMIT.77
5. Half-cycle correction for crizotinib acquisition costs
We explore two separate scenarios which relate to the half-cycle correction adjustment made by the
manufacturer for crizotinib acquisition costs. In one set of scenarios we use the same assumption
employed by the manufacturer which effectively assumes that there is no wastage (i.e. implying that
crizotinib is prescribed on a 2-weekly basis or that drugs can be ‘reclaimed’ from patients who
transition to the PD or death state at the mid-point of any monthly cycle). In the other scenario we
remove the half-cycle correction, which implies that 2-weeks of drugs will be ‘wasted’ for all patients
at the point they transition to the PD or death state and no longer accrue any additional benefit.
Importantly, for all of these analyses the ERG uses the PFS survival data and the pre-progression
utility data from the ‘pooled chemotherapy’ arm to inform the docetaxel effectiveness inputs due to
the potential selection bias in the results for docetaxel subgroup.
Across these five key areas, the ERG presents 16 separate scenarios. These are described in Table 37
and the associated results are reproduced in Table 38 to Table 41. Table 38 to Table 40 differ in the
source of utility data for post-progression and Table 41 excludes the half-cycle correction for
crizotinib acquisition costs. Rather than describing the results for each specific scenario, we instead
summarise the key differences and identify the relative importance of particular assumptions based on
their contribution to the joint impact on the ICER.
For all of these scenarios, the ERG assumed that docetaxel was administered for a fixed number of
cycles, namely six cycles. According to the ERG clinical advisor this is the maximum number of
cycles that patients would be expected to tolerate. It is also worth noting that, despite the use of
'pooled chemotherapy' PFS data to inform docetaxel effectiveness in the model, the ERG applied
docetaxel costs in all analyses.
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Table 37: Overview of ERG scenarios
Source of acquisition unit
costs for docetaxel

Assumptions
Scenario

Table

1
2
3

RPSFT
(HR=0.83)
38
IPCTW 5
(HR=****)

4
5
6

39

7

9

RPSFT
(HR=*****

10
40

IPCTW 5
(HR=*****

12
13

RPSFT
(HR=0.83)

14
15
16

RPSFT
(HR=****)
IPCTW 5
HR=****)

8

11

Crossover adjustment
method

41
IPCTW 5
(HR=*****

Crizotinib treatment
duration
Until disease
progression
As in PROFILE 1007
Until disease
progression

Post-progression utility

a)

b)

Half-cycle correction
for crizotinib drug
related costs

Same as for pooled
chemotherapy in PROFILE 1007

BNF 64

eMIT

Yes

(utility = *****)

BNF 64

eMIT

Yes

Same as for crizotinib in
PROFILE 1007

BNF 64

eMIT

Yes

(utility = *****)

BNF 64

eMIT

Yes

BNF 64

eMIT

Yes

BNF 64

eMIT

Yes

BNF 64

eMIT

No

BNF 64

eMIT

No

As in PROFILE 1007
Until disease
progression
As in PROFILE 1007
Until disease
progression
As in PROFILE 1007
Until disease
progression
As in PROFILE 1007
Until disease
progression

Same as for progressed disease
for docetaxel in TA162
(utility = *****)

As in PROFILE 1007
Until disease
progression
As in PROFILE 1007
Until disease
progression
As in PROFILE 1007

Same as for pooled
chemotherapy in PROFILE 1007
(utility = *****)

BNF: British National Formulary; eMIT: Electronic Market Information Tool; IPCTW: Inverse probability of treatment and censoring weighted; RPSFT: Rank-preserved structural failure time
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Table 38: Cost-effectiveness results for different assumptions on crossover adjustment method, treatment duration and acquisition costs, assuming pooled
chemotherapy post-progression utility for both treatment strategies
Scenario
Base-case

Acquisition
costs

Crizotinib
Mean costs
Mean
(£)
QALYs

Docetaxel
Mean costs
Mean
(£)
QALYs

Inc. Costs
(£)

Inc. QALYs

ICER
(£/QALY)

% Change

MS

54,149

1.949

13,922

0.981

40,227

0.968

41,544

-

a) BNF 64

53,820

1.688

12,381

1.388

41,439

0.300

137,883

232

1.687

8,650

1.387

45,153

0.300

150,366

262

RPSFT

Crizotinib
treatment
duration

1. Until disease
progression

2. As in PROFILE
1007

b) eMIT

53,803

a) BNF 64

82,075

1.805

12,378

1.389

69,697

0.416

167,575

303

b) eMIT

82,202

1.805

8,648

1.387

73,554

0.418

175,829

323

a) BNF 64

53,776

1.688

11,430

1.095

42,345

0.593

71,400

72

b) eMIT

53,815

1.691

7,734

1.104

46,081

0.587

78,515

89

a) BNF 64

82,266

1.807

11,456

1.102

70,810

0.705

100,460

142

b) eMIT

82,148

1.801

7,708

1.094

74,440

0.707

105,351

154

IPCTW5

Crizotinib
treatment
duration

3. Until disease
progression

4. As in PROFILE
1007

BNF: British National Formulary; eMIT: Electronic Market Information Tool; ICER: Incremental cost-effectiveness ratio; QALY: Quality adjusted life year
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Table 39: Cost-effectiveness results for different assumptions on crossover adjustment method, treatment duration and acquisition costs, assuming crizotinib
post-progression utility for both treatment strategies
Scenario

Base-case

Acquisition
costs

Crizotinib

Docetaxel

Inc. Costs
(£)

Inc. QALYs

ICER
(£/QALY)

% Change

Mean costs
(£)

Mean
QALYs

Mean costs
(£)

Mean
QALYs

MS

54,149

1.949

13,922

0.981

40,227

0.968

41,544

-

a) BNF 64

53,462

1.929

12,398

1.629

41,063

0.300

136,651

229

b) eMIT

53,517

1.929

8,678

1.630

44,839

0.300

149,666

260

a) BNF 64

81,834

1.971

12,356

1.612

69,478

0.359

193,676

366

b) eMIT

81,969

1.968

8,622

1.608

73,348

0.359

204,315

392

a) BNF 64

53,560

1.923

11,438

1.266

42,122

0.660

63,770

53

b) eMIT

53,487

1.923

7,704

1.261

45,783

0.666

68,703

65

a) BNF 64

81,854

1.972

11,409

1.255

70,445

0.716

98,337

137

b) eMIT

81,788

1.973

7,684

1.252

74,104

0.721

102,764

147

RPSFT

Crizotinib
treatment
duration

5. Until disease
progression

6. As in
PROFILE 1007

IPCTW5

Crizotinib
treatment
duration

7. Until disease
progression

8. As in
PROFILE 1007

N.B. By assuming crizotinib post-progression utility for both treatments, post-progression utility for docetaxel (******) becomes higher than pre-progression utility (******); BNF: British National
Formulary; eMIT: Electronic Market Information Tool; ICER: Incremental cost-effectiveness ratio; QALY: Quality adjusted life year
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Table 40: Cost-effectiveness results for different assumptions on crossover adjustment method, treatment duration and acquisition costs, assuming postprogression utility from previous NICE appraisal of erlotinib (ERG estimate) for both treatment strategies

Scenario

Crizotinib

Acquisition

Docetaxel

Inc. Costs

Inc. QALYs

ICER

% Change

Mean costs

Mean

Mean costs

Mean

(£)

QALYs

(£)

QALYs

MS

54,149

1.949

13,922

0.981

40,227

0.968

41,544

-

9. Until disease

a) BNF 64

53,741

1.094

12,370

0.804

41,372

0.290

142,532

243

progression

b) eMIT

53,823

1.094

8,627

0.802

45,196

0.292

154,786

273

10. As in

a) BNF 64

82,063

1.382

12,380

0.805

69,683

0.577

120,706

191

PROFILE 1007

b) eMIT

82,130

1.382

8,632

0.802

73,498

0.580

126,738

205

11. Until disease

a) BNF 64

53,775

1.093

11,414

0.677

42,361

0.416

101,848

145

progression

b) eMIT

53,829

1.093

7,678

0.675

46,151

0.417

110,609

166

12. As in

a) BNF 64

82,212

1.382

11,416

0.677

70,795

0.705

100,405

142

PROFILE 1007

b) eMIT

82,171

1.381

7,718

0.680

74,453

0.701

106,220

156

Base-case

costs

(£)

(£/QALY)

RPSFT

Crizotinib
treatment
duration

IPCTW5

Crizotinib
treatment
duration

BNF: British National Formulary; eMIT: Electronic Market Information Tool; ICER: Incremental cost-effectiveness ratio; QALY: Quality adjusted life year
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Table 41: Cost-effectiveness results for different assumptions on crossover adjustment method, treatment duration and acquisition costs, assuming pooled
chemotherapy post-progression utility for both treatment strategies, without half-cycle correction for crizotinib drug related costs.
Crizotinib
Scenario

Base-case

Acquisition
costs

Docetaxel
Inc. Costs
(£)

Inc. QALYs

ICER
(£/QALY)

% Change

41,544

-

Mean costs
(£)

Mean
QALYs

Mean costs
(£)

Mean
QALYs

MS

54,149

1.949

13,922

0.981

40,227

0.968

a) BNF 64

56,198

1.687

12,343

1.377

43,855

0.310

b) eMIT

56,228

1.689

8,666

1.393

47,562

0.297

a) BNF 64

84,493

1.802

12,345

1.377

72,148

0.425

b) eMIT

84,519

1.804

8,640

1.385

75,880

0.419

a) BNF 64

56,176

1.688

11,406

1.0883

44,770

0.599

b) eMIT

56,182

1.689

7,708

1.0976

48,474

0.591

a) BNF 64

84,444

1.804

11,445

1.0987

72,999

0.705

b) eMIT

84,432

1.801

7,714

1.0960

76,718

0.705

RPSFT

Crizotinib
treatment
duration

13. Until disease
progression

14. As in
PROFILE 1007

141,334
160,280
169,821
181,095

240
286
309
336

IPCTW5

Crizotinib
treatment
duration

15. Until disease
progression

16. As in
PROFILE 1007

74,725
81,964
103,479
108,828

80
97
149
162

BNF: British National Formulary; eMIT: Electronic Market Information Tool; ICER: Incremental cost-effectiveness ratio; QALY: Quality adjusted life year
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Importantly, the ICER estimates across all scenarios presented by the ERG are consistently less
favourable than the manufacturer’s base-case ICER. The main reason for this difference is the use of
pooled chemotherapy data for PFS and PF utility, and the alternative assumptions applied to postprogression utility. While the manufacturer applied treatment specific utilities to the PD state for the
remainder of a patient’s lifetime, the ERG only applies treatment specific utilities for the duration of
treatment (i.e. either until RECIST progression, or until treatment discontinuation as observed in
PROFILE 1007). This assumption by itself has a significant impact on the ICER estimates. Clearly,
the use of the IPTCW 5 or RPSFT adjusted HR estimates is another key factor, with the use of RPSFT
considerably increasing the ICER.
For the manufacturer’s base-case ICER (crizotinib vs. docetaxel, £41,544), the ERG considers the
results from Table 38 to provide the most appropriate basis for comparison. Applying the same

decision rule to the continuation of crizotinib as assumed by the manufacturer (i.e. crizotinib
is discontinued at RECIST progression), the ERG estimates the ICER to be between £71,400
based on the IPTCW 5 method and £137,883 based on the RPSFT, per QALY. These ICER
estimates increase further to £78,515 (IPTCW 5) and £150,366 (RPSFT) per QALY when
lower acquisition costs for docetaxel, as reported in eMIT, were applied. The ERG considers
that these ICER estimates may be conservative if crizotinib is continued beyond RECIST
progression, as additional treatment costs that would be incurred. Based on the alternative
assumptions applied to represent this scenario, the ERG estimates the ICER of crizotinib vs.
docetaxel to be between £100,460 (IPTCW 5) and £167,575 (RPSFT) per QALY (equivalent
range of £105,351 to £175,829 per QALY based on eMIT costs for docetaxel).
The results from Table 38 were based on applying the utility reported at the end of treatment (‘exit’
EQ-5D values) for pooled chemotherapy to all patients at the point of treatment discontinuation to
reflect the utility applied in the PD state. We used this data because we considered that a higher
proportion of patients would have incurred symptomatic progression in the pooled chemotherapy arm
and hence this provided a more appropriate basis for informing the PD utility estimate. However,
there clearly remains uncertainty surrounding this estimate, both in terms of the different ‘exit’ values
reported in the crizotinib and pooled chemotherapy arms of PROFILE 1007 and also whether any of
these ‘exit’ values appropriately characterise the average HRQol over the entire PD period, which is
what should be reflected.
To address the remaining uncertainty surrounding the utility value applied in the PD state, Table 39
and Table 40 apply different estimates, providing what the ERG considers to be upper (i.e. the ‘exit’
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values for crizotinib) and lower bounds (i.e. the external value for PD reported in a previous NICE
appraisal) for this value. These tables demonstrate the potential impact that alternative assumptions
can make to the ICER estimates. The lack of a consistent relationship between the utility value for the
PD state and the ICER estimates evident across these scenarios relates to the complex interplay noted
previously by the ERG in relation to the OS estimates and the proportion of this time spent in the PF
and PD states.
The ERG is also concerned that applying a half-cycle correction would potentially under-estimate the
costs for crizotinib since there is likely to be ‘wastage’ if the drug is prescribed on a 30-day basis and
drugs cannot be re-claimed when patients transition mid-way in the 30-day cycle of the model.
However, the impact of this appears relatively minor compared to the other assumptions described
above, increasing the ICER estimates by approximately £2,246 to £9,914 across the different
scenarios (Table 41).
6.3.2.2 Crizotinib vs. BSC
The ERG undertook a similar set of analyses for the crizotinib vs. BSC comparison. For all of these
analyses the ERG uses the PFS survival data from the ‘pooled chemotherapy’ arm due to the lack of a
HR estimate for PFS from the MTC. Two different OS HR estimates from the MTC were explored
according to the method of crossover adjustment selected, as well as two different assumptions on the
continuation of crizotinib. Results of these analyses are reproduced in Table 42. Similarly to the main
comparison between crizotinib and docetaxel, the ICER estimates for the comparison between
crizotinib and BSC in the ERG analyses are consistently greater than the ICER from the
manufacturer’s base-case (£35,455 per QALY). The assumption of the same post-progression utility
for both treatments is again one of the main reasons for this, as it considerably reduced the
incremental QALYs for crizotinib. The selection of different OS HR estimates from the MTC
according to crossover adjustment method impacted similarly on the ICER estimates, with estimates
being driven up when switching from IPTCW 5 to RPSFT. Assuming that crizotinib was discontinued
upon RECIST progression, the ERG estimates the ICER to be between £46,824 (based on IPTCW 5)
and £57,347 per QALY (based on RPSFT). Conversely, when assuming that crizotinib is
administered beyond RECIST progression the ERG estimates the ICER to be between £66,974 and
£80,535 per QALY based on IPTCW 5 and RPSFT, respectively.
6.3.3

Summary

In summary, the ERG considers that the manufacturer’s ICERs appear optimistic. Importantly, there
are two distinct areas of uncertainty, these relate to screening and treatment.
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Table 42: Cost-effectiveness results for different assumptions on crossover adjustment method and treatment duration, assuming pooled chemotherapy post-

progression utility for both treatment strategies
Crizotinib

Scenario

Base-case

BSC

Inc. Costs

Inc. QALYs

ICER

% Change

Mean costs

Mean

Mean costs

Mean

(£)

QALYs

(£)

QALYs

54,149

2.504

6,021

0.592

48,128

1.357

35,455

-

53,836

1.689

7,015

0.872

46,821

0.816

57,347

62

82,166

1.800

6,999

0.867

75,166

0.933

80,535

127

53,829

1.686

6,354

0.672

47,475

1.014

46,824

32

82,170

1.806

6,362

0.674

75,809

1.132

66,974

89

(£)

(£/QALY)

RPSFT
Crizotinib
treatment
duration

17. Until disease
progression
18. As in PROFILE 1007

IPTCW 5
Crizotinib
treatment
duration

19. Until disease
progression
20. As in PROFILE 1007

ICER: Incremental cost-effectiveness ratio; IPTCW: Inverse probability of treatment and censoring weighted; QALY: Quality adjusted life year; RPSFT: Rank-preserved structural failure time
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The key areas of uncertainty regarding screening are:
1. The screening strategy itself, the validity of the manufacturer’s proposed approach, and issues
regarding whether this would be the same approach that was subsequently used in the NHS or
not
2. The costs of the tests, particularly whether the unit costs of FISH should include processing
and handling costs
3. The prevalence rate of ALK positivity.
The alternative assumptions employed by the ERG demonstrate that these can impact on the ICER
estimates, although the magnitude of change appears most affected by the use of FISH testing for all
patients undergoing screening. Importantly, all these scenarios were restricted to different cost
assumptions since it was not possible to link the screening strategy through to the impact on treatment
decisions and final patient outcomes. However, it is the view of the ERG, that while the remain
uncertainties in relation to the screening question, the uncertainties surrounding the treatment
effectiveness of crizotinib are a more important driver of cost-effectiveness.
The key areas of uncertainty in relation to treatment decisions which have been shown to be important
drivers of cost-effectiveness are:
1. The discontinuation rule applied to crizotinib;
2. The method of adjustment for crossover;
3. The application of treatment specific utilities for the entire model horizon.
For each of these issues, the ERG considers that there are more plausible alternative scenarios which
have not been reflected in the manufacturer’s submission. The ERG’s scenarios recognise the joint
nature of many of the uncertainties and attempt to characterise this more fully based on imposing
structural relationships between several key inputs (i.e. relating HRQoL gains to treatment
discontinuation rules).
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7

End of life

The MS states that crizotinib fulfils the criteria to be assessed as an end-of-life therapy:
The patient population eligible for crizotinib is expected to be very small (only 550 patients in the
UK who would currently be covered by the marketing authorization).
ALK+ve NSCLC has a current expected survival of 6 to 8 months, which is far less than the 24
month criterion.
Crossover adjusted OS analysis from the RCT PROFILE 1007 indicates that crizotinib extends
life by greater than 3 months compared to pooled chemotherapy under any crossover adjustment
methodology.
The retrospective analysis of PROFILE 1001 supports the findings of the crossover analyses of
the PROFILE 1007 data; crizotinib extended life by at least 8 months compared to crizotinibnaïve controls.
The MS goes on to state that despite the likelihood that the OS analyses have not fully adjusted for
crossover, crizotinib has an ICER of £41,544 per QALY compared to docetaxel and £35,455 per
QALY compared to BSC, and that these ICERs are comparable to other oncology drugs approved
under the end-of-life criteria.
The robustness of the evidence regarding crizotinib survival gains was reduced due to the immaturity
of data, and issues concerning crossover between arms in PROFILE 1007. PFS results, which were
more mature than OS data and not affected by crossover (although they may be affected by selection
bias, as docetaxel corresponded to a non-randomised subgroup of the full comparator arm in
PROFILE 1007), suggested an increase of 5.7 months for crizotinib PFS compared to docetaxel. The
manufacturer’s analyses predicted that the crossover adjusted OS survival gains for crizotinib would
range between 5.8 and 12.3 months (depending on the crossover adjustment methodology). The ERG
previously expressed concerns on the robustness and appropriateness of the OS estimation (Section
4.2.3.5), however given PFS gains for crizotinib in PROFILE 1007, the ERG thinks it is likely that
OS gains will also be greater than 3 months.
As discussed previously, there is currently no evidence available to inform survival estimates in an
ALK+ve population, and the sample size in PROFILE 1007 is likely too small for the level of
crossover to reliably inform such an estimate (Section 4.2.3.5). In addition, the limited evidence
available does not support the optimistic estimates of OS for crizotinib. Moreover, although the
manufacturer states that expected survival of patients with NSCLC is 6 to 8 months, the median OS in
PROFILE 1007 was 22.8 months for chemotherapy and 20.4 months for crizotinib. The economic
model also uses a horizon of 15 years. The ERG has also highlighted concerns surrounding the ICERs
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presented for crizotinib compared to docetaxel and BSC (Section 5.2.6.3). Therefore, given these
concerns, the general characteristics of the ALK+ve populations compared to the broader NSCLC
population (i.e. younger and generally healthier), and the lack of data regarding OS in an ALK+ve
population, there is some uncertainty as to whether crizotinib for this specific population meets the
end of life criteria.

8

Other factors relevant to the NHS

The MS estimated the five year budget impact of introducing crizotinib for the second-line treatment
of advanced NSCLC in ALK+ve patients, assuming a staggered uptake of crizotinib (P227/9 of the
MS). To estimate the expected number of patients to be treated in the first year of market introduction,
it was assumed that 80% of patients with advanced NSCLC with ALK fusion would be treated firstline with an active treatment, and 70% of these patients would survive beyond first-line treatment and
be eligible for crizotinib, docetaxel or BSC. The MS took the UK peak historical incidence of lung
cancer in 1985 (65.1/100000) and the most recently available incidence estimate from 2009
(47.8/100000), to produce an annual percentage change in lung cancer incidence (-0.72%). This was
applied to the incidence population in year 1 (548 patients), and each subsequent year for 5 years (532
patients in year 5), from the time of approval.
Market share for crizotinib was assumed to be 80% of second-line ALK+ve patients in the first year
after approval, increasing to 90% in years 2 to 5. The rest of patients were assumed to be treated with
docetaxel (60%) and BSC (40%). This assumption was based on the percentage of patients aged 50 to
59 years who are treated with chemotherapy at first-line. Cost estimates from the manufacturer’s
economic model were applied to patient numbers for each treatment to calculate the incremental costs
of crizotinib introduction. The estimated budget impact for the NHS in the first year was just under
£14 million, increasing to just over £20.3 million in year 5; the overall 5 years impact would be
approximately £93.6 million (Table 43).
The ERG generally agrees with the strategy used to estimate the number of patients that would
receive treatment within the NHS. However, the model is likely to have underestimated the costs of
crizotinib and overestimated the costs of docetaxel, as explained in Sections 5 and 6. Therefore, the
budgetary impact of introducing crizotinib is likely to have been underestimated.
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Table 43: Cost of annual treatment with and without the introduction of crizotinib and the overall
annual budgetary impact of crizotinib introduction (taken from Tables C6/7/8, P230 of the MS)
With crizotinib

Year 1

Year 2

Year 3

Year 4

Year 5

263

294

292

289

287

£10,315,739

£14,069,767

£14,904,072

£15,130,615

£15,211,415

175

196

194

193

192

£6,877,159

£9,379,845

£9,936,048

£10,087,077

£10,140,944

66

33

32

32

32

£634,372

£450,132

£445,006

£444,542

£443,400

44

22

22

21

21

Crizotinib replacing docetaxel
Patients per year
Total cost
Crizotinib replacing BSC
Patients per year
Total cost

Patients Not Receiving Crizotinib
Docetaxel
Patients per year
Total cost
BSC
Patients per year
Total cost
Total with crizotinib
Without crizotinib

£176,835

£143,252

£134,461

£130,964

£129,140

£18,004,105

£24,042,995

£25,419,587

£25,793,198

£25,924,900

Year 1

Year 2

Year 3

Year 4

Year 5

Docetaxel

329

326

324

322

319

Total cost

£3,171,858

£3,825,155

£4,123,819

£4,269,756

£4,336,492

BSC
Total cost
Total without crizotinib
Overall budget impact of
introducing crizotinib

219

218

216

214

213

£884,175

£1,155,159

£1,245,722

£1,273,190

£1,277,706

£4,056,032

£4,980,314

£5,369,541

£5,542,946

£5,614,198

£13,948,073

£19,062,681

£20,050,046

£20,250,252

£20,310,702
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9

Overall conclusions

The MS aimed to determine the clinical effectiveness, safety and cost-effectiveness of crizotinib for
the treatment of advanced NSCLC with ALK fusion. The primary comparator relevant to the NHS is
docetaxel. The assessment of the efficacy and safety of crizotinib was primarily based on the results
of a phase III RCT of 344 patients with advanced NSCLC with ALK fusion (PROFILE 1007).
PROFILE 1007 compared crizotinib to chemotherapy, which was either pemetrexed or docetaxel for
patients who had previously received pemetrexed; there is no randomised comparison of crizotinib
and docetaxel.
PROFILE 1007 showed crizotinib to have a significant benefit in terms of median PFS compared to
the docetaxel subgroup (HR 0.30, 95% CI 0.21 to 0.43), and the pooled chemotherapy (HR 0.49, 95%
CI 0.37 to 0.64). In terms of adverse events, crizotinib had a greater incidence of vision disorder and
gastrointestinal side effects, and a lesser incidence of alopecia, compared to the chemotherapy group.
This may not reflect the adverse event profile compared to docetaxel alone, which is thought to have a
poorer adverse event profile than pemetrexed. The manufacturer considered the OS data from
PROFILE 1007 to be immature, as the median OS had not been reached (28% at the last datacut), and
therefore used a subgroup of 261 patients that the manufacturer considered to be mature from an
uncontrolled phase II study (PROFILE 1005). The median OS of patients on crizotinib in PROFILE
1005 has, however, also not been reached (**% at the last datacut). The ERG considered that the
higher OS rate in PROFILE 1005 may be a reflection of the poorer performance status of the patients
in that study compared to PROFILE 1007. The manufacturer included BSC in their economic model,
and derived an estimate for the comparison with crizotinib from a MTC, that included PROFILE
1007, two trials that compared docetaxel with pemetrexed (GFPC 05-06 and JMEI),7-8 and one trial
that compared docetaxel with BSC (TAX 317).42
The main limitations of the evidence presented are:
The lack of survival data for a population of patients with advanced NSCLC with ALK fusion.
The use of immature data from a subgroup of patients from PROFILE 1005 who were sicker than
the patients recruited to PROFILE 1007 to inform OS for crizotinib.
The high rate of crossover seen in the PROFILE 1007 trial, and the methods used to adjust for this
in an attempt to derive an absolute survival gain for crizotinib.
The differences in baseline characteristics between the populations recruited in PROFILE 1005,
GFPC 05-06, JMEI and TAX 317 compared with PROFILE 1007.
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There are several uncertainties surrounding the evaluation of the clinical evidence. The main ones are:
OS in patients with ALK fusion receiving crizotinib compared to docetaxel; the sample size in
PROFILE 1007 is too small for the level of crossover to reliably inform such an estimate, and the
comparison with docetaxel was not randomised.
Comparability of the populations in PROFILE 1005 and 1007 with clinical practice; the
population in PROFILE 1005 had a poorer performance status. The ERG consider the higher OS
rate in PROFILE 1005 likely to be a reflection of this poorer performance status.
The cause of any difference in outcomes seen in patients receiving docetaxel and pemetrexed; this
could be due to the different efficacy and safety profiles and/or differences in the patient’s
baseline characteristics.
The optimum screening strategy, and screening population, to identify patients with ALK fusion
who would be eligible for treatment with crizotinib.
The prevalence of ALK fusion in patients who do not have adenocarcinoma NSCLC.
The impact of using symptomatic progression as the decision rule to change or withdraw
treatment.
The efficacy and safety of crizotinib in a population who are not eligible for chemotherapy.
The manufacturer’s de-novo economic analysis was considered by the ERG to provide the most
relevant evidence for the decision problem. The model structure was appropriate for the decisionproblem and the manufacturer undertook a detailed set of systematic reviews and performed extensive
sensitivity analyses. The manufacturer reported two separate ICER estimates as part of their base-case
analysis: £41,544 per QALY vs. docetaxel and £35,455 per QALY vs. BSC.
The ERG considers the manufacturer’s base-case ICERs to be highly uncertain and overly optimistic
towards crizotinib. Two critical assumptions underpinning the manufacturer’s base-case analysis were
highlighted by the ERG:
The selection of the IPTCW 5 adjustment method for crossover;
The relationship between crizotinib treatment duration and the subsequent impact on survival
per QALY gains and the maintenance of HRQoL differences between treatments postprogression.
There are critical issues concerning the validity of these assumptions, and the lack of existing
evidence to support them.
The most important drivers of cost-effectiveness in the model related to the treatment effectiveness of
crizotinib are:
1. The treatment discontinuation rule applied to crizotinib
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2. The method of adjustment for crossover between treatments in the PROFILE 1007 trial
3. The application of treatment specific utilities for the entire model horizon.
There is also uncertainty regarding the optimal screening strategy to identify patients with ALK
fusion, in terms of the testing algorithm to be use, the actual costs of the tests, and the population to be
screened.
The ERG undertook a range of exploratory analyses based on alternative scenarios which the ERG
considered to be equally plausible to those presented by the manufacturer. The ERG felt that the
interactions between different model inputs wasn’t fully reflected in the manufacturer’s sensitivity
and scenario analyses, and undertook a range of scenario analyses which reflected the joint nature of
several key uncertainties. The ERG estimated the ICER (crizotinib vs. docetaxel) to be between
£71,400 and £137,883 per QALY when assuming that crizotinib would be discontinued at RECIST
progression, based on the IPTCW 5 and RSPFT methods, respectively. These ICERs increased to
£78,515 and £150,366 per QALY when lower acquisition costs for docetaxel, as reported in eMIT,
were applied. Furthermore, the ERG considers that these ICERs may be conservative if crizotinib was
continued beyond RECIST progression. Based on the alternative ERG assumptions the ERG
estimated the ICER of crizotinib vs. docetaxel to be between £100,466 and £167,575 per QALY
based on the IPTCW 5 and RSPFT methods, respectively (equivalent range of £105,351 to £175,829
per QALY based on eMIT costs for docetaxel).
9.1

Implications for research

A priority for future research is to validate an IHC test in order to make the identification of ALK+ve
patients more feasible in clinical practice. FISH would then likely be used only to confirm equivocal
IHC results, thereby reducing the cost of testing compared to current practice. There is currently
no randomised comparison between crizotinib and docetaxel. It is unlikely that a further datacut from
PROFILE 1007 will provide a reliable estimate for OS for this comparison, given the high rate of
crossover already observed for this trial. High crossover is likely to be the case in any future RCT
comparing crizotinib with docetaxel, therefore, in order to produce reliable crossover-adjusted
estimates for OS, the sample size needed may make the conduct of such a trial unfeasible. Regulatory
post-marketing surveillance to collect information about adverse drug reactions and factors affecting
the safety and/or efficacy of crizotinib commenced in May 2012 (NCT01597258), and it seems a
sensible approach to continue the such a surveillance programme.
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11
11.1

Appendices
Details of ongoing studies of crizotinib
Study

An open-label, randomised, phase 1/2 study comparing the safety and anti-tumour activity of erlotinib alone versus erlotinib in

Start date

Estimated
Completion Date

January 2010

March 2013

May 2012

September 2016

October 2012

September 2015

May 2013

May 2015

January 2010

December 2013

January 2011

December 2013

September 2011

November 2016

June 2012

April 2014

February 2011

February 2014

March 2011

January 2015

combination with crizotinib in patients with advanced NSCLC (NCT00965731)44
Regulatory post-marketing surveillance to collect information about adverse drug reactions and factors affecting the safety and/or
efficacy of crizotinib (NCT01597258)45
A phase III, randomized, open-label, trial investigating the efficacy and safety of crizotinib versus chemotherapy regimens
(pemetrexed/cisplatin or pemetrexed/carboplatin) in first-line ALK+ve East Asian NSCLC Patients (NCT01639001)46
An open-label, multi-centre, phase II trial of the efficacy and safety of crizotinib in East Asian patients with advanced non-squamous
NSCLC harbouring a translocation or inversion event involving the ALK gene locus who have received only one prior chemotherapy
regimen for advanced NSCLC and this regimen must have been platinum-based (NCT01500824)47
A phase II, open-label, single arm study of the efficacy and safety of crizotinib in patients with NSCLC harbouring a translocation or
inversion event involving the ALK gene (NCT00932451)

48

A phase III, open-label randomized trial of the efficacy and safety of crizotinib versus pemetrexed/cisplatin or pemetrexed/carboplatin in
previously untreated patients with non-squamous carcinoma of the lung harbouring a translocation or inversion event involving the ALK
gene locus (PROFILE 1014; NCT01154140)52
A phase I, open-label, dose escalation study to evaluate the safety, pharmacokinetics and pharmacodynamics of combined oral
crizotinib and dacomitinib in patients with advanced NSCLC (NCT01441128)50
An exploratory study in patients with locally advanced or metastatic NSCLC; patients who were eligible to apply for extended access
program of crizotinib must have ALK translocation detected by RT-PCR, IHC or FISH (NCT01637597)44
An observational study to learn more about how crizotinib works in treating lung cancer; molecular determinants of acquired clinical
resistance to crizotinib in NSCLC harbouring a translocation or inversion event involving the ALK gene locus (NCT01300429) 49
A phase IB, open-label study of the safety and clinical activity of crizotinib in tumours with genetic events involving the ALK Gene
Locus (PROFILE 1013; NCT01121588)53
ALK: Anaplastic lymphoma kinase; NSCLC: Non-small cell cancer
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11.2

Screening for ALK fusion: supplementary material
11.2.1 Descriptions of the tests available

FISH: This test identifies gene rearrangements, a green centromeric probe and a red telomeric probe
which bind to regions of the chromosome flanking the ALK gene.17 Fluorescent microscopy is used to
detect the fluorophores in coloured probes; ALK fusion results in spatial separation of the red and
green probes, and non-rearranged ALK in a fused yellow signal.17, 23, 55, 58 FISH-positive is defined as
a 15% or greater split of the red and green signals, or isolated red signals, among 50 tumour nuclei
scored.17, 55 The Break-Apart FISH test has to date been the usual standard method for confirmation of
ALK fusion status in clinical trials.17, 55 There are some advantages to the use of FISH, namely the
ability to use of formalin-fixed, paraffin embedded (FFPE) samples (the most commonly used method
for storing tumour tissue) or fine needle aspiration cell blocks for the evaluation, and its ability to
detect any ALK rearrangement.55 Disadvantages include the need for specialist knowledge and
equipment, subjectivity when interpreting the test results, the fading of the fluorescent signal over
time and the inability to evaluate the tissue architecture and morphology of tumour and non-tumour
cells.23, 55
CISH: CISH also identifies gene rearrangements, but uses bright field light microscopy rather than
fluorescent microscopy. Unlike FISH, the signal is stable allowing permanent archival slides to be
produced, and CISH can be used to evaluate the tissue architecture and morphology of tumour and
non-tumour cells.23, 55 However, there does seem to be a reduced ability to distinguish the degree of
split between the red and blue signals.58
IHC: Monoclonal antibodies labelled with markers are used to detect overexpression of ALK fusion
proteins.17, 23 Suitable tissue samples include FFPE tissue and fine-needle aspiration cell blocks.55
Three monoclonal antibodies have been identified for identifying ALK fusion, D5F3 (Cell Signalling
Technology), ALK1 (Dako) and 5A4 (Novocastra). The MS uses concordance between IHC using the
ALK1 and 5A4 antibodies with FISH. The advantages of IHC over FISH is that it is more rapid and
less costly. However, low-level expression of the AK fusion proteins means that more sensitive
methods are required.17, 55 Further disadvantages include subjectivity in the interpretation of test
results, especially where there is intermediate levels of staining, and sensitivity to tissue fixation
methods.17, 55
Ventana®:
**********************************************************************************
**********************************************************************************
**********************************************************************************
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**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
**********************************************************************************
***************************************************************************
RT-PCR: This test is a variant of PCR, in which reverse transcriptase is used to convert an RNA
sequence the EML4-ALK fusion into cDNA, which is then amplified using PCR.17, 55 RT-PCR also
allows sequencing in order to detect the variant expressed.55 The test can be used on a range of sample
types, including fresh-frozen tissue samples, FFPE tissue, and transbronchial needle aspirate.55 The
limitations of RT-PCR include that inability to identify novel arrangements as it requires predefined
primers raised against known fusion genes, the potential for contamination, and the lack of
comparisons with other tests.17, 55
NGS: A sequencing analysis that can detect base substitutions, insertions, deletions, copy number
alterations, and translocations/fusions, including EML4-ALK.57 As with the other available tests,
NGS can be conducted on FFPE tissue. NGS has advantages over traditional sequencing, namely
increased sequencing rates by orders of magnitude which have driven down the per base sequencing
cost significantly, and the ability to sequence a large number of cancer-related genes in a single
sample avoiding the need for analysis of mutation hot spots and therefore reducing the potential for
missed cancer gene sequence variations.57 However, the use of NGS has yet to receive regulatory
approval, and the histopathologist advising the ERG stated that there is nowhere performing this
technique on PPFE samples due to technical problems, and is far from being validated for the
translocation analysis following RNA extraction.
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11.2.2 Results of IHC test accuracy
Results for the comparisons between FISH and IHC reported from 11 studies (13 datasets). The table
is a modified version of that presented in Thunnissen et al. (2012)†; results define IHC+ as 2+ or 3+59
Samples
NSCLC

FISH+ / IHC+

FISH+ / IHC-

FISH- / IHC+

FISH- / IHC-

True positive

False negative

False positive

True negative

141

19

0

122 FISH-/Not confirmed by IHC

335

6

0

329 FISH-/Not confirmed by IHC

N

Antibody

20 FISH+; 10 sufficient tissue for
IHC:

358
ALK1
Adenocarcinoma

Sensitivity 67%
9

Specificity 97%
1

2

89

Sensitivity 90%
18

197/300

Specificity 97.8%
2

11

176

Sensitivity 90%
19

453

Specificity 94%
0

Sensitivity 100%

7

427
Specificity 92.5%

All 12 patients that were IHC+ were also FISH+
345

All patients IHC- were also FISH- (N NR)

5A4

735
Adenocarcinoma

233

8 IHC+; tyramide-biotin amplification

153
101

NSCLC

1

4 IHC+; standard IHC

Number of patients FISH+/IHC- NR
28

395
81/441

NSCLC

71

Adenocarcinoma

153

0
27 FISH+; IHC NR

D5F3

7

700

368 FISH-; IHC NR

19

2 Unclear +

1

59

4

1

0

65

I patient FISH+ could not be analysed with IHC
Sensitivity 100%

Specificity 99%

†

The ERG consulted the original publications for some studies to clarify the results presented in Thunnissen et al. (2012).59
NA: Not available; NR: Not reported;
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11.2.3 Results of Ventana test accuracy
Results for Ventana provided in the product leaflet; sensitivities and specificities for Ventana were
calculated using FISH as the reference standard:66
Study 1: Sensitivity ****%, specificity is ***%.
FISH+

FISH-

Total

**

*

**

Ventana -

*

**

**

Total

**

**

**

Ventana+

FISH: Fluorescence in situ hybridisation

Study 2: Sensitivity ***%, specificity is ****%.
FISH+

FISH-

Total

Ventana+

*

*

*

Ventana -

*

**

**

Total

*

**

**

Study 3: Sensitivity ****%, specificity is ****%.
FISH+

FISH-

Total

Ventana+

**

*

**

Ventana -

**

***

***

Total

**

***

***

********************************************************************************************************************************************
********************************************************************************************************************************************
********************************************************************************************************************************************
********************************************************************************************************************************************
*************************************************************************************************.
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11.3
Quality
criterion

Quality assessment using the Philips economic modelling checklist
Question(s)
Is there a clear statement of the decision problem?

S1

S2

S3

Response
( , X, or NA)

Comments

X

Even though the decision problem is clearly stated in what concerns the treatment
strategies, the potential impact on cost-effectiveness of the alternative testing
strategies was not explicitly accounted for.

Is the objective of the evaluation and model specified and consistent with the stated
decision problem?
Is the primary decision-maker specified?
Is the perspective of the model stated clearly?
Are the model inputs consistent with the stated perspective?
Has the scope of the model been stated and justified?
Are the outcomes of the model consistent with the perspective, scope and overall
objective of the model?
Is the structure of the model consistent with a coherent theory of the health condition
under evaluation?

NHS and Personal Social Services

MS stated that health states are typical of other economic evaluations of
metastatic oncology.

Are the sources of data used to develop the structure of the model specified?
Are the causal relationships described by the model structure justified appropriately?
Are the structural assumptions transparent and justified?

X

S4

S5
S6

S7

S8

Are the structural assumptions reasonable given the overall objective, perspective
and scope of the model?
Is there a clear definition of the options under evaluation?
Have all feasible and practical options been evaluated?
Is there justification for the exclusion of feasible options?
Is the chosen model type appropriate given the decision problem and specified
causal relationships within the model?
Is the time horizon of the model sufficient to reflect all important differences between
options?
Are the time horizon of the model, the duration of treatment and the duration of
treatment effect described and justified?
Do the disease states (state transition model) or the pathways (decision tree model)
reflect the underlying biological process of the disease in question and the impact of
interventions?

X

There are some implicit assumptions for which justification was insufficient or not
provided at all. For example, no justification was presented for the assumption that
utility of PD was independent of time spent in the state, or for the treatment
discontinuation rule chosen.
Independence between crizotinib treatment duration and utility in PD state does
not seem reasonable.

NA

S9

Is the cycle length defined and justified in terms of the natural history of disease?

X
X

D1

Are the data identification methods transparent and appropriate given the objectives
of the model?
Where choices have been made between data sources, are these justified
appropriately?

X

One month cycle length was justified based on clinical trial measurement points
and pack size for crizotinib.
The ERG had insufficient data to verify the appropriateness of the selection
between alternative subgroups and study populations used to inform PFS and OS
parameters.
See previous.
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Quality
criterion

D2

D2a

Question(s)
Has particular attention been paid to identifying data for the important parameters in
the model?
Has the quality of the data been assessed appropriately?
Where expert opinion has been used, are the methods described and justified?
Is the data modelling methodology based on justifiable statistical and epidemiological
techniques?
Is the choice of baseline data described and justified?
Are transition probabilities calculated appropriately?
Has a half-cycle correction been applied to both cost and outcome?
If not, has this omission been justified?

If relative treatment effects have been derived from trial data, have they been
synthesised using appropriate techniques?

Response
( , X, or NA)

NA
NA

X

D2b
Have the methods and assumptions used to extrapolate short-term results to final
outcomes been documented and justified?
Have alternative extrapolation assumptions been explored through sensitivity
analysis?
Have assumptions regarding the continuing effect of treatment once treatment is
complete been documented and justified?
Are the costs incorporated into the model justified?
D2c

Has the source for all costs been described?

X

X

The assumption of differential utility between treatment groups after treatment
discontinuation was not justified, and is a source of major concern for the ERG.
No adjustment for baseline utilities was made, despite the existence of utility
baseline differences between treatment groups.
No justification was presented for baseline utility value assumed for BSC.
It was uncertain whether the impact of adverse events on utilities was incorporated
on the estimates used in the model.

X

All but the source of tests unit costs, which was later clarified.

Is the source for the utility weights referenced?

D3

For the comparison between crizotinib and docetaxel PROFILE 1007 was the only
RCT available. This RCT randomised between crizotinib and chemotherapy
(docetaxel or pemetrexed), therefore there was no randomised comparison of
crizotinib and docetaxel available.
An MTC was used to estimate an OS HR between crizotinib and BSC, but there
were concerns regarding the appropriateness of the MTC. The main issues relate
to the quality of the included studies, and the lack of comparability between
populations in the studies included in the MTC
PFS and OS were extrapolated beyond trial data using parametric survival
functions.

Source of testing costs was not included in the original MS. In response to the
ERGs points of clarification, the manufacturer supplied information on the the
source of unit costs for both IHC and FISH, as well as an alternative cost estimate
for FISH based on a micro-costing study undertaken by Pfizer.

D2d

Are the methods of derivation for the utility weights justified?
Have all data incorporated into the model been described and referenced in sufficient
detail?
Has the use of mutually inconsistent data been justified (i.e. are assumptions and
choices appropriate)?

An “area under-the-curve” modelling approach was taken.

Different parametric distributions were modelled and tested.

Have discount rates been described and justified given the target decision-maker?

Are the utilities incorporated into the model appropriate?

Comments

NA
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Quality
criterion

Question(s)
Is the process of data incorporation transparent?
If data have been incorporated as distributions, has the choice of distribution for each
parameter been described and justified?
If data have been incorporated as distributions, is it clear that second order
uncertainty is reflected?

D4

X

If not, has the omission of particular forms of uncertainty been justified?

X

Have methodological uncertainties been addressed by running alternative versions of
the model with different methodological assumptions?

D4b

Is there evidence that structural uncertainties have been addressed via sensitivity
analysis?

D4d

C1

C2

X

Have the four principal types of uncertainty been addressed?

D4a

D4c

Response
( , X, or NA)

Has heterogeneity been dealt with by running the model separately for different
subgroups?
Are the methods of assessment of parameter uncertainty appropriate?
If data are incorporated as point estimates, are the ranges used for sensitivity
analysis stated clearly and justified?

Standard errors were mostly calculated based on a seemingly arbitrary 10%
variation.
Structural uncertainty was not fully characterised, and heterogeneity was not
addressed.
The manufacturer did not justify either not fully characterising the structural
uncertainty, or not addressing heterogeneity
Different crossover adjustment methods were explored in the scenario analyses.
The validity of the methods used are a cause for concern for the ERG, and this
has been discussed.
Despite having conducted scenario analyses so as to characterise structural
uncertainty, the manufacturer did not consider the joint effect of related
assumptions.

NA
X
X

Is there evidence that the mathematical logic of the model has been tested
thoroughly before use?
Are any counterintuitive results from the model explained and justified?
If the model has been calibrated against independent data, have any differences
been explained and justified?
Have the results of the model been compared with those of previous models and any
differences in results explained?

Comments

Standard errors for most parameters were bases on an assumed 10% variation,
which was not justified.
With the exception of hazard ratios, all parameters in the SA were varied within a
20% range in both directions. No justification for the selection of the range was
provided.

NA
NA
NA

No other models were identified in their review of the literature.

117

Crizotinib for ALK fusion positive NSCLC: ERG report
11.4

PFS extrapolation

According to the manufacturer, selection of the best fitting curve was based on AIC and BIC, visual
inspection, clinical validation and plausibility of the long-term estimates. The survival models
considered were: exponential, Weibull, Gompertz, log normal and log normal. In the manufacturer’s
base-case, a Weibull survival function was fitted to the crizotinib Kaplan-Meier data, and so it was
implicitly assumed that the hazard function was monotonic in time. Most specifically, the model
assumed that for the crizotinib hazard function increased in time. Other distributions, namely the log
normal and log logistic, were rejected despite having the lower AIC and BIC criteria (i.e. better
statistical fits), due to the long tails that they imposed on PFS. The manufacturer argued that this
would be clinically implausible.
For the docetaxel arm, a log normal distribution was considered the best fit. This survival model
assumed that the correspondent hazard function increased in time to a maximum after which it
decreased. The log normal distribution had the lower AIC/BIC criteria, and was judged by the
manufacturer to have a good visual fit to the Kaplan Meyer.
The manufacturer also examined the fit of alternative PFS curves for the complete pooled
chemotherapy arm. Similarly to docetaxel, the log normal model was also chosen as the best fit, based
on its low AIC/BIC values, good visual fit, and absence of long tails. The AIC/BIC estimates for PFS
of each distribution, and its statistical fit rank from lowest to highest are shown in Table 44, and the
survival curves for each distribution, as well as Kaplan-Meier plots, are displayed in Figure 11 to
Figure 13. The selection criteria, and the distributions selected by the manufacturer for PFS seem to
be generally appropriate to the ERG (Table 44). Nevertheless, the ERG would like to highlight that it
is important to consider the weight placed on each selection criterion within each specific context. In
cases where there is little censoring, the emphasis on statistical goodness of fit (as assessed by the
AIC/BIC criteria) may be reasonable for the purposes of extrapolation. Conversely, if censoring is
more extensive, it may be appropriate to place more weight on the clinical plausibility of the
extrapolated curves than on statistical goodness of fit. It is worth mentioning that there were
situations, where more than one survival model could provide a valid alternative curve fit, although
this appears less of a concern to the ERG for PFS compared to treatment duration and OS.
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Table 44: Values and rank for AIC/BIC criteria for the distributions considered for PFS extrapolation;
distributions selected by the manufacturer as the best fit are in bold.
Crizotinib
Docetaxel
AIC/BIC
Rank
AIC/BIC
Exponential
AIC= 378.7766
#5
AIC= 172.1293
BIC= 381.9241
#4
BIC= 174.4059
AIC= 369.5908
#3
Weibull
AIC= 170.3595
BIC= 375.8858
#3
BIC= 174.9129
Gompertz
AIC= 377.2973
#4
AIC= 173.9935
BIC= 383.5923
#5
BIC= 178.5469
Log Logistic
AIC= 364.9343
#2
AIC= 161.689
BIC= 371.2293
#2
BIC= 166.2423
AIC= 159.372
Log Normal
AIC= 362.9082
#1
BIC= 163.9253
BIC= 369.2032
#1
AIC: Akaike information criterion; BIC: Bayesian information criterion

Rank
#4
#3
#3
#4
#5
#5
#2
#2
#1
#1

Pooled chemotherapy
AIC/BIC
Rank
AIC= 461.8959
#4
BIC= 465.0376
#3
AIC= 463.3839
#5
BIC= 469.6672
#5
AIC= 460.6699
#3
BIC= 466.9532
#4
AIC= 443.0388
#2
BIC= 449.3221
#2
AIC= 438.9707
#1
BIC= 445.2541
#1

Visual examination of the different survival curves for crizotinib survival curves clearly shows two
separate groups of curves. The first group (represented by the two lower curves in Figure 11) included
the Weibull and the Gompertz distributions, and appeared to be less influenced than the second group
of functions (exponential, log logistic and log normal) by the last step on the Kaplan-Meier. Given the
relative small numbers of patients still observed at this point of the Kaplan-Meier curve, the ERG
supports the rejection of the second group of functions despite the log logistic and the log normal
having a better statistical fit (i.e. lower AIC/BIC). Examining the AIC/BIC criteria of the remaining 2
functions supports the choice of the Weibull, although given these curves similarities, the selection of
either curve is unlikely to affect the cost-effectiveness of crizotinib. Indeed, the incremental costeffectiveness ratio (ICER) of crizotinib versus docetaxel varied in the MS between £41,544 and
£41,526/QALY when using the Weibull and the Gompertz respectively.
For docetaxel PFS, there was even less degree of censoring than for crizotinib (Figure 12). The
differences in term of visual fit were not as evident as in the previous case, although none of the
curves appears to have a good visual fit to the Kaplan-Meier plot (i.e. the steep initial drop in the
Kaplan-Meier is not reflected in any function). While this does suggest that multi-part functions may
be more appropriate, the ERG does not consider this aspect to be an important source of potential
bias. According to the AIC/BIC criteria, the survival model with better statistical fit appears to be the
log normal, followed by the log logistic. The manufacturer argued that the log logistic model would
impose long tails on the docetaxel PFS curve, overestimating PFS in a clinically implausible way.
However, as there is no clinical evidence on whether the ALK+ve population has different clinical
characteristics in terms of prognosis compared to an unselected NSCLC population, the log logistic
distribution cannot be completely rejected. However, the analytic choice of functions again appears to
have minimal impact on the ICER i.e. the ICER of crizotinib reduces from £41,544 to £41,318/QALY
when selecting the log-logistic over the log normal.
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Figure 11: CONFIDENTIAL ********************************* (P413 in the MS)

Figure 12:CONFIDENTIAL ******************************** (P414 in the MS)
The degree of censoring for pooled chemotherapy is comparable to that of crizotinib (Figure 13). In
this case, visual goodness of fit is also difficult to assess. The statistical fit was highest for the log
normal followed by the log logistic. The Gompertz distribution can probably be excluded, as it as the
poorest statistical fit and appears to be too influenced by the last step of the Kaplan Meyer curve.
However, the selection of a single survival model does not appear straightforward. According to the
manufacturer, the most clinically plausible curves would not impose long tails on the comparator PFS.
Following this rationale, the appropriate curves would be either the exponential or the Weibull.
However, although the use of any of these four curves could be justified, the overall impact on costeffectiveness is relatively minor as shown in Table 45.
Figure 13: CONFIDENTIAL ****************************************** (P415 in the MS)
Table 45: ICERs and mean PFS estimates for alternative PFS distributions
ICER (per QALY)

Pooled chemotherapy mean
PFS (months)

Exponential

£41,965

5.55

Weibull

£41,860

5.47

Log logistic

£40,633

6.60

Log normal

£41,267

6.04

ICER: Incremental cost-effectiveness ratio; PFS: Progression-free survival; QALY: Quality adjusted life year

11.5

Treatment duration

Values and rank for AIC/BIC criteria by survival model by treatment duration extrapolation
Crizotinib
AIC/BIC
Rank
AIC= 406.6394
#1
Exponential
BIC= 409.7869
#1
AIC= 408.0696
#3
Weibull
BIC= 414.3646
#3
AIC= 408.6374
#4
Gompertz
BIC= 414.9324
#4
AIC= 407.3771
#2
Log Logistic
BIC= 413.6721
#2
AIC= 409.352
#5
Log Normal
BIC= 415.647
#5
AIC: Akaike information criterion; BIC: Bayesian information criterion

11.6

OS extrapolation

Values and rank for AIC/BIC criteria for the distributions considered for OS extrapolation
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Crizotinib
AIC/BIC
Rank
Exponential
AIC= 573.2649
#1
BIC= 576.837
#1
Weibull
AIC= 574.915
#3
BIC= 582.0593
#3
Gompertz
AIC= 574.2475
#2
BIC= 581.3918
#2
Distribution selected by the manufacturer as the best fit is in bold.
AIC: Akaike information criterion; BIC: Bayesian information criterion; OS: Overall survival

11.7

Absolute EQ-5D scores

In the main MS, EQ-5D results are reported for baseline and at every four treatment cycles (adapted
from Table B21 and B22, P80/1 in the MS):
Absolute EQ-5D score
Crizotinib

Docetaxel

Pooled chemotherapy

Mean (SD)

Mean (SD)

Mean (SD)

************

************

************

**************

************

************

************

**************

************

************

************

***************

************

************

************

***************

************

*********

************

***************

************

*********

************

***************

************

*

************

***************

************

*

************

***************

************

*

*

***************

*********

*

*

************

************

************

********

****

************************************************************************************************************************************************
******************************* EQ-5D: EuroQol Group QoL questionnaire; MS: Manufacturer’s submission; SD: Standard
deviation

Mean utility estimates for the PF state, specific to each treatment, were calculated by averaging the
EQ-5D index value at each time point including baseline (it is unclear whether the time point refers to
a measurement at every treatment cycle or to every 4 treatment cycles) and weighted these by the
number of patients still on treatment. No adjustment for differential baseline utilities between
treatments was considered in the model.
11.8

Resources and costs

The categories of costs considered in the manufacturer’s model included diagnostic testing, drug
acquisition, drug administration, resource use associated with health states and adverse events. Some
of these were considered by the ERG as key to the evaluation of crizotinib, and were discussed in
Section 5.2.8. Those that were not, are discussed in detail below.
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11.8.1 Choice of testing strategy
The cost of ALK testing was applied to the crizotinib arm of the model, to account for the additional
cost of identifying ALK+ve patients suitable for crizotinib treatment. Two tests were considered as
part of the possible testing strategies: IHC and FISH. In addition to the costs associated with the
choice of testing strategy discussed in Section 5.2.8.1, costs associated with infrastructure and the
prevalence of ALK fusion were also discussed.
Infrastructure costs
The manufacturer assumed that there would be no cost due to additional infrastructure requirements
for the given testing strategy; only test acquisition costs were accounted for. This assumption appears
to be reasonable. The manufacturer gave the following justifications in support of this assumption:
first, that IHC is a standard diagnostic tool and IHC screening for ALK could be accomplished at
local hospital pathology laboratories with no extra infrastructure requirements; and second, that there
are a number of sites experienced in performing FISH based assays, and in particular Abbott
Molecular has trained, or is currently training, 15 sites to perform ALK FISH testing in the UK. Any
required training and equipment costs for ALK FISH testing will be provided at the expense of Abbott
molecular. The ERG considers these justifications to be reasonable.
Incremental costs
The manufacturer considered a scenario in which there were no incremental costs incurred from
testing. They suggested that such a scenario would reflect one of two situations: (1) where ALK
testing becomes standard practice after the widespread introduction of crizotinib, and therefore testing
is no longer considered an incremental cost; and (2) where multiplex tests currently in development
(such as NGS) become established in practice, allowing for testing of multiple biomarkers with no
incremental cost. The ERG do not believe consideration of a ‘no incremental cost’ strategy is
appropriate in this instance: first, treatment with crizotinib necessarily requires testing for ALK
positivity as part of the treatment pathway, and as such the cost of the test is a necessary element in
the cost-effective analysis; and second, although multiplex assays are in the pipeline, it is potentially
misleading to present such an analysis when details concerning the validity, cost and infrastructure
requirements of such a test are unknown. The ERG did not therefore consider this scenario further.
Prevalence of ALK fusion
In Section 4.2.3.4 it was discussed that the manufacturer’s estimate of the prevalence of ALK+ve
(5%) was reasonable, but may be on the high end. If the prevalence of ALK+ve in NSCLC patients is
closer to 3% this will drive up the cost of testing, since more patients will have to be tested in order to
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identify one ALK+ve patient. The ERG explored the effect of alternative prevalence rates in Section
6.
11.8.2 Drug acquisition
Section5.2.8.3 discussed the actual costs for drug acquisition. In this section, the proportion of
patients who were assumed to have received treatment and the use of half-cycle correction are
considered.
For the docetaxel-only analysis, it was assumed that 100% of patients in the comparator arm would
receive docetaxel. For the pooled chemotherapy analysis, it was assumed that the proportion of
patients in the comparator arm receiving docetaxel or pemetrexed was equal to the 1007 study control
arm (42% docetaxel); the manufacturer stated that costs were adjusted to reflect this, but in fact 100%
docetaxel costs were applied to the pooled chemotherapy arm.
The ERG had concerns as to how the manufacturer applied a half-cycle correction to their model.
Using the half-cycle correction, costs were derived for each cycle by taking the values from the
second half of the ‘current’ cycle and the first half of the ‘next’ cycle. For crizotinib, this does not
account for drug wastage in the second half of the ‘next’ cycle; due to the nature of how crizotinib is
likely to administered in practice (i.e. on a monthly basis). Hence, if an individual dies in the first half
of a cycle, those drugs already administered for the second half of the cycle will be effectively wasted
although the costs have been incurred. The half-cycle correction fails to appropriately account for this.
The use of the half-cycle correction on crizotinib acquisition costs therefore appears to results in a
positive bias towards crizotinib, since costs are underestimated for in this arm. The ERG explored this
issue more formally in Section 6.
11.8.3 Drug administration
Drug administration costs were calculated by the manufacturer for docetaxel and pemetrexed. The
manufacturers stated that crizotinib would be administered in an outpatient setting, by the patient’s
oncologist, on a monthly basis. Given that crizotinib does not require intravenous administration in an
inpatient setting, the manufacturer assumed that there would be no administration costs for Crizotinib.
The cost of intravenous administration of docetaxel and pemetrexed were calculated as presented in
Table 46. Full details of how total administration costs were derived are presented in Table B76 of the
MS (P199). Resource use items accounted for included: chair time, dexamethasone, piriton and
paracetamol for docetaxel; chair time, dexamethasone, vitamin B12 and folic acid for pemetrexed.
Chemotherapy administration values were based on those included in the NICE STAs for pemetrexed
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in second-line NSCLC (TA124) and erlotinib in second-line NSCLC (TA162) and updated to current
values using appropriate NHS reference costs and medication costs from the BNF. The ERG
considered the general approach here to be reasonable.
Table 46: Total administration costs for docetaxel and pemetrexed
Total administration cost

Pemetrexed

Docetaxel

First 21-day cycle

£103.98

£102.11

Subsequent cycle

£103.17

£102.11

First month

£148.20

£145.87

Subsequent month

£147.39

£145.87

11.8.4 Health state costs
Three health states were included in the Markov model: PF, PD and death. The cost associated with
each of these health states was derived by compiling routine medical management costs for the
progression free and progressive disease states, and palliative care costs for the death state. The total
costs presented by the manufacturer for each of the health states is given in Table 47 below (For a full
break-down of the costs included for each of the health states see Table B78 of the MS, p203). The
resource utilisation assumptions for routine medical management in the progression free and
progressed disease states were derived from TA16275 and TA258.81 The manufacturer stated that these
were the best available estimates since they have been informed by expert opinion (five UK clinicians
specialising in the treatment of NSCLC), have been subject to review by NICE ERGs and appraisal
committees on two previous occasions, and although not specifically focusing on patients with an
ALK fusion, are applicable for second-line NSCLC patients receiving treatment with an oral agent.
Table 47: List of health states and associated total cost per month
Health State

Total cost per month

Progression Free

£241.44

Progressed Disease

£178.09

Death

£3923 (one-off cost)

The manufacturer stated that two alterations were made to the original estimates derived from TA162
and TA258: palliative care costs and hospitalisation costs were removed as they were accounted for in
the cost of death estimate; and data on hospital admissions were updated to reflect data collected in
the PROFILE 1007 trial which showed that the number of admissions were substantially lower than
those included in the original expert panel estimates for erlotinib. The ERG did not identify any areas
of concern regarding the manufacturer’s derivation of the health state costs.
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