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ABSTRACT

Introduction: Crizotinib, the first approved targeted
therapy for ALK-positive advanced NSCLC, is also indicated
for ROS1-rearranged NSCLC. This post hoc analysis of the
phase II METROS trial explores long-term survival out-
comes with crizotinib, focusing on the impact of baseline
brain metastases (BM).

Methods: This post hoc analysis of the METROS study
assessed survival outcomes in patients with ROS1-rearranged
NSCLC, evaluating progression-free survival (PFS), overall
survival (0S), and the incidence and severity of adverse
events, both in the overall cohort and by baseline BM status.
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Results: Among 64 patients with ROSI-positive NSCLC
with a median follow-up of 54.4 months, median PFS and
0S were 13.8 months (95% CI: 7.4-20.2) and 40.5 months
(95% CI: 27.9-53.1), respectively. Patients with BM (N =
17) had significantly shorter PFS (6.8 versus 17.4 mo) and
0S (16.4 versus 42.8 mo) than those without BM. The
safety profile of crizotinib remained consistent with pre-
vious reports, with most adverse events being grade 1 or 2
and no new safety concerns identified.

Conclusion: This analysis supports the efficacy of crizoti-
nib in patients with advanced NSCLC and ROSI rear-
rangements, although its activity in patients with BM
remains limited, highlighting the need for brain-penetrant
tyrosine kinase inhibitors to improve outcomes in this
patient group.

Copyright © 2025 by the International Association for the
Study of Lung Cancer. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Keywords: Crizotinib; Non-small-cell lung cancer; Brain
metastases; Post hoc analysis

Introduction

Targeted therapy has revolutionized the treatment of
NSCLC thanks to the discovery of specific, actionable
mutations or translocations, such as EGFR mutations,
EML4-ALK translocations, and ROSI translocations.’
Multiple oncogene-directed agents, such as ALK in-
hibitors (e.g., crizotinib, ceritinib, alectinib, brigatinib,
and lorlatinib) and EGFR tyrosine kinase inhibitors
(TKIs) (e.g. erlotinib, gefitinib, afatinib, dacomitinib, and
osimertinib), have been approved for the treatment of
ALK-positive or EGFR-positive NSCLC, as they demon-
strated significant survival benefits and superior re-
sponses compared with standard chemotherapy.””

Crizotinib, a dual ALK and c-MET inhibitor, was the
first approved targeted therapy for ALK-positive
advanced NSCLC and is currently indicated as both
first- and second-line treatment in this population.””
Crizotinib is also approved for the treatment of patients
with ROS1 rearrangement, a condition that occurs in 1%
to 2% of patients with NSCLC and is more common in
younger and nonsmoking individuals.®™®

Several trials have reported the efficacy and long-
term survival benefits of crizotinib in patients with
ROS1-rearranged NSCLC.””'' The EUCROSS trial, a
multicenter, single-arm, phase II trial, revealed that
crizotinib (250 mg twice daily) was highly effective in
patients with ROS1-rearranged NSCLC who had no brain
metastases (BM) or stable BM at baseline. The objective
response rate (ORR) was 70%, and the median
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progression-free survival (PFS) was 19.4 months after a
median follow-up of 20.6 months'?; long-term results
further confirmed the survival benefit in this population,
with the median overall survival (OS) not reached after
55.9 months of follow-up.” The PROFILE 1001 study
also demonstrated a durable and positive response to
crizotinib in ROSI-rearranged advanced NSCLC, with an
ORR of 72%, a median duration of response (DOR) of
24.7 months, and a median OS of 51.4 months.'%3

The multicenter, phase II METROS study further
explored the activity of crizotinib in pretreated patients
with NSCLC harboring ROS1 rearrangements or MET
deregulation (amplification or exon 14 mutations).'*
The study confirmed the efficacy of crizotinib in patients
with ROSI-rearranged NSCLC, with an ORR of 65%, a
median PFS of 22.8 months, and a median OS that was
not reached after 21 months. In the MET-deregulated
cohort, crizotinib demonstrated modest activity, with
only a fraction of patients achieving a response (ORR of
27%), and the impact on the clinical course of the dis-
ease was minimal (median PFS: 4.4 mo; median OS: 5.4
mo)."*

Despite the remarkable advances achieved with cri-
zotinib and other targeted therapies in lung cancer, tu-
mor resistance is frequent, and many patients
experience progression due to on-target or off-target
mutations.”> One of the most common sites of pro-
gression is the central nervous system (CNS), with BM
occurring in 37% to 64% of patients with EGFR-positive
or ALK-positive NSCLC'® and in 20% to 40% of those
with ROSI-positive NSCLC.'” BM occur frequently at
both diagnosis and after treatment, particularly in pa-
tients treated with crizotinib, due to its poor blood-
brain barrier penetration.'® Although several studies
have investigated the efficacy of targeted agents for
ALK-positive NSCLC, particularly in patients with CNS
metastases,’>?° limited data are currently available on
the activity of crizotinib and other targeted therapies in
controlling BM in patients with ROS1-rearranged NSCLC.

The aim of this post hoc analysis of the METROS
study is to assess long-term survival outcomes in pa-
tients with ROS1-rearranged NSCLC treated with crizo-
tinib after a follow-up of more than 4 years. Moreover,
the study investigates survival outcomes in relation to
BM status to further characterize crizotinib activity in
this subgroup.

Methods

Study Design

This is a post hoc analysis of the METROS study. The
study design and methodology of METROS were pub-
lished by Landi et al.'* Briefly, METROS was a pro-
spective, two-arm, parallel, noncomparative phase II
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study investigating the use of crizotinib in pretreated
patients with NSCLC with ROS1 translocation (cohort A)
or MET amplification or MET exon 14 mutation (cohort
B). Patients with locally advanced or metastatic NSCLC,
previously treated with at least one prior line of
chemotherapy and with at least one measurable tumor
lesion, were considered eligible for the study and
received crizotinib (250 mg twice daily) orally until
disease progression, unacceptable toxicity, or patient
withdrawal. The study was conducted in accordance
with the Declaration of Helsinki and the Good Clinical
Practice guidelines. Each center received approval from
the local ethics committee, and all patients provided
written informed consent before participation and for
the use of their data.

The study began in December 2014 and enrolled
patients across all Italian hospitals until March 2017; for
this final analysis, the data cutoff was February 2022.

Patient Selection

Patients eligible for the METROS study had a histo-
logically confirmed diagnosis of locally advanced or
metastatic NSCLC and archival tissue available for
biomarker analysis. Other inclusion criteria were as
follows: Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) less than or equal to 2, at least
one prior line of chemotherapy, at least one measurable
tumor lesion according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1, and
adequate bone marrow and organ function. Patients
with known EGFR or KRAS mutations, those who had
previously received ROS1 or MET inhibitors, or those
with symptomatic BM were excluded. In this final
analysis, only patients from the METROS study who had
ROS1-rearranged NSCLC and were assigned to either
cohort A or the expansion cohort, according to the latest
protocol amendment, were included, which allowed the
inclusion of more patients and access to crizotinib
treatment.

Notably, the characteristics of the initial 26 patients
were described in Landi et al.,'* whereas partial data on
22 of the 38 patients from the expansion cohort were
included in a subsequent report by Chiari et al.” The
remaining 16 patients from the expansion cohort have
not been previously reported and are presented here for
the first time. The overall characteristics of the full
expansion cohort are presented in Supplementary
Table 1. Baseline characteristics were comparable be-
tween the expansion cohort and the original cohort.

Study Assessments
All patients eligible for METROS underwent a com-
plete disease staging, including a computed tomography
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(CT) scan of the chest and abdomen and blood chem-
istry tests, such as liver function tests, performed within
4 weeks before enrollment. Bone scintigraphy and brain
CT were performed only if clinically indicated; radio-
graphic evaluation was limited to areas deemed suspi-
cious on bone scintigraphy. During study treatment
administration, disease assessment was performed
every 2 months, with a confirmatory reassessment in all
patients having response or disease stability at least 4
weeks after evidence of initial response, according to
RECIST criteria. In cases of disease progression and if
the patient chose to withdraw from the trial, a complete
staging was performed. After completion of the treat-
ment protocol, patients were followed up every 12
weeks for survival assessment. Adverse events (AEs),
laboratory tests, and vital signs were classified accord-
ing to the Common Terminology Criteria for Adverse
Events version 4.0.

Study Objectives and End Points

For this latest analysis of the METROS study, pa-
tients’ survival was assessed in terms of PFS and OS,
both in the entire population and based on the presence
of baseline BM. The safety profile of crizotinib was also
evaluated by measuring the occurrence and severity of
AEs in the overall population and the subgroup of pa-
tients with BM.

Statistical Analysis

Patient and disease characteristics were analyzed
using descriptive statistics and expressed as relative
frequencies (percentages) for discrete variables or me-
dians and interquartile ranges (IQRs) for continuous
variables. The associations between the factors were
evaluated with the chi-square test, whereas differences
in the distribution of the quantitative variables were
assessed with the Mann-Whitney test. PFS and OS were
calculated from the date of therapy initiation to the date
of the first evidence of disease progression or patient
death in the absence of documented disease progression
(for PES) or death from any cause (for OS). Patients who
did not experience an event were censored at the last
follow-up date. Survival times were estimated using
Kaplan-Meier analysis and expressed as medians with
corresponding two-sided 95% confidence intervals
(ClIs). Differences between curves were evaluated using
the log-rank test.

Results
Patient Characteristics

In total, 64 patients with ROSI-mutated NSCLC were
evaluated for this final analysis of the METROS study: 26
from cohort A and 38 from the expansion cohort.
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Table 1. Characteristics of the Overall Population

Patients

Characteristics (N = 64), n (%)
Median age (range), y 55.5 (29-86)
Sex

Male 22 (34.5%)

Female 42 (65.5%)
ECOG PS

0 37 (57.8%)

1 24 (37.5%)

2 3 (4.7%)
Smoking status

Never smoker 32 (50.0%)

Past smoker 26 (40.6%)

Current smoker 6 (9.4%)
Histology

Adenocarcinoma 63 (98.5%)

Other histology” 1 (1.5%)
Brain metastases at baseline

Yes 17 (26.6%)

No 47 (73.4%)
Prior line of therapy

0 6 (9.4%)

1 40 (62.5%)

2 13 (20.3%)

>2 5 (7.8%)
Metastatic site

1 7 (10.9%)

2 19 (29.7%)

>2 38 (59.3%)

“Other histology includes NSCLC not otherwise specified and pleomorphic
carcinoma.
ECOG PS, Eastern Cooperative Oncology Group performance status.

Patients had a median age of 55.5 (range: 29-86)
years and were mainly females (65.5%), never or
former smokers (90.6%), with an ECOG PS of 0 (57.8%).
All patients except one had adenocarcinoma and more
than two metastatic sites. The most common sites of
metastases were lung (92.2%), lymph nodes (65.6%),
liver (76.6%), bones (35.9%), and brain (26.6%)
(Table 1). In total, 17 patients had BM at baseline
(Table 2). The characteristics of patients with and
without BM were well balanced in terms of median age
(50 versus 58 y), sex (males/females: 12/5 and 30/17),
performance status (0/1: 9/8 versus 28/19), and pre-
vious treatments (1/>2: 13/4 versus 33/14).

Efficacy

After amedian follow-up of 54.4 months, the median PFS
and OS in the entire population were 13.8 months (95% CI:
7.4-20.2) and 40.5 months (95% CI: 27.9-53.1), respec-
tively (Fig. 14 and B). Median PFS was 6.8 months (95% CI:
0.1-13.5) in patients with BM compared with 17.4 months
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in those without BM (95% CI: 7.9-26.9; hazard ratio [HR]:
1.94 [95% CI: 0.99-3.40]). Median OS was 16.4 months
(95% CI: 15.5-17.3) in patients with BM versus 42.8 months
(95% CI: 28.6-57.0) in patients without BM (HR: 1.63 [95%
CI: 0.81-3.30]) (Fig. 24 and B). Among patients with BM at
baseline, the brain was a site of progression in all cases.
Among patients without BM, progression to the brain was
reported in 16 patients (34.0%).

Safety

The safety profile of crizotinib was consistent with
data from the literature, and no new safety alerts were
reported in this analysis. The safety profile observed in
this extended follow-up was in line with the previous
report."* No new AEs were reported, and no neurologic
AEs or seizures were observed. Among patients with BM
at baseline, 13 experienced an AE of grade more than or
equal to 3 (Table 3).

Discussion

In this update of the METROS study, a total of 64
patients with ROSI-rearranged NSCLC were analyzed,
comprising 26 patients from cohort A and 38 from the
expansion cohort. After a median follow-up of 54.4
months, median PFS and OS in the overall population
were 13.8 months and 40.5 months, respectively, con-
firming the efficacy of crizotinib in patients with
advanced NSCLC and ROS1 rearrangement. This long-
term follow-up analysis also confirmed the known
safety profile of crizotinib, with most AEs being grade 1
or 2 and no new safety signals detected.

Regarding the impact of BM on crizotinib efficacy,
patients with BM (N = 17) were found to have a lower
median PFS compared with patients without BM (N =
47; 6.8 versus 17.4 mo). OS also followed this trend and
was higher in patients without BM compared with those
with BM at baseline, among whom OS was just more
than 1 year (42.8 versus 16.4 mo). This finding suggests
that crizotinib can cross the blood-brain barrier and
exert its activity in the CNS in patients with NSCLC and
ROS1 rearrangement. However, its efficacy in this
compartment remains limited.

In addition to crizotinib, other targeted therapies have
been developed for patients with ROSI-rearranged
NSCLC, which may have greater blood-brain barrier
permeability and could more effectively halt tumor
growth in the CNS.* Ceritinib is a second-generation ALK
inhibitor with 20-fold higher inhibitory activity than cri-
zotinib. This agent seems to be highly effective in patients
with ROS1-rearranged NSCLC, offering advantages
compared with previous multi-line chemotherapy; how-
ever, its activity is more pronounced in crizotinib-naive
patients than in crizotinib-experienced patients.**
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Table 2. Characteristics of Patients With/Without Brain

Metastases

Patients With Patients Without

Characteristics BM (N = 17) BM (N = 47)
Median age (range), y 50 (29-74) 58 (38-86)
Sex (male/female) 12/5 30/17

ECOG PS (0/1) 9/8 28/19

Prior therapies (1/>2) 13/4 33/14

Prior brain RT 9 NA

BM, brain metastases; ECOG PS, Eastern Cooperative Oncology Group per-
formance status; NA, not applicable; RT, radiotherapy.

Entrectinib is a multi-kinase inhibitor that has
demonstrated superior blood-brain barrier penetration
in vitro compared with crizotinib while retaining its
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activity in the CNS.”* Based on a comprehensive analysis
of three separate studies, which revealed its clinical
activity in the CNS and other sites, entrectinib is now
approved for patients with ROSI-mutated NSCLC. The
analysis reported a PFS of 19 months and a median
duration of effectiveness superior to crizotinib (24.6 mo
versus 19 mo). Moreover, the intracranial remission
rate was 55% in 20 patients with CNS metastases, and
the median intracranial duration of response was 12.9
months.?**°

Lorlatinib is a third-generation ALK and ROS1 TKI
with good kinase selectivity, brain penetration, and
strong anti-proliferative activity; it reaches high concen-
trations in the cerebrospinal fluid by reducing P-glyco-
protein-mediated efflux.””*® A multicenter phase I study
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Figure 1. (A) Progression-free survival and (B) overall survival in patients with ROS7-mutated NSCLC receiving crizotinib.



Vol. 6 No. 12

6 Landi et al JTO Clinical and Research Reports
A 100% -
g
s 75% —
] — Patients with BM
H — Patients without BM
o
= 50% —
S
g
S
&  25% —
0% T T T T T T T T | T T T
0 6 12 18 24 30 36 42 48 54 60 66 72
Time (months)
Patients (n)

— 47 36 28 2 18 16
— 17 9 6 4 4 2

100% —
— Patients with BM
75% — — Patients without BM
g
g
c
2 50%
s ;
v
s L‘
25% —
0% I I I I I I I I I I I I
0 6 12 18 24 30 36 42 48 54 60 66 72
Time (months)
Patients (n)

— 47 4 37 33 30 26
— 17 n 9 6 6 6

Figure 2. (A) Progression-free survival and (B) overall survival in patients with and without brain metastases receiving

crizotinib. BM, brain metastases.

demonstrated the clinical antitumor activity of lorlatinib
against both intracranial and extracranial lesions in pa-
tients with ROS1-positive NSCLC and greater efficacy af-
ter resistance to crizotinib.”>*° These results were
further confirmed by real-world evidence, revealing the
efficacy of lorlatinib in ROSI-positive patients with or
without intracranial metastases after resistance to first-
and second-generation ROS1 inhibitors.*'**

Preliminary results from phase I/Il studies or case
reports on a limited number of patients are also avail-
able for several new molecules designed specifically to
increase central permeability or to overcome ROSI-
resistant mutations, such as brigatinib,33’35 repo-
trectinib,>® taletrectinib,®’ >° and zidesamtinib.*°

Taletrectinib is a highly potent and selective ROS1
TKI with strong CNS penetration and high efficacy
against the ROS1 G2032R resistance mutation. A pooled
analysis of two pivotal clinical trials, TRUST-I
(NCT04395677)*" and TRUST-II (NCT04919811),**
investigated the effects of taletrectinib (600 mg) in pa-
tients with ROS1-positive NSCLC who were either TKI
naive (N = 130) or had been previously treated with
one ROS1 TKI (N = 87). The cumulative ORR was 92%
in TKI-naive patients and 54% in those with prior TKI
exposure, whereas intracranial response rates were
76% and 54% in the two populations, respectively. In
TKI-naive patients, the median DOR and median PFS
were not reached, whereas in TKI-pretreated patients,
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Table 3. Adverse Events in Patients With BM

Patients With BM
(N =17)

Adverse Events Grades 3-4 (N)

N

Nausea
Neutropenia
Edema limbs
ALT/AST increase
Kidney infections
Pancreatitis
Lymphedema
Diarrhea

Fatigue

Syncope

NN S IO NS |

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BM, brain
metastases.

the median DOR was 24.9 months, and the median PFS
was 9.6 months. Taletrectinib also exhibited a favorable
safety profile, with low rates of treatment-related AEs,
primarily elevated aspartate aminotransferase/alanine
aminotransferase levels and diarrhea and mild neuro-
logic AEs, such as dizziness.>’

Zidesamtinib is a CNS-active, TRK-sparing, highly
selective ROS1 TKI with activity against various ROS1
fusions and resistance mutations, including G2032R.
Preliminary results from the global ARROS-1 phase I
trial (NCT05118789)*° demonstrated promising effi-
cacy and durability of zidesamtinib (25-150 mg) in 104
pretreated patients with ROSI-positive NSCLC,
including those who had exhausted available therapies,
harbored ROSI resistance mutations (e.g., G2032ZR),
and/or had CNS metastases. The safety profile was
favorable, with no dose-limiting toxicities or treatment
discontinuations due to treatment-related AEs, which
were primarily peripheral edema and transaminase
elevations. The ORR was 65% in patients with known
ROS1 G2032R mutations, 38% in those previously
treated with repotrectinib, and 57% in patients with
measurable intracranial metastases.”’ More extensive
studies and real-world evidence are needed to explore
the role of these second- and third-generation in-
hibitors in the treatment of ROSI-rearranged NSCLC,
particularly in patients with BM. TKI resistance and BM
development represent urgent challenges for patients
with NSCLC and must be addressed by identifying the
most brain-penetrant drugs and determining which
patient subgroups are more likely to respond to spe-
cific agents.

This analysis has some limitations, including its post
hoc nature and the limited sample size; however, it
contributes to a better understanding of the role of
crizotinib in patients with ROS1-rearranged NSCLC with
or without BM, a condition for which limited data are
currently available. These findings may serve as a
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foundation for further clinical studies and drug-specific
comparisons on the effects of different targeted thera-
pies in this population.

Conclusion

In conclusion, at a median follow-up of over 4 years,
crizotinib has confirmed its strong activity in patients
with ROS1-rearranged NSCLC. Patients with this muta-
tion and BM at baseline have a higher risk of disease
progression and death, highlighting the need for brain-
penetrant drugs in the management of ROSI-rear-
ranged NSCLC. Exploratory analyses are ongoing to
correlate crizotinib sensitivity with additional bio-
markers in patients’ tissue or blood samples.
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