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Aim: To perform indirect treatment comparisons of entrectinib versus alternative ROS1 fusion-positive
non-small cell lung cancer treatments. Methods: Relevant studies with crizotinib and chemotherapy as
comparators of interest identified by systematic literature review were selected for matching-adjusted
indirect comparison by feasibility assessment. Matching was based on known prognostic/predictive fac-
tors and scenario analyses were used for unreported confounders in comparator trials. Results: Entrectinib
yielded significantly better responses versus crizotinib in all scenarios (odds ratio [OR]: 2.43–2.74). Overall
survival (hazard ratio: 0.47–0.61) and adverse event-related discontinuation (OR: 0.79–0.90) favored en-
trectinib. Progression-free survival was similar across treatments, except in one scenario. Conclusion: These
results suggested improved outcomes with entrectinib versus crizotinib/chemotherapy and may help to
make better informed treatment decisions.
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Introduction
Lung cancer is the most frequent cause of cancer-related death worldwide and is usually diagnosed in advanced
stages [1]. The most common histological lung cancer subgroup is non-small cell lung cancer (NSCLC), which
accounts for more than 80% of all lung cancers [1]. NSCLC can be stratified by histology and genotype and clinical
evidence supports consideration of different treatment pathways for distinct subtypes of lung cancer [2].

The development of some of these tumors is triggered by gene rearrangements in target kinases such as NTRK1,
NTRK2, NTRK3 (encoding TRKA, TRKB and TRKC, respectively), ROS1 and ALK. These rearrangements tend
to be mutually exclusive and usually have a low prevalence (<10%) [3] across tumor types. ROS1 fusion-positive
advanced NSCLC accounts for approximately 1.1–1.8% of nonsquamous NSCLC [4–6], is found almost exclusively
in nonsquamous tumors [4–6] and is associated with younger age and nonsmoker status [4,7,8].

Currently, targeted therapies are the standard of care for ROS1 fusion-positive, advanced NSCLC and offer
both efficacy and safety advantages over standard chemotherapy in the treatment of these patients [9]. Two of
these targeted therapies are crizotinib, an oral tyrosine kinase inhibitor (TKI) that targets ALK, ROS1 and MET
receptors, and entrectinib, a potent TKI of ROS1, TRKA/B/C and ALK that was specifically designed to cross the
blood–brain barrier and remain in the central nervous system (CNS) [10,11].

Although several treatment options are available for the management of patients with NSCLC, no randomized
controlled trial has directly compared the efficacy and safety of these treatments for ROS1 fusion-positive advanced
NSCLC. As a consequence, it is difficult for physicians to compare differences in outcomes between available
treatment options and select the most appropriate for their patients. In this analysis, we performed an indirect
treatment comparison (ITC), with the aim of estimating relative treatment effects of entrectinib compared with
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alternative treatments in patients with ROS1 fusion-positive NSCLC. The primary comparator of interest for
these analyses was crizotinib. Other comparators were pemetrexed plus platinum followed by pemetrexed mainte-
nance, an alternative first-line NSCLC treatment, as well as the standard second-line NSCLC treatments docetaxel
monotherapy and pemetrexed monotherapy. For this ITC, the key endpoints considered were overall survival (OS),
progression-free survival (PFS), objective response rate (ORR) and discontinuation due to adverse event (AE).

Theoretical framework
For many years, treatment of NSCLC relied on traditional chemotherapy, in particular, gemcitabine and cisplatin-
based therapy; however, this approach was associated with poor outcomes and OS [12].

In recent years, the treatment landscape has significantly improved for patients with NSCLC, mainly due to
greater understanding of the molecular biology underlying the disease and differentiation between oncogenic-
addicted patients and wild-type patients [13]. Research has increasingly focused on targetable oncogenic drivers.
The discovery of EGF and its receptor (EGFR), as well as its importance for cell proliferation, represented
a historical landmark and led to the first targeted therapy in NSCLC [13]. The signal transduction inhibitors (EGFR
TKIs) erlotinib and gefitinib act by blocking specific enzymes and growth factor receptors involved in cancer cell
proliferation and, unlike the intravenous chemotherapy standard of care, they are orally administrated, which offers
greater convenience for patients [12].

Despite the generally good responses to erlotinib and gefitinib seen in patients with EGF mutation-positive
tumors, in some cases, they eventually developed acquired resistance and progressed [14,15]. This prompted clinical
development of a second generation of EGFR TKIs. Afatinib and dacomitinib were developed with the intent of
improving responses in the first-line setting and providing additional treatment options in the acquired resistance
setting [15–17]. Although preclinical efficacy was encouraging, most of these alternatives were unable to overcome
the acquired resistance to gefitinib and erlotinib, and third-generation EGFR TKIs are now being developed [15,16].

After the discovery of EGFR TKIs, many signaling pathways and specific oncogenic driver mutations have
been identified in the NSCLC setting, including ALK mutations, KRAS mutations, MET amplifications, ROS1
rearrangements, HER2/ErbB2/neu overexpression and mutation and BRAF mutations [15,18].

Several therapies targeting ROS1 rearrangements are currently available, including crizotinib, which is an oral
TKI-targeting ALK, ROS1 and MET receptors that was approved by the US Food and Drug Administration
(FDA) in March 2016 and the European Medicine Agency (EMA) in August 2016 for the treatment of patients
with ROS1 fusion-positive, advanced NSCLC. However, in studies of patients with ALK-positive NSCLC treated
with crizotinib, the CNS was a common site of first disease progression [19]. Similarly, up to 50% of patients with
ROS1 fusion-positive NSCLC treated with crizotinib develop CNS metastases during the course of their disease,
and this is a major cause of morbidity [20]. Furthermore, it is estimated that 20–30% of patients with ROS1
fusion-positive NSCLC already have CNS metastases at the time of diagnosis [21]. Crizotinib is a known substrate
for P-glycoprotein, a key efflux transporter of the blood–brain barrier, which means it is not able to achieve clinically
relevant exposures in the CNS [22]. Therefore, an unmet need exists for a CNS-active drug for the treatment of
patients with ROS1 fusion-positive NSCLC.

Entrectinib is a potent TKI of ROS1, TRKA/B/C and ALK that was specifically designed to cross the blood–
brain barrier and remain in the CNS [10,11]. In a pooled analysis of three Phase I and II studies, 53 TKI-naive
patients with ROS1 fusion-positive NSCLC had an ORR of 77% when treated with entrectinib. Importantly,
a cohort of 20 patients with CNS metastases at baseline (per blinded independent central review [BICR]) had
an intracranial ORR of 55%, demonstrating the efficacy of entrectinib in patients with CNS metastases [23,24].
Entrectinib has since been approved by the FDA in August 2019 for the treatment of ROS1 fusion-positive NSCLC
and on May 29, 2020, the EMA’s Committee for Medicinal Products for Human Use adopted a positive opinion
for entrectinib for the treatment of adults with ROS1 fusion-positive NSCLC not previously treated with ROS1
inhibitors.

Although these promising advances have resulted in improved treatment options for patients with advanced
ROS1 fusion-positive NSCLC, resistance to targeted therapies in general remains a challenge in the treatment
pathway. In the future, it will be important to balance the efficacy, toxicity and costs of the different options and
optimize their use as first-line single agents and/or in combination [15,18,25,26].
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Methods
Samples & sources
To inform the ITCs, a systematic literature review (SLR) was required to identify all trial evidence for entrectinib
and crizotinib in ROS1 fusion-positive advanced or metastatic NSCLC. It was anticipated that there would be
limited trial evidence available for this population given the small number of patients; therefore, evidence for the
ALK-positive population was used as a proxy when necessary, based on the similarity in the kinase domains and
clinical behavior of ALK and ROS1 [27].

Systematic literature review
Two SLRs, one in ROS1 fusion-positive NSCLC and another in ALK-positive NSCLC, were conducted in
accordance with PRISMA guidelines [28]. SLRs collected clinical evidence comparing the efficacy, safety and health-
related quality of life (HRQoL) outcomes of entrectinib compared with crizotinib or chemotherapy. The electronic
searches for the ROS1 fusion-positive SLR were conducted in October 2018 and March 2019, whereas the ALK-
positive SLR was conducted in January 2017 and subsequently updated in October 2018. The searches were
performed according to defined keywords in the databases Medline, Medline In-Process, Embase and Cochrane
Library (CENTRAL, CDSR, DARE, HTAD) in adherence with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement. Database searches were not limited by language. Clinical trials registries,
Health Technology Assessment bodies and congress proceedings from the past 3 years were also included.

Primary (titles and abstracts) and secondary (full-text) screenings were conducted independently by two reviewers
based on the eligibility criteria. A quality appraisal checklist, based on the criteria specified by the Centre for
Reviews and Dissemination [29] and the Cochrane Library Risk of Bias tool, was used to assess publication quality
of randomized controlled trials (RCTs) [30]. Non-RCTs were assessed using the Downs and Black checklist [31,32].
Electronic database search strategy and full eligibility criteria can be found in Supplementary Material 1 & 2.

Feasibility assessment & individual patient data
A study assessing the feasibility of performing an ITC of entrectinib versus crizotinib, pemetrexed plus platinum fol-
lowed by pemetrexed maintenance, or chemotherapy in patients with ROS1 fusion-positive NSCLC was performed
considering both clinical and methodological similarities.

To make an adjusted comparison between entrectinib patients and the comparative evidence source, individual
entrectinib-treated patients were assigned statistical weights that adjust for their over- or underrepresentation relative
to that observed in each comparative evidence source. Because individual patient data (IPD) are not available for the
identified comparative evidence sources, pseudo-IPD data, re-created by digitizing existing curves using the GetData
Graph Digitizer software (version 2.26; GetData Pty Ltd, Kogarah, Australia) [33], were considered alongside the IPD
from the entrectinib trials. Individual entrectinib-treated patients were assigned statistical weights that adjust for
their over- or underrepresentation relative to that observed in each comparative evidence source. Propensity weights
were assigned according to the method proposed by Signorovitch [34–36]. A propensity score logistic regression
model estimated the odds of being enrolled into the comparative evidence source; the model was estimated based
on IPD available for the entrectinib-treated patients and published summary data available for the comparative
evidence sources. As entrectinib was compared with multiple alternative treatments, one set of propensity weights
was derived for each comparator study. After weighting, average baseline characteristics were balanced between the
selected entrectinib cohort(s) and the comparative evidence source. Evidence for the ALK-positive population was
used as a proxy when necessary [32]. This assumes that ALK versus ROS1 rearrangement status is not in itself either
prognostic or a treatment-effect modifier once imbalances in other patient characteristics have been accounted for.

For the comparison of entrectinib with other alternatives, the final baseline characteristics selected for matching
based on known factors were sex, Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1
versus 2, smoking history, age, disease stage at enrollment (stage IIIB vs stage IV non-CNS metastases vs stage IV
CNS metastases). For comparisons with crizotinib, prior treatments (treatment-naive vs prior treatment) were also
considered. The percentage of CNS metastases in patients was not reported in PROFILE 1001; therefore, this value
varied across three scenarios. In scenario 1, this figure was assumed to be 18.1% because this was the percentage
of patients with CNS metastases as reported by Wu et al. (2018) in the Phase II crizotinib study [37] and scenario
2 assumed 24.64% of CNS metastases (as per Flatiron analyses by an internal real-world data team). Scenario 3
assumed the same percentage of CNS metastases as in the entrectinib studies, that is, 43.4% for efficacy analyses
and 50% for safety analyses [38].
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Figure 1. Schematic summary of the results described in the results.
AE: Adverse events; NSCLC: Non-small cell lung cancer; ORR: Objective response rate; OS: Overall survival; PFS:
Progression-free survival.

Data analysis
After the matching procedure was conducted and the weights derived, efficacy outcomes were compared between
balanced treatment groups using statistical tests that incorporate the derived weights. For OS and PFS, weighted
Kaplan–Meier curves were generated, so OS probability and PFS probability in a given length of time were obtained.
Hazard ratios (HRs) comparing entrectinib cohort(s) and the comparative evidence source were estimated using
weighted Cox proportional hazards models. For ORR and treatment discontinuation due to AE, odds ratios
(OR) comparing entrectinib cohort(s) and the comparative evidence source were estimated using the derived
weights. CI were estimated by mean of bootstrap sampling. The procedure was repeated multiple times to obtain
a distribution of HRs for which the 2.5 and 97.5 percentiles were used to generate the limits of a CI.

Results
A schematic summary of the results described in this section is presented in Figure 1.

Systematic literature review
ROS1 fusion-positive NSCLC

The database searches in the original SLR identified 1,040 citations, of which 146 were duplicates, leaving 894
references for screening. During SLR update, the database searches identified 2,676 citations, of which 219 were
duplicates, leaving 2,457 references for screening. The screening procedure resulted in a final evidence base for the
SLR of 61 references (Figure 2). In this SLR, no RCT was identified for the patient population of interest, and the
evidence represented 11 noncomparative trials and observational studies published from 38 references.

ALK-positive NSCLC

The database searches identified 854 citations, of which 168 were duplicates, leaving 686 references for screening
(Figure 3). The screening process resulted in a final evidence base for the systematic review of 56 references
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Figure 2. Diagram of ROS1 fusion-positive NSCLC SLR, in accordance with PRISMA guidelines.
NSCLC: Non-small cell lung cancer; MAIC: Matching-adjusted indirect comparison; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; SLR: Systematic literature review.

corresponding to 25 studies. After additional screening to identify studies that were relevant for consideration
in the feasibility assessment for matching-adjusted indirect comparison (MAIC), the final ALK-positive NSCLC
evidence base for consideration in the MAICs consisted of 20 references representative of eight studies.
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Figure 3. Diagram of ALK-positive NSCLC SLR, in accordance with PRISMA guidelines.
NSCLC: Non-small cell lung cancer; MAIC: Matching-adjusted indirect comparison; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; SLR: Systematic literature review.

Indirect treatment comparison feasibility assessment
The feasibility assessment considered pooled data from three entrectinib studies (two Phase I studies – ALKA-
372-001 and STARTRK-1 – and a single-arm Phase II basket study, STARTRK-2) and the studies identified
in both SLRs (11 prospective studies, of which nine were parallel RCT and two were prospective single-arm
studies, and eight retrospective studies). After assessment, it was concluded that it would be feasible to perform a
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Table 1. Summary of the recommended indirect comparisons.
Endpoint Intervention Intervention study Intervention

population
Comparator Comparator

study
Comparator
population

Ref.

OS Entrectinib Pooled entrectinib studies ROS1 NSCLC Crizotinib PROFILE 1001 ROS1 NSCLC [19]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Pemetrexed with platinum plus
maintenance

ASCEND-4 ALK+ NSCLC [39]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Chemotherapy (pemetrexed/docetaxel) PROFILE 1007 ALK+ NSCLC [16]

PFS† Entrectinib Pooled entrectinib studies ROS1 NSCLC Crizotinib PROFILE 1001 ROS1 NSCLC [19]

PFS BICR Entrectinib Pooled entrectinib studies ROS1 NSCLC Pemetrexed with platinum plus
pemetrexed maintenance

ASCEND-4 ALK+ NSCLC [39]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Chemotherapy (pemetrexed/docetaxel) PROFILE 1007 ALK+ NSCLC [16]

ORR Entrectinib Pooled entrectinib studies ROS1 NSCLC Crizotinib PROFILE 1001 ROS1 NSCLC [19]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Pemetrexed with platinum plus
pemetrexed maintenance

ASCEND-4 ALK+ NSCLC [39]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Chemotherapy (pemetrexed/docetaxel) PROFILE 1007 ALK+ NSCLC [16]

Discontinuation
due to AEs

Entrectinib Pooled entrectinib studies ROS1 NSCLC Crizotinib PROFILE 1001 ROS1 NSCLC [19]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Pemetrexed with platinum plus
pemetrexed maintenance

ASCEND-4 ALK+ NSCLC [39]

Entrectinib Pooled entrectinib studies ROS1 NSCLC Chemotherapy (pemetrexed/docetaxel) PROFILE 1007 ALK+ NSCLC [16]

† It is unclear if reported PFS for PROFILE 1001 is IA or BICR.
PROFILE 1001: clinicaltrials.gov number, NCT00585195.
ASCEND-4: clinicaltrials.gov number, NCT01828099.
PROFILE 1007: clinicaltrials.gov number, NCT00932893.
ALKA-372-001: EudraCT number, 2012-000148-88.
STARTRK-1: clinicaltrials.gov number, NCT02097810.
STARTRK-2: clinicaltrials.gov number, NCT02568267.
AE: Adverse event; BICR: Blinded independent central review; IA: Investigator assessed; NSCLC: Non-small cell lung cancer; ORR: Objective response rate; OS: Overall survival; PFS:
Progression-free survival.

MAIC considering the indirect comparisons suggested in Table 1. Quality assessments of the trials are presented in
Supplementary Materials 3 & 4.

Indirect treatment comparison
Baseline characteristics

After matching based on the baseline factors, the weighted patient characteristics for the population of the pooled
entrectinib studies were compared with each comparator study. Aggregate statistics for the entrectinib reweighted
population showed that the MAIC method resulted in a patient population with equivalent characteristics to the
PROFILE 1001, ASCEND-4 and PROFILE 1007 populations (Table 2).

Overall survival

In terms of OS, results from the MAIC suggest that entrectinib may be associated with longer survival than
crizotinib and chemotherapy (Table 3). In the comparison of entrectinib with crizotinib, a trend for better results
could be observed in favor of entrectinib, despite the lack of statistical significance. The HR for entrectinib versus
crizotinib, based on MAIC, suggests that treatment with entrectinib may reduce the risk of death compared with
crizotinib in all three scenarios of CNS metastases, HRs (95% CI) were as follows: scenario 1, 0.471 (0.112–1.034);
scenario 2, 0.504 (0.134–1.066); scenario 3, 0.609 (0.164–1.273).
In the comparison of entrectinib versus pemetrexed plus platinum followed by pemetrexed maintenance, MAIC
suggests that treatment with entrectinib may be associated with a significant reduction in the risk of death compared
with pemetrexed plus platinum followed by pemetrexed maintenance (HR: 0.478; 95% CI: 0.167–0.918). Lastly,
when compared with chemotherapy, entrectinib may also significantly reduce the risk of death (HR: 0.434; 95%
CI: 0.157–0.755).

Progression-free survival

In PROFILE 1001, it was unclear whether PFS was reported as investigator-assessed (IA) or BICR. Therefore, we
performed separate comparisons of PFS data reported in PROFILE 1001 with PFS IA and PFS BICR data from
the integrated entrectinib studies (Table 3). When PFS BICR was assumed, the HR was close to 1 in all three
scenarios, indicating the risk of progression may be similar for both treatments. HRs (95% CI) were as follows:
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Table 3. Summary of results of the endpoints OS, PFS and ORR for the different comparators.
Endpoint Comparator (sample

size)
Comparator
events n/with
ORR n

Entrectinib Sum
of weights

Entrectinib
Events n/with
ORR n

Median time to
event, months
(95% CI)/% with
ORR

Effect size†

(95% CI)
Comparator data
source

Ref.

OS – HR Crizotinib (53) 16 Scenario 1: 39.98 5.30 NR (NR–NR) 0.471
(0.112–1.034)

NICE TA529, Wu
et al. (2018)

[3740]

Scenario 2: 42.57 5.92 NR (NR–NR) 0.504
(0.134–1.066)

NICE TA529,
Flatiron

[40]

Scenario 3: 44.91 7.16 NR (NR–NR) 0.609
(0.164–1.273)

NICE TA529,
pooled
entrectinib studies

[24,38,40]

Pemetrexed + plat-
inum + pemetrexed
maintenance (187)

59 49.83 7.56 NR (NR–NR) 0.478
(0.167–0.918)

Soria et al. (2017) [39]

Chemotherapy (174) 47 42.26 6.80 NR (NR–NR) 0.434
(0.157–0.755)

Shaw et al. (2013) [16]

PFS – HR Crizotinib – PFS BICR (53) 26 Scenario 1: 39.98 16.39 26.326
(19.023–NR)

0.939
(0.528–1.427)

NICE TA529, Wu
et al. (2018)

[37,40]

Scenario 2: 42.57 17.28 26.316
(15.737–NR)

0.960
(0.561–1.448)

NICE TA529,
Flatiron

[40]

Scenario 3: 44.91 18.05 19.023
(15.737–NR)

1.046
(0.640–1.603)

NICE TA529,
pooled
entrectinib studies

[24,38,40]

Crizotinib – PFS IA (53) 26 Scenario 1: 39.98 22.48 17.708
(15.507–NR)

1.286
(0.840–1.819)

NICE TA529, Wu
et al. (2018)

[37,40]

Scenario 2: 42.57 24.32 17.511
(14.489–NR)

1.346
(0.902–1.863)

NICE TA529,
Flatiron

[40]

Scenario 3: 44.91 27.05 15.507
(12.222–NR)

1.535
(1.063–2.107)

NICE TA529,
pooled
entrectinib studies

[24,38,40]

Pemetrexed + platinum
+ pemetrexed
maintenance – BICR
(187)

117 49.83 21.57 19.023
(15.737–NR)

0.411
(0.258–0.607)

Soria 2017 [39]

Chemotherapy (174) 134 42.32 20.26 26.316
(13.635–NR)

0.214
(0.137–0.306)

Shaw 2013 [16]

ORR – OR Crizotinib (53) 33 Scenario 1: 39.98 32.73 81.86 2.735
(1.365–8.566)

NICE TA529, Wu
et al. 2018

[37,40]

Scenario 2: 42.57 34.63 81.33 2.641
(1.318–7.686)

NICE TA529,
Flatiron

[40]

Scenario 3: 44.91 35.93 80.01 2.426
(1.219–7.017)

NICE TA529,
pooled
entrectinib studies

[24,38,40]

Pemetrexed + platinum
+ pemetrexed
maintenance (187)

50 49.83 40.08 80.44 11.270
(6.151–
28.148)

Soria et al. 2017 [39]

Chemotherapy (174) 34 43.26 31.73 73.36 11.337
(5.496–
39.059)

Shaw et al. 2013 [16]

†OS, PFS (HR) effect size �1 and ORR (OR) effect size �1 favor entrectinib over comparator.
Note: The values in bold denote results with statistical significance.
Scenario 1 assumes 18.1% CNS metastases in PROFILE 1001, as reported by Wu et al. (2018) [37]; scenario 2 assumes 24.64% CNS metastases in PROFILE 1001, as per Flatiron analyses
by RWD team; scenario 3 assumes 43.4% CNS metastases for efficacy analyses and 50% CNS metastases for safety analyses in PROFILE 1001, same percentages as in the entrectinib
studies [24,38].
BICR: Blinded independent central review; CNS: Central nervous system; HR: Hazard ratio; IA: Investigator assessed; NICE: National Institute for Health and Care Excellence; OR: Odds
ratio; ORR: Objective response rate; OS: Overall survival; PFS: Progression-free survival; RWD: Real-world data.

scenario 1, 0.939 (0.529–1.427); scenario 2, 0.960 (0.561–1.448); scenario 3, 1.046 (0.640–1.603). When PFS
IA was assumed, the HR for entrectinib versus crizotinib based on MAIC suggested that treatment with entrectinib
may be associated with a trend toward higher risk of disease progression relative to crizotinib; the HR (95% CI)
result for scenario 3 (43.4% CNS metastases for efficacy analyses and 50.0% CNS metastases for safety analyses in
PROFILE 1001) was statistically significant: scenario 1, 1.286 (0.840–1.819); scenario 2, 1.346 (0.902–1.863);
scenario 3, 1.535 (1.063–2.107).
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Table 4. Summary of results of the endpoint discontinuation due to AEs for different comparators.
Comparator (sample
size)

Comparator
discontinuations due
to AE, n (%)

Entrectinib: Sum of
weights

Entrectinib
discontinuations due
to AE, n (%)

OR (95% CI)† Comparator data
source

Ref.

Crizotinib (53) 4 (7.54) Scenario 1: 93.38 6.36 (6.81) 0.896 (0.231–1.910) NICE TA529, Wu 2018 [37,40]

Scenario 2: 101.63 6.77 (6.66) 0.874
(0.250–1.826)

NICE TA529, Flatiron [40]

Scenario 3: 115.85 7.04 (6.08) 0.793 (0.290–1.444) NICE TA529, Pooled
entrectinib studies

[24,38,40]

Pemetrexed +
platinum +
pemetrexed
maintenance (187)

16 (8.56) 122.49 10.18 (8.31) 0.969 (0.424–1.695) Soria et al. (2017) [39]

Chemotherapy (174) 17 (9.77) 114.64 9.93 (8.66) 0.876 (0.383–1.618) Shaw et al. (2013) [16]

†OR �1 favors entrectinib over comparator.
AE: Adverse event; NICE: The National Institute for Health and Care Excellence; OR: Odds ratio.

Regarding the comparison of entrectinib versus pemetrexed plus platinum followed by pemetrexed maintenance,
for PFS assessed by BICR in the ASCEND-4 trial, the HR based on MAIC suggested that treatment with entrectinib
may significantly reduce the risk of progression compared with pemetrexed plus platinum followed by pemetrexed
maintenance (HR: 0.411; 95% CI: 0.258–0.607). This was supported by longer median PFS for patients treated
with entrectinib (19 months) compared with 8 months for patients treated with pemetrexed plus platinum followed
by pemetrexed maintenance.

For the same endpoint but considering the comparison with chemotherapy, the HR based on MAIC suggested
that treatment with entrectinib may also significantly reduce the risk of progression (HR: 0.214; 95% CI: 0.137–
0.306); this was supported by longer median PFS for patients treated with entrectinib (26.3 months) compared
with 2.8 months for chemotherapy.

Kaplan–Meier plots for OS, BICR-PFS and IA-PFS with entrectinib versus scenario 1 of crizotinib (main
comparator) are presented in Figure 4.

Objective response rate

The matching-adjusted ORR for entrectinib was significantly higher compared with crizotinib in all three scenarios
of CNS metastases in PROFILE 1001 (Table 3); OR values were (95% CI): scenario 1, 2.735 (1.365–8.566); sce-
nario 2, 2.641 (1.318–7.686); scenario 3, 2.426 (1.219–7.017). This indicates that entrectinib may be significantly
more effective than crizotinib; ORR values for entrectinib versus crizotinib in the three scenarios were: scenario 1,
81 versus 62%; scenario 2, 81 versus 62%; scenario 3, 80 versus 62%.

In ASCEND 4, a significantly higher matching-adjusted ORR was seen for the entrectinib population (80%)
compared with pemetrexed plus platinum followed by pemetrexed maintenance (27%). In PROFILE 1007, a
higher ORR was seen for entrectinib (73%) compared with chemotherapy (20%).

Discontinuation due to adverse events

A safety population of 134 patients was used to evaluate treatment discontinuation due to AEs (Table 4). The
matching-adjusted odds of discontinuation due to AEs were lower with entrectinib versus crizotinib; OR values were
as follows: scenario 1, 0.896 (0.231–1.910); scenario 2, 0.874 (0.250–1.826); scenario 3, 0.793 (0.290–1.444).
However, the CI around the estimated OR is wide, suggesting that the estimate is uncertain.
The matching-adjusted OR for discontinuation of entrectinib due to AEs versus pemetrexed plus platinum followed
by pemetrexed maintenance was close to 1, suggesting rates of treatment discontinuation due to AEs may be similar
for both treatments (OR: 0.969; 95% CI: 0.424–1.695). A similar percentage of patients across the studies
discontinued treatment due to AE (8.3% for entrectinib compared with 8.6% for pemetrexed plus platinum
followed by pemetrexed maintenance). The frequency of discontinuations due to AEs was lower in the matching-
adjusted entrectinib population (8.7%) than the chemotherapy population (9.8%), although the result was not
statistically significant.

870 J. Comp. Eff. Res. (2020) 9(12) future science group



MAIC of entrectinib vs crizotinib ROS1+ NSCLC Research Article

0.00

0.25

Time (months)

O
S

 p
ro

b
a

b
il

it
y

50

1.00

0.50

0.75

10 15 20 25 30 35 40 45

0.00

0.25

Time (months)

P
F

S
 p

ro
b

a
b

il
it

y
 (

B
IC

R
)

50

1.00

0.50

0.75

10 15 20 25 30 35 40 45

0.00

0.25

Time (months)

P
F

S
 p

ro
b

a
b

il
it

y
 (

IA
)

50

1.00

0.50

0.75

10 15 20 25 30 35 40 45

Treatment:

Entrectinib
Entrectinib reweighted
Crizotinib

        At risk (n)
Entrectinib

Entrectinib reweighted
Crizotinib

53
40
53

45
36
49

38
33
42

27
25
36

11
9

30

7
7

20

6
7

10

3
3
8

1
1
4

0
0
2

 At risk (n)
Entrectinib

Entrectinib reweighted
Crizotinib

53
40
53

38
33
41

31
28
34

15
16
27

6
7

17

6
7
9

3
3
8

1
1
7

0
0
2

0
0
1

Entrectinib
Entrectinib reweighted

Crizotinib

53
40
53

40
33
41

32
28
34

18
18
27

7
7

17

5
6
9

3
3
8

1
1
7

0
0
2

0
0
1

Treatment:

Entrectinib
Entrectinib reweighted
Crizotinib

Treatment:

Entrectinib
Entrectinib reweighted
Crizotinib

 At risk (n)

Figure 4. Kaplan–Meier plots for entrectinib versus crizotinib (main comparator) for scenario 1. (18.1% CNS metastases – as reported by
Wu et al. [2018]): (A) overall survival; (B) PFS (BICR); (C) PFS (IA).
BICR: Blinded independent central review; CNS: Central nervous system; IA: Investigator assessed; OS: Overall survival; PFS:
Progression-free survival.



Research Article Chu, Antoniou, Bhutani, Aziez & Daigl

Discussion
The overall aim of this study was to evaluate the evidence base and, if feasible, to perform ITCs to estimate relevant
treatment effects of entrectinib compared with alternative treatments for patients with ROS1 fusion-positive
NSCLC. Crizotinib was the main comparator of interest for these analyses but alternative NSCLC treatments such
as pemetrexed plus platinum chemotherapy followed by pemetrexed maintenance and pemetrexed monotherapy
or docetaxel monotherapy, were also considered.

Due to the rarity of the ROS1 gene fusion, no head-to-head studies directly comparing entrectinib with crizotinib
or any other alternative treatment have been performed, and an ITC using a propensity score methodology
was necessary to compare the treatments. This methodology allowed us to balance baseline demographic and
clinical characteristics across the treatment groups and to reduce bias in the comparison. This study represents
a comprehensive assessment of the benefit of entrectinib versus crizotinib and other alternatives and, with the
infeasibility of RCTs in this population, provides a good basis to assess the effectiveness of entrectinib versus other
potential treatment options in patients with ROS1 fusion-positive NSCLC.

The evidence base for the ITCs was derived from two SLRs: one for the ROS1 fusion-positive NSCLC population
and another for the ALK-positive NSCLC population. Because no data were found in the ROS1 fusion-positive
NSCLC population in comparison with chemotherapy, ALK-positive information was used. ALK-positive data have
been considered a proxy for ROS1 population data for several reasons [32]: the kinase domains of ALK and ROS1
share 77% of amino acids in the ATP-binding sites, ALK-positive and ROS1 fusion-positive advanced NSCLC are
similar in terms of clinical behavior, proxy use has been accepted by the EMA in similar contexts, and the approach
has been validated by clinical experts.

For the matching procedure, all predictive and prognostic factors were assessed, and all relevant ones were
included to limit the risk of bias in the estimates. Nonetheless, it should be noted that both PROFILE 1007 and
ASCEND-4 enrolled patients with ALK-positive NSCLC rather than patients with ROS1 fusion-positive NSCLC,
the population that is the primary focus of these analyses. Because there is no overlap between the study populations
in terms of ALK versus ROS1 rearrangement status, this could not be included in the matching process and required
the assumption that ALK versus ROS1 rearrangement status is not in itself either prognostic or a treatment effect
modifier once imbalances in other patient characteristics have been accounted for. After the matching procedure
was completed, the sample size was reduced to the effective sample size, but this reduction was not large, which
shows that there is no cause for concern about the reliability of the results. In general, the matching procedure was
considered successful.

Overall, the ITC suggests that there is a trend for improved results in favor of entrectinib in relation to all
three comparators. The matching-adjusted entrectinib group was found to have significantly better ORR relative
to crizotinib in all three scenarios. ORs in the three scenarios ranged from 2.43 (95% CI: 1.37–8.57) to 2.74 (95%
CI: 1.22–7.02). Similar results were found in comparison with pemetrexed plus platinum followed by pemetrexed
maintenance (OR: 11.27 [95% CI: 6.15–28.15]), and versus chemotherapy (OR: 11.34 [95% CI: 5.50–39.06]).
Upon matching adjustment, entrectinib showed improved OS compared with crizotinib, but the differences were
not statistically significant in any of the three scenarios. Entrectinib may significantly improve OS compared with
pemetrexed plus platinum followed by pemetrexed maintenance (HR: 0.48; 95% CI: 0.17–0.92) and chemotherapy
(HR: 0.43; 95% CI: 0.16–0.76).

It was unclear whether the PFS reported in PROFILE 1001 was assessed by BICR or IA [19], and therefore separate
comparisons of PFS per BICR and PFS per IA data from the integrated entrectinib studies with the PFS data reported
in PROFILE 1001 were performed. Additional data or future reporting can confirm whether PFS data in PROFILE
1001 was indeed blinded or IA. Using three scenario analyses, entrectinib and crizotinib yielded similar HRs for PFS,
irrespective of whether BICR or IA was assumed, with the exception of one calculation (scenario 3 with PFS IA),
which suggests worse performance with entrectinib versus crizotinib. However, comparing different trials without
patient-level data requires assumptions to be made around characteristics and their weighting in propensity score
matching; this therefore limits the inferences that can be drawn from the results. In our analyses, the proportion of
patients with CNS metastases in the crizotinib trial was an unknown factor that disproportionately influenced the
outcome of the calculations; high assumed proportions of CNS metastases in the crizotinib study would result in
a high estimated performance of crizotinib in the CNS, based on fixed or known outcomes of the trial. Crizotinib
has been reported to have limited intracranial efficacy [22]; as a consequence, such a result may not reflect the true
clinical situation.
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Another point of note is that although PFS results were generally similar across treatments (with the single
noted exception), in this analysis we found that OS data favored entrectinib. This contrasts with prior reports in
which little difference was observed in OS between EGFR TKIs and chemotherapy, despite significant improvements
in PFS [41,42]. OS remains the gold standard endpoint for many cancer clinicians and patients [43,44], and therefore the
estimated superiority of entrectinib versus crizotinib regarding OS is interesting, particularly for a patient population
with few therapeutic options.

In terms of limitations for this study, the low prevalence of ROS1 fusion-positive NSCLC resulted in a small
sample size for analysis, and given the paucity and relative immaturity of data, with few events observed, there
is some inherent uncertainty in the results; this is reflected in wide CIs in the estimation of relative effect sizes.
There may also be the potential for residual confounding from prognostic factors or treatment effect modifiers
with little or no overlap between studies. For example, the integrated entrectinib dataset included only 17 patients
treated in the first line, [24] and it was therefore not possible to match based on line of treatment in the comparisons
of entrectinib with ASCEND-4 pemetrexed and platinum followed by pemetrexed maintenance. However, by
matching based on other baseline characteristics, this may still have been accounted for indirectly, as we would
expect line of treatment to correlate with other disease characteristics. Similarly, it was not possible to match patients
based on disease histology due to missing information for some patients in the entrectinib dataset.

With the approval of entrectinib for the treatment of ROS1 fusion-positive NSCLC, patients have another
treatment option, representing an advance in the management of the disease but also an additional decision for
doctors, payers and health technology assessment agencies. Given the lack of direct comparative data due to the
rarity of the disease and the unfeasibility of RCTs, it is difficult for decision-makers to make informed decisions
on the best choice of treatment. The results of this study could help to inform that decision by providing evidence
of the relative treatment effects of entrectinib compared with the standard of care in this population. Although the
results presented in this study support the value of entrectinib as an innovative treatment for patients with ROS1
fusion-positive NSCLC, further analyses comparing entrectinib with the standard of care as well as the inclusion
of registry data are needed to better translate the value of entrectinib in the clinical practice.

Conclusion
In recent years, the growth of precision oncology and application of precision TKIs has changed the approach to
treatment of NSCLC and the management strategy used with these patients, especially those with advanced disease.
TKIs currently represent the evidence-based standard of care for this type of cancer and entrectinib, a potent TKI, is
an emerging and promising alternative for treatment of patients with ROS1 fusion-positive NSCLC, as supported
by the findings of this study. This analysis suggests that entrectinib may improve OS and significantly increase ORR
relative to crizotinib with no or minor differences in terms of PFS and treatment discontinuations. Compared with
pemetrexed plus platinum followed by pemetrexed maintenance and chemotherapy, this analysis is consistent with
entrectinib being associated with improved OS, PFS and ORR. The results support the potential of entrectinib as
a new treatment for patients with ROS1 fusion-positive NSCLC, including patients with CNS metastases.
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Summary Points

• Because of the rarity of the ROS1 gene fusion, only single-arm studies have been conducted for entrectinib, and
to date, no head-to-head study has directly compared entrectinib with crizotinib.

• The aim of this analysis was to estimate relative treatment effects of entrectinib, a potent inhibitor of TRKA/B/C
and ROS1, versus alternative treatments approved for use in ROS1 fusion-positive (ROS1+) non-small cell lung
cancer (NSCLC).

• Published studies on entrectinib and the comparators of interest, crizotinib, pemetrexed plus platinum followed
by pemetrexed maintenance, and chemotherapy (docetaxel monotherapy and pemetrexed monotherapy), were
identified by a systematic literature review.

• Matching adjusted indirect comparison (MAIC) of the studies was performed; matching was based on known
prognostic/predictive factors. Three scenario analyses were performed to account for variation/nonreporting of
the proportion of patients with central nervous system (CNS) metastases.

• Indirect treatment comparisons were performed for the outcomes objective response rate (ORR), overall survival
(OS), progression-free survival (PFS) and discontinuation due to adverse events (AE).

• Overall, entrectinib was associated with a trend for improved results in relation to all three treatment
comparators.

• In all three scenarios, the matching-adjusted entrectinib group had significantly better ORR (odds ratio ranging
from 2.43 to 2.74) and numerically favorable OS (hazard ratio: 0.47 to 0.61) and AE-related discontinuation rates
(odds ratio: 0.79 to 0.90) versus crizotinib.

• In comparisons with pemetrexed plus platinum followed by pemetrexed maintenance and chemotherapy,
entrectinib treatment yielded higher OS, PFS and ORR.

• This analysis suggests that entrectinib may improve OS and significantly increase ORR relative to crizotinib with
no or minor differences in terms of PFS and treatment discontinuations.

• These results support the potential of entrectinib as an efficacious new treatment for patients with ROS1
fusion-positive NSCLC, including patients with CNS metastases.

Financial & competing interests disclosure

This study was funded by F. Hoffmann-La Roche Ltd. P Chu, M Antoniou, A Aziez and M Daigl are employees of F. Hoffmann-

La Roche Ltd. MK Bhutani was an employee of BresMed and received funding from F. Hoffmann-La Roche Ltd at the time of

conducting this review; MK Bhutani did not receive payment to author this publication. The authors have no other relevant

affiliations or financial involvement with any organization or entity with a financial interest in or financial conflict with the subject

matter or materials discussed in the manuscript apart from those disclosed.

Third-party medical writing assistance, under the direction of the authors, was provided by Laura Vergoz, PhD, of Gardiner-

Caldwell Communications and was funded by F. Hoffmann-La Roche Ltd.

Data sharing statement

Qualified researchers may request access to individual patient–level data through the clinical study data request platform

(https://vivli.org/). Further details on Roche’s criteria for eligible studies are available here (https://vivli.org/members/ourmembers/).

For further details on Roche’s Global Policy on the Sharing of Clinical Information and how to request access to related clinical

study documents, see https://www.roche.com/research and development/who we are how we work/clinical trials/our commitm

ent to data sharing.htm.

Open Access

This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,

visit http://creativecommons.org/licenses/by-nc-nd/4.0/

References
Papers of special note have been highlighted as: • of interest; •• of considerable interest

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA Cancer J. Clin. 65(2), 87–108 (2015).

2. Planchard D, Popat S, Kerr K et al. Metastatic non-small cell lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann. Oncol. 30(5), 863–870 (2019).

3. Vaishnavi A, Le AT, Doebele RC. TRKing down an old oncogene in a new era of targeted therapy. Cancer Discov. 5(1), 25–34 (2015).

4. Zugazagoitia J, Molina-Pinelo S, Lopez-Rios F, Paz-Ares L. Biological therapies in nonsmall cell lung cancer. Eur. Respir. J. 49(3),
1601520 (2017).

874 J. Comp. Eff. Res. (2020) 9(12) future science group

https://vivli.org/
https://vivli.org/members/ourmembers/
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
http://creativecommons.org/licenses/by-nc-nd/4.0/


MAIC of entrectinib vs crizotinib ROS1+ NSCLC Research Article

5. Clave S, Gimeno J, Munoz-Marmol AM et al. ROS1 copy number alterations are frequent in non-small cell lung cancer. Oncotarget 7(7),
8019–8028 (2016).

6. Scheffler M, Schultheis A, Teixido C et al. ROS1 rearrangements in lung adenocarcinoma: prognostic impact, therapeutic options and
genetic variability. Oncotarget 6(12), 10577–10585 (2015).

7. Gou LY, Niu FY, Wu YL, Zhong WZ. Differences in driver genes between smoking-related and non-smoking-related lung cancer in the
Chinese population. Cancer 121(Suppl. 17), 3069–3079 (2015).

8. Facchinetti F, Rossi G, Bria E et al. Oncogene addiction in non-small cell lung cancer: focus on ROS1 inhibition. Cancer Treat. Rev. 55,
83–95 (2017).

9. Dong J, Li B, Lin D, Zhou Q, Huang D. Advances in targeted therapy and immunotherapy for non-small cell lung cancer based on
accurate molecular typing. Front. Pharmacol. 10(230), 230 (2019).

10. Fischer H, Ullah M, De La Cruz C et al. Entrectinib, a TRK/ROS1 inhibitor with anti-CNS tumor activity: differentiation from other
inhibitors in its class due to weak interaction with P-glycoprotein. Neuro-Oncol. 22 (6), 819–829 (2020).

11. Menichincheri M, Ardini E, Magnaghi P et al. Discovery of entrectinib: a new 3-aminoindazole as a potent anaplastic lymphoma kinase
(ALK), c-ros oncogene 1 kinase (ROS1), and pan-tropomyosin receptor kinases (Pan-TRKs) inhibitor. J. Med. Chem. 59(7), 3392–3408
(2016).

12. Coccia M. Path-breaking target therapies for lung cancer and a far-sighted health policy to support clinical and cost effectiveness. Health
Pol. Technol. 3, 74–82 (2014).

13. Morabito A. The evolution of the treatment of advanced NSCLC. Recenti Progressi Medicina 107(10), 510–514 (2016).

14. Yu HA, Riely GJ. Second generation epidermal growth factor receptor tyrosine kinase inhibitors in lung cancers. J. Natl. Compr. Canc.
Netw. 11(2), 161–169 (2013).

15. Chan BA, Hughes BGM. Targeted therapy for non-small cell lung cancer: current standards and the promise of the future. Transl. Lung
Cancer Res. 4(1), 36–54 (2015).

16. Shaw AT, Kim DW, Nakagawa K et al. Crizotinib versus chemotherapy in advanced ALK-positive lung cancer. N. Engl. J. Med. 368(25),
2385–2394 (2013).

• Crizotinib demonstrated a superior efficacy to standard chemotherapy in 347 patients with locally advanced or metastatic
ALK-positive lung cancer who had received one prior platinum-based regimen.

17. Karachaliou N, Fernandez-Bruno M, Bracht JWP, Rosell R. EGFR first- and second-generation TKIs—there is still place for them in
EGFR-mutant NSCLC patients. Transl. Cancer Res. 8(Suppl. 1), 23–47 (2019).

18. Russo A, Lopes AR, Mccusker MG et al. New targets in lung cancer (excluding EGFR, ALK, ROS1). Curr. Oncol. Rep. 22(5), 48 (2020).

19. Shaw AT, Ou SH, Bang YJ et al. Crizotinib in ROS1-rearranged non-small-cell lung cancer. N. Engl. J. Med. 371(21), 1963–1971
(2014).

• In a Phase I study expansion cohort, crizotinib showed marked antitumor activity (overall response rate 72.0%; median
progression-free survival 19.2 months; median duration of response 17.6 months) in patients with advanced ROS1-rearranged
non-small cell lung cancer.

20. Ou SI, Zhu VW. CNS metastasis in ROS1+ NSCLC: An urgent call to action, to understand, and to overcome. Lung Cancer 130,
201–207 (2019).

21. Patil T, Smith DE, Bunn PA et al. The incidence of brain metastases in stage IV ROS1-rearranged non-small cell lung cancer and rate of
central nervous system progression on crizotinib. J. Thorac. Oncol. 13(11), 1717–1726 (2018).

• Retrospective analysis of patients with stage IV ROS1 fusion-positive non-small cell lung cancer treated with crizotinib. More
than a third (36%) of treatment-naive patients had central nervous system (CNS) metastases at diagnosis, and the CNS was the
first and sole site of progression in 47% of patients on crizotinib treatment.

22. Peters S, Camidge DR, Shaw AT et al. Alectinib versus crizotinib in untreated ALK-positive non-small-cell lung cancer. N. Engl. J. Med.
377(9), 829–838 (2017).

23. Doebele R, Ahn M, Siena S et al. OA02.01 Efficacy and safety of entrectinib in locally advanced or metastatic ROS1 fusion-positive
non-small cell lung cancer (NSCLC). J. Thorac. Oncol. 13(10), S321–S322 (2018).

24. Drilon A, Siena S, Dziadziuszko R et al. Entrectinib in ROS1 fusion-positive non-small-cell lung cancer: integrated analysis of three
Phase 1–2 trials. Lancet Oncol. 21(2), 261–270 (2020).

•• Entrectinib showed clinically meaningful (overall response rate 77.4%; median progression-free survival 19.0 months) and
durable (median duration of response 24.6 months) efficacy in patients with ROS1 fusion-positive non-small cell lung cancer
and was well tolerated with a manageable safety profile.

25. Macfarland SP, Naraparaju K, Iyer R et al. Mechanisms of entrectinib resistance in a neuroblastoma xenograft model. Mol. Cancer Ther.
19(3), 920–926 (2020).

26. Ku BM, Bae YH, Lee KY et al. Entrectinib resistance mechanisms in ROS1-rearranged non-small cell lung cancer. Invest. New Drugs 38,
360–368 (2020).

future science group www.futuremedicine.com 875



Research Article Chu, Antoniou, Bhutani, Aziez & Daigl

27. National Institute for Health and Care Excellence (NICE). TA 529: Crizotinib for treating ROS1-positive advanced non-small-cell lung
cancer (2018). www.nice.org.uk/guidance/ta529.

28. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement.
BMJ 339, b2535 (2009).

29. CRD’s guidance for undertaking reviews in health care (2018). www.york.ac.uk/media/crd/Systematic Reviews.pdf

30. The Cochrane Collaboration Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011] (2011).
www.handbook.cochrane.org

31. Downs S, Black N. The feasibility of creating a checklist for the assessment of the methodological quality both of randomised and
non-randomised studies of health care interventions. J. Epidemiol. Commun. Health 52(6), 377–384 (1998).

32. TA 529: Crizotinib for treating ROS1-positive advanced non-small-cell lung cancer (2018). www.nice.org.uk/guidance/ta529 .

33. Fedorov S. GetData Graph Digitizer version 2.26 (2020). www.getdata-graph-digitizer.com/

34. Signorovitch JE, Wu EQ, Yu AP et al. Comparative effectiveness without head-to-head trials. PharmacoEconomics 28(10), 935–945
(2010).

35. Signorovitch JE, Sikirica V, Erder MH et al. Matching-adjusted indirect comparisons: a new tool for timely comparative effectiveness
research. Value Health 15(6), 940–947 (2012).

36. Rosenbaum PR, RD B. The central role of the propensity score in observational studies for causal effects. Biometrika 70(1), 41–55
(1983).

37. Wu YL, Yang JCH, Kim DW et al. Phase II study of crizotinib in east asian patients with ROS1-positive advanced non-small-cell lung
cancer. J. Clin. Oncol. 36(14), 1405–1411 (2018).

•• In this Phase II study, crizotinib demonstrated clinically meaningful benefit (overall response rate 71.7%; median
progression-free survival 15.9 months) and durable responses (median duration of response 19.7 months) in East Asian patients
with ROS1-positive advanced non-small cell lung cancer.

38. Drilon A, Barlesi F, De Braud F et al. Entrectinib in locally advanced or metastatic ROS1 fusion-positive non-small cell lung cancer
(NSCLC): Integrated analysis of ALKA-372-001, STARTRK-1 and STARTRK-2. Cancer Res. 79, Abst. n CT192 (2019).

•• In an integrated analysis of three Phase I/II trials, entrectinib was tolerable with a manageable safety profile and demonstrated
efficacy (overall response rate 77.4%; median progression-free survival 19.0 months) in patients with ROS1 fusion-positive
non-small cell lung cancer.

39. Soria J-C, Tan DSW, Chiari R et al. First-line ceritinib versus platinum-based chemotherapy in advanced ALK-rearranged non-small-cell
lung cancer (ASCEND-4): a randomised, open-label, Phase 3 study. Lancet 389(10072), 917–929 (2017).

• In this randomized, open-label, Phase III study, ceritinib showed a statistically significant improvement in median
progression-free survival (16.6 months) versus chemotherapy (8.1 months; hazard ratio: 0.55; p < 0.00001) in untreated patients
with stage IIIB/IV ALK-rearranged non-small cell lung cancer.

40. Ou SH, Janne PA, Bartlett CH et al. Clinical benefit of continuing ALK inhibition with crizotinib beyond initial disease progression in
patients with advanced ALK-positive NSCLC. Ann. Oncol. 25(2), 415–422 (2014).

• Patients with advanced ALK-positive non-small cell lung cancer who continued crizotinib treatment beyond progression had a
longer overall survival and showed higher rates of Eastern Cooperative Oncology Group PS 1/2 than those who did not continue
crizotinib beyond progression.

41. Fenchel K, Sellmann L, Dempke WC. Overall survival in non-small cell lung cancer-what is clinically meaningful? Transl. Lung Cancer
Res. 5(1), 115–119 (2016).

42. Hamada T, Kosumi K, Nakai Y, Koike K. Surrogate study endpoints in the era of cancer immunotherapy. Ann. Transl. Med. 6(Suppl. 1),
S27 (2018).

43. Wu YL, Zhou C, Liam CK et al. First-line erlotinib versus gemcitabine/cisplatin in patients with advanced EGFR mutation-positive
non-small-cell lung cancer: analyses from the Phase III, randomized, open-label, ENSURE study. Ann. Oncol. 26(9), 1883–1889 (2015).

44. Li Y, Appius A, Pattipaka T, Feyereislova A, Cassidy A, Ganti AK. Real-world management of patients with epidermal growth factor
receptor (EGFR) mutation-positive non-small-cell lung cancer in the USA. PLoS ONE 14(1), e0209709 (2019).

876 J. Comp. Eff. Res. (2020) 9(12) future science group

https://www.nice.org.uk/guidance/ta529
https://www.york.ac.uk/media/crd/Systematic_Reviews.pdf
http://www.handbook.cochrane.org/
https://www.nice.org.uk/guidance/ta529
http://www.getdata-graph-digitizer.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


