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OBJECTIVE

ROS1 positivity is seen in 1-2% of patients with metastatic lung cancer. Targeted drugs such as crizo-
tinib, lorlatinib, and entrectinib are used in the treatment. We aimed to evaluate the efficacy of crizotinib 
and the prognosis of patients with ROS1 fusion-positive metastatic non-small cell lung cancer (NSCLC) 
in this study.

METHODS

We analyzed data of the advanced NSCLC patients with ROS1 mutation retrospectively. We determined 
the clinicopathological features of the patients. We evaluated the parameters affecting the prognosis with 
survival analyzes.

RESULTS

The research enlisted the participation of 21 patients. Median progression-free survival with crizotinib 
treatment was found 26.1 (95% Confidence interval [CI], 8.1-44.1) months. Median overall survival 
was 35.2 (95% CI, 13.5-56.9) months. Treatment-related Grade 1-2 adverse effects were observed in 9 
(42.9%) patients and Grade 3-4 adverse effects were detected in 1 (4.8%) patient. Clinicopathological 
parameters affecting survival were evaluated; age (p=0.02) and liver metastasis (p=0.03) were defined as 
prognostic parameters. ROS1 positivity rate (p=0.08) was not found to be a prognostic factor.

CONCLUSION

In patients with ROS1 fusion-positive metastatic NSCLC, crizotinib was shown to be both efficacious 
and safe. We also found that in this patient group, age and the existence of liver metastases are prognostic 
factors.
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INTRODUCTION

Lung cancer is one of the most common malignancies 
in men and women across the globe, with a poor prog-
nosis. Different subtypes have been defined in non-
small cell lung cancer (NSCLC), including squamous 
cell cancer, adenocarcinoma, and large cell cancer. 

While the primary treatment is surgery in early-stage 
disease, multimodal treatment approaches including 
surgery, radiotherapy, and chemotherapy are used in 
locally advanced disease. In recent years, treatments in 
metastatic NSCLC have become increasingly individu-
alized. A targetable mutation has been demonstrated in 
approximately 60% of lung cancer patients.[1] Drugs 
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targeting driver mutations are being developed and 
preferred for the treatment of metastatic NSCLC at 
first-line. Fluorescence in-situ testing (FISH), immu-
nohistochemistry, and next-generation sequencing 
(NGS) methods are used to detect driver mutations.[2] 
In the treatment of metastatic disease, detection and 
targeting of ROS oncogene 1 (ROS1), anaplastic lym-
phoma kinase (ALK), epidermal growth factor recep-
tor (EGFR), mutations, and other driver mutations are 
improved survival results.[3]

ROS1 gene fusion was first detected in glioblas-
toma cells in 1987 and NSCLC cells in 2007 and is 
located on chromosome 6q21.[4] ROS1 is a tyrosine 
kinase receptor that functions as a driving oncogene. 
FISH break-apart test or some NGS panels can be used 
to detect ROS1 translocations. ROS1 positivity is de-
tected in 1-2% of patients with NSCLC.[5] Further-
more, ROS1 positivity is detected more frequently in 
young people, women, adenocarcinoma subtypes, and 
non-smokers.[6] ROS1 inhibitor crizotinib and tropo-
myosin receptor kinase inhibitor entrectinib can be 
used first-line in patients with metastatic NSCLC with 
ROS1 mutation. In a Phase 1 study (PROFILE 1001) 
conducted in 2014, it was shown that crizotinib has 
significant antitumoral activity in patients with meta-
static NSCLC.[7] Similar results were obtained in sub-
sequent studies. In studies conducted in ROS1 positive 
metastatic NSCLC patients, crizotinib was found to be 
more beneficial than platinum and pemetrexed-based 
treatments in the first line.[8,9] There are limited data 
in the literature on the factors affecting the progno-
sis in patients with ROS1 mutation. The goal of this 
research was to assess the efficacy of crizotinib ther-
apy and prognostic factors in patients with metastatic 
NSCLC who had a ROS1 fusion.

MATERIALS AND METHODS

Patients and Data Collection
The study was designed retrospectively. Institutional 
ethics review board approval was obtained before the 
study. The research was carried out in accordance with 
good clinical practice recommendations. The patients 
involved in the study consisted of patients who were 
followed up in the outpatient clinic of a single oncology 
center between 2015 and 2020. The patients involved 
in the study were identified through the hospital infor-
mation system. All patients with ROS1 fusion-positive 
metastatic NSCLC who used crizotinib were involved 
in the study. Patients who did not have sufficient data 

for statistical analysis were excluded from the study. 
The pathological, clinical, radiological, and treatment-
related data of the patients were noted from the patient 
data system. ROS1 positivity was evaluated from pa-
thology specimens by the FISH method. A signal pres-
ence of 15% or more in the tumor was accepted as the 
cutoff value for ROS1 positivity.

The patients were given crizotinib 250 mg twice a 
day. The efficacy of the treatment was evaluated clini-
cally and radiologically every 2 or 3 months. Treatment 
responses were analyzed according to the RECIST 1.1 
guideline. The Common Terminology Criteria for Ad-
verse Events standards were used to record and assess 
treatment-related adverse events.

The Ministry of Health’s death notification system 
was used to verify the patients’ death status. The time 
from onset of metastatic disease to death from any 
cause was defined as overall survival (OS). The period 
from the start of crizotinib to disease progression was 
used to calculate progression-free survival (PFS). The 
factors affecting OS were analyzed with clinical and 
pathological parameters. In addition, the relationship 
between ROS1 positivity rate and treatment response 
was evaluated.

Statistical Analysis
SPSS 25 was used to conduct all statistical analyses. 
Numbers and percentages were used to represent 
categorical data, whereas a median value (minimum-
maximum) was used to represent continuous variables. 
The survival analysis and curve were calculated using 
the Kaplan-Meier technique. Prognostic univariate and 
multivariate analyses in terms of OS were obtained by 
applying the Cox-regression method. ROC analysis 
was performed to evaluate the effect of ROS1 positivity 
rate on treatment response. Statistical significance was 
accepted as p<0.05.

RESULTS

Patients and Data Collection
A total of 28 patients were identified and seven patients 
were excluded from the study due to insufficient data. 
The median age was 56 (23-79). The primary tumor 
origin was predominantly from the right lung (81%) 
in patients. The number of de novo metastatic pa-
tients was 13(61.9%). We found that the most common 
metastasis site outside the lung was the brain (28.6%). 
The clinical and treatment characteristics of the pa-
tients are listed in Table 1.
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The objective response rate with crizotinib treat-
ment was found as 55.5% and the disease control rate 
was 83.3% after correction due to missing data (Table 
2). Treatment-related Grade 1-2 toxicity was observed 
in 9 (42.9%) patients and Grade 3-4 toxicity was ob-
served in 1 (4.8%) patient. Non-hematological side ef-
fects were more frequent and these were observed as 
bradycardia, myalgia, and dermatitis. As severe toxic-
ity, only one patient had elevated liver function tests. 
The median ROS1 positivity rate was 21 (15-79) in the 
patients. In the ROC analysis, we found that the rate 
of ROS1 positivity did not predict the response. In ad-
dition, 3 (14.3%) patients received chemotherapy after 
progression under crizotinib.

Survival Outcomes and Prognosis
The average period of follow-up was 17 months. Ten 
(48.6%) patients died during the study period. Crizo-
tinib-related median PFS was 26.1 (95% CI, 8.1-44.1) 
months (Fig. 1). The median OS was detected as 35.2 
months (95% CI, 13.5-56.9) in patients after metastatic 
disease development (Fig. 2). In the analysis of clini-
copathological parameters affecting OS, gender, smok-
ing history, primary tumor site, presence of de novo 
metastatic disease, the number of metastatic sites, and 
ROS1 positivity rate were evaluated. The existence of 
liver metastases (p=0.03) and age (p=0.02) was iden-
tified to be prognostic variables for OS in multivariate 
analysis (Table 3).

DISCUSSION

The prognosis of patients with ROS1 fusion-positive 
NSCLC and the effectiveness of crizotinib in this pa-
tient group was proven in this research. Crizotinib was 
shown to be safe and effective in patients. In a Phase 
2 study evaluating 34 patients with ROS1 fusion-
positive metastatic NSCLC, the objective response 
rate with crizotinib treatment was found as 70% with 
a 20-month median PFS, and crizotinib was well tol-
erated.[10] The objective response rate in metastatic 
NSCLC patients treated with crizotinib was found to 
be 72% in a research that presented the long-term out-
comes of the PROFILE 1001 investigation, with a me-
dian PFS of 19.3 months.[11] In this study, the median 
OS was found 51.4 months, with a 4-year survival rate 
of 51%. In addition, more than half of the patients en-
rolled in this study had received at least one series of 
chemotherapy before crizotinib and their performance 
status was good before the treatment. In our study, 

Table 1 Clinical and treatment features of the patients

Characteristics Number of % 
  patients 
  (Total 
  number: 21)

Gender
 Male 11 52.4
 Female 10 47.6
Smoking history
 Yes 12 57.2
 No 5 23.8
 Unknown 4 19
Primary tumor location
 Right side 17 81
 Left side 4 19
Stage at diagnosis
 Stage 1 1 4.8
 Stage 2 2 9.5
 Stage 3 5 23.8
 Stage 4 13 61.9
Primary lung surgery
 Yes 4 19
 No 17 81
Number of metastatic sites
 1 8 38.1
 2 7 33.3
 ≥3 6 28.6
Metastatic sites
 Lung 18 85.7
 Brain 6 28.6
 Liver 4 19
 Adrenal gland 3 14.3
 Bone 2 9.5
 Other sites 3 14.3
Treatments before crizotinib
 Palliative chemotherapy 7 33.3
 Palliative radiotherapy 7 33.3

Table 2 Responses of treatment to crizotinib in the 
patients

Response ratios Number of % Valid, % 
  patients 
  (Total 
  number: 21)

Complete response None
Partial response 10 47.6 55.5
Stable disease 5 23.8 27.7
Progression 3 14.3 16.6
Objective response ratio 10 47.6 55.5
Disease control ratio 15 71.4 83.3
Unknown 3 14.3
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although median PFS was found to be longer than in 
the literature, the median OS duration was found to be 
less. This can be explained by the fact that the patients 
in our study consisted of patients with poor real-life 
performance status and that a significant portion of 
the patients received chemotherapy before crizotinib. 
In addition, the limited number of patients may have 
affected the results. In a retrospective study in which 
21 patients with ROS1 fusion-positive NSCLC treated 
with crizotinib were evaluated, the median PFS was 
10.6 months, and similar to our study, the median OS 
was found 33.1 months.[12] In another retrospective 
analysis performed by Masuda et al.,[13] the median 
PFS was found 10 months, and the median OS was 28.7 
months with crizotinib in patients with ROS1 positive 
metastatic NSCLC. Some specific additional genetic 
features may affect crizotinib-related treatment out-

comes. In a study examining the response of different 
types of ROS1 fusion partners to crizotinib treatment, 
it was shown that in the presence of the CD 74 mol-
ecule gene, brain metastases are more common, and 
survival outcomes are negatively affected.[14] Resis-
tance mutations such as G2032R, S1986F, and D2033N 
develop around 50% during crizotinib treatment in 
patients with NSCLC who are positive for ROS1 mu-
tations.[15] However, the overall response rate with 
lorlatinib was found to be 35%, and the intracranial re-
sponse rate was 50% in patients with brain metastatic 
ROS1 fusion-positive NSCLC who progressed under 
crizotinib therapy.[16]

The presence of brain metastasis is an indication 
of poor prognosis in lung cancer. The brain metasta-
ses incidence in NSCLC patients with ROS1 mutation 
is around 30-40%, and this rate was similar to that of 
other driver mutations.[17] In brain metastatic ROS1 
fusion-positive patients, new agents such as lorlati-
nib, entrectinib, and rapotrectinib have started to be 
used, with an objective response rate of around 60% 
and higher intracranial activity.[18] In our study, we 
evaluated the parameters affecting the prognosis and 
determined that age and the presence of liver metas-
tases were prognostic factors. In addition, the rate of 

Table 3 Univariate and multivariate analysis for OS in 
the patients

Characteristics Univariate Multivariate 
  analysis analysis 
  p p

Age 0.18 0.02
Gender
 (Male vs. Female) 0.72 0.31
Smoking history
 (Yes vs. No) 0.78
Primary tumor site
 (Right vs. Left) 0.37
De-novo metastatic disease
 (Yes vs. No) 0.16
Number of metastasis
 (1-2 vs. ≥3) 0.06
Brain metastasis
 (Yes vs. No) 0.06 0.39
Liver metastasis
 (Yes vs. No) 0.04 0.03
Adrenal gland metastasis
 (Yes vs. No) 0.09
ROS1 positivity ratio 0.06 0.08

Multivariate analysis model p=0.004. OS: Overall survival; ROS1: ROS 
oncogene 1

Fig. 1. Kaplan-Meier curve for PFS in the patients.
 PFS: Progression-free survival.
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Fig. 2. Kaplan-Meier curve for OS in the patients.
 OS: Overall survival.
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ROS1 positivity was not found to be prognostic. In a 
study presenting the real-life results of patients with 
metastatic NSCLC treated with crizotinib, median OS 
was detected for 36 months, similar to our study, and it 
was determined that current smoking and poor perfor-
mance adversely affected the prognosis.[19] In another 
study evaluating the prognosis in metastatic NSCLC 
patients with ROS1 mutation treated with crizotinib, 
smoking history was not found to be a statistically sig-
nificant factor for OS similar to our study, while the 
presence of more than two organ metastases was found 
a poor prognostic factor.[20]

Study Limitations
Some data were missing due to the fact that it was a ret-
rospective study, and the number of patients was low 
due to the fact that ROS1 mutation is a rare mutation. 
The small number of patients limited the multivari-
ate analysis for OS by evaluating more parameters. All 
these situations were limitations of the study.

CONCLUSION

In our study, we demonstrated the real-world results of 
crizotinib in patients with ROS1 fusion-positive meta-
static NSCLC. Furthermore, in metastatic NSCLC pa-
tients with ROS1 fusion-positive, crizotinib was shown 
to be an effective and safe therapy. Age and liver me-
tastases were prognostic parameters for OS. The ROS1 
mutation positivity rate was not found to be prognos-
tic for OS. Our results need to be confirmed by other 
study results. ROS1 mutation is rare and multicenter 
studies with large numbers of patients are needed to 
determine parameters predicting crizotinib-related 
treatment response.

Peer-review: Externally peer-reviewed.
Conflict of Interest: All authors declared no conflict of in-
terest.
Ethics Committee Approval: The study was approved by 
the İstanbul University İstanbul Faculty of Medicine Ethics 
Committee (no: 266748, date: 28/06/2021).
Financial Support: None declared.
Authorship contributions: Concept – İ.D., N.K., N.P., 
A.A.; Design – İ.D., F.F., E.A., S.V., P.S.; Supervision – S.V., 
P.S., A.A.; Funding – None; Materials – İ.D., N.K., N.P., F.F., 
E.A.; Data collection and/or processing – İ.D., N.K., N.P., 
F.F., E.A.; Data analysis and/or interpretation – İ.D., N.K., 
N.P., A.A.; Literature search – İ.D., N.K., N.P., F.F., S.V.; Writ-
ing – İ.D., A.A.; Critical review – S.V., P.S., A.A.

REFERENCES

1. Kris MG, Johnson BE, Berry LD, Kwiatkowski DJ, 
Iafrate AJ, Wistuba, II, et al. Using multiplexed assays 
of oncogenic drivers in lung cancers to select targeted 
drugs. JAMA 2014;311(19):1998–2006.

2. Lindeman NI, Cagle PT, Beasley MB, Chitale DA, 
Dacic S, Giaccone G, et al. Molecular testing guide-
line for selection of lung cancer patients for EGFR 
and ALK tyrosine kinase inhibitors: guideline from 
the College of American Pathologists, International 
Association for the Study of Lung Cancer, and As-
sociation for Molecular Pathology. J Thorac Oncol 
2013;8(7):823–59.

3. Sholl LM. Biomarkers in lung adenocarcinoma: 
a decade of progress. Arch Pathol Lab Med 
2015;139(4):469–80.

4. Lin JJ, Shaw AT. Recent advances in targeting ROS1 in 
Lung Cancer. J Thorac Oncol 2017;12(11):1611–25.

5. Bergethon K, Shaw AT, Ou SH, Katayama R, Lovly 
CM, McDonald NT, et al. ROS1 rearrangements de-
fine a unique molecular class of lung cancers. J Clin 
Oncol 2012;30(8):863–70.

6. Zhu Q, Zhan P, Zhang X, Lv T, Song Y. Clinicopatho-
logic characteristics of patients with ROS1 fusion gene 
in non-small cell lung cancer: a meta-analysis. Transl 
Lung Cancer Res 2015;4(3):300–9.

7. Shaw AT, Ou SH, Bang YJ, Camidge DR, Solomon BJ, 
Salgia R, et al. Crizotinib in ROS1-rearranged non-smal-
l-cell lung cancer. N Engl J Med 2014;371(21):1963–71.

8. Zhang L, Jiang T, Zhao C, Li W, Li X, Zhao S, et al. Ef-
ficacy of crizotinib and pemetrexed-based chemother-
apy in Chinese NSCLC patients with ROS1 rearrange-
ment. Oncotarget 2016;7(46):75145–54.

9. Xu H, Zhang Q, Liang L, Li J, Liu Z, Li W, et al. Cri-
zotinib vs platinum-based chemotherapy as first-line 
treatment for advanced non-small cell lung cancer 
with different ROS1 fusion variants. Cancer Med 
2020;9(10):3328–36.

10. Michels S, Massuti B, Schildhaus HU, Franklin J, Se-
bastian M, Felip E, et al. Safety and efficacy of crizo-
tinib in patients with advanced or metastatic ROS1-re-
arranged lung cancer (EUCROSS): A European phase 
II clinical trial. J Thorac Oncol 2019;14(7):1266–76.

11. Shaw AT, Riely GJ, Bang YJ, Kim DW, Camidge DR, 
Solomon BJ, et al. Crizotinib in ROS1-rearranged ad-
vanced non-small-cell lung cancer (NSCLC): updated 
results, including overall survival, from PROFILE 
1001. Ann Oncol 2019;30(7):1121–6.

12. Gibson AJW, Box A, Cheung WY, Dean ML, Elegbede 
AA, Hao D, et al. Real-World management and out-
comes of crizotinib-treated ROS1-rearranged NSCLC: 
A retrospective Canadian Cohort. Curr Oncol 
2022;29(3):1967–82.



Turk J Oncol 2022;37(4):413–18
doi: 10.5505/tjo.2022.3608

418

13. Masuda K, Fujiwara Y, Shinno Y, Mizuno T, Sato 
J, Morita R, et al. Efficacy and safety of crizotinib 
in patients with ROS1 rearranged non-small cell 
lung cancer: a retrospective analysis. J Thorac Dis 
2019;11(7):2965–72.

14. Li Z, Shen L, Ding D, Huang J, Zhang J, Chen Z, et 
al. Efficacy of crizotinib among different types of 
ROS1 fusion partners in patients with ROS1-rear-
ranged non-small cell lung cancer. J Thorac Oncol 
2018;13(7):987–95.

15. Gainor JF, Tseng D, Yoda S, Dagogo-Jack I, Friboulet L, 
Lin JJ, et al. Patterns of metastatic spread and mecha-
nisms of resistance to crizotinib in ROS1-positive non-
small-cell lung cancer. JCO Precis Oncol. 2017 Aug 16. 
doi: 10.1200/PO.17.00063. [Epub ahead of print].

16. Shaw AT, Solomon BJ, Chiari R, Riely GJ, Besse B, Soo 
RA, et al. Lorlatinib in advanced ROS1-positive non-s-
mall-cell lung cancer: a multicentre, open-label, single-
arm, phase 1-2 trial. Lancet Oncol 2019;20(12):1691–
701.

17. Patil T, Smith DE, Bunn PA, Aisner DL, Le AT, Han-
cock M, et al. The ıncidence of brain metastases in 
stage IV ROS1-rearranged non-small cell lung can-
cer and rate of central nervous system progression on 
crizotinib. J Thorac Oncol 2018;13(11):1717–26.

18. Azelby CM, Sakamoto MR, Bowles DW. ROS1 tar-
geted therapies: current status. Curr Oncol Rep 
2021;23(8):94.

19. Waterhouse D, Iadeluca L, Sura S, Wilner K, Emir 
B, Krulewicz S, et al. Real-world outcomes among 
crizotinib-treated patients with ROS1-positive ad-
vanced non-small-cell lung cancer: a community 
oncology-based observational study. Target Oncol 
2022;17(1):25–33.

20. Zheng J, Cao H, Li Y, Rao C, Zhang T, Luo J, et al. Ef-
fectiveness and prognostic factors of first-line crizo-
tinib treatment in patients with ROS1-rearranged 
non-small cell lung cancer: A multicenter retrospec-
tive study. Lung Cancer 2020;147:130–6.


