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ABSTRACT
Objective  The main adjuvant therapies for anaplastic 
lymphoma kinase (ALK)-positive non-small cell lung 
cancer include ALK tyrosine kinase inhibitors (TKI) and 
chemotherapy. We aimed to compare differences in the 
incidence of thromboembolism (TE) among different 
treatment options.
Design  Using a systematic review and Bayesian network 
meta-analysis (NMA).
Data sources  We searched PubMed, Embase, Cochrane 
Library, ​ClinicalTrials.​gov and Web of Science databases 
before 10 June 2023.
Eligibility criteria  We included published randomised 
controlled trials (RCT) involving comparisons of treatments 
between chemotherapy and ALK-TKI drugs.
Data extraction and synthesis  Assessed risk bias with 
Cochrane tool. Conducted NMA with GEMTC in R, we 
evaluate the model fit using the deviation information 
criteria. Estimated posterior distribution using Markov 
Chain Monte Carlo, 4 chains, 10 fine-tuned iterations, 10 
000 iterations per chain, total 50 000 iterations. Monitored 
potential scale reduction factor for convergence. And 
checked convergence with Gelman-Rubin statistics and 
trace plot. Provided surface under the cumulative ranking, 
lower values indicate less TE event probability.
Results  Analysis of eight RCTs showed that, compared 
with that for crizotinib, there was a lower risk of total TE 
with chemotherapy (OR, 0.28; 95% credible intervals (CrI) 
0.11 to 0.63), brigatinib (OR 0.31; 95% CrI 0.11 to 0.79) 
and ceritinib (OR 0.13; 95% CrI 0.03 to 0.45). In addition, 
analysis of venous TE (VTE) showed similar results, with 
a lower occurrence for chemotherapy (OR 0.27; 95% CrI 
0.1 to 0.62), brigatinib (OR 0.18; 95% CrI 0.04 to 0.6) and 
ceritinib (OR 0.1; 95% CrI 0.02 to 0.43) compared with 
that for crizotinib. There were no significant differences in 
the occurrence of arterial TE among the different treatment 
options.
Conclusion  Compared with chemotherapy, alectinib, 
lorlatinib, brigatinib and ceritinib, crizotinib significantly 
increased the risk of TE and VTE.
PROSPERO registration number  CRD42023373307.

INTRODUCTION
Lung cancer is one of the most common 
malignant tumours worldwide.1 2 Approxi-
mately 70% of non-small cell lung carcinoma 

(NSCLC) cases are diagnosed at an advanced 
stage, and the 5-year survival rate is only 
23%.3 Thromboembolism (TE) is recognised 
as one of the leading factors contributing to 
the increased mortality in these patients.4–6 
Abufarhaneh et al found that the incidence 
rate of venous TE (VTE) in patients with 
advanced NSCLC was as high as 8%–15%.7 
Furthermore, studies showed a higher risk of 
death in subjects with cancer-related venous 
thrombosis than in those with cancer or 
venous thrombosis.1 8

With the rapid progress of molecular 
biology, our understanding of NSCLC has 
gradually deepened, and its treatment 
methods have been enriched on the basis of 
traditional chemotherapy, such as targeted 
therapy (such as anaplastic lymphoma kinase 
(ALK), epidermal growth factor receptor 
(EGFR), ROS proto-oncogene 1, etc), immu-
notherapy and radiotherapy. In particular, 
immunotherapy, as a novel cancer treatment 
method, has demonstrated its remarkable 
efficacy in many types of cancer therapy.9 
Tartarone et al’s study analysis shows that the 
effect of treating anti-programmed cell death 
protein-1 (PD-1) and anti- programmed cell 
death-Ligand-1 (PD-L1) drugs in advanced 
patients is better than docetaxel in the treat-
ment of NSCLC.10 The EGFR mutation is a 
common mutation in lung cancer and other 
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solid tumours. EGFR-tyrosine kinase inhibitors (TKIs) 
have shown significant results in delaying the disease 
process in elderly patients with advanced EGFR mutant 
NSCLC.11 With the in-depth exploration of the mecha-
nism of the role of ALK in the occurrence and develop-
ment of cancer, targeted therapy for ALK has gradually 
become a key direction in the field of cancer therapy. 
Targeted therapy for ALK rearrangement (ALK+) patients 
not only improves the quality of life of patients but also 
extends their survival time.

Of note, an in-depth study of NSCLC molecular 
subtypes and targeted therapy in recent years found that 
ALK+NSCLC and its treatment may also increase the risk 
of thrombosis to some extent.12 In NSCLC, a somatic gene 
rearrangement involving the fusion of ALK and echi-
noderm microtubule-associated protein-like 4 (EML4) 
(EML4-ALK) is observed, initially described in a small 
number of lung cancers in Japan in 2007 by Soda et al.13

Many other ALK fusions have been reported, such as 
Recombinant Kinesin Family Member 5B (KIF5B) -ALK, 
TRK-fused gene (TFG)-ALK and Recombinant Kinesin 
Light Chain 1(KLC1)-ALK. EML4-ALK is the most 
common ALK fusion in patients with NSCLC,4 13–20 with 
an incidence of approximately 2%–7%.13 The popula-
tion characteristics of patients with ALK+NSCLC include 
younger age, history of non-smoking or mild smoking 
and adenocarcinoma histology.21 Recent retrospective 
studies found that the risk of VTE associated with ALK+ 
was significant.22–24 An increased risk of VTE in patients 
with ALK+NSCLC was confirmed in a prospective cohort 
study. ALK+patients had a significantly higher VTE 
recurrence rate (ALK+vs ALK−: 13.5% vs 3.1%), which 
increased the risk of death by 4.85-fold.25

Crizotinib was the first small-molecule ALK-TKI 
approved by the US Food and Drug Administration in 
2011 for treating patients with advanced ALK+NSCLC26–28; 
however, it was initially developed as a potent cellular-
mesenchymal epithelial transition factor inhibitor.29 A trial 
by Solomon et al demonstrated that the first-generation 
ALK-TKI, crizotinib, had better efficacy in ALK+patients 
than platinum-based and pemetrexed chemotherapy.27 
This finding laid the foundation for crizotinib as the 
standard first-line treatment for advanced ALK+NSCLC. 
Subsequently, several randomised phase III studies have 
demonstrated the superior efficacy of second-generation 
ALK-TKI drugs as first-line therapy compared with crizo-
tinib. These studies included alectinib and brigatinib as 
representatives of second-generation ALK-TKI drugs.30 31 
In summary, the new generation of targeted drugs signifi-
cantly improved patients’ overall progression-free survival 
time and quality of life compared with crizotinib. However, 
a study by Roopkumar et al found that compared with 
ALK+patients who did not receive TKIs, those who did 
receive TKIs had a significantly higher risk of coagulation 
events (HR=0.1, 95% credible intervals (CrI) 0.03 to 0.2, 
p<0.0001).32 Therefore, it is crucial to study the risk of 
thrombosis associated with a range of drugs used for the 
treatment of ALK+NSCLC. Owing to the limited number 

of head-to-head studies comparing different treatment 
measures for ALK+and the absence of clear conclusions 
regarding their impact on the risk of thrombosis, this 
study provides a reliable reference for reaching effective 
conclusions in the mentioned research.

In this study, we compared crizotinib with chemo-
therapy and next-generation ALK inhibitors (including 
alectinib, brigatinib, lorlatinib and ceritinib) to deter-
mine the risk of thrombotic events in patients with 
ALK+advanced NSCLC. In addition, we used a network 
meta-analysis (NMA) approach to compare and rank the 
risk of induced thrombosis for clinical interventions that 
have not been directly compared. Compared with other 
studies, this study used the NMA method to make indirect 
comparisons of treatment outcomes that had not been 
compared in a head-to-head study and to rank the risk of 
thrombosis. This study aimed to provide a more reliable 
theoretical basis for the comprehensive management of 
ALK+NSCLC and drug selection by studying the risk of 
thrombosis caused by different ALK-TKI.

METHODS
This study was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses guidelines for systematic reviews and meta-
analyses.33 34 This systematic traditional and NMA is 
registered in PROSPERO (CRD42023373307).

Data source and search strategy
We searched for publications on the use of TKI for 
the treatment of ALK+NSCLC. Two investigators inde-
pendently searched multiple electronic databases 
(PubMed, Embase, Cochrane Library, ​ClinicalTrials.​gov 
and Web of Science). We used the following terms: carci-
noma, non-small-cell lung; lung carcinoma, non-small-
cell; crizotinib or PF-02341066; alectinib or Alecensa; 
ceritinib or Zykadia; brigatinib or Alunbrig; lorlatinib; 
randomised controlled trial (RCT). The search included 
studies proposed or published up to 10 June 2023, and 
only English-language publications were retrieved. We 
identified additional articles that may be eligible for this 
analysis by reviewing the articles listed in the references 
of the included studies (online supplemental table S1).

Study selection
All included studies met the following criteria: (1) histo-
logically or cytologically confirmed advanced NSCLC that 
was ALK+, as assessed by immunohistochemistry or fluo-
rescence in situ hybridisation; (2) a phase III randomised 
controlled trial (RCT); (3) TE OR and 95% CrI and (4) 
incidence rate of TE during the treatment of ALK+N-
SCLC, even if this was not the main focus of the report. 
(The reported incidences of VTE in these treatment trials 
are not necessarily the true incidence of VTE in patients 
treated with ALK inhibitors and chemotherapy). Studies 
that met the following criteria were excluded: (1) the 
use of other treatments such as immunotherapy; (2) no 
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data relating to TE and (3) experimental animal studies. 
When the same information was reported in more than 
one article, we analysed only the publications relevant to 
the study, which was the most informative.

Data extraction and quality assessment
The information that had to be extracted from our 
included studies were as follows: ​ClinicalTrials.​gov Iden-
tifier; year of publication; race, age and sex of patients; 
treatment used in the intervention and control groups; 
occurrence of TE; the first-line treatment for ALK+; 
TE, including VTE and other venous thromboses (such 
as pelvic venous thrombosis) and occurrence of cere-
brovascular accident and myocardial infarction, which 
were considered as arterial thrombosis (ATE). One 
author extracted and entered the relevant data from 
each publication, and the other reviewed the extracted 
data. Disagreements between the two investigators were 
resolved by discussion. If the disagreement could not be 
resolved, a third researcher was consulted, and the deci-
sion was made. We used the Cochrane risk-of-bias tool to 
explore the sources of bias in randomised trials.

Statistical analysis
The included studies contained TE events that could be 
extracted. The NMA focused on serious TE events, which 
included outcomes such as death, life-threatening situa-
tions, hospitalisation, extended hospital stays, significant 
incapacity and interference with normal life functions. 
All data are presented as OR with 95% CrIs.

A meta-analysis with direct comparison of TE events (VTE 
and ATE), random effects or fixed models were selected 
based on their heterogeneity. In addition, we used NMA to 
compare the effects of interventions not directly compared 
in clinical trials, NMA was performed using the R software 

GEMTC software package in a Bayesian framework. During 
the analysis, non-informative prior distribution was applied 
to all model parameters, the deviation information criteria 
were used to evaluate the model fit, the Markov Chain Monte 
Carlo method was used to estimate the posterior distribu-
tion of parameters, establish four Markov chains, and tune 
10 times, 10 000 iterations, a total number of 50 000 itera-
tions. By monitoring the change trend of the Potential Scale 
Reduction Factor, which is close to 1, then the convergence 
of the simulation results is good.35 Furthermore, we will use 
the Gelman-Rubin statistics and the trace plot for the conver-
gence check of the Markov chains (online supplemental 
figures S1 and S2). For the empirical assessment of network 
consistency, NMA will employ node-splitting methods to 
compare direct and indirect evidence. If the obtained p value 
is greater than 0.05, this would indicate that there is no signif-
icant difference between the direct and indirect evidence.

In terms of results presentation, in addition to the OR 
or mean presented at 95% CrIs, we will provide a surface 
under the cumulative ranking (SUCRA) of treatment 
measures, lower SUCRA values indicating a lower proba-
bility of a thrombotic event. Funnel plot and funnel plot 
asymmetry tests included at least 10 studies, therefore, no 
publication bias analysis was performed.36 37 Sensitivity 
analysis was conducted by comparing the Bayesian and 
the frequentist model, and if the results are not changed, 
the results are robust. The quality of evidence from this 
study was assessed using the Grading of Recommenda-
tions Assessment Development and Evaluation (GRADE) 
method Using grade of evidence level: the node segmen-
tation method is used to divide the nodes into direct 
comparison and indirect comparison and select the ones 
with higher evidence level as the final result (the results 
are shown in online supplemental tables S2–S4).

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
Characteristics of the included studies
A total of 764 articles (75 from PubMed, 311 from Embase, 
211 from the Cochrane Library, 41 from Clinical ​Trials.​gov 
and 126 from Web of Science) were retrieved according 
to the established search strategy. After deleting duplicate 
articles, we briefly reviewed the titles and abstracts of 764 
articles. We excluded 646 records, including 118 meta-
analyses and review articles. After careful reading of the 
remaining 90 articles, 82 were excluded for the reasons 
described in figure  1. Risk assessment by the Risk bias 
assessment tool RoB 2 protocol for the remaining eight 
phase III RCTs graded three as having ‘some concerns’ 
and five as ‘low risk’38 (figure 2). Table 1 summarises the 
specific characteristics of the included studies.25 28 31 39–43 
Eight eligible studies were international multicentre 
phase III RCTs that included a total of 2080 patients with Figure 1  Flow chart of literature screening.
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ALK+NSCLC. Six studies evaluated the treatment effect of 
crizotinib in the control group, four studies assessed the 
treatment effect of chemotherapy in the control group 
and two studies compared crizotinib with chemotherapy 
treatment. We compared the aggregated OR of NMA with 
the corresponding OR of traditional direct comparison 
meta-analysis. Using NMA, we compared eight different 
drug regimens (online supplemental figure S3).

Incidence of total thromboembolism
The consistency between the traditional meta-analysis 
and the NMA results was good. The NMA results showed 
a significant difference in the incidence of total throm-
boembolism (TTE) between crizotinib and chemo-
therapy, brigatinib or ceritinib. Compared with that of 
crizotinib, the incidence of TTE was lower with chemo-
therapy (OR 0.28; 95% CrI 0.11 to 0.63), brigatinib (OR 
0.31; 95% CrI 0.11 to 0.79) and ceritinib (OR 0.13; 95% 
CrI 0.03 to 0.45). The results of the indirect comparison 
of crizotinib with chemotherapy and brigatinib were 

relatively consistent with the direct comparison results, 
with OR 0.33 (95% CrI 0.14 to 0.75) and OR 0.33 (95% 
CrI 0.12 to 0.85), respectively. However, the consistency 
of the results could not be determined because of the 
lack of direct comparison between ceritinib and crizo-
tinib. Using the Bayesian NMA statistical method, the 
SUCRA curve value ranged between 0 and 1 (0≤SUCRA 
≤ 1). When SUCRA is 1, the intervention measures have 
a higher risk of adverse events. In contrast, when the 
SUCRA is 0, it suggests that the intervention measures 
have a lower risk of adverse events. According to the 
size of the SUCRA, the ranking of TTE probabilities for 
different intervention measures was as follows: ceritinib 
(SUCRA=0.16), lorlatinib (0.26), chemotherapy (0.50), 
brigatinib (0.52), alectinib (0.56) and crizotinib (0.99). 
The figures are shown in figure 3A, figure 4A and online 
supplemental figure S4A. The results are shown in online 
supplemental table S5.
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Figure 2  Results of the risk of included randomised trial bias was assessed using the Cochrane risk-of-bias tool for 
randomised trials. High-risk trials are shown in red, low-risk trials in green, while trials with some concerns are shown in yellow.
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Incidence of VTE
A comparative analysis of the traditional meta-analysis and 
NMA results showed that the results were relatively consistent. 
Chemotherapy, brigatinib and ceritinib had a lower incidence 
of VTE than crizotinib, with OR 0.27 (95% CrI 0.1 to 0.62), 
OR 0.18 (95% CrI 0.04 to 0.60) and OR 0.1 (95% CrI 0.02 to 
0.43), respectively. The results of the indirect comparison of 
crizotinib with chemotherapy and brigatinib were relatively 
consistent with the direct comparison results, with OR 0.32 
(95% CrI 0.13 to 0.78) and OR 0.18 (95% CrI 0.04 to 0.60), 
respectively. However, owing to the lack of a direct compar-
ison between ceritinib and crizotinib, the consistency of the 
results could not be determined. According to the results 
of the Bayesian NMA statistical method, crizotinib was asso-
ciated with the highest risk of VTE (SUCRA=0.97), whereas 
ceritinib was associated with the lowest risk (SUCRA=0.16). 
The figures are shown in figure  3B, figure  4B and online 

supplemental figure S4B. The results are shown in online 
supplemental table S6.

Incidence of ATE
Traditional meta-analysis of ATE events did not show 
significant differences between crizotinib, chemotherapy, 
lorlatinib, brigatinib and ceritinib. Therefore, NMA was 
not conducted to assess the risk of ATE occurring during 
different drug treatments. The figures are shown in 
online supplemental figure S5.

Incidence of serious TTE
The occurrence of serious TTE can interfere with the 
delivery of continuous treatment and reduce the quality 
of life. The majority of TTE events were found to be 
serious adverse events; therefore, this study further anal-
ysed serious TTE events. NMA showed that crizotinib 

Table 1  The characteristics of the included studies

Study Year
Age 
median Race Male sex

Treatment Number of patients

Experimental Control Experimental Control

NCT00932
893(26)

2017 50 Multiraces 193 (55.6%) Crizotinib Chemotherapy 172 171

250 mg Pemetrexed 500 mg/m2

Docetaxel 75 mg/m2

NCT03052
608(27)

2022 57.4 Multiraces 175 (59.1%) Lorlatinib Crizotinib 149 142

100 mg 250 mg

NCT01639
001(28)

2020 48.5 Asian 114 (55.1%) Crizotinib Chemotherapy 104 101

250 mg Pemetrexed 500 mg/
m2+cisplatin 75 mg/m2

Pemetrexed 500 mg/
m2+carboplatin AUC 5–6

NCT02604
342(39)

2019 56 Multiraces 53 (44.5%) Alectinib Chemotherapy 77 37

600 mg Pemetrexed 500 mg/m2

Docetaxel 75 mg/m2

NCT01828
099(404)

2022 53.9 Multiraces 216 (57.4%) Ceritinib Chemotherapy 189 175

750 mg Pemetrexed 500 mg/
m2+cisplatin 75 mg/m2

Pemetrexed 500 mg/
m2+carboplatin AUC 5–6

NCT02737
501(41)

2021 58.2 Multiraces 150 (54.5%) Brigatinib Crizotinib 136 137

90 mg 250 mg

NCT02075
840(42)

2022 55.1 Multiraces 171 (56.4%) Alectinib Crizotinib 152 151

600 mg 250 mg

NCT02838
420(43)

2019 50.7 Asian 89 (47.6%) Alectinib Crizotinib 125 62

600 mg 250 mg

AUC, area under the curve.
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was associated with a higher incidence of serious TTE 
than chemotherapy (OR 0.37; 95% CrI 0.12 to 0.94) 
and ceritinib (OR 0.2; 95% CrI 0.05 to 0.8). From low 
to high, for the risk of serious TTE, based on the magni-
tude of SUCRA, was ceritinib (SUCRA=0.21), lorlatinib 

(0.34), alectinib (0.44), chemotherapy (0.47), briga-
tinib (0.63) and crizotinib (0.92). The figures are shown 
in figure 3C, figure 4C and online supplemental figure 
S4C. The results are shown in online supplemental table 
S7.

Figure 3  Direct comparison versus indirect comparison of forest plots of TTE, VTE and serious TTE outcome. (A) Direct 
comparison of TTE versus indirect comparison of forest plot. (B) Direct comparison of VTE versus indirect comparison of forest 
plot. (C) Direct comparison of serious TTE versus indirect comparison of forest plot. TTE, total thromboembolism; VTE, venous 
thrombosis.

Figure 4  NMA indirectly compares the results of different treatment measures for TTE, VTE and serious TTE outcome events. 
(A) NMA indirectly compares the results of different treatment measures for TTE outcome events. (B) NMA indirectly compares 
the results of different treatment measures for VTE outcome events. (C) NMA indirectly compares the results of different 
treatment measures for serious TTE outcome events. *as there is difference between the two groups. NMA, network meta-
analysis; TTE, total thromboembolism; VTE, venous thrombosis.
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Evaluation of inconsistency
There was a closed loop in the comparison of interven-
tions for TTE, VTE and serious TTE; for the closed loop 
created by the intervention, the inconsistency was tested 
by the node-splitting method, except for serious TTE, 
both TE and VTE p>0.05, there is no obvious inconsis-
tency. The results are shown in online supplemental table 
S8.

Sensitivity analysis and publication bias
By comparing the sensitivity analysis between Bayesian 
and frequentist models, no obvious changes in TTE, VTE 
or serious TTE results showed good stability. In addition, 
the sensitivity analysis for ATE showed stable results. 
Because the number of included studies was <10, we did 
not assess the publication bias. The results are shown in 
online supplemental tables S9–S11.

DISCUSSION
Using data from eight RCTs conducted before 10 June 
2023, we analysed the relationship between different ther-
apeutic drugs and TE in patients with ALK+NSCLC. Data 
from a meta-analysis of 2080 patients from 8 randomised 
trials showed that there were significant differences in 
the risk of TTE and VTE and serious TTE events between 
chemotherapy and ALK-TKI regimens; patients treated 
with crizotinib had a higher risk of TTE, VTE and serious 
TE than did those treated with chemotherapy and a new 
generation of targeted therapies, with ceritinib having the 
least risk. However, based on a traditional meta-analysis of 
eight existing studies, the results showed no significant 
difference between different treatment regimens for the 
risk of ATE in patients with ALK+NSCLC, which may be 
associated with a lower incidence of ATE.

Crizotinib improves patient survival compared with 
conventional chemotherapy.44 45 Although it has been 
recommended as a first-line drug in the National 
Comprehensive Cancer Network guidelines,46 a recent 
study showed that crizotinib is associated with a higher 
risk of thrombosis than other treatment measures.47 48 
This result is consistent with our findings. Unlike other 
studies, we performed an indirect comparison of different 
treatments using Bayesian NMA and ranked the risk 
of thrombosis. Our study indicates that chemotherapy 
and the new-generation targeted drugs, ceritinib and 
brigatinib, significantly reduced the risk of thrombosis 
compared with crizotinib. In our study, the lowest risk of 
TE was observed in patients treated with ceritinib. This 
difference in the results may be attributed to factors 
such as whether pulmonary embolism (PE) is included, 
whether other venous thrombosis grades are included, 
whether ATE is included and whether the study data are 
updated. Therefore, based on our current research find-
ings, crizotinib leads to a higher risk of serious TE events 
in patients, serious TE events may lead to drug reduction 
or even forced discontinuation of treatment. This may, to 
some extent, increase the risk of death in patients, and 

the new generation of targeted drugs may have fewer 
thromboembolic side effects, suggesting that they might 
be preferred as first-line treatment. However, considering 
the inconsistency in the study of serious TE events, this 
conclusion needs to be limited.

The occurrence of VTE may indicate invasive tumour 
biology; therefore, the short-term prognosis is poor.49 In 
patients with cancer, symptomatic and asymptomatic VTE 
are associated with lower survival compared with patients 
without VTE.50 A recent observational study reported the 
impact of VTE on the overall survival of patients with 
ALK+NSCLC0.51 The use of TKIs in ALK+NSCLC affects 
the survival of patients with thrombosis, the retrospective 
study showed that in the ALK fusion subgroup, TE was 
associated with a lower objective response rate than in 
patients without TE (65.2% vs 75.0%, p=0.360) and signifi-
cantly shortened progression-free survival among patients 
who received crizotinib treatment (HR 4.960; 95% CI 
2.627 to 9.365; p<0.0001).52 Another study showed that 
prophylactic anticoagulation therapy for patients with 
ALK+NSCLC treated with crizotinib reduced progression-
free and overall survival.53 This may be because any evolu-
tionary advantage of cancer may manifest upstream of 
the anticoagulant mechanism, leading to the inability 
of anticoagulation therapy to reverse adverse clinical 
outcomes.53 However, data on whether thrombosis affects 
the clinical response to TKI treatment are not available. 
Therefore, the impact of ALK-TKIs on the risk of throm-
bosis and survival needs to be further confirmed through 
analysis of large samples and prospective studies.

This study has certain limitations. Owing to the limited 
number of head-to-head studies on AKI-TKIs, our study 
could not take into account previous experience with 
chemotherapy or ALK-TKI treatment failure. The RCTs 
included in the analysis used two different chemotherapy 
regimens, and no analysis was conducted on the differ-
ences between the two regimens. Different follow-up 
times and treatment durations were reported in the 
analysed studies, and the longer the follow-up or dura-
tion of medication, the higher the incidence of thrombo-
embolic events49; this may have influenced the observed 
incidence of TE. The number of studies included was 
relatively small; therefore, there may have been some 
bias in the data, and it is difficult to draw clear conclu-
sions from indirect comparisons using NMA alone. This 
may be responsible for the inconsistency in the results of 
serious TE events. Finally, although we analysed RCTs, the 
disadvantage of clinical trials is that the included patient 
populations were rigorously screened, which limits the 
universality of the results. Therefore, further exploration 
is needed regarding the risk of thrombosis in NSCLC 
patients treated with ALK-TKI drugs and chemotherapy.

The relationship between ALK gene expression and 
TE needs to be thoroughly studied. One study inves-
tigated the relationship between ALK expression and 
tumour characteristics in NSCLC subtypes adenocarci-
noma (ADC), squamous cell carcinoma (SCC) and large 
cell carcinoma. The results showed that ALK was more 

https://dx.doi.org/10.1136/bmjopen-2023-078173
https://dx.doi.org/10.1136/bmjopen-2023-078173
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strongly positive in ADC and ALK were more weakly posi-
tive in SCC. ALK expression is more common in ADC with 
poor prognosis. This suggests that ALK is overexpressed 
or promotes ADC tumour invasion and progression.11 
Studying the relationship between ALK and TE helps to 
understand the biological mechanisms of TE.

Our study provides evidence of the risks of thromboem-
bolic events associated with the treatment of ALK+NSCLC 
with ALK-TKIs. These findings can aid in decision-making 
concerning the choice of first-line treatment and improve 
existing risk prediction models.
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