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High discrepancy in thrombotic events in non-small cell lung 
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Background: Acute complications, such as venous thromboembolism (VTE), are common in patients 
with advanced severe lung cancers. However, current VTE risk scores cannot adequately identify high-
risk patients with non-small cell lung cancer (NSCLC). The study proposed to elucidated the incidence of 
thromboembolism (TE) in patients with different oncogenic aberrations and the impact of these aberrations 
on the efficacy of targeted therapy in patients with NSCLC.
Methods: A systemic review was conducted in Web of Science, PubMed, Embase and the Cochrane 
Library to evaluate the incidence of TE in different molecular subtypes of NSCLC. Data from patients 
diagnosed of advanced NSCLC who harboring anaplastic lymphoma kinase (ALK) or ROS proto-oncogene 
1 receptor tyrosine kinase (ROS1) rearrangements since 2016 to 2019 were also retrospectively collected. 
A meta-analysis with random-effects model, sensitivity analysis and publication bias were performed. The 
principal summary measure was incidence of thrombotic events in NSCLC patients. And the efficacy of 
tyrosine kinase inhibitor (TKI) therapy was compared between the two subgroups.
Results: A total of 5,767 cases from 20 studies were included in the analysis of the incidence of thrombosis in 
patients with different oncogenic alterations. The pooled analysis showed a higher risk of thrombosis in ROS1-
fusion types (41%, 95% CI: 35–47%) and ALK-fusion types (30%, 95% CI: 24–37%) than in EGFR-mutation 
(12%, 95% CI: 8–17%), KRAS-mutation (25%, 95% CI: 13–50%), and wild-type (14%, 95% CI: 10–20%) 
cases. A high prevalence of thrombosis (ALK: 24.4%; ROS1: 32.6%) was observed in the Shanghai Pulmonary 
Hospital (SPH) cohort of 224 patients with ALK or ROS1 fusion. Furthermore, patients with embolism had 
significantly shorter progression-free survival (PFS) after TKI therapy than those without embolism, both in 
the ALK+ cohort (5.6 vs. 12.9 months, P<0.0001) and in the ROS1+ cohort (9.6 vs. 17.6 months, P=0.0481).
Conclusions: NSCLC patients with ALK/ROS1 rearrangements are more likely to develop thrombosis 
than patients with other oncogenic alterations. Thrombosis may also be associated with an inferior response 
and PFS after TKI therapy.
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Introduction

Acute complications, such as venous thromboembolism 
(VTE) and central airway obstruction, are common in 
advanced severe lung cancer and are associated with 
decreased performance status. VTE, which includes 
pulmonary embolism, deep-vein thrombosis, and migratory 
thrombophlebitis ,  is  a common cancer-associated 
complication (1). The incidence of VTE reported in 
lung cancer varied in 5–14% (2-4). Treatment choices for 
patients who experience embolism are limited, and survival 
is poor (5-8).

The American Society of Clinical Oncology (ASCO)/
National Comprehensive Cancer Network (NCCN) 
guidelines routinely recommend assessment of VTE risk 
in patients with cancer (9,10). However, many current 
clinical cancer-associated VTE risk assessment measures 
such as the Caprini score, the Khorana risk score (KRS), 
the CAMPASS-CAT score, and the Vienna Cancer and 
Thrombosis score (CATS) have low accuracy and poor 
consistency for identifying patients with NSCLC who are 
at high risk of VTE (11-13). Further, the reliability of these 
VTE risk assessment tools to distinguish patients who may 
potentially benefit from thromboprophylaxis is limited. 
Several randomized clinical trials (14,15) and pooled 
analyses (16) have shown that a high percentage of cancer 
patients require anticoagulants, but this is associated with 
a 1.96-fold increase in the risk of bleeding. Therefore, an 
alternative VTE risk assessment tool is needed in clinical 
practice.

Carcinogenic driven mutations can stimulate complex 
cross signal transduction pathways, leading to uncontrolled 
growth, proliferation and survival of tumor cells. Due to 
the pathway of antagonizing different molecular targets is 
specific, treatment strategy based on different molecular 
profiling of tumor is precise and individualized (17). Recent 
studies have shown high discrepancy in the incidence of 
thrombotic events (TE) between NSCLC patients with 
different genomic alterations (18-24). Two studies showed the 
incidence of TE in NSCLC patients who harbored epidermal 
growth factor receptor (EGFR) mutations to be 9.0–24.8% 
(23,24), whereas the incidence of TE in NSCLC patients 
with Kirsten rat sarcoma viral oncogene homolog (KRAS) 
mutation ranged from 21.6–54.8% (18,24). In contrast 
to EGFR/KRAS-mutated NSCLC, several studies have 
reported a higher incidence of TE in anaplastic lymphoma 
kinase (ALK) or ROS proto-oncogene 1 receptor tyrosine 
kinase (ROS1) rearrangements-positive patients (19-22,25).  

Therefore, a pooled analysis is urgently needed to determine 
the incidence of VTE in high-risk populations on the basis of 
the molecular features of NSCLC, which in turn will allow 
a more personalized approach for patients with NSCLC, 
rather than the broad screening currently used.

In view of the negative impact of VTE formation on 
mortality, poor prognosis has also been observed in cancer 
patients receiving chemotherapy (5,26). Recent observational 
studies have reported conflicting results of the impact of 
VTE on overall survival. Two studies (20,27) found that VTE 
was associated with a higher risk of death, with an almost 
two-fold increase in risk for ALK/ROS1+ patients who had 
experienced thromboembolic events. However, another 
recent study found no evidence of an inferior overall survival 
rate (19), partly accounted by the insufficient duration of 
follow-up and limited sample size. Alexander et al. (28) 
demonstrated a numerical lower ORR to TKI treatment in 
ROS1+ NSCLC cases from multicenter in Australia. Due to 
its small size, there was a need to explore the efficacy of TKI 
in such oncogene-driven NSCLC patients. It is noteworthy 
that there is a lack of data on whether the formation of 
thrombosis impacts the clinical response to tyrosine kinase 
inhibitor (TKI) therapy. Therefore, we enrolled an ALK/
ROS1-positive cohort from Shanghai Pulmonary Hospital 
(SPH) in order to explore the response to TKI therapy in 
ALK/ROS1 NSCLC patients with TE.

We carried out a meta-analysis of 5,767 cases from 20 
studies to comprehensively investigate the risk of thrombosis 
in NSCLC subgroups with different oncogenomic alterations 
and to provide guidance for early thromboprophylaxis. 
Aiming to compare the clinical outcome to TKI treatment 
in patients with thrombosis, we validated the results of 
our meta-analysis in a cohort of 224 patients with ALK/
ROS1 fusion from SPH. We present the following article in 
accordance with the PRISMA reporting checklist (available 
at http://dx.doi.org/10.21037/tlcr-20-1290).

Methods

Search strategy and selection criteria

We conducted a systemic review in following databases: 
Web of Science, PubMed, Embase and the Cochrane 
Library, in order to find studies on the prevalence of 
thrombotic events in oncogene-driven NSCLC. Studies 
published up to June 2020 were considered, and there were 
no language restrictions. Major conference proceedings 
including the European Society for Medical Oncology, 
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the American Society of Clinical Oncology, and the 
World Conference of Lung Cancer were also reviewed 
based on abstracts and presentations up to June 2020. 
Keywords for the literature search included: (Thrombosis 
OR Thrombophlebitis OR Embolism OR Thromboses OR 
Thromboembolism) AND (NSCLC OR Carcinoma, Non-
Small-Cell Lung OR Carcinoma, Non Small Cell Lung OR 
Carcinomas, Non-Small-Cell Lung OR Lung Carcinoma, Non-
Small-Cell OR Lung Carcinomas, Non-Small-Cell OR Non-
Small-Cell Lung Carcinomas OR Nonsmall Cell Lung Cancer 
OR Non-Small-Cell Lung Carcinoma OR Non Small Cell Lung 
Carcinoma OR Carcinoma, Non-Small Cell Lung OR Non-
Small Cell Lung Cancer). We carried out the analysis in 
compliance with the PRISMA 2020 Statement (29).

The studies which met following criteria were enrolled 
in the analysis: (I) studies which assessed the prevalence 
of thrombotic events in NSCLC; (II) available genomic 
alteration information; (III) sufficient subgroup analysis 
according to clinicopathologic features. Reviews, case 
reports, irrelevant studies, and incomplete studies were 
excluded, as were studies for which gene alteration 
information was unavailable. If data were replicated in 
several studies, then the most recent and complete reports 
were included. Two different reviewers (Y.L. and W.W.) 
independently assessed the articles in the reference list 
based on title/abstracts and full text of potentially enrolled 
articles in accordance with above criteria. If there was a 
difference in opinion, an agreement was reached through 
discussion with a third reviewer (S.M.).

Data extraction and methodological quality assessment

Two authors (Y.L. and W.W.) independently excerpted 
the following data from the enrolled studies: name of first 
author, trial name, publication year, study population, 
number of patients enrolled, incidence of thrombosis, 
and prevalence of TE grouped according to genomic 
characteristics. Disagreements were resolved through 
discussion with a third reviewer (S.M.).

As previously reported (30), an Agency for Healthcare 
Research and Quality (AHRQ) 11-item checklist was 
used to evaluate the methodological quality of the studies 
included. In specific, the scored ‘0’ indicated ‘NO’ or 
‘UNCLEAR’; and score ‘1’ indicated ‘YES’. The quality 
was defined as follows: 8–11 = high; 4–7 = moderate; 0–3 = 
low. The quality evaluation was independently conducted 
by two evaluators (Y.L. and W.W.), and if there was a 
difference of opinion, an agreement was reached based on 

the opinion of a third evaluator (S.M.).

Patient enrollment

Patients diagnosed with ALK or ROS1-fusion NSCLC 
at the Shanghai Pulmonary Hospital (SPH), Tongji 
University, were enrolled in this study between January 1, 
2016 and December 31, 2019. Patient clinicopathological 
characteristics including demographic characteristics, 
pathological features, and molecular diagnosis, as well as 
the tumor, node, and metastasis (TNM) stage (version 8) 
were collected. We obtained the written informed consent 
from all participants. This study was approved by the Ethics 
Committee of the Shanghai Pulmonary Hospital, Tongji 
University School of Medicine. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013).

Definition of venous thrombotic events

All VTEs, including those that were symptomatic or 
incidentally discovered on imaging, were reviewed and 
recorded. All VTEs were confirmed on the basis of 
ultrasound, computed tomography (CT), or magnetic 
resonance imaging (MRI). In the analyses, VTE including 
pulmonary embolus (PE) and deep venous thrombosis (DVT) 
were comprehensive analyzed regardless of clinical symptoms 
(symptomatic versus incidental) or location, because recent 
study no prognostic difference or risk of recurrence between 
cancer patients with distal and proximal DVT, or between 
those with subsegmental PE and segmental PE.

Driver mutation analysis

As described in our previous studies (31-33), the mutation 
status of the patients was analyzed using the amplification 
refractory mutation system (Amoy Diagnostics Co Ltd., 
Xiamen, China).

Statistical analysis

For the meta-analysis, statistical heterogeneity was assessed 
using χ2 test, and heterogeneity across trials was assessed 
using the I2 statistic. Low-level heterogeneity was defined as 
P>0.1 of the χ2 test and I2<25%. Fixed-effect models were 
used in pooled analysis if there was no statistically significant 
heterogeneity; otherwise, a random-effects model was used. 
A sensitivity analysis was conducted through exclusion 
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of each single enrolled study to determine the stability 
of the overall results. A possible publication bias was 
evaluated. The principal summary measure was incidence of 
thrombotic events in NSCLC patients. Statistical analysis 
and plots were performed using R software, version 4.0.1 
(https://www.r-project.org/). The Begg’s, Egger’s tests and 
Peter’s tests were used to assess publication bias. A P value 
<0.10 indicated significant asymmetry and publication bias.

Statistical analyses of the SPH patient cohort were 
performed in SPSS statistics software (version 21.0, IBM 
Corp, Armonk, NY, USA, RRID:SCR_019096). Differences 
in clinical characteristics between the TE and non-TE groups 
were analyzed using Student’s t test, the χ2 test, or Fisher’s 
exact test. Survival was analyzed through the log-rank test in 
GraphPad Prism (Version 6, RRID:SCR_002798). Statistical 
significance was defined as P<0.05. All tests were two-tailed.

Results

Characteristics of the included studies

The flowchart in Figure 1 shows the selection process for 

the included studies. A total of 1,155 publications were 
initially reviewed, and 20 studies were enrolled in the meta-
analysis after qualification (18-25,27,28,34-43). Through 
preliminary screening, 121 studies met many but not all 
inclusion criteria. However, they were finally excluded for 
the reason that 82 studies lacked complete genetic data, 
14 studies were unavailable for full text and 5 studies were 
duplicated reported. In total, 5,767 cases from 20 studies that 
explored the incidence of thrombosis in different oncogene-
driven lung cancers were analyzed. The main characteristics 
of the included studies are presented in Table 1. All the 
included studies were published between 2014 and 2020. 
Four studies were conducted in Asia, five in North America, 
two in Australia, six in Europe, one study covered multiple 
countries, and for two studies, the country of publication was 
unknown. The methodological quality assessment based on 
AHRQ score were listed in Table S1.

Exclusion of each enrolled studies did not significantly 
affect the pooled result of incidence of TE in lung cancer 
patients (Figure S1A). Publication bias was assessed through 
the Begg’s funnel plot and the Egger’s or Peter’s test  
(Figure S1B), and was only detected for the incidence of TE 
in the ROS1 fusion subgroup (P<0.05 assessed by Egger’s 
test). After advance analysis, the Begg’s funnel plot was 
symmetric, which indicated no evidence of publication bias 
(Figure S1C).

Prevalence of thrombotic events and their association with 
mutation status

Overall, 5,767 NSCLC patients who underwent driver 
gene test from 20 studies were included in this meta-
analysis. The incidence of thrombosis in these studies 
ranged from 3.9–47.6%, reflecting the high heterogeneity 
of TE incidence across the studies. In this meta-analysis, 
the overall incidence of TE was 23% (95% CI: 17–28%) 
and significant heterogeneity was evident (I2=96%, P<0.01, 
Figure 2). Therefore, subgroup meta-analysis was stratified 
by mutation status.

As shown in Figure 3, mutation status partly accounted 
for the heterogeneity. The pooled results for most 
subgroups were markedly changed when stratified by 
the specific mutation status. The pooled prevalence of 
TE was significantly higher in patients with an ALK/
ROS1 fusion. For the ROS1-fusion NSCLC group, 
the pooled incidence of thrombosis was 41% (95% CI: 
35–47%) and low heterogeneity was found (I2=3%, 
P=0.38, Figure 3B). Similarly, in the ALK-fusion NSCLC 

Figure 1 Flowchart of the identification of eligible studies for the 
meta-analysis.

1,155 Literatures 
identified through online 

researching

1,035 Screened for 
eligibility using titles and 

abstracts

20 Studies in the  
final analysis

121 Studies for eligibility

120 Excluded(duplicates)

101 Excluded
82 Irrelevant genetic data
14 Full text unavailable
5 Duplicated reported studies

914 Excluded
682 Irrelevant topics
139 Review articles/ Case reports
13 Meta-analysis
11 Basic research
52 Irrelevant conference paper
17 Replicated data

https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
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Table 1 Characteristics of studies enrolled in the meta-analysis

No. Reference list Year
Number 

of patients
Event Incidence

Duration of follow-up (months) AHRQ 
scoreMedian Range Country

1 Hiraide et al. (40) 2020 682 71 10.4% NA NA Japan 7

2 Dou et al. (21) 2020 341 37 10.9% 7.5 3.1–15.4 China 9

3 Chiari et al. (20) 2020 48 20 41.7% 36.4 NA Italy 6

4 Al-Samkari et al. (22) 2020 807 290 35.9% NA NA USA 8

5 Alexander et al. (28) 2020 42 20 47.6% 10.9 0.1–180.4 Australia 7

6 Ng et al. (19) 2019 740 145 19.6% 19.9 NA USA & China 8

7 Gervaso et al. (39) 2019 461 98 21.3% 33.1 NA NA 6

8 Zer et al. (43) 2019 149 38 25.5% NA NA Canada 7

9 Yang et al. (42) 2019 513 30 5.8% 30 NA NA 6

10 Chen et al. (37) 2019 203 8 3.9% 21.1 NA China 8

11 Itchins et al. (41) 2018 42 20 47.6% 10.9 NA Australia 6

12 Zugazagoitia et al. (27) 2018 241 73 30.3% 19 0–59 Spain 8

13 Dou et al. (23) 2018 605 71 11.7% NA NA China 8

14 Alexander et al. (34) 2018 70 12 17.1% NA NA Australia 6

15 Davidsson et al. (38) 2017 310 70 22.6% NA NA Sweden 7

16 Azevedo et al. (35) 2017 26 8 30.8% 13.5 NA Portugal 7

17 Zer et al. (25) 2017 55 23 41.8% 22 NA Canada 7

18 Castellón Rubio et al. (36) 2015 100 13 13.0% NA NA Spain 6

19 Corrales-Rodriguez et al. (18) 2014 159 57 35.8% NA NA Canada 8

20 Verso et al. (24) 2014 173 41 23.7% NA NA Italy 6

group, the overall incidence of TE was 30% (95% CI: 
24–37%), with moderate heterogeneity (I2=78%, P<0.01, 
Figure 3A). Among patients with EGFR mutations, the 
overall incidence was 12% (95% CI: 8–17%), with high 
heterogeneity. For the KRAS-mutant subsets, the pooled 
prevalence was 25% (95% CI: 13–50%), with high 
heterogeneity. In the non-EGFR/ALK/ROS1 population, 
the prevalence of thrombosis was 14% (95% CI: 10–20%), 
and high heterogeneity was found.

Clinical characteristics and incidence of thrombosis in the 
SPH cohort

Based on the findings that ALK/ROS1+ patients were in 
higher risk of TE formation, which was observed in meta-
analysis, we validated the findings of our meta-analysis 
in a cohort of 224 patients with ALK or ROS1 fusion 

from SPH, and compared the efficacy of TKI therapy 
between VTE and non-VTE ALK/ROS1-fusion NSCLC 
patients. The flowchart of the patient selection process 
is presented in Figure 4. Table 2 summarizes the patients’ 
clinical characteristics and previous anti-tumor treatments. 
Representative images of ultrasound and computed 
tomography were provided for the diagnosis of VTE  
(Figure S2). The SPH cohort included 135 patients with 
ALK fusion and 89 with ROS1 fusion. Of the total 224 
patients, 62 (27.7%) developed thrombosis. The incidence of 
VTE was 24.4% (33 of 135) and 32.6% (29 of 89) for ALK-
fusion and ROS1-fusion NSCLC patients, respectively. This 
analysis included 175 patients who received TKI therapy. 
Of these patients, 49 (28.0%) experienced VTE formation 
during the time they were receiving TKI treatment. In 
particular, the incidence of VTE was 21.6% and 44.0% for 
patients who received TKI therapy in the ALK and ROS1-

https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
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Figure 2 Meta-analysis (forest plot) of the prevalence of thrombotic events in lung cancer patients.

fusion NSCLC groups, respectively. The majority of the 
included patients were non-smokers and had stage IV 
adenocarcinoma. Most patients had received TKI therapy 
as a first-line treatment. There was no significant difference 
in the clinical characteristics between the TE and non-TE 
groups.

The impact of thrombosis on the efficacy of  
ALK/ROS1-TKIs

In the ALK-positive cohort, 125 patients received TKI 
therapy including 27 patients with TE and 98 without 
TE. Overall, patients with TE showed a numerically 
lower objective response rate (ORR) compared to patients 
without TE (66.7% vs. 77.6%, P=0.246) (Figure 5A). TE 
patients also showed significantly shorter progression-free 
survival (PFS) compared to patients without TE (5.6 vs. 
12.9 months, P<0.0001; HR: 3.320, 95% CI: 1.889–5.833) 
(Figure 5B). Among the ALK fusion subgroup, 95 (76.0%) 
patients received crizotinib and 30 (24.0%) received alectinib 
treatment. Among the patients treated with crizotinib, TE 
was associated with a numerically lower ORR (65.2% vs. 
75.0%, P=0.360) (Figure S3A) and a significantly shorter PFS 
(HR: 4.960; 95% CI: 2.627–9.365; P<0.0001) (Figure S3B). 

Among the patients who received alectinib, a numerically 
lower ORR (75.0% vs. 84.6%, P=0.538) (Figure S3C) and 
shorter PFS were also observed (12.17 vs. NR, HR: 1.238, 
95% CI: 0.270–5.670; P=0.78) (Figure S3D).

In the ROS1 fusion subgroup, 50 patients received 
crizotinib including 22 patients with TE and 28 patients 
without TE. Patients with TE showed a numerically lower 
ORR compared to those without TE (64.3% vs. 31.8%, 
P=0.082) (Figure 5C). A significantly shorter PFS was also 
observed in patients with TE (9.6 vs. 17.6 months; HR: 
2.270, 95% CI: 0.998–5.215; P=0.0481) (Figure 5D).

Discussion

In this study, a high discrepancy was found in the incidence 
of VTE in patients with NSCLC with different genomic 
alterations. The pooled prevalence of TE occurrence was 
41% and 30% for ROS1 or ALK-positive NSCLC patients, 
respectively. However, the incidence of TE was lower 
in EGFR/KRAS-mutant or wild-type NSCLC patients 
(incidence: 12%, 25%, 14%, respectively). The high 
incidence of TE was further validated in our SPH cohort. 
Moreover, in the SPH cohort, ROS1/ALK-fusion NSCLC 
patients who experienced TE showed a two-fold increase in 

https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1290-Supplementary.pdf
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Figure 3 Subgroup analyses of the prevalence of thrombosis based on patient’s mutation status. (A) ALK-fusion; (B) ROS1-fusion; (C) 
KRAS-mutant; (D) EGFR-mutant; (E) wild-type. ALK, anaplastic lymphoma kinase; EGFR, epidermal growth factor receptor; KRAS, 
Kirsten rat sarcoma viral oncogene homolog; ROS1, ROS pro-oncogene 1 receptor tyrosine kinase.

A
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255 patients diagnosed with  
ALK/ROS1-fusion NSCLC of recurrent or 

advanced stage Date: 1st 2016–12th 2019

224 Cases had complete data

135 Cases with ALK-fusion 

33 Cases with venous thrombosis

27 Cases received TKI therapy

89 Cases with ROS1-fusion 

29 Cases with venous thrombosis

22 Cases received TKI therapy

Figure 4 Flowchart showing the selection of eligible patients.

Table 2 Baseline characteristics of patients enrolled in the 
retrospective cohort

Characteristic VTE (n=49) Non-VTE (n=126) P value

Age 0.182

Year, mean ± SD 54±12 52±12

Sex 0.892

Male 22 (44.9%) 58 (46.0%)

Female 27 (55.1%) 68 (54.0%)

Smoking 0.475

Smoker 4 (8.2%) 15 (11.9%)

Non-smoker 45 (91.8%) 111 (88.1%)

Pathology 0.789

ADC 40 (81.6%) 105 (83.3%)

NSCLC 9 (18.4%) 21 (16.7%)

TNM stage 0.459

IIIB-C 7 (14.0%) 13 (10.3%)

IV 42 (86.0%) 113 (89.7%)

ECOG PS 0.187

0 0 (0.0%) 6 (4.8%)

1 49 (100.0%) 120 (95.2%)

Line of TKI 0.072

1 40 (81.6%) 115 (91.3%)

≥ 2 9 (18.4%) 11 (8.7%)

Gene alteration 0.003

ALK 27 (55.1%) 98 (77.8%)

ROS1 22 (44.9%) 28 (22.2%)

TKI 0.049

Crizotinib 45 (91.8%) 100 (79.4%)

Alectinib 4 (8.2%) 26 (20.6%)

VTE, venous thromboembolism; NSCLC, non-small cell lung 
cancer; TKI, tyrosine kinase inhibitor.

the risk of tumor progression in response to TKIs compared 
to those without TE. Taken together, results of the present 
study suggest that the molecular profiles of NSCLC should 
be incorporated into a VTE risk score and decision-making 
algorithm for VTE diagnosis and prophylaxis.

Patients with lung cancer have a high risk of VTE(44), 
and TE is a major cause of morbidity and mortality (45-47).  
Therefore, many clinical cancer-associated VTE risk 
assessment measures have been devised to accurately identify 
patients at risk; these tools include the Caprini score, the 
Khorana risk score (KRS), the CAMPASS-CAT score, and 
the Vienna Cancer and Thrombosis score (CATS). Based 
on current studies, above score systems showed limited 
specificity or accuracy or calibration in identify cases of 
VTE risk. In previous studies, Caprini VTE risk model 
was able to predict the occurrence of VTE in 10.3% of 
postoperative lung cancer patients, but with an accuracy of 
only 61.6% (13). Therefore, there may be some evaluation 
bias if Caprini VTE risk model was used in advanced lung 
cancer patients. Low accuracy and evaluation bias limited 
the application of the model in patients with advanced 
lung cancer. Secondly, as for KRS score, the retrospective 
study which enrolled lung cancer demonstrated sensitivity 
as 10% and specificity as 100% for patients with high 
KRS score (48). A meta-analysis confirmed a higher VTE 
rate of 11% in patients with high-risk KRS than a low-/
intermediate-risk or intermediate-risk score (low-risk: 5.0%; 
intermediate-risk: 6.6%) (12). Therefore, low-moderate 
KRS group still have substantial residual VTE risk. KRS’s 

ability to consistently discriminate high versus low VTE risk 
in lung cancer was suboptimal, and even within the high-
risk group, when assessed by KRS score, the risk of VTE in 
lung cancer was underestimated compared to that in other 
cancers (12). Thirdly, for COMPASS-CAT scores, the large 
retrospective study demonstrated a sensitivity of 95% and 
a specificity of 12%, but the calibration was poor according 
to the Hosmer-Lemeshow test (11). The consistency 
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Figure 5 Comparison of TKI response and PFS between the VTE group and non-VTE group in the ALK-fusion and ROS1-fusion cohort, 
respectively. (A) Response to TKI therapy among ALK+ patients; (B) PFS of ALK+ patients treated with TKI therapy; (C) response to TKI 
therapy among ROS1+ patients; (D) PFS of ROS1+ patients treated with TKI therapy. ALK, anaplastic lymphoma kinase; PFS, progression-
free survival; ROS1, ROS pro-oncogene 1 receptor tyrosine kinase; TKI, tyrosine kinase inhibitor; VTE, venous thromboembolis.
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between the predicted risk by COMPASS-CAT model and 
the actual risk of VTE was poor. Fourthly, as for CATS, 
the prospective observational cohort study demonstrated 
a sensitivity of 19.1% at the cutoff point for highest risk  
(score ≥5) and a specificity of 98.2% (49). In total, current 
VTE risk scoring model was limited in identifying lung 
cancer patients of high risk.

As far as we know, the present study is the first to use 
pooled analyses to examine the prevalence of VTE based 
on molecular status. We found a high risk of VTE in ALK/
ROS1-positve NSCLC patients compared with EGFR/
KRAS-mutant or wild-type NSCLC patients. In particular, 
in several recent retrospective studies, the prevalence of 
VTE was found to range from 28–42% in lung cancer 
patients with ALK rearrangements, which is 3- to 5-fold 
higher than the prevalence of TE previously reported in 
advanced NSCLC patients (22,25). Additionally, Al-Samkari 
et al. (22) also found a significantly higher recurrence rate 
for VTE in ALK-positive patients (ALK+ vs. ALK−: 13.5% 
vs. 3.1%), which increased the risk of mortality by 4.85-fold. 
A high incidence of VTE in ALK-NSCLC patients was also 
demonstrated in a prospective cohort (21). For ROS1-fusion 
NSCLC patients, the incidence of VTE was previously 
reported as 34.7–48%. A prospective trial also supported 
the high prevalence of VTE occurrence. VTE can occur in 

the peri-diagnostic period (19), in the tumor progression 
period, or during treatment, with an incidence of 32.1%, 
35.7%, and 32.0%, respectively (20). The prevalence of 
VTE was compared between ALK+ and ROS1+ patients, 
and the latter group was found to be significantly more 
likely to develop VTE. Taken together, the incidence of TE 
was highly discrepant in patients with NSCLC who had 
different genomic alterations, and molecular profiles need 
to be incorporated into a VTE risk assessment tool in the 
future.

The possible underlying mechanism for the development 
of TE in ALK/ROS1-fusion lung cancer patients might 
be as follows. Firstly, it is possible that mucin abundance 
in these subsets of tumors generates various signals, which 
eventually results in the activation and aggregation of 
platelets, and subsequent embolization. Secondly, co-
occurrence of prothrombotic mutations could be the 
underlying mechanism of VTE risk and the reason for 
inferior response to TKI treatment. Lee et al. (50) reported 
on two patients with co-mutated Factor V Leiden (FVL) 
who developed recurrent VTE. One of these cases was 
found to have an antithrombin III (ATIII) deficiency and 
a positive lupus anticoagulant test. Beside FVL mutation, 
the variant in F5 was reported to increase the risk of VTE 
by over 10-fold (51). Thirdly, downstream signaling of 
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the ALK/ROS1 alteration might create cross-talk with 
procoagulant factors. Among these factors, tissue factor (TF) 
could interact with the coagulation factor FVII, triggering 
subsequent thrombin formation. ALK/ROS1 downstream 
NF-κB signaling might be involved in the expression of 
TF (52). Sen et al. (53) found upregulation of TF in ALK-
fusion NSCLC patients.

The development of thrombosis is associated with 
significantly inferior prognosis. We further explored the 
clinical response to TKI therapy in patients with ALK/
ROS1-fusion. Significantly shorter PFS and a numerically 
lower ORR after TKI therapy were observed in the 
VTE group. In line with this finding, Lee et al. (50) 
reported one ROS1-positive case who rapidly developed 
VTE and progressed to TKI monotherapy. As for the 
impact on long-term survival, the occurrence of VTE 
was associated with a poor prognosis in ALK-NSCLC 
patients (HR for OS =2.88, P=0.059) (25), which suggests 
a potential role for thromboprophylaxis in ALK/ROS1-
NSCLC. One example that supports this is the case of a 
patient who received combined anticoagulant medication 
with crizotinib, resulting in VTE control and a durable 
remission of tumor (50).

This study has several limitations. Firstly, the majority of 
the included studies were retrospective with small sample 
sizes. Thus, our conclusions should be interpreted with 
caution. Secondly, publication bias might exist in this area 
of study. Thirdly, our SPH cohort was a retrospective study 
enrolled one clinical center, with only a small sample size 
of ALK/ROS1+ patients. Larger prospective trials will be 
needed for further validation.

Conclusions

A high level of discrepancy was found in the incidence of 
TE among patients with NSCLC with different genomic 
alterations, and an ALK/ROS1 rearrangement was 
associated with a higher incidence of TE. Additionally, 
patients who developed VTE showed an inferior response 
to TKI therapy, which suggests that molecular profiles 
need to be incorporated into future VTE risk assessment 
models.
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Table S1 Quality evaluation of enrolled studies in meta-analysis.

Reference Year (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Hiraide et al 2020 1 0 1 1 1 1 1 0 0 1 0

Dou et al 2020 1 1 1 1 1 1 1 0 0 1 1

Chiari et al 2020 1 1 0 1 1 1 0 0 0 1 0

Samkari et al 2020 1 1 1 1 1 1 1 0 0 1 0

Alexander et al 2020 1 1 1 1 1 1 0 0 0 1 0

Ng et al 2019 1 1 1 1 1 1 1 0 0 1 0

Gervaso et al 2019 1 1 1 1 1 0 0 0 0 1 0

Zer et al 2019 1 1 1 1 1 1 0 0 0 1 0

Yang et al 2019 1 1 1 1 1 0 0 0 0 1 0

Chen et al 2019 1 1 1 1 1 1 1 0 0 1 0

Itchins et al 2018 1 1 1 1 1 0 0 0 0 1 0

Zugazagoitia et al 2018 1 1 1 1 1 1 1 0 0 1 0

Dou et al 2018 1 1 1 1 1 1 1 0 0 1 0

Alexander et al 2018 1 1 1 1 1 0 0 0 0 1 0

Davidsson et al 2017 1 1 1 1 1 1 0 0 0 1 0

Azevedo et al 2017 1 1 1 1 1 1 0 0 0 1 0

Zer et al 2016 1 0 1 1 1 1 1 0 0 1 0

Castellón et al 2015 1 1 1 1 1 0 0 0 0 1 0

Corrales-Rodriguez et al 2014 1 1 1 1 1 1 1 0 0 1 0

Verso et al. 2014 1 1 1 1 1 0 0 0 0 1 0

1) Defines the source of information (e.g., survey, record review).
2) Lists inclusion and exclusion criteria for exposed and unexposed subjects (cases and controls) or refer to previous publications.
3) Indicates time period used for identifying patients.
4) Indicates whether or not subjects were consecutive if not population-based.
5) Indicates if evaluators of subjective components of study were masked to other aspects of the status of the participants.
6) Describes any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements).
7) Explains any patient exclusions from analysis.
8) Describes how confounding was assessed and/or controlled.
9) If applicable, explains how missing data were handled in the analysis.
10) Summarizes patient response rates and completeness of data collection.
11) Clarifies what follow-up, if any, was expected and the percentage of patients with incomplete data or follow-up.
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Figure S1 Sensitivity and publication bias of enrolled studies. (A) Sensitivity analysis of all the studies enrolled. (B) Funnel plot of 
publication bias of total studies. (C) Funnel plot of publication bias of total studies in the subgroup meta-analysis of ROS1-fusion non-small 
cell lung cancer.
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Figure S2 Representative images of ultrasound and computed tomography for the diagnosis of pulmonary embolism or deep vein 
thrombosis. (A) pulmonary embolism; (B) pulmonary embolism; (C) Jugular vein thrombosis; (D) Femoral vein thrombosis.
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Figure S3 Subgroup analyses of PFS in ALK-fusion patients treated with crizotinib or alectinib. (A) Response to crizotinib; (B) PFS of 
patients treated with crizotinib; (C) response to alectinib; (D) PFS of patients treated with alectinib. ALK, anaplastic lymphoma kinase; PFS, 
progression-free survival.
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