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Introduction: Data of standard tyrosine kinase inhibitor (TKI) treatment outcome in
next-generation sequencing (NGS)-identified ROS1-rearranged non-small-cell lung cancer
(NSCLC) were rare. Thus, it is practical and necessary to evaluate the efficacy and influential
factors of crizotinib in real-world practice.

Patients and methods: A total of 1,466 NSCLC patients with positive targeted NGS test
results from September 2015 to January 2018 were enrolled in this real-world retrospective
study. Twenty-two patients had ROS1 rearrangement detected by NGS. The efficacy and safety
of crizotinib were evaluated. Subgroups of concomitant mutations, brain metastasis, and fusion
variants were also analyzed.

Results: Among all the patients, the occurrence rate of ROS1 rearrangement was 1.5% (22 of
1,466). Ten ROS1 fusion partners were detected, and the most common variant was CD74,
which accounted for 50% (11 of 22). Five patients were found to carry dual ROS1 fusion
partners, and 23% (5 of 22) of patients were detected with concomitant mutations, including
TP53&PIK3CA&mMTOR mutation, TP53&CDKN2A mutation, TP53&BRCA2 mutation,
ALK missense mutation (p.R311H), and MET amplification. Among 22 patients with ROS1-
rearranged NSCLC, 20 patients were diagnosed at stage IV, and 19 patients received crizotinib
treatment. The average follow-up period was 16 months. The overall response rate (ORR) of
crizotinib in unselected crizotinib-treated patients was 89%, and the median progression-free
survival time (mPFS) was 13.6 months. It was shown that NSCLC patients with exclusive ROS1
rearrangement had a longer PFS than those carrying concomitant mutations (15.5 vs 8.5 months,
P=0.0213). There were no newly occurring intolerant adverse events in this study.
Conclusion: Crizotinib is highly effective in NGS-identified ROS1-rearranged advanced
NSCLC in real-word clinical practice, and the data are consistent with previous clinical trials
applying fluorescence in situ hybridization/real-time PCR for ROS1 companion diagnosis.
Concomitant mutations may not be rare and may deteriorate the PFS of crizotinib in patients
with ROS1-rearranged NSCLC.

Keywords: ROS1, next-generation sequencing, crizotinib, concomitant mutation, NSCLC,
efficacy, TP53, safety

Introduction

Lung cancer is the primary cause of cancer-associated mortality worldwide, and
non-small-cell lung cancer (NSCLC) accounts for 85% of lung cancer.! A few onco-
genic driver mutations have been established in NSCLC, especially in adenocarcinoma,
such as EGFR mutation, anaplastic lymphoma kinase (ALK) rearrangements,
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ROSI rearrangements, and BRAF V600E mutations.>¢
Targeting these mutations facilitates treatment decisions
and the clinical management of NSCLC patients and sig-
nificantly improves the prognosis of NSCLC patients.””
The ROSI rearrangement was first reported in 2007, and
it occurs in 1%—2% unselected NSCLC patients and 5%
of NSCLC patients without EGFR mutations and ALK
rearrangements.''* Similar to the ALK rearrangement, the
ROS1 rearrangement was commonly found in young age
group, nonsmokers, and patients with the adenocarcinoma
histology.'*'¢ ROSI is a receptor of tyrosine kinase in the
insulin receptor family.'!” The kinase domains of ALK and
ROS1 rearrangement proteins are highly homogenous, shar-
ing 77% amino acid identity within the ATP-binding sites.!*!3
Therefore, the ALK inhibitor crizotinib was supposed to be
effective for NSCLC patients with ROS1 rearrangement. On
the basis of robust data of efficacy and safety observed in pre-
vious multicenter studies, %42 crizotinib is recommended
to treat NSCLC patients with ROS1 rearrangement. The
US Food and Drug Administration (FDA) and China FDA
approved crizotinib for the treatment of advanced NSCLC
patients with ROS1 rearrangement in 2015 and 2018, respec-
tively. In previous crizotinib efficacy studies, fluorescence
in situ hybridization (FISH) and real-time (RT)-PCR were
the predominant ROS1 identification methods, and FISH
represents the gold standard for determining ROS1 positiv-
ity in clinical trials.?'?> Compared with FISH and RT-PCR,
next-generation sequencing (NGS) has the advantage of the
ability to detect and find specific and novel ROS1 fusion
partners, the frequencies of ROSI rearrangement, tumor
mutational burden, and other concomitant mutations.? This
year, the National Comprehensive Cancer Network (NCCN)
guidelines (version 1.2018) added NGS as a standard method
to detect ROS1 fusion in NSCLCs to facilitate crizotinib
treatment.?* To the best of our knowledge, no efficacy data
of crizotinib in ROS1-rearranged NSCLC patients identified
by NGS have been reported. Thus, we conducted this real-
world retrospective study to verify the efficacy of crizotinib
in ROS1-rearranged NSCLC identified by NGS as well as to
explore the impact of potential genetic or clinical influential
factors.

Patients and methods

Patients

This study was conducted in a group of NSCLC patients who
received targeted NGS testing (Burning Rock Dx; Burning
Rock Biotech Ltd, Guangzhou China; 56 gene or 168 gene
panel) from September 2015 to January 2018 (time close to

crizotinib launch) at the Hunan Cancer Hospital, Changsha,
China. Patients with NSCLC identified with ROS1 rearrange-
ment by targeted NGS were enrolled. A total of 22 patients with
NSCLC were identified with ROS1 rearrangement using tar-
geted NGS, and 19 of them received crizotinib treatment in their
clinical course (Table 3). NGS-detected samples were tumor
tissues (n=19), malignant plural effusions (n=1) embedded in
paraffin samples, and plasma (n=1). Pathological diagnosis and
staging were carried out according to the staging system of the
2009 International Association for the Study of Lung Cancer
(version 8). All the eligible patients’ clinical data included
patient age, gender, smoking status, histological type, Eastern
Cooperative Oncology Group (ECOG) performance status (PS),
and staging (Table 1). The clinical responses were evaluated
according to the response evaluation criteria in solid tumors
(RECIST) version 1.113. Progression-free survival (PFS) was
measured from the first day of crizotinib administration until

Table | Clinical characteristics of patients with ROS|-positive
NSCLC patients during follow-up

Characteristic ROSI+, N=22
Age, year 41-66
(Mean [SD]) 55.6

<65 21 (95.5%)

=65 | (4.5%)
Sex

Male 9 (41%)

Female 12 (59%)
Smoking status

Nonsmoker 19 (86.3%)

Former smoker 3 (13.7%)
Histologic type

Adenocarcinoma 21 (95.5%)

Squamous cell carcinoma 0 (0%)

Adenosquamous carcinoma | (4.5%)
ECOG performance status

01 21 (95.5%)

=2 | (4.53%)
Stage

pllla 2 (9.1%)

b | (4.5%)

v 19 (86.4%)
Brain metastasis

Yes 5(22.7%)

No 16 (77.3%)
Treatment

Crizotinib 19 (86.4%)

Noncrizotinib 3 (13.6%)
Crizotinib treatment line

First 14 (73.7%)

Second 2 (10.5%)

=Third 3 (15.8%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small-
cell lung cancer.
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tumor progression or death. Approval was obtained from the
ethics committee of Hunan Cancer Hospital.

Ethical statement

This project did not use the tissue samples, and all the medi-
cal records of patients were only for publication, not for any
private business. So, patient consent was not required by the
Ethics Committee in this project. This project was approved
by ClinicalTrials.gov (NO NCT03646994) and Ethics Com-
mittee of Hunan Cancer Hospital (NO 2018230).

Specimen validation

Formalin-fixed tissues from patients’ tumor biopsies were
used for targeted NGS in 19 patients. In addition, all samples
were reviewed by pathologists to confirm the tumor histology.
One patient’s plasma and one patient’s malignant plural effu-
sion were used for NGS for lack of tumor tissue.

Next-generation sequencing

DNA was profiled using a commercially available capture-
based targeted sequencing panel (Burning Rock Biotech Ltd,
Guangzhou, China), targeting 56 or 168 genes. The concen-
tration of the DNA samples was measured with the Qubit
dsDNA assay. Fragments of 200—400 bp sizes were selected
with beads (Agencourt AMPure XP kit; Beckman-Coulter,
Brea, CA, USA), followed by hybridization with the capture
probe baits, hybrid selection with magnetic beads, and PCR
amplification. Then, a bioanalyzer high-sensitivity DNA
assay was used to assess the quality and size range. Available
indexed samples were sequenced on a Nextseq (Illumina, San
Diego, CA, USA) with pair-end reads. In 19 NSCLC patients
identified by targeted NGS in our follow-up, 5 patients were
identified by the 168-gene panel and 14 patients were identi-
fied by the 56-gene panel. Panels were selected according to
patients’ clinical characteristics and financial situation.

The 56 genes include ALK, BRAF, EGFR, ERBB2,
KRAS, MET, RET, ROS1, AKT1, ARAF, CCND1, CDK4,
CKD6, CKNNBI, DDR2, ERBB3, ERBB4, FGF3, FGF4,
FGF19, FGFR2, FGFR3,FLT3, HRAS, JAK1, JAK2, KDR,
KIT, KRAS, MAP2K1, MTOR, MYC, NRAS, NRGI,
NTRKI1, NTRK2, NTRK3, PDGFRA, PIK3CA, RTCHI,
RAF1, SMO, ATM, BIM, BRCA1, BRCA2, CDKN2A,
PTEN, RB1, STK11, TP53, TSC1, TSC2, CYP2D6, DPYD,
and UGT1AL.

The 168 genes include APC, B2M, BRCA1, BRCA2,
CCND1, CD274, CDK4, CDK6, CDKN2A, FGF19, FGF3,
FGF4, KEAP1, KRAS, MLH1, MSH2, MSH6, MYC,
NFE2L2, NRAS, PIK3CG, PMS2, POLE, POMI121L12,

PTEN, RB1, SMAD4, STK11, TP53, VEGFA, YES1, AKT],
ALK, AR, ARIDIA, ATM, ATR, BARDI, BCL2LI11,
BCOR, BLM, BRAF, BRINP3, BRIP1, CARD11, CASPS,
CBL, CCNE1, CD74, CDHI18, CDKNI1A, CDKNIB,
CHEK 1, CHEK2, CREBBP, CSMD3, CTNNB1, CYP2D2,
DIS3, DNMT3A, DPYD, EGFR, EMSY, EP300, EPHA3,
EPHAS, EPHA7, EPHB1, ERBB2, ERBB3, ERBB4,
ESR1, FANCA, FANCI, FAT3, FBXW7, FGFR1, FGFR2,
FGFR3, FLT1, FLT3, FLT4, GATA2, GATA3, GRIN2A,
H3F3C, HGF, HISTIHIC, HIST1H3B, HIST1H3G, HRAS,
IDHI, IDH2, IGF2, IKZF1, IL7R, INHBA, JAK1, JAK2,
KDMS5A, KDMG6A, KDR, KIT, KMT2D, LRP1B, MAP2K 1,
MAP3K13, MAX, MCL1, MEN1, MET, MRE11A, MTOR,
MUTYH, MYCH, NAV3, NBN, NF1, NOTCHI, NTRK],
NTRK2, NTRK3, PAK7, PALB2, PARK2, PARPI,
PDGFRA, PDGFRB, PIK3C2G, PIK3C3, PIK3CA,
PIK3R1, POLDI, PPP2R1A, PRKDC, PTPRD, PTPRT,
RAD50, RADS1B, RAD51C, RAD51D, RADS4L, RAFI,
RARA, RBM10, RET, RNF43, ROS1, RUNX1, SETD2,
SMARCA4, SOX2, SOX9, SPOP, SPTA1, SRC, STAG2,
TBX3, TERT, TGFBR, TP63, TRIM58, TRPCS, U2AF1,
UGTIAI1, VEGFB, VEGFC, and VHL.

Sequence data analysis

Sequence data were mapped to the human genome (hgl19)
using BWA aligner 0.7.10. Local alignment optimiza-
tion, variant calling, and annotation were performed using
GATK 3.2, MuTect, and VarScan. DNA translocation analy-
sis was performed using both Tophat2 and Factera 1.4.3.

Statistical analysis

Estimation of PFS was calculated using the Kaplan—Meier
method. Statistical analysis was performed using Statistical
Product and Service Solutions (version 5.01). The Cox
proportional hazards model was used for multivariable
survival analysis. Variables with a P-value <0.1 in the uni-
variate analysis were included in the multivariate analysis.
Schoenfeld residuals were used to check the proportional
hazards assumption. All tests were two-sided, and P<<0.05
was considered to be statistically significant. All statisti-
cal analyses were performed with R (version 3.3.3, the
R Foundation for Statistical Computing, Vienna, Austria)
and RStudio (version 1.1.383).

Results

Patients and clinical characteristics
A total of 1,466 NSCLC patients who received targeted
NGS detection from September 2015 to January 2018 were
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3 0 0 0 included in this study. Twenty-two patients (1.5%) were
E Z z Z identified with ROS1 rearrangement, and 19 patients received
crizotinib treatment (first-line treatment, n=14; second-line
Zé - treatment, n=2; =third-line treatment, n=3) (Tables 2 and 3).
_‘g S ,‘f . Among the 22 NSCLC patients with ROS1 rearrangement
é % ; Lo m oo ; identified by targeted NGS, 21 patients had a histologic
— diagnosis of adenocarcinoma, except for 1 patient who
T 3 was found to have adenocarcinoma mixed with squamous
§ "Iz? % § cell carcinoma. Other baseline clinical characteristics includ-
Q=0 am T °ewee-” ing age, gender, smoking status, and PS are outlined in
% § § é Table 1. The specimens, targeted NGS panels, and genetic
a % v Y results of 19 crizotinib-treated ROS1-rearranged patients are
listed in Tables 2 and 3.
E | Genetic characteristics
§ = f Twenty-two patients with NSCLC were detected with
5§ ; }’ - - § ROSI1 rearrangement by NGS (Figure 1A). We found that
Z < o® °- °e-°ee°e- five ROS1-rearranged patients carried dual ROS1 fusion
£ partners: CD74&PUM1, CD74&MRAS, CD74& ADGRV1,
'E 3 g EZR&BTBD9, and EZR&XPNPEP1, respectively (Figure 1B).
§ ff'ls‘ é o % g In addition, 10 ROS1 fusion partners were detected, and the
S &5 om omw om-——3 ;zé most common one was CD74, accounting for 50% (11 of 22);
3 2 " a g é other ROS1 fusion partners included SDC4, TPM3, CCDC6,
g ? ? ? ; g EZR, MRAS, ADGRV1, PUMI, BTBD9Y, and XPNPEP1
< il = = = (Figure 1, Table 3). In addition, we found 23% (5 of 22)
E o~ f:l? g E‘} of ROS1-positive NSCLC patients with other concomitant
- é, 'l—T < R E mutations, including TP53&PIK3CA&mTOR mutation
% w (% ~2 ~«2 oS --8 Hf (n=1), TP53&CDKN2A mutation (n=1), TP53&BRCA2
31, = g; mutation (n=1), ALK missense mutation (p.R311H) (n=1),
& é "ﬁ ;‘v " ﬁ—:: g and MET amplification (n=1).
E|82]8  «m -+ owoof|E% N .
B s§  Efficacy of crizotinib in NSCLC patients
o123 3 3 3 25 ;
K 3 = = 25 with ROS| rearrangement |
el e a a 8 s A total of 19 ROSI-rearranged NSCLC patients were
2 = E g treated with crizotinib. Among them, no one had a com-
£ g I; g plete response, 17 patients had a partial response, 1 patient
go E s 8 % had stable disease, and 1 patient had progressive disease
% Q= g 0 f g (Tables 2 and 3 and Figure 2B). The overall response rate
S § z § v de cwo._3 t%‘ (ORR) was 89%, and the median PFS (mPFS) was 13.6
Z _ g‘ g months evaluated by the Kaplan—Meier method (Figure 2C).
218 |« Ei % By the Kaplan—Meier method, we found that NSCLC patients
g ,:l = ; é g with exclusive ROS1 rearrangement had a longer PFS than
_‘g 8 % UI’ o 2 ee_o ;S‘: E g those carrying concomitant mutations (mPFS 15.5 vs 8.5
=i +‘§ € months; P=0.0213) (Figure 2D). There was no significant
£138 R _ 3 K] gy impact on PFS considering brain metastasis, fusion partner
: g §o %" G 1‘? ?o 2 g cozea 93 *§ subtypes (CD74 vs non-CD74 group), mutation abundance,
2 £ § P ;'3 g _§ t § 5 g T o0 o s g and single or dual fusion partners in this small sample size
S5 2835587787 7%8182  study (Tables 2 and 4).
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A Frequency of ROS1 fusion variants (N=22) B ROS1 fusion variants
ROS1 variants N=22 %
CD74(E6)-ROS1(E34) 4 18.2
W CcD74 CD74(E7)-ROS1(E34) 4 18.2
M CD74&8MRAS,
ADGRV1&PUMA CD74(E6)-ROS1(E34); MRAS(E1)-ROS1(E34) 1 45
= SDC4 CD74(E6)-ROS1(E34); ADGRV1(E83)-ROS1(E34) 1 45
B CCDC6 CD74(E6)-ROS1(E34); PUM1(E13)-ROS1(E34) 1 45
= TPM3 SDC4(E2)-ROS1(E32) 4 18.2
EZR&BTBD9 and | TPM3(E8)-ROS1(E35) 4 18.2
XPNPEP1 CCDC6(E5)-ROS1(E35) 1 4.5
EZR(E10)-ROS1(E34); BTBD9(E1)-ROS1(E34) 1 45
EZR(E10)-ROS1(E34); XPNPEP1(E5)-ROS1(E34) 1 45
Figure | (A) Frequency of ROSI variants (N=22). (B) ROSI fusion variants.
Safety of crizotinib in NSCLC patients Discussion
with ROS| rearrangement According to our literature search of April 5, 2018, this was

There were no newly occurring or intolerant adverse events  the first real-world study to assess the efficacy of crizotinib
compared with other studies. Generally, crizotinib was toler-  and search the correlation between the response duration
ated and safe in NSCLC patients with ROS1 rearrangement.  time of tyrosine kinase inhibitor (TKI) and the presentation
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Figure 2 (A) PFS in 19 individual patients with ROS|-rearranged NSCLC treated with crizotinib. (B) Best percentage change in the target tumor burden from baseline.
(C) Kaplan—Meier curves for |19 patients with ROS|-rearranged NSCLC treated with crizotinib. (D) Kaplan—-Meier curves for PFS of the concomitant mutation subgroup and
nonconcomitant mutation subgroup. Concomitant mutations refer to those mutations that were not ROS| rearranged.

Abbreviations: NSCLC, non-small-cell lung cancer; PFS, progression-free survival.
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Table 4 Multivariable analysis of PFS with crizotinib treatment (N=19)

Variable Univariable analysis P-value Multivariable analysis P-value
Hazard ratio (95% CI)

Concomitant mutation (yes vs no) 0.025 0.504 (0.108-2.758) 0.463
Age (=55.6 years vs <55.6 year) 0.805

Sex (female vs male) 0.905

Smoking status (yes vs no) 0.372

Brain metastasis (yes vs no) 0.562

Fusion partner (CD74 vs non-CD74) 0.123

Mutation abundance (=20% vs <20%) 0.594

ROS| fusion (single vs dual) 0.084

of additional mutations in NGS-identified ROS1-rearranged
NSCLC patients. Using RT-PCR to identify ROS1 rearrange-
ment, the phase II study conducted in East Asian patients
showed an mPFS of 15.9 months and an ORR of 71.7%.%
Another phase I study on which the FDA gave crizotinib
approval exhibited an mPFS of 19.2 months and an ORR
of 72%.% As reported by Davies et al, ROS1 rearrangement
detection in the clinical setting with break-apart fluorescence
in situ hybridization, DNA-based hybrid capture library prep-
aration, followed by NGS and RNA-based anchored multiplex
PCR library preparation followed by NGS is complex, and all
methodologies have inherent limitations. However, to identify
high-degree genotype, our study chose NGS to access ROS1
rearrangement.” Our results showed that the mPFS was 13.6
months and the ORR was 89%, in spite of the small simple
size; these findings represent the robust efficacy of crizotinib
in NGS-identified ROS1-rearranged NSCLC patients.

In addition, we found that co-occurring mutations were
not rare in patients with ROS1 rearrangement and may nega-
tively affect the PFS of crizotinib. A previous study showed
that ROS1 rearrangements were not mutually exclusive with
other transformation-associated genetic aberrations, as the
majority of the patients presented with additional mutations.”’
It was reported in a recent letter to JAMA Oncology that the
common presence of co-occurring genetic alterations may
be associated with resistance to EGFR TKIs in patients with
EGFR-mutant NSCLC.?®

We identified that 5 of 22 patients with ROS1 rearrange-
ments had additional mutations, and by Kaplan—Meier curve,
we found that these patients had a significantly inferior PFS
with crizotinib. We suppose that bypass activation of survival
signaling pathways or tumor heterogeneity may contribute to
the negative PFS with crizotinib in these patients. With the
prevalence of NGS, a genome-identified subgroup showed
the important role of precisely targeted treatment. A larger
sample size study focusing on NGS identified multiple
mutations that are needed for the development of a genome-
identified subgroup.

Unlike another study by Li et al that evaluates the ROS1
fusion partners by Sanger sequence, our study used NGS to
perform the genotype of ROS1.%° The higher dual fusion part-
ner detection rate may be correlated with the high sensitivity
of NGS compared with Sanger sequence.*® Of interest, a recent
study has reported that different types of ROS1 fusion partners
may be associated with the PFS of crizotinib in patients with
ROSI rearrangements, as the CD74 fusion subgroup showed
inferior PFS compared with the non-CD74 group (17.63 vs
12.63 months; P=0.048).2 A tendency of longer PFS was
observed in the non-CD74 subgroup, although it had no sig-
nificance in our study. However, we observed that concomitant
mutations were more likely to occur in the CD74 group (four
of five), which may provide a rationale to the mechanism
underlying the negative impact in PFS of crizotinib for
NSCLC patients with CD74-ROS1 rearrangement.

Whereas in the past tyrosine kinase gene mutations were
recognized as independent and mutually exclusive in lung
cancers, the coexistence of kinase gene mutations such as
EGFR and ALK was reported in recent years.*'** In our
study, one patient was identified with ROS1 fusion plus MET
amplification and received crizotinib as the first-line treat-
ment; however, this patient eventually proved nonresponsive
to crizotinib and died shortly after with an overall survival
of 1.5 months. The mechanism underlying this negative
response was unknown.

Five patients in our study were detected with dual fusion
partners of ROS1. All these patients were found as a common
fusion partner (CD74=3, EZR=2) with another unreported
fusion partner (MRAS=1, ADGRV1=1, PUMI1=1,BTBD9=1,
XPNPEP1=1). We found that both the partners were fused
to the same site of the ROS1 gene in each patient; however,
which one was the driver fusion was unknown. Besides, only
one of these five patients with dual ROS1 fusion had disease
progression, and whether dual fusion partners might play a
role in response to crizotinib was not assessed. To analyze
influential genetic factors of crizotinib in patients with
ROSI rearrangement, larger scale clinical studies and basic
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experiments are required. There are many detailed influential
factors of the first-generation ROS1 TKI treatment that remain
unknown and require further studies to elucidate.

Considering brain metastases, 5 of 19 crizotinib-treated
patients were found to have brain metastases at first diagnosis
and, these patients exhibited inferior PFS compared with
those without brain metastases (8.5 vs 13.6 months), although
with no significance. Whether brain metastases negatively
affect the PFS with crizotinib needs more study and larger
samples to elucidate.

There are several limitations in our study. First, this study
was a retrospective study with a small sample size of ROS1-
positive patients conducted in only one center. Second, the
results of targeted NGS were not verified by another testing
method, and we used different testing panels (56 genes and
168 genes, although all contained ROS1) in the real-world
practice, mainly due to patient choice and consideration of
disease complexity.

Despite these limitations, this retrospective study demon-
strated that NGS-identified patients with ROS1-rearranged
NSCLC responded well to crizotinib in real-world practice,
whereas concomitant mutations may reduce the length of PFS
with crizotinib. In addition, our study highlights the impor-
tance of multiplex molecular profiling for lung cancers, as the
discovery of multiple mutations may have potential clinical
impact on these patients. We believed that “dual-targeted”
profiling, a combination of targeted NGS and targeted TKI,
will result in a better real-world practice for the management
of patients with NSCLC. Further, a similar analysis on EGFR
mutations and ALK arrangements will be conducted in our
center in the near future.
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