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Clinical and molecular factors that impact
the efficacy of first-line crizotinib in ROS1-
rearranged non-small-cell lung cancer: a
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Abstract

Background: ROS1-rearranged lung cancers benefit from first-line crizotinib therapy; however, clinical and
molecular factors that could affect crizotinib efficacy in ROS1-rearranged lung cancers are not yet well-elucidated.
Our retrospective study aimed to compare the efficacy of chemotherapy and crizotinib in the first-line treatment of
ROS1-rearranged advanced lung cancer and evaluate various clinical and molecular factors that might impact
crizotinib efficacy in real-world practice.

Methods: Treatment responses, survival outcomes, and patterns of disease progression were analyzed for 235 patients
with locally advanced to advanced disease who received first-line chemotherapy (n = 67) or crizotinib (n = 168).
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Results: The overall response rate was 85.7% (144/168) for first-line crizotinib and 41.8% (28/67) for chemotherapy.
Patients treated with first-line crizotinib (n = 168) had significantly longer median progression-free survival (PFS) than
chemotherapy (n = 67) (18.0 months vs. 7.0 months, p < 0.001). Patients harboring single CD74-ROS1 (n = 90) had
significantly shorter median PFS with crizotinib than those harboring non-CD74 ROS1 fusions (n = 69) (17.0 months vs.
21.0months; p = 0.008). Patients with baseline brain metastasis (n = 45) had a significantly shorter PFS on first-line
crizotinib than those without brain metastasis (n = 123) (16.0 months vs. 22.0 months; p = 0.03). At progression,
intracranial-only progression (n = 40), with or without baseline CNS metastasis, was associated with longer median PFS
than those with extracranial-only progression (n = 64) (19.0 months vs. 13.0 months, p < 0.001). TP53 mutations were
the most common concomitant mutation, detected in 13.1% (7/54) of patients with CD74-ROS1 fusions, and 18.8% (6/
32) with non-CD74 ROS1 fusions. Patients with concomitant TP53 mutations (n=13) had significantly shorter PFS than
those who had wild-type TP53 (n = 81) (6.5 months vs. 21.0 months; p < 0.001). PFS was significantly shorter for the
patients who harbored concomitant driver mutations (n = 9) (11.0 months vs 24.0 months; p = 0.0167) or concomitant
tumor suppressor genes (i.e., TP53, RB1, or PTEN) (n = 25) (9.5 months vs 24.0 months; p < 0.001) as compared to
patients without concomitant mutations (n = 58).

Conclusion: Our results demonstrate that baseline brain metastatic status and various molecular factors could
contribute to distinct clinical outcomes from first-line crizotinib therapy of patients with ROS1-rearranged lung cancer.

Clinical trials registration: CORE, NCT03646994

Keywords: ROS1 gene rearrangements, Crizotinib, Concomitant mutations, Progression associated efficacy

Background
Genomic rearrangements involving ROS proto-
oncogene-1 (ROS1) are actionable targets in the treat-
ment of non-small-cell lung cancer (NSCLC) [1]. The
overall prevalence of ROS1 fusions is reported to be 2%
in NSCLC and up to 3.3% in lung adenocarcinoma [1–
4]. ROS1, located at the long arm of chromosome 6q22,
encodes one of the receptor tyrosine kinases of the insu-
lin receptor family; however, its exact activating ligand
remains unidentified and hence is considered an orphan
receptor [4, 5]. Since the amino acid sequence of the
kinase domains of ROS1 and ALK are highly homolo-
gous, selective inhibitors of ALK, including crizotinib,
have shown anti-tumor activity in vitro and have been
explored clinically in the treatment of patients with
ROS1-rearranged tumors [5–13]. Crizotinib has been ap-
proved for use in ROS1-rearranged NSCLC based on the
PROFILE 1001 study, which observed an objective re-
sponse rate (ORR) of 72%, median progression-free sur-
vival (PFS) of 19.2 months, and median overall survival
of 51.4 months among the 53 patients with ROS1-rear-
ranged NSCLC included in the expansion cohort [8, 14].
Meanwhile, the largest phase II study conducted to date
on crizotinib response of ROS1-positive NSCLC demon-
strated an ORR of 71.7% with a median PFS of 15.9
months among 127 East Asian patients [13]. Given the
rarity of ROS1 fusions, the effect of ROS1 fusion variants
and other clinical and molecular factors on the efficacy
of crizotinib is not well-elucidated. So far, the real-world
studies describing the efficacy of crizotinib in Asian pa-
tients with ROS1-rearranged NSCLC mostly involved
smaller cohorts.

This retrospective cohort study aimed to explore the
efficacy of crizotinib as a first-line treatment for ad-
vanced NSCLC with various ROS1 rearrangements. We
also investigated clinical and molecular factors that
could impact the clinical outcomes of patients with lo-
cally advanced to advanced ROS1-rearranged NSCLC
from first-line crizotinib therapy.

Patients
Included patients
We retrospectively screened 21,747 consecutive
treatment-naïve patients who were diagnosed with lung
cancer from August 1, 2018, to March 31, 2020, and
submitted samples for molecular detection of ROS1 rear-
rangements, including next-generation sequencing
(NGS), fluorescence in situ hybridization (FISH), and
amplification refractory mutation system (ARMS) at
various hospitals in Hunan, Hubei, Guangdong, and
Zhejiang Provinces in China. All the patients who were
analyzed for clinical outcomes from first-line crizotinib
met the following criteria: (1) pathologically-confirmed
NSCLC, (2) locally advanced/unresectable disease to ad-
vanced/metastatic disease; (3) ROS1 rearrangements
identified by NGS, and (4) treatment with crizotinib in
the first-line setting. Written informed consent was ob-
tained from all the patients for the use of their data for
research purposes. All procedures in our study were per-
formed following the ethical standards of the institu-
tional and national research committees, and the
Declaration of Helsinki as revised in 2013. Approval was
obtained from the Hunan Cancer Hospital Institutional
Review Board Committee (approval number: 2017YYQ-
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SSB-026). This study was also registered as a clinical trial
(CORE, NCT03646994).

NGS
Patient samples were submitted for NGS-based analysis
to Burning Rock Biotech, a College of American
Pathologists-accredited, Clinical Laboratory Improve-
ment Amendments -certified clinical laboratory. Briefly,
DNA isolated from the tissue biopsy, blood, or pleural
effusion samples obtained from all the patients were
processed accordingly for NGS using commercially avail-
able panels targeting various cancer-related genes and
sequenced on a Nextseq 500 (Illumina, CA, USA) with
paired-end reads with a target sequencing depth of
1000X for tissue samples and 10,000X for liquid biopsy
samples using optimized protocols [15]. All the gene
capture panels used in our study, including 8, 56, 108,
168, and 295 cancer-related genes, interrogated whole
exons and critical introns for the 8 classic NSCLC onco-
genic drivers, which includes EGFR, ALK, BRAF, ERBB2,
KRAS, MET, RET, and ROS1. To understand the impact
of concomitant mutations, including TP53, other tumor
suppressor genes, and oncogenic driver genes, on crizo-
tinib outcomes, we selected the patient samples that
were assayed using 168-gene or 295-gene panels (n =
94). We only analyzed the 168 genes common between
the 2 panels. Table S1 lists the genes included in the 168
gene panel. The sequencing analyses were performed
using optimized bioinformatics pipelines for somatic
variant calling that involved accurate identification of
base substitutions, small insertions-deletions, copy num-
ber variations, and genomic rearrangements as described
previously [15].
Non-reciprocal/reciprocal translocations are defined

by the simultaneous detection of at least one ROS1 fu-
sion that contains the tyrosine kinase domain and an-
other ROS1 fusion involving the 5′-region of ROS1 fused
with other gene partners aside from the gene partner
fused to the ROS1 tyrosine kinase domain, as previously
described with ALK fusions [16].

Evaluation of treatment efficacy
Crizotinib was orally administered at a dose of 250mg
twice daily. Chemotherapy with either pemetrexed-
carboplatin regimen or docetaxel-cisplatin regimen was
administered intravenously. The dose for pemetrexed
was 500 mg per square meter of body-surface area (m2),
plus carboplatin at a dose of target area under the curve
of 5 to 6 mg per milliliter per minute. The dose for doce-
taxel was 75 mg/m2 and 75 mg/m2 for cisplatin. The
treatment regimens were administered until progressive
disease (PD) or unacceptable toxicity. Patients who expe-
rienced toxicity were managed by dose reduction or dis-
continuation as decided by their physicians. The best

responses were assessed by the investigators according
to the Response Evaluation Criteria in Solid Tumors ver-
sion 1.1. For patients treated with crizotinib, as local law
for drug purchase, all patients were required to undergo
radiologic imaging evaluation including chest computed
tomography (CT) scanning and brain magnetic reson-
ance imaging (MRI) every 2 cycles. For patients treated
with chemotherapy, as they were all treated in hospital,
all patients were required to undergo chest radiologic
imaging evaluation including chest CT and brain MRI
every 2 cycles. The overall response rate (ORR) was cal-
culated as the proportion of patients with complete re-
sponse (CR) or partial response (PR). The disease
control rate (DCR) was calculated as the proportion of
patients with CR, PR, and stable disease (SD).
Progression-free survival (PFS) was measured from the
start of crizotinib administration until the date of PD or
death from any causes. Each image was independently
evaluated by two radiologists. The data cutoff date was
December 31, 2020. The median follow-up duration was
28 (range: 2–59) months.

Statistical analysis
Continuous variables were summarized as means and
standard deviations or medians with range and com-
pared using unpaired t test or Wilcoxon signed-rank
test. Categorical variables were summarized as frequen-
cies with percentages and compared using Chi-squared
or Fisher’s exact test, as appropriate. Kaplan-Meier ana-
lysis was used to estimate the survival functions and log-
rank test to determine the difference in survival out-
comes between groups. The Cox proportional hazards
model was used for multivariate survival analysis. Vari-
ables with a p value < 0.2 in the univariate analysis were
included in the multivariate analysis. Schoenfeld resid-
uals were used to check the proportional hazards as-
sumption. All tests were two-sided, and p value < 0.05
was considered statistically significant. All statistical ana-
lyses were performed with R (version 3.3.3, the R Foun-
dation for Statistical Computing, Vienna, Austria) and
RStudio (version 1.1.383).

Results
Patient characteristics and distribution of ROS1 fusions
identified through NGS
Figure 1 summarizes our study design. Among the
21,747 consecutive treatment-naïve patients diagnosed
with various stages of lung cancer who submitted sam-
ples for ROS1 detection, 447 were positive for ROS1 re-
arrangements, revealing an overall prevalence rate of
2.1%. A majority of the ROS1 rearrangements were iden-
tified using NGS (59.1%; n = 264), while 23.5% (n = 105)
were identified by FISH, and 17.4% (n=78) were identi-
fied by ARMS. Of the 264 patients who were identified
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as ROS1 positive using NGS analysis, a majority (95.5%;
n = 252) submitted tissue biopsy samples. The remaining
2.7% (n = 7) of the patients submitted plasma samples,
and 1.8% (n = 5) submitted pleural effusion samples. Un-
fortunately, no patient submitted samples for all three
molecular assays or multiple sample types to enable fur-
ther concordance analyses among the detection methods
or sample types.
Among the 235 patients with stage IIIB-IV disease, a

majority was female (63%; n = 147), with a median age
of 52 years (range: 25–79 years). Except for 1 patient
having squamous cell carcinoma, all had adenocarcin-
oma (99.0%; n = 234). Of these 235 patients, 168

received crizotinib and 67 received platinum-based
doublet chemotherapy regimen as first-line therapy.
Baseline clinical characteristics including local treatment
strategies were statistically similar among the subgroups
(Table 1).
We further explored the various ROS1 fusion variants

and gene partners among the 235 patients with NGS
data who received first-line therapy. A majority of the
patients (93.6%, 220/235) were detected with only a sin-
gle ROS1 fusion partner, with CD74-ROS1 as the most
common (59.1%, 130/220), followed by SDC4-ROS1
(13.2%, 29/220), and EZR-ROS1 (11.4%, 25/220) (Table
S2, Fig. 2A). Five previously unreported ROS1 fusion

Fig. 1 Study design schematic. Flow chart illustrating the study design. A total of 21,747 treatment-naïve patients diagnosed with lung cancer
were retrospectively screened for ROS1 fusion variants. Among them, 447 were detected with ROS1 rearrangements using various methods
including NGS (n = 264), FISH (n = 105), and ARMS (n = 78). Clinical outcomes were further analyzed for the 235 patients with ROS1-rearranged
locally advanced to advanced lung cancer who received either chemotherapy (n = 67) or crizotinib (n = 168) as first-line therapy
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partners were identified from our cohort, including
MYH9-ROS1 (n = 2), AQP4-ROS1 (n = 1), CTNND2-
ROS1 (n = 1), PHACTR3-ROS1 (n = 1), and PTM-ROS1
(n = 1). Six percent (6.4%, 15/235) of the patients
with ROS1-rearranged NSCLCs were detected with
more than 1 genomic rearrangement involving ROS1,
of which at least 1 of the rearrangements retained the
kinase domain of ROS1, while the other ROS1 fusion
did not retain the kinase domain, which was referred
to as non-reciprocal/reciprocal translocation. Among
them, a majority had CD74-ROS1 (47.1%; n = 8) as
the ROS1 fusion which retained the kinase domain.
Interestingly, 1 patient was detected with 3 fusions
(CD74-ROS1, SDC4-ROS1, and SLC34A2-ROS1),
which all retained the kinase domain. Table S3 sum-
marizes the detailed breakpoint information for the
non-reciprocal/reciprocal ROS1 translocations de-
tected from our cohort.

Comparison between chemotherapy and crizotinib as
first-line therapy
Clinical outcomes were analyzed for the 235 patients
with advanced or locally advanced ROS1-rearranged
NSCLCs who received first-line therapy of either chemo-
therapy (n = 67; pemetrexed and carboplatin regimen
(97%; n = 65), docetaxel and cisplatin regimen (n = 2))
or crizotinib (n = 168). As compared to patients who re-
ceived chemotherapy (n = 67), patients who received cri-
zotinib (n = 168) had significantly better ORR (85.7% (n
= 144) vs 44% (n = 28), p = 0.003; Fig. 2B) and signifi-
cantly longer median PFS (18.0 months vs. 7.0 months, p
< 0.001, Fig. 2C).

Impact of ROS1 fusion types on crizotinib efficacy
Next, we explored the clinical impact of ROS1 fusion
variants among the 168 patients with NGS data who re-
ceived first-line crizotinib. Baseline clinicopathologic

Fig. 2 ROS1-rearranged NSCLCs had better objective response rate (ORR), disease control rate (DCR), and progression-free survival (PFS) with first-
line crizotinib therapy than chemotherapy. A Distribution of various ROS1 fusions detected using NGS-based method in 235 patients with locally
advanced to advanced disease who received first-line therapy. B Treatment outcomes of patients with ROS1-rearranged NSCLCs who received
either chemotherapy (red) or crizotinib therapy (green) in the first-line setting. C, D Kaplan-Meier survival curves illustrating the significantly better
PFS for patients with ROS1-rearranged NSCLC (D) who received crizotinib (green) as compared to those who received chemotherapy (red) in the
first-line setting; and (E) who received crizotinib and had non-CD74 ROS1 fusions (green) as compared to those with single CD74-ROS1 (red). The
risk table below summarizes the number of patients included per time point
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characteristics were similar for the patients regardless of
ROS1 fusion (Table 1).
PFS was significantly shorter for patients with single

CD74-ROS1 fusion (n = 90) than those with single non-
CD74 ROS1 fusions (n = 69) (17.0 months vs 21.0
months; p = 0.008; Fig. 2D). PFS was comparable among
patients with single CD74-ROS1 fusions (n = 90) and
those with single SDC4-ROS1 (n = 23; 16.0 months [95%
confidence intervals (CI): 14.2–17.7 months]; p = 0.175),
or single EZR-ROS1 (n=21; 19.0 months [95% CI: 12.7–
25.2 months]; p = 0.07), but was significantly longer for
patients with uncommon non-CD74 ROS1 fusions (n =
25; 22.0 months [95% CI: 14.5–29.5 months]; p = 0.02)
(Figure S1A). The ORR (88.9% vs 82.6%; p = 0.92) and
DCR (96.7% vs 97.1%; p = 0.96) was similar for patients
with CD74-ROS1 and non-CD74 ROS1 fusions (Table
S4). With first-line crizotinib therapy, the ORR was
91.3% for patients with SDC4-ROS1 (n = 23), 85.7% for
EZR-ROS1 (n = 21), 91.7% for TPM3-ROS1 (n = 12), and
88% for other uncommon non-CD74 ROS1, including
SLC34A2-ROS1 (n = 3), LRIG3-ROS1 (n = 3), MYH9-
ROS1 (n = 1), CCDC6-ROS1 (n = 1), AQP4-ROS1 (n =
1), CTNND2-ROS1 (n = 1), PHACTR3-ROS1 (n = 1),
GOPC-ROS1 (n = 1), and PTM-ROS1 (n = 1), which
were grouped together due to small numbers. As com-
pared to patients with single ROS1 fusion (both CD74-
ROS1 and non-CD74 ROS1) (n = 159), patients with
non-reciprocal/reciprocal ROS1 translocations (n = 9)
had comparable ORR (77.8% vs 86.2%; p = 0.951; Table
S3), DCR (100.0% vs 96.9%; p = 1.0; Table S4), and PFS
(not reached vs 18.0 months; p = 0.116; Figure S1B) with
crizotinib. Baseline clinicopathologic characteristics were
similar for patients with single ROS1 fusion and non-
reciprocal/reciprocal ROS1 translocations (Table S5).
Table S6 lists the treatment outcomes on first-line crizo-
tinib therapy of the 159 patients with single ROS1 fusion
grouped according to ROS1 fusion partners. Table S7
and S8 list the detailed clinicopathologic features and
clinical outcomes of the 13 patients with uncommon
non-CD74 ROS1 fusions and the 15 patients with non-
reciprocal/reciprocal ROS1 translocations, respectively.

Impact of various molecular factors on crizotinib efficacy
in ROS1-rearranged NSCLCs
Numerous reports have implicated the presence of other
concomitant mutations in various genes including TP53
in the poor response of ALK-rearranged NSCLC to cri-
zotinib therapy [17, 18]; however, very limited reports
have explored the clinical impact of other concomitant
mutations on crizotinib therapy of ROS1-rearranged
NSCLC. We then analyzed the genomic profile of 94 pa-
tients with ROS1 fusions whose samples were sequenced
using a panel with at least 168 genes and evaluable for
survival outcomes on first-line crizotinib to investigate

the correlation between the presence of certain con-
comitant mutations at baseline and crizotinib efficacy.
For this analysis, concurrent mutations in only the 168
genes common across the gene panels used for NGS
were analyzed. Among the 54 evaluable patients with
CD74-ROS1 fusions, 21 patients (38.9%) were detected
with other concomitant mutations, with TP53 (13.1%, 7/
54) as the most common co-occurring mutation. Other
co-occurring mutations in classic NSCLC oncogenic
drivers, including EGFR L858R (n=1), MET amplification
(n = 1), and KRAS G12D (n = 4), were detected from tis-
sue samples of 6 patients. Meanwhile, among the 32 pa-
tients with non-CD74 ROS1 fusions, 14 patients (43.7%)
had other concomitant mutations, with TP53 (18.8%, 6/
32) as the most common. Concurrent mutations in clas-
sic NSCLC oncogenic drivers, including MET amplifica-
tion (n = 3), were detected from tissue samples of 3
patients with non-CD74 ROS1 fusion. The distribution
of concurrent mutations detected among patients with
CD74-ROS1 fusions (n = 54) was not statistically differ-
ent from those with non-CD74 ROS1 fusions (n = 32)
(38.9% vs. 43.7%; p = 0.774; Table S9).
In general, as compared to patients with no co-

occurring mutations (n = 58), PFS was significantly
shorter for those who harbored concomitant driver mu-
tations (n = 9) (11.0 months vs 24.0 months; p = 0.0167;
Fig. 3A) or concomitant tumor suppressor genes (i.e.,
TP53, RB1, or PTEN) (n = 25) (9.5 months vs 24.0
months; p < 0.001; Fig. 3A). Patients with concomitant
TP53 mutations (n = 13) had significantly shorter PFS
than those who had wild-type TP53 (n = 81) (6.5 months
vs. 21.0 months; p < 0.001; Fig. 3B). Multivariate analysis
consistently demonstrate the impact of harboring con-
comitant TP53 mutations (p = 0.028; hazard ratio: 0.41,
95% CI: 0.19–0.91) and harboring any concomitant mu-
tations (p = 0.048; HR = 0.537, 95% CI: 0.290–0.995;
Table S10) on PFS. These data suggest that the presence
of concomitant mutations contributes to poor survival
outcomes with first-line crizotinib therapy. Table S11
summarizes the clinical information of the 9 patients
with concomitant driver mutations.

Impact of baseline brain metastasis on crizotinib and
chemotherapy efficacy
Since a substantial number of patients with advanced-
stage NSCLC present with brain metastasis at initial
presentation and that crizotinib is known to have limited
penetrability to the blood-brain barrier, we assessed the
clinical impact of baseline brain metastasis on crizotinib
and chemotherapy efficacy. Among the 235 patients with
advanced or locally advanced ROS1-rearranged NSCLCs,
brain metastasis at presentation was detected from 58
patients (24.6%), which were detected using either MRI
or CT scanning. Of them, 10 patients received whole-
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brain radiotherapy (WBRT) and 9 patients received
stereotactic body radiotherapy (SBRT) for the manage-
ment of their brain metastasis (Table 1). As compared to
patients without brain metastasis at baseline, patients
with baseline brain metastasis had a trend of shorter me-
dian PFS on first-line chemotherapy (4.0 months (n =
16) vs 7.0 months (n = 51); p = 0.09; Fig. 4A) and signifi-
cantly shorter PFS on first-line crizotinib (16.0 months
(n = 45) vs. 22.0 months (n = 123); p = 0.03; Fig. 4B).
However, patients with brain metastasis at baseline had
significantly longer median PFS with crizotinib therapy
than with chemotherapy (16.0 months (n = 45) vs. 4.0
months (n = 16); p < 0.0001). The ORR (77.8% vs. 87.8%;
p = 0.642) and DCR (95.6% vs. 97.5%; p = 0.933) with
crizotinib therapy were comparable between patients
with or without brain metastasis at baseline (Table S4).
No difference in the presence of baseline brain metasta-
sis was found among patients with CD74-ROS1 and
non-CD74 ROS1 fusions (25.6% (23/90) vs. 27.5% (19/
69); p = 0.830; Table 1). These findings indicate that des-
pite the presence of brain metastasis at presentation, pa-
tients with ROS1-rearranged NSCLC still benefit more
from crizotinib than chemotherapy.

Central nervous system (CNS)-related progression is
associated with better prognosis
We further investigated the pattern of disease progres-
sion and the prognostic role of CNS progression among
the patients whose disease progressed from either
chemotherapy or crizotinib therapy. Although the fre-
quency of CNS progression was similar between the two
treatment groups (crizotinib 28.6% (48/168) vs. chemo-
therapy 28.4% (19/67)), the median time of the appear-
ance of CNS progression was significantly slower on
crizotinib therapy than on chemotherapy (30.0 months
vs 22.0 months; p < 0.001; Fig. 4C). Of the 168 patients

who received crizotinib, disease progression was ob-
served in 112 patients and the treatment of 56 patients
was still ongoing as of the data cut-off. Of the relapsed
patients, 35.7% (n = 40) patients had intracranial-only
progression, 7.1% (n = 8) patients were simultaneously
detected with intracranial and extracranial progression,
while 57.1% (n = 64) patients had extracranial-only pro-
gression, including the enlargement of the primary lung
lesion, and development of other extracranial metastatic
lesions. Patients with both intracranial and extracranial
progression (n = 8) were omitted from further analysis
but their clinical details were summarized in Table S12.
Patients who had intracranial-only progression (n = 40)
achieved significantly longer PFS than those with
extracranial-only progression (n = 64) (23.0 months vs.
13.0 months, p < 0.001; Fig. 4D). The baseline clinical
characteristics were similar between the patients with
intracranial only and extracranial only progression on
crizotinib therapy (Table S13).
We further compared the survival outcomes of the pa-

tients based on the pattern of disease progression and
the presence of baseline brain metastasis. Of the 40
crizotinib-treated patients who experienced intracranial-
only progression, 16 patients had baseline CNS metasta-
sis. Meanwhile, of the 64 crizotinib-treated patients with
extracranial-only progression, 16 patients had baseline
CNS metastasis (Table S13). The PFS were statistically
different among the patients with or without baseline
CNS metastasis who progressed with intracranial and
extracranial metastasis (p = 0.007; Fig. 4E). Patients with
baseline CNS metastasis who experienced intracranial-
only progression with crizotinib therapy (n = 16) had
significantly longer median PFS than those who experi-
enced extracranial-only progression (n = 18) (17.0
months vs 8.0 months; p = 0.04; hazard ratio: 0.59,
95%CI: 0.23–0.95; Fig. 4E). Consistently, patients

Fig. 3 The presence of concomitant mutations is associated with poor prognosis. Kaplan-Meier survival curves illustrating the PFS for (A) patients
with only ROS1 fusions (green), for those with concurrent driver mutations (red), and with concomitant mutations in tumor suppressor genes
(blue), and (B) patients with (red) and without (green) concomitant TP53 mutations. The risk table below summarizes the number of patients
included per time point
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without baseline CNS metastasis who experienced
intracranial-only progression with crizotinib therapy (n
= 24) had longer median PFS than those who experi-
enced extracranial-only progression (n = 46) (26.5
months vs 13.5 months; p < 0.001; hazard ratio: 0.51,

95%CI: 0.31–0.83; Fig. 4E). We found no difference in
the pattern of progression with first-line crizotinib ther-
apy among patients with CD74-ROS1 and non-CD74
ROS1 fusions (intracranial progression 41.0% vs. 46.8%;
extracranial progression 59.0% vs. 53.2%; p = 0.679;

Fig. 4 Patients with ROS1-rearranged NSCLC who had baseline brain metastasis still benefit from first-line crizotinib than chemotherapy. Kaplan-
Meier survival curves illustrating the PFS for patients with ROS1-rearranged NSCLC who had non-brain metastasis (green) and brain metastasis
(red) at baseline and received chemotherapy (A) and crizotinib (B) as first-line therapy. C Plot comparing the cumulative incidence of CNS
progression in patients receiving crizotinib (green) and chemotherapy (red). D–E Crizotinib-treated patients with ROS1-rearranged NSCLC who
experienced CNS only progression had a better prognosis than those who experienced non-CNS progression. D-E. Kaplan-Meier survival curves
comparing the PFS of crizotinib-treated patients with ROS1-rearranged NSCLC who had non-CNS only progression (red), CNS only progression
(green) and the whole cohort (blue) (D); E crizotinib-treated patients without baseline CNS metastasis who had CNS only progression (green) and
non-CNS only progression (pink) and patients with baseline CNS metastasis who had CNS only progression (blue) and non-CNS only progression
(red). The risk table below summarizes the number of patients included per time point
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Table 1). And there was also no difference for the local
treatment (Table 1). Taken together, these data indicate
that patients with CNS progression can still benefit from
crizotinib therapy.

Discussion
The current guidelines of the National Comprehensive
Cancer Network recommend the use of ROS1 targeted in-
hibitors such as crizotinib and entrectinib as the preferred
first-line treatment for ROS1 rearrangement-positive
NSCLC [19]. However, in real-world clinical practice, the
use of targeted inhibitors can be restricted by the patient’s
socio-economic status for molecular testing services and
access to various treatment modalities. Hence, we aimed
to investigate the efficacy of crizotinib and chemotherapy
in patients with ROS1-rearranged NSCLC to gain a better
understanding of the advantages of crizotinib therapy for
this subset of patients in the real-world setting. In our
retrospective study, we screened the molecular data of a
large cohort of lung cancer patients from various hospitals
in 4 provinces of China and revealed a prevalence of 2.1%
for ROS1 rearrangements among the Chinese patients
with lung cancer. The prevalence we have derived from
our cohort was consistent with the reported prevalence of
2.2% in another smaller cohort of Chinese patients with
lung cancer [20, 21]. To the best of our knowledge, our
study included the largest sample obtained from multiple
centers, which reflects the actual prevalence of ROS1 rear-
rangements in our population and could help identify ef-
fective therapeutic management of ROS1-rearranged
NSCLCs.
Consistent with previous observations [5], chromo-

somal rearrangements involving ROS1 in our cohort
were mostly identified from younger patients with a me-
dian of 52 years old, females (63–66%), never smokers
(75–76%), and with adenocarcinoma histology (97–98%).
Our study has provided real-world clinical evidence on
the efficacy of crizotinib in the first-line setting as re-
ported in numerous clinical trials and other studies [8,
13, 14, 21–23]. The clinical outcomes we have observed
from the 168 crizotinib-treated patients were consistent
with another study that reported the better ORR, DCR,
and PFS with first-line crizotinib as compared to chemo-
therapy for ROS1-rearranged NSCLC (ORR 80.0% vs
40.8%; DCR 90.0% vs. 71.4%; PFS 9.8 months vs 6.0
months) [21, 24]. Moreover, our results that demon-
strated better survival outcomes with first-line crizotinib
for patients with non-CD74 ROS1 fusions than those
who harbor CD74-ROS1 fusions (21.0 months vs 17.0
months) were consistent with a prior report that demon-
strated a PFS of 17.6 months and 12.6 months, respect-
ively [12]. Meanwhile, another study reported an
opposite trend of longer PFS with crizotinib for patients
with CD74-ROS1 than non-CD74-ROS1 (20.1 months vs.

12.0 months) [24], while no difference in PFS with
chemotherapy was observed between CD74-ROS1 and
non-CD74-ROS1 (8.6 months vs. 4.3 months) [24]. Since
some of the ROS1 fusion partners are not as common as
CD74, survival outcome data for patients with these fu-
sion partners remains limited. Our results demonstrated
a median PFS of 16.0 months for patients with SDC4-
ROS1, 19.0 months each for patients with EZR-ROS1
and TPM3-ROS1, and 22.0 months for patients with
other uncommon non-CD74 ROS1 fusion partners. Our
study is the first to provide data on the treatment and
survival outcomes on first-line crizotinib for patients
harboring various novel/uncommon non-CD74 ROS1 fu-
sion partners as detailed in Table S7.
TP53 is one of the most frequent concomitant muta-

tions in NSCLC, and has been associated with poor prog-
nosis of not only patients with EGFR-mutant NSCLC
treated with EGFR-TKI but also patients with ALK-rear-
ranged NSCLC treated with crizotinib or chemotherapy
[17, 18, 25, 26]. TP53 is a tumor suppressor gene and
plays a critical role in regulating cell proliferation, and its
loss-of-function promotes uncontrolled cell proliferation,
tumor growth, and drug resistance [27–29]. Moreover, the
detection of various concomitant mutations represents the
molecular heterogeneity of the tumor, which could con-
tribute to variable inhibitor response [30]. Our findings
demonstrate poorer survival outcomes of patients with
ROS1-rearranged NSCLC who harbored concomitant mu-
tations in TP53, other tumor suppressor genes such as
PTEN and RB1, and other oncogenic drivers such as
EGFR, MET amplification, and KRAS. Our findings were
consistent with the subgroup analysis of EUCROSS study
on the shorter PFS of patients with ROS1-rearranged lung
cancers with concomitant TP53 mutations, treated with
crizotinib than their wild-type counterpart [31].
Our study is limited by its retrospective nature; hence,

some data are not available for analysis. Since the cohort
with survival outcomes was based on the patients who
submitted samples for NGS, inherent sampling bias
might exist including the economic capability of the pa-
tients to submit samples for NGS and the decision on
receiving chemotherapy or targeted therapy, which could
limit our conclusion. Our study only analyzed the DNA-
based NGS analysis of ROS1 fusion variants and does
not include in vitro functional assays or RNA-based ana-
lysis of patient samples to confirm the transcription of
novel ROS1 fusions or reciprocal/non-reciprocal ROS1
translocations that we have identified from our cohort.
Further in vitro experiments are necessary to provide
functional evidence for these ROS1 fusions.

Conclusions
Our study provided real-world clinical evidence of the
distinct efficacy of crizotinib among NSCLCs with
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various ROS1 fusion partners including some novel non-
CD74 ROS1 fusions. Our findings demonstrate that as
compared to chemotherapy, crizotinib is a better first-
line therapy for patients with ROS1-rearranged NSCLC,
with or without brain metastasis at presentation. More-
over, concurrent mutations may contribute to the poor
clinical outcomes with crizotinib; hence, a better under-
standing of the patient’s mutation landscape is necessary
for optimal treatment planning. Our study contributes
to the understanding that baseline clinical and molecular
factors could impact the survival outcomes of patients
with locally advanced to advanced ROS1-rearranged
NSCLC treated with first-line crizotinib.
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tients with brain progression and non-brain progression on first-line crizo-
tinib therapy
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