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Aim: Generating direct comparative evidence in prospective randomized trials is difficult for rare
diseases. Real-world cohorts may supplement control populations. Methods: Entrectinib-treated adults
with advanced ROS1 fusion-positive NSCLC (n = 94) from Phase I/II trials (ALKA-372-001 [EudraCT2012-
00148-88], STARTRK-1 [NCT02097810], and STARTRK-2 [NCT02568267]) were compared with a real-world
crizotinib-treated cohort (n = 65). Primary end point, time-to-treatment discontinuation (TTD); secondary
end points, PFS and OS. Results: Median (95% CI) weighted TTD: 12.9 (9.9–17.4) months for entrectinib; 8.2
(6.2–9.9) months for crizotinib (weighted hazard ratio: 0.72 [0.51–1.02]). Median OS with entrectinib was
not reached, weighted median OS with crizotinib was 18.5 (15.1–47.2) months. Conclusion: Entrectinib
administered in clinical trials may be associated with longer TTD than a real-world crizotinib population.
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Non-small-cell lung cancer (NSCLC) is a heterogeneous disease characterized by a range of genetic mutations
driving tumorigenesis, including those in ALK, EGFR and ROS1 genes [1,2]. The ROS1 gene encodes a protein
that is a receptor tyrosine kinase and is involved in recurrent chromosomal rearrangements that define a class of
oncogenic driver alterations in NSCLC [3,4]. ROS1 gene fusions occur in 1–2% of NSCLC patients [5,6,7].

Entrectinib (ROZLYTREK™) is an oral tyrosine kinase inhibitor of ROS1, TRK, and ALK, that has demonstrated
activity across various tumor types and histologies, including ROS1 fusion-positive (ROS1+) NSCLC [8,9,10].
Entrectinib received US FDA approval in August 2019 for the treatment of patients with ROS1+ NSCLC. In
preclinical studies, entrectinib had the ability to cross the blood–brain barrier and remain within the CNS [10]. The
efficacy of entrectinib was assessed in two Phase I and one Phase II single-arm studies [8,11].

Given the rarity of ROS1 fusions, a prospective randomized trial in this population is not feasible within a
reasonable time-frame. To generate comparative efficacy evidence for entrectinib versus crizotinib (the current
standard of care in this setting), we built a comparable cohort of ROS1+ NSCLC patients treated with crizotinib
from the Flatiron Health (FH) electronic health record (EHR)-derived database to compare the clinical outcomes
of entrectinib-treated trial patients with patients treated with crizotinib in routine clinical practice.
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Patients & methods
Study design & population
This was a non-interventional study with secondary use of observational and clinical trial data. We compared two
cohorts of patients with ROS1+ NSCLC. The entrectinib cohort included adults who received entrectinib from
three open-label, single-cohort, Phase I/II trials: ALKA-372-001 (EudraCT2012-00148-88; n = 9), STARTRK-1
(NCT02097810; n = 7) and STARTRK-2 (NCT02568267; n = 78) [8,12,13]. All studies reported in this secondary
analysis were funded by F Hoffmann-La Roche Ltd and were conducted in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice guidelines and all patients provided written informed consent.
Protocols were approved by the relevant institutional review boards and/or ethics committees.

Patient data for the crizotinib cohort were generated using the FH EHR-derived database, a USA nationwide
longitudinal, demographically and geographically diverse de-identified database derived from EHR data, curated
via technology-enabled abstraction [14,15]. At the time of the study, FH included de-identified data from over 265
cancer clinics (∼800 sites of care) representing more than 2 million USA cancer patients available for analysis.

Patients aged ≥18 years with advanced or metastatic (stage IIIB/IV) NSCLC at trial enrollment were included
(clinical cut-off, 1 May 2019; enrollment cut-off, 30 November 2017). From the FH data, patients diagnosed
with advanced NSCLC and ROS1+ rearrangements from 1 January 2011 to 30 June 2018 were included (clinical
cut-off, 31 March 2020). The latest available clinical cut-off was used for each of the two datasets. All patients had a
documented ROS1 fusion confirmed by next-generation sequencing (NGS) or other nucleic acid-based diagnostic
tests in the entrectinib cohort, and by NGS or fluorescence in situ hybridization in the crizotinib cohort.

Patients in the crizotinib cohort were excluded if the duration between diagnosis of advanced disease or biomarker
specimen date and the start of crizotinib treatment was >90 days, or if no information was available on prior
crizotinib treatment. To match exclusion criteria in the entrectinib trials, patients were excluded from the crizotinib
cohort if they tested positive for concomitant driver mutations (e.g., EGFR, ALK, KRAS, BRAF). The trial
only included patients with an Eastern Cooperative Oncology Group performance status (ECOG-PS) of 0–2.
ECOG-PS is frequently missing when using real-world data (RWD); patients with missing ECOG-PS in the
crizotinib cohort were included in the analysis, but where data were available, patients were excluded if their
ECOG-PS was >2.

Prior anticancer therapy before starting entrectinib or crizotinib was allowed. Patients in the study were excluded
if they had prior exposure to another ROS1 inhibitor (including crizotinib), either in a real-world setting or in a
clinical study. Two patients with prior crizotinib exposure were included in the integrated efficacy analysis of the
original entrectinib trial [13]; these patients were also allowed in this analysis for consistency. In the crizotinib cohort,
only patients who received crizotinib for the first time as monotherapy were allowed (any line of treatment).

Objectives
The primary objective was a comparative effectiveness analysis of time-to-treatment discontinuation (TTD) between
entrectinib and crizotinib. Secondary objectives included a comparison between entrectinib and crizotinib with
respect to overall survival (OS) and progression-free survival (PFS; captured differently for real-world and clinical
trial populations; exploratory objective).

Outcome assessments
As treatment beyond progression (TBP) in clinical practice is often accompanied by local ablative therapy [16,17],
the earliest progression event (including death) or treatment discontinuation in both cohorts was used to estimate
TTD. In the entrectinib cohort, TTD was the date from entrectinib initiation to treatment discontinuation due
to death, toxicity, consent withdrawal or progression. TTD was selected as the primary end point because it is an
outcome that integrates both the patient’s and the clinician’s judgement of the tolerability, safety and effectiveness
of a treatment. This end point was previously identified as a pragmatic end point for use in retrospective real-world
evidence studies, where scans are performed at variable intervals and post-hoc objective radiological review is not
always feasible. It is also an appropriate end point to use for targeted therapies, as discontinuation due to toxicity
is less common in trials of targeted therapies compared with chemotherapies [18].

In the clinical trial, patients were scanned every 8 weeks and blinded independent central review (BICR)-Response
Evaluation Criteria in Solid Tumors (RECIST; v1.1) was used to confirm progression. Additional analyses used
investigator-assessed progression, which was also available in the entrectinib trial data. PFS in the entrectinib
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cohort was the time from first entrectinib dose to first documentation of radiographic disease progression (per
BICR-RECIST or investigator assessment), or death due to any cause, whichever occurred first.

In the crizotinib cohort, treatment was administered according to clinical practice. Treatment start and stop dates
were collected using technology-enabled abstraction for EHR-derived information. TTD was defined as the time
from crizotinib initiation to treatment discontinuation. Treatment discontinuation was assumed to have occurred
if there was a subsequent line of therapy, if the patient died ≤7 days from the last treatment administration, if
the patient had no subsequent therapy line but the duration between the last date of crizotinib treatment and the
last visit date was ≥60 days or because of disease progression. In FH, the progression variable included in TTD
and PFS analyses was derived differently than in the clinical trials and is termed real-world progression (rwP). The
date of rwP was based on abstraction of the treating clinician’s assessment using the EHR, defined in this study
as a distinct episode in which the clinician concluded evidence of tumor growth (i.e., by scans, pathology and/or
clinician determination), loss of clinical benefit or both [19,20].

OS was defined as time from the date of treatment initiation until death from any cause in both cohorts, using
a previously described real-world mortality variable [21]. Censoring rules are summarized in Supplementary Table
1 and page 1 in the Supplementary Material.

Statistical methods
Descriptive analyses included comparison of baseline characteristics between the entrectinib and crizotinib cohorts
to identify possible differences in demographic and clinical characteristics. Baseline was defined as characteristics
at enrollment for the entrectinib cohort or the closest visit/information before treatment start for the crizotinib
cohort, at a maximum of 90 days prior to treatment start (index date). For BMI and ECOG, given the potential
rapid changes in this type of population, the values reported were obtained within 30 days of the start of crizotinib
treatment. Baseline characteristics were compared between the cohorts using Chi-square tests for categorical variables
and Wilcoxon rank-sum tests for continuous variables.

The date from initiation of treatment to the first evidence of rwP was used as the discontinuation date when TBP
was observed in the crizotinib cohort. Similarly, the entrectinib clinical trial patients were counted as discontinuation
at the time of first progression, even in cases where TBP was allowed.

A comparison of TTD and PFS was performed after adjusting for differences between the entrectinib and
crizotinib cohorts using the Inverse Probability of Treatment Weighting (IPTW) method [22]. Propensity score
(PrS) was estimated by unconditional logistic regression (Supplementary Table 2). Additional details on statistical
methods are provided in the Supplementary Material pages 1–2.

The clinical profile of patients with ROS1-rearranged NSCLC is similar to that of ALK-rearranged NSCLC,
including early age of onset and non-smoking history [5]. Due to limitations with identifying prognostic factors from
available ROS1 patient data, it was infeasible to collect data for all potential prognostic elements and these factors
were selected based on the known prognostic factors for ALK-rearranged NSCLC and expert clinical judgment.

Prior therapy was derived from trial records for the entrectinib cohort and abstracted manually from clinical
notes for the crizotinib cohort. Only treatments given for metastatic disease or after metastatic diagnoses were
considered. Several sensitivity analyses were conducted in order to test the robustness of results (Supplementary
Material page 1). Median TTD and PFS were also estimated by CNS status at baseline in both cohorts as secondary
analyses.

Results
Patients
The primary analysis included 94 patients in the entrectinib cohort from the three entrectinib clinical trials [13]

(Figure 1A) and 65 in the crizotinib cohort derived from a group of 134 patients with ROS1+ NSCLC identified
in the FH database (Figure 1B). Patients from the entrectinib clinical trials were located in Europe, Australia, Asia
and the USA. The FH database included only patients treated in the USA.

Median age was 53 and 65 years in the entrectinib and crizotinib cohorts, respectively, and the majority of
patients in both cohorts were women (Table 1). Compared with the crizotinib cohort, the entrectinib cohort
included more patients of Asian ethnicity and fewer patients with a smoking history. Patients in the entrectinib
cohort had a higher baseline prevalence of CNS metastases, had a higher tumor burden (≥2 baseline metastatic
sites), and were more heavily pretreated (>2 prior lines of therapy) compared with patients in the crizotinib cohort.
In the crizotinib cohort, 57% (37/65) of patients received TBP (Supplementary Figure 1).
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lSS/lSE patients
n = 564

ROS1+ NSCLC efficacy evaluable population with
enrollment date on or before 30/11/2017

94 patients

ALKA
9 patients

ST-01
7 patients

ST-02
78 patients

Step 1: lCD code for lung cancer, 2 visits on or after 1/1/2011
156,939 patients

Step 2: Random sample of patients for unstructured data processing
116,833 patients

Step 3: Has advanced NSCLC (aNSCLC)
54,713 patients

Step 4: Has recent advanced disease on or after 1/1/2011
48,935 patients

Step 5: Has ROS1 gene rearrangement/gene fusion (ROS1+)
134 patients

Patients who received crizotinib in any LOT
89 patients

Patients who
received
crizotinib

monotherapy
74 patients

Patients who
received
crizotinib

monotherapy
and then
crizotinib

combotherapy
5 patients†

Patients who
received
crizotinib

monotherapy
and then
crizotinib

monotherapy
2 patients†

Patients who
received
crizotinib

combotherapy
8 patients

Patients who
received
crizotinib

monotherapy
first

81 patients

Excluded 1
patient with

both aNSCLC
and multiple

myeloma
without clear

treatment
information
80 patients

Crizotinib monotherapy ROS1+ cohort
80 patients

Patients who have ECOG PS = 0, 1, 2 or missing at ≤30 days
before crizotinib first treatment start date

79 patients

Excluding patients who have gap between advanced diagnosis date and
first LOT/rizotinib first treatment start/first ROS1+ specimen collected date

with the result = rearrangement present/first activity date >90 days
74 patients 

Excluding patients who have other positive biomarkers
such as ALK or BRAF or EGFR or KRAS

66 patients

Excluding patients who have previous use of clinical study drug
before crizotinib first treatment start

65 patients

Figure 1. Patient flow diagram in the two study
cohorts. (A) Entrectinib cohort. (B) Crizotinib cohort.
†First-line treatment with crizotinib monotherapy,
second-line treatment with combination therapy
(crizotinib + chemotherapy) or crizotinib monotherapy.
ICD: International Statistical Classification of Diseases and
Related Health Problems; ISE: Integrated summary of
effectiveness; ISS: Integrated summary of safety; LOT: Line of
therapy; NSCLC: Non-small-cell lung cancer.
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Table 1. Baseline demographic and clinical characteristics.
Characteristics Entrectinib cohort

(N = 94)
Crizotinib cohort
(N = 65)

Men, n (%) 34 (36) 28 (43)

Race, n (%)

–White 46 (49) 35 (54)

– Asian 41 (44) 6 (9)

– Black/African American 4 (4) 8 (12)

– Hispanic/Latino 1 (1) 11 (17)

– Not provided 2 (2) 3 (5)

Age (years)

– 18–34, n (%) 7 (7) 0

– 35–64, n (%) 67 (71) 31 (48)

– ≥65, n (%) 20 (21) 34 (52)

– Median (IQR) 53 (45–62) 65 (55–73)

Smoking status, n (%)

– Smoker 38 (40) 37 (57)

– Never smoker 56 (60) 28 (43)

Clinical practice type, n (%)

– Community – 50 (77)

– Academic 94 (100) 15 (23)

Location, n (%)

– Asia Pacific 43 (46) 0

– Europe 26 (28) 0

– USA 25 (27) 65 (100)

Histology, n (%)

– Non-squamous cell carcinoma 94 (100) 61 (94)

– Squamous cell carcinoma 0 2 (3)

– NOS 0 2 (3)

ECOG-PS†, n (%)

– 0 35 (37) 19 (29)

– 1 48 (51) 11 (17)

– 2 11 (12) 7 (11)

– Missing 0 28 (43)

Brain metastases at baseline, n (%) 40 (43) 17 (26)

With ≤2 metastatic sites (any site), n (%) 50 (53) 54 (83)

Prior therapy before entrectinib/crizotinib start, n (%)

– �2 70 (74) 60 (92)

– ≥2 24 (26) 5 (8)

Prior targeted therapy before entrectinib/crizotinib start (any line), n (%) 13 (14) 9 (14)

Prior chemotherapy before entrectinib/crizotinib start (any line), n (%) 67 (71) 20 (31)

†Assessed within the 30 days before the first treatment start date for the crizotinib cohort.
ECOG-PS: Eastern Cooperative Oncology Group performance status; IQR: Interquartile range; NOS: Not otherwise specified.

Comparative effectiveness
Seventy-one (76%) in the entrectinib cohort and 65 (84%) in the crizotinib cohort (weighted) discontinued
treatment. Median TTD was 12.9 months (95% CI: 9.9–17.4 in the entrectinib cohort and 8.2 months (6.2–9.9)
in the crizotinib cohort (weighted; hazard ratio [HR]: 0.72; 95% CI: 0.51–1.02) (Figure 2A; Table 2; Figure 3).
Patients in the entrectinib cohort had a minimum of 12 months of follow-up after first dose (median follow-up:
19.3 months); patients in the crizotinib cohort had a median follow-up of 14.1 months (varying follow-up times
were included in the crizotinib cohort to limit further reduction of sample size).
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Figure 2. Kaplan–Meier estimates of the primary and secondary endpoints in the crizotinib and entrectinib cohorts.
(A) TTD, (B) PFS and (C) OS. All curves are weighted based on the propensity score for comparability between arms.
HR: Hazard ratio; OS: Overall survival; PFS: Progression-free survival; TTD: Time-to-treatment discontinuation.
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Table 2. Treatment effect of entrectinib and crizotinib.
Entrectinib Crizotinib unweighted Crizotinib weighted

Median TTD†, months 12.9 7.7 8.2

– (95% CI) (9.9–17.4) (4.9–10.0) (6.2–9.9)

– n/N 71/94 54/65 65/77

Median PFS†, months 16.8 7.7 8.2

– (95% CI) (12.0–26.3) (5.4–10.0) (6.5–9.9)

– n/N 54/94 54/65 65/77

Median OS, months NE 19.9 18.5

– (95% CI) – (14.4–NE) (15.1–47.2)

– n/N 25/94 35/65 48/77

†Progression determined by BICR in the entrectinib cohort, and from clinician report in the crizotinib cohort.
BICR: Blinded independent central review; NE: Not estimable; OS: Overall survival; PFS: Progression-free survival; TTD: Time-to-treatment discontinuation.

Crizotinib better

TTD

PFS

Unadjusted

 Covariate adjusted*

 Propensity score weighted

 Propensity score weighted with covariate double-adjustment*

Unadjusted

 Covariate adjusted*

 Propensity score weighted

 Propensity score weighted with covariate double-adjustment*

Hazard ratio

 0.2  0.4  0.6  0.8  1.0  1.2

Hazard ratio

 0.2  0.4  0.6  0.8  1.0  1.2

Entrectinib better Crizotinib better

Entrectinib better

 0.78

 0.69

 0.72

 0.72

 0.57

 0.51

 0.55

 0.54

Figure 3. Multivariate Cox model of treatment effect. (A) TTD. (B) PFS.
*Adjusted according to age, race, gender, smoking status, presence of brain metastases and exposure to prior lines of
therapy.
PFS: Progression-free survival; TTD: Time-to-treatment discontinuation.
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Fifty-four patients (57%) in the entrectinib cohort and 65 (84%) in the crizotinib cohort (weighted) had a
progression or death event. Estimated median PFS determined from clinical trial data was 16.8 months (95%
CI: 12.0–26.3) in the entrectinib cohort (Figure 2B; Table 2; Figure 3). Estimated median real-world PFS was
8.2 months (95% CI: 6.5–9.9) in the crizotinib cohort (weighted; HR: 0.54; 95% CI: 0.38–0.79).

Median OS could not be estimated in the entrectinib cohort because an insufficient number of events had
occurred at time of data cut-off. In the crizotinib cohort, estimated median OS was 18.5 months (95% CI:
15.1–47.2) (Figure 2C; Table 2).

When using progression by investigator-assessed definition rather than BICR in the entrectinib trials, the
weighted HR was 0.78 (95% CI: 0.55–1.09) and 0.70 (95% CI: 0.49–0.99) for TTD and PFS, respectively
(Supplementary Table 3).

The adjusted HR for TTD and PFS did not change when patients with events within 1 or 3 months of treatment
start were excluded from the analyses (Supplementary Table 4).

Sensitivity analysis of TTD
HR maintained robustness across all sensitivity analyses (Supplementary Table 5). When including only patients
with non-missing ECOG-PS, HR for TTD was 0.68 (95% CI: 0.48–0.98; weighted analysis). Results using caliper
matching by the PrS presented a slightly less favorable HR (0.86; 95% CI: 0.46–1.61) than the main analysis,
and given the reduced sample size (N = 80, both cohorts), the 95% CI was wider. In the main analysis and the
sensitivity analysis, the standardized mean difference (SMD) on weighted cohorts was close to or below 0.2 for all
variables used to derive a PrS (based on the main analysis model).

Secondary analyses of CNS metastases at baseline
At treatment start, 17 (26.2%) patients in the crizotinib cohort and 40 (42.6%) patients in the entrectinib cohort
had brain metastases. By CNS status, unadjusted TTD and PFS were lower in the crizotinib cohort than in the
entrectinib cohort (Supplementary Table 6). In the crizotinib cohort, unadjusted median TTD was 7.9 months
(95% CI: 5.6–10.8) in patients with no brain metastasis at treatment start and 5.4 months (95% CI: 2.0–13.3)
in patients with brain metastasis at treatment start. In the entrectinib cohort, unadjusted median TTD was
17.1 months (95% CI: 10.5–29.6) in patients with no brain metastasis at treatment start and 7.8 months (95% CI:
4.6–15.0) in patients with brain metastasis at treatment start. After adjusting for the same a priori prognostic factors
used to develop the propensity score, except for brain metastasis, the HR showed a similar benefit with entrectinib
versus crizotinib in both subgroups with and without brain metastases at treatment start (Supplementary Table 7).

Discussion
This study was designed to provide comparative efficacy evidence for a new medicine in a rare biomarker-defined
lung cancer, ROS1+ NSCLC. The pivotal study was a single-arm trial with no comparative evidence since a
comparative clinical trial of entrectinib versus crizotinib could potentially take many years to complete due to
long recruitment periods and small numbers of patients. Using an external data source such as the FH database
coupled with statistical modeling techniques, a comparator cohort was developed. In this study, we used TTD as
the primary efficacy end point, and PFS and OS as secondary efficacy end points. The decision to use TTD as the
primary end point was based on the availability of common variables between the trial and RWD cohorts.

The study sample sizes were small and not prespecified to determine superiority or non-inferiority in efficacy
between arms. However, point estimates of treatment effectiveness showed benefit with entrectinib treatment in
both primary and exploratory analyses. We do note that no formal statistical testing was planned and the primary
analysis did not reach nominal significance level. A post-hoc power analysis using the final sample size (weighted)
showed that the study would have been underpowered to detect a statistically significant effect in TTD (post-hoc
power 37.2%), due to the effect estimate observed and the sample size obtained. Given the larger difference observed
for PFS and OS, 80% power was attained for these outcomes.

This comparative effectiveness analysis between patients with ROS1+ NSCLC treated with entrectinib in clinical
trials and a similar cohort treated with crizotinib in routine practice highlighted a number of key differences in
clinical outcomes between the two populations. Entrectinib was associated with a longer median TTD compared
with crizotinib (12.9 vs 8.2 months). Our primary end point, TTD, is a composite outcome evaluating progression
together with the patient and clinician’s judgment of tolerability, safety, and efficacy of the therapy. TTD was
previously identified as a pragmatic end point for use in retrospective real-world evidence studies [18]. We
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acknowledge that rwP and clinical trial progression are inherently different. In addition to likely differences
in scan frequency, objective and blinded progression assessments are not performed in the real world as they are
in a clinical trial setting; rwP is based on clinician interpretation rather than objective measurements of computed
tomography scans with RECIST criteria. The performance of the rwP end point employed in this study has been
shown to closely mirror the outcomes in published clinical trial populations in patients with NSCLC [19,20]. We
used BICR to define progression in our study, but found the results very similar when evaluating PFS and TTD
using clinician assessment of progression in the trial.

It is important to recognize that the real-world variable used to calculate rwPFS in the crizotinib cohort is
different from RECIST-based progression used in the clinical trial-based cohort. In addition, the calculation is
contingent on the frequency of imaging assessments, which is likely to be lower in real-world practice, and might
therefore bias the results in that cohort toward longer PFS. With these caveats, the comparison showed longer
median PFS in the entrectinib cohort (16.8 vs 8.2 months). Additionally, median PFS for crizotinib in our RWD
(8.2 months) was shorter than that reported in clinical trials of crizotinib in ROS1+ NSCLC (15.9 months per
BICR [23] and 19.3 months per investigator [24]). However, similarities in baseline characteristics were observed in
the ROS1+ NSCLC RWD crizotinib cohort and reported clinical trial cohorts [18]. We believe this difference is
not specific to the FH population. Two RWD studies of crizotinib in European and Asian patients with ROS1+
NSCLC reported similar median PFS to our study (range: 9.1–9.6 months) [17,25]. However, direct comparison
of different datasets should be made cautiously as the populations have inherent differences arising from medical
practice at sites, biomarker testing, and population of patients captured. Two RWD studies in Chinese patients
also reported a median PFS of 11.0–13.6 months, lower than the crizotinib clinical trial data [17,26], likely due to
the demographics of the Chinese RWD populations resembling the clinical trial populations more closely than the
FH population. For these reasons, we believe that our progression analyses should be viewed as exploratory.

Although OS is considered a relevant end point for comparative efficacy studies, the clinical trial data for this
secondary end point were immature at the time of this analysis (median follow-up: 19.3 months) and median OS
was not estimable. Nevertheless, the median OS observed in the crizotinib RWD cohort of 18.5 months (95%
CI: 15.1–47.2) also suggests a possible benefit of entrectinib over crizotinib for this outcome, but confirmation of
results is needed.

As the study includes a comparison with a non-randomized sample selected from a different population pool
than the clinical trial, there were notable differences in recruitment criteria and baseline characteristics of patients
from both cohorts that may have driven the differences in PFS observed, and limits valid cross-trial interpretations
if minimal indirect matching is not implemented. We used several approaches to match the cohorts, including
applying trial exclusion/inclusion criteria to the RWD cohort as a first step, and using PrS to balance any differences
in cohorts before efficacy comparisons. PrS modeling was conducted to harmonize the two samples and allowed for
a fairer comparison of treatment effects independently of selected patient baseline characteristics. This methodology
is an accepted approach to reduce bias and estimate treatment effects across groups [22].

After weighting via a set of a priori-selected prognostic factors, an achievable balance in baseline covariates was
obtained using SMDs and diagnostic assessments. This suggested IPTW was successful in creating a sample in which
selected baseline covariates were similar between the entrectinib and crizotinib cohorts. While residual confounding
may remain, the most critical covariates potentially associated to major confounding were likely included in this
analysis, since the measured confounders may also serve as proxies for unmeasured factors (such as general state
of health). Additionally, sensitivity analyses conducted with differing model specifications for outcome assessment
and population selection did not modify the results or conclusions. It is of particular relevance that both sensitivity
analyses used on restricted populations limit heterogeneity between cohorts and strengthen the HR away from no
effect.

Our results suggest that both patients with and without brain metastases at baseline benefit from entrectinib.
After adjusting for various prognostic factors, we found a similar benefit with entrectinib versus crizotinib, based
on CNS status at baseline. Assessments from the clinic and clinical trials of the presence of brain metastases and
their progression are likely different and could bias estimates.

Other limitations such as reasons for treatment discontinuation that could not be determined for the crizotinib
cohort and data quality should also be noted. Although the RWD were obtained under strict quality control
methods [19,27], inherent limitations of such data exist, for example, the potential for missing information due
to documentation practices or partial receipt of care outside of the FH network. Finally, the potential impact of
missing data on our findings should be noted, as only 0.3% (134/48,935) of patients in the crizotinib cohort had
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a ROS1 fusion, which is lower than the estimated prevalence of 1–2% reported for this fusion. However, it is likely
that this percentage may reflect a lack of testing for this marker in the real-world setting, consistent with reports
showing lack of testing for more well established EGFR and ALK biomarkers in NSCLC [28].

Conclusion
This analysis of clinical trial and real-world cohorts suggests that entrectinib treatment in clinical trials may be
associated with longer TTD and PFS in patients with ROS1+ NSCLC compared with a matched real-world
crizotinib population of patients treated with crizotinib in routine clinical practice. The use of RWD has provided
an alternative approach in generating comparative efficacy evidence for licensing of new drugs, in a setting where
a prospective randomized trial would not be feasible to conduct, thereby accelerating the development of new
molecular entities.

Summary points

• Given the rarity of ROS1 gene fusions, there has been no direct head-to-head study comparing the efficacy of
entrectinib with crizotinib in patients with ROS1 fusion-positive (ROS1+) NSCLC.

• We conducted a comparative effectiveness analysis between entrectinib-treated adults with ROS1+ NSCLC
enrolled in Phase I/II clinical trials (n = 94) and crizotinib-treated adults with ROS1+ NSCLC identified from a
real-world database (n = 65).

• Trial eligibility criteria were applied to the crizotinib cohort and propensity score modelling was used to balance
any between-cohort differences.

• Outcomes assessed included time-to-treatment discontinuation (TTD; primary objective), OS (secondary objective)
and PFS (exploratory objective).

• Entrectinib was associated with a longer median TTD and PFS than crizotinib, but OS data for entrectinib were
immature and median OS was not estimable.

• After adjusting for prognostic factors, a similar benefit was evident with entrectinib versus crizotinib in secondary
efficacy analyses based on CNS status at baseline.

• Results of this analysis suggest that entrectinib administered to patients with ROS1+ NSCLC in clinical trials may
be associated with longer TTD than a matched real-world population treated with crizotinib.

• Real-world data provide an alternative means to generate comparative efficacy evidence in a setting where a
prospective randomized trial may not be feasible.
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