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Abstract

The incidence of one-year venous thromboembolism (VTE) after cancer diagnosis is reported to be increasing for several 
types of cancer. The introduction of targeted anti-cancer therapies and immunotherapy into the therapeutic armamentar-
ium of medical oncologists contributed to the significantly improved response rates and survival times of cancer patients. 
In recent years, a potential prothrombotic effect of several targeted anti-cancer agents and immunotherapy drugs has been 
suggested; however, the methodological limitations of clinical trials evaluating the possible role of these classes of drugs 
on the VTE risk often make the interpretation of their results difficult. It is still not clear whether the increased risk of VTE 
is more closely correlated to the expression of specific oncogenic profiles than to the administration of specific therapies 
against these mutations. Furthermore, the increased survival rates observed with these agents could influence the preva-
lence of VTE events in cancer patients by the competing risk mortality on the risk of VTE. To date, the available data have 
suggested that the risk of VTE varies among different categories of targeted therapy, being most reported for anti-vascular 
endothelial growth factor receptor (VEGFR), epidermal growth factor receptor (EGFR), monoclonal antibodies and immune 
checkpoint inhibitors, and less reported for tyrosine kinase inhibitors (TKI). The risk of VTE seems to significantly increase 
when targeted therapy is administered in combination with traditional anti-cancer agents. Considering the uncertainties in 
estimating the rate of thrombotic complications associated with targeted therapy, the need for antithrombotic prophylaxis 
in cancer patients receiving targeted therapies still needs to be specifically assessed. In this review, we examine available 
evidence of the literature and the methodological limitations of clinical trials, and we discuss the potential future perspec-
tives.

Introduction

Venous thromboembolism (VTE), which includes deep vein 
thrombosis and pulmonary embolism (PE), is a common 
complication among patients with cancer and is a signif-
icant cause of death in this population.1 Coinciding with 
improved cancer outcomes, the overall 1-year incidence of 
VTE after cancer diagnosis has risen from 1% to over 3% 
in recent decades.2

Several factors may influence the VTE risk in cancer pa-
tients. Cancer is a well-known risk factor for thromboem-
bolic events, increasing the risk of developing VTE approx-
imately 9-fold in comparison to the general population, 
with heterogeneous risks according to cancer types and 
stages.2 Other established risk factors include patients’ 

characteristics (demographic characteristics, comorbidi-
ties) and treatment-related factors such as certain types 
of chemotherapy, surgery, radiotherapy, and central venous 
catheters.3,4 
In the past two decades, various targeted anti-cancer 
agents have been developed, leading to a paradigm shift 
in anti-neoplastic treatment towards more personalized 
cancer treatment. In clinical oncology, these agents have 
dramatically revolutionized patient care, resulting in sig-
nificant improvements in treatment responses and overall 
survival of patients. Increased survival due to the therapies 
is, over time, likely to be associated with an increase in 
events as patients will have longer exposure to other can-
cer-related prothrombotic factors. Targeted therapies are a 
heterogeneous group of drugs, administrable either orally 
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or intravenously, that comprise, among others, monoclonal 
antibodies, small molecule inhibitors including tyrosine 
kinase inhibitors (TKI), anti-hormonal agents, and immune 
regulatory molecules.  Available literature suggests, often 
with modest evidence, a potential prothrombotic effect 
for certain classes of targeted therapy. In addition, recent 
data have highlighted significant rates of thrombotic com-
plications in patients treated with immune checkpoint 
inhibitors (ICI).5 

This review comprehensively summarizes the current evi-
dence on risk profiles and potential mechanisms of throm-
bosis in cancer patients treated with targeted therapies, 
highlighting the limitations of existing data and exploring 
possible future perspectives.

Search strategy and article selection

We performed a systematic review of the medical literature 
to identify studies on the prothrombotic effect of targeted 
cancer therapy. A literature search of the PubMed electronic 
database (through the Medline) was carried out without time 
limits. Only studies published in English were considered. 

Anti-angiogenic therapies
Angiogenesis is predominantly driven by vascular endo-
thelial growth factor (VEGF) and its receptors, VEGFR1 and 
VEGFR2.6 Targeted VEGF/R therapies, such as monoclonal 
antibodies (bevacizumab, ramucirumab, aflibercept) and TKI 
(sorafenib, sunitinib) inhibit the VEGF/R pathway, reducing 
tumor angiogenesis. Both monoclonal antibodies and TKI 
modulate angiogenesis through different mechanisms but 
share the common outcome of affecting vascular function 
and integrity.7 The first drug proved to have anti-neoplas-
tic properties by selectively inhibiting VEGF function was 
bevacizumab, a humanized monoclonal immunoglobulin G 
targeting soluble VEGF-A. While bevacizumab is recognized 
to be associated with an increased risk of arterial thrombo-
embolic events, its role in the development of VTE is still a 
matter of debate. Meta-analyses have yielded controversial 
results regarding the risk of VTE associated with bevaci-
zumab therapy compared to chemotherapy alone. While 
some studies did not demonstrate a statistically significant 
increase in VTE, the largest meta-analysis by Totzeck et 
al., which reviewed 22 trials involving 20,050 participants, 
observed a significantly higher VTE risk with bevacizumab 
(pooled Relative Risk [RR]: 1.29; 95% Confidence Inter-
val [CI]: 1.12-1.47).8 In a meta-analysis by Nalluri et al. (15 
randomized controlled trials [RCT], N=7,956 patients with 
various cancers), the risk of VTE was 11.9% with bevaci-
zumab compared to 6.3% in the control arms.9 However, 2 
earlier meta-analyses did not demonstrate any significant 
increase in VTE risk for bevacizumab therapy.10,11  In addition, 
a recent analysis by Saerens et al., examining 9 trials with 
5,121 ovarian cancer patients, revealed that bevacizumab 

treatment increased the VTE risk (RR: 1.32; 95% CI: 1.02-1.79) 
compared to no bevacizumab treatment.12 One meta-analysis 
showed that bevacizumab did not significantly affect the 
risk of deep vein thrombosis (Odds Ratio [OR]: 2.16; 95% CI: 
0.19, 25.16) or pulmonary embolism (OR: 5.12; 95% CI: 0.89, 
29.61) in newly diagnosed adult glioblastoma multiforme 
patients.13 In contrast, the recombinant fusion protein af-
libercept, targeting and inhibiting VEGF-A, seems to have 
no association with the risk of VTE. Aflibercept is currently 
approved in combination with chemotherapy in patients 
with pretreated metastatic colorectal cancer (mCRC). In 
a meta-analysis of 5 RCT (3,262 patients), Kanukula et al. 
reported that aflibercept was not associated with an in-
creased risk of all-grade VTE compared with placebo or 
non-aflibercept therapy (7.2% vs. 7.3% [RR: 1.00; 95% CI: 
0.67-1.51).14 Targeted anti-cancer therapies that directly act 
on VEGF-R1/2 exhibit varying prothrombotic risk profiles. 
Ramucirumab, a human monoclonal antibody targeting 
VEGF-R2, is used in the treatment of advanced or mCRC, 
gastric, and lung cancers. Notably, a meta-analysis of 6 
RCT found no association between ramucirumab and an 
increased risk of VTE (RR: 0.7; 95% CI: 0.5-1.1).15 In addition, 
various receptors of TKI that target VEGFR1/2, such as suni-
tinib, sorafenib, pazopanib, cabozantinib, regorafenib, and 
axitinib, have been developed and introduced into clinical 
practice. In addition to their anti-angiogenic effects, many 
of these agents also function as multi-kinase inhibitors, 
targeting not only VEGFR, but also PDGFR, KIT, RET, and 
other kinases to various extents. In a large meta-analysis 
of 14 RCT (N=4,430 patients with various cancers) com-
paring VTE risk between VEGFR-TKI and controls arms, no 
differences were observed (RR: 0.91; 95% CI: 0.62-1.35).16 
Interestingly, the risk of VTE in vandetanib trials seemed 
to be lower than in control arm patients (RR: 0.57; 95% 
CI: 0.31-1.05).16 An overview of published studies reporting 
the risk of VTE in patients treated with anti-angiogenic 
therapies is shown in Table 1. 

Epidermal growth factor receptor-targeted therapies
Different monoclonal antibodies and TKI targeting epidermal 
growth factor receptors (EGFR) have been developed and 
are broadly used in clinical practice. Pooled data from RCT 
indicate a potential modest increase in thromboembolic 
risk for established EGFR-targeted agents.17 In a meta-anal-
ysis of 17 RCT including 12,870 patients (mostly metastatic 
lung and colorectal cancer), severe VTE (i.e., grade ≥3) was 
observed at a higher rate in cetuximab and panitumumab 
arms compared to the respective control arm patients (RR: 
1.46; 95% CI: 1.26-1.69), with a weighted mean incidence 
of 7.8% in the EGFR-targeted therapy arms.18 Another me-
ta-analysis including 7,611 patients from 13 RCT compared 
VTE and arterial thrombotic events (ATE) in patients treat-
ed with cetuximab, panitumumab, gefitinib, and erlotinib 
to respective control arm patients, reporting an RR with 
EGFR-targeted therapy of 1.32 (95% CI: 1.07-1.63) for VTE 
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and of 1.34 (95% CI: 0.94-1.90) for ATE.19 The risk of VTE was 
increased with EGFR-targeted monoclonal antibodies (RR 
1.34; 95% CI: 1.07-1.68) as opposed to EGFR-targeted TKI 
(RR: 1.16; 95% CI: 0.61-2.18).19 Similarly, a recent systematic 
review indicates a low risk of VTE associated with the cur-
rently widely used EGFR-targeted TKI, osimertinib.20

Recently, novel agents targeting EGFR have been investigat-
ed in patients with lung cancer, including amivantamab and 
lazertinib. Despite promising efficacy data, concerns have 
been raised regarding the VTE risk associated with these 
novel EGFR-targeted treatments.21,22 In detail, in a phase III 
clinical trial including patients with advanced pre-treated 
non-small cell lung cancer (NSCLC), VTE was observed in 
22% of patients treated with amivantamab-lazertinib che-
motherapy, 10% with amivantamab chemotherapy and 5% 
in patients treated with chemotherapy only.23 Similarly, in a 
large-scale RCT including patients with advanced NSCLC in 
the first-line setting (N=1,074), 37% of patients treated with 
amivantamab + lazertinib developed VTE compared to 9% 
in the osimertinib control arm.24 Furthermore, in a pivotal 
RCT including patients with untreated advanced NSCLC 
(N=307), pulmonary embolism and deep vein thrombosis 
were reported in 7.9% and 6.6% of patients in the amivan-
tamab chemotherapy arm, compared to 4.5% and 1.9% in 
the chemotherapy arm, respectively.25

In patients with lung cancer, EGFR-targeted therapy is 
primarily used based on EGFR mutational status, and, 
therefore, underlying cancer characteristics might in part 
explain differences in VTE risk according to EGFR-targeted 
therapies. However, reported VTE rates in patients with 
lung cancer were particularly high with genetic alterations 

in ALK and ROS-1, whereas a similar VTE risk was observed 
in EGFR-mutant as opposed to wild-type tumors in a ret-
rospective cohort study (6-month cumulative incidence: 
8.8% vs. 9.2%), arguing against the underlying cancer biology 
as a driver of VTE risk with EGFR-targeted therapies.26,27 To 
the best of our knowledge, any potential underlying mech-
anisms of thromboembolic risk that could be associated 
with EGFR-targeted therapies have still not been clarified.

Breakpoint cluster region-Abelson proto-oncogene 
tyrosine kinase inhibitors
Breakpoint cluster region-Abelson proto-oncogene tyrosine 
kinase inhibitors (BCR-ABL TKI) have dramatically improved 
survival in patients with Philadelphia chromosome-pos-
itive leukemias. In 2001, imatinib was the first BCR-ABL 
TKI approved for the treatment of patients with chronic 
myeloid leukemia (CML).27 Newer BCR-ABL TKI provide su-
perior survival outcomes in comparison to imatinib. VTE 
have not been described as a significant adverse effect 
of BCR-ABL TKI. Venous occlusive events are reported in  
0.27% of imatinib-treated patients and 0.72% of patients 
treated with new-generation TKI.28

A large population-based retrospective cohort study eval-
uating the 5-year ratio of cardiovascular events in 3,722 
patients with CML under treatment with imatinib (N=1,906), 
dasatinib (N=1,269), and nilotinib (N=547) showed no differ-
ence in the VTE rate in the second-generation TKI (dasatinib 
or nilotinib) compared to the imatinib group (Hazard Ratio 
[HR] 1.25; 95% CI: 0.73-2.16 for dasatinib, HR: 1.04; 95% CI: 
0.73-2.16 for nilotinib).29 These results were confirmed after 
a propensity score matching analysis.29 

Author, year Anti-angiogenic therapy Cancer type N of patients VTE RR (95% CI)
Scappaticci et al., 200710 Bevacizumab Lung, colorectal, breast 1,745 0.89 (0.66-1.20)

Nalluri et al., 20089 Bevacizumab Lung, colorectal, breast, renal, 
pancreatic 7,956 1.33 (1.13-1.56)

Hurwitz et al., 201111 Bevacizumab Lung, colorectal, breast, renal, 
pancreatic 6,055 0.91 (0.77-1.06)

Cortes et al., 201285 Bevacizumab Breast 3,784 1.02 (0.70-1.61)

Qi et al., 201216 Vandetanib, pazopanib, 
sorafenib, sunitinib

Lung, colorectal, pancreatic, hepatic, 
breast, sarcoma 4,430 0.91 (0.62-1.35)

Zhou et al., 201325 Bevacizumab Ovarian 3,621 1.32 (0.99-1.75)
Li et al., 201513 Bevacizumab Glioblastoma multiforme 1,645 5.12 (0.89-26.61)*

Totzeck et al., 20178 Bevacizumab Lung, colorectal, breast, renal, 
ovarian, gastric 20,500 1.29 (1.13-1.48)

Wang et al., 201891
Bevacizumab, sorafenib, 
nintedanib, pazopanib, 

aflibercept
Ovarian 8,721 1.08 (0.79-1.48)

Arnold et al., 201815 Ramucirumab Lung, colorectal, breast, gastric, 
hepatic 4,996 0.71 (0.5-1.1)

Kanukula et al., 201914 Aflibercept Metastatic colorectal cancer 3,262 1.00 (0.67-1.51)
Saerens et al., 202112 Bevacizumab Ovarian 6,119 1.32 (1.02-1.79)

Table 1. Relative risks for venous thromboembolism with antiangiogenic therapy in various cancer types.

*Pulmonary embolism. 95% CI: 95% Confidence Interval;  N: number; RR: relative risk; VTE: venous thromboembolism.
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In another retrospective cohort study that evaluated the 
incidence of both arterial and venous vascular adverse 
events (VAE) of CML patients treated with TKI (imatinib, 
nilotinib, and dasatinib), a higher incidence of VAE was 
reported in patients treated with second-generation TKI, 
particularly nilotinib, compared with patients treated with 
imatinib (HR: 3.13; 95% CI: 1.30-7.51). An increased risk of 
VAE, compared with imatinib, had also been described for 
dasatinib, but the difference was not statistically significant 
(HR: 1.71; 95% CI: 0.71-4.26).30 Finally, in a phase II study 
including patients with CML treated with ponatinib, a VTE 
rate of 5% was reported.31 

Bruton tyrosine kinase inhibitors
No literature data concerning the VTE risk in patients 
treated with Bruton TKI are currently available. Ibrutinib is 
associated with an increased risk of atrial fibrillation. The 
concurrent use of anticoagulation with ibrutinib has been 
associated with an increased risk of major and non-major 
clinically relevant bleeding in cancer patients.32

Anaplastic lymphoma kinase -/ ROS proto-oncogene 1 
receptor tyrosine kinase inhibitor
Anaplastic lymphoma kinase (ALK) rearrangements are de-
tected in approximately 5% of patients with NSCLC, espe-
cially among younger patients and non-smokers. Patients 
with c-ros oncogene 1 (ROS1) rearrangements account for a 
further 1-2% of NSCLC patients. Recently, several publica-
tions have reported a 3-5-fold elevated risk of VTE events 
in patients with NSCLC carrying these oncogenic mutations 
with an overall 5-year VTE rate of up to 15.7%.33-47 In addi-
tion, in patients with ROS-1-rearranged NSCLC, a rate of VTE 
recurrences of up to 30-35% was reported.34

The most prescribed targeted treatments with ALK- or 
ROS1-targeted therapy are represented by crizotinib, alec-
tinib, and brigantinib. Crizotinib is a selective TKI for ALK, 
MET, and ROS1 rearrangements first approved in patients 
with metastatic NSCLC. In a large cohort study, Roopkumar 
et al. reported that approximately 50% of the documented 
VTE events occurred before the start of treatment with 
ALK-targeted TKI.35 
A recent report showed a numerically higher proportion of 
thromboembolic events (TE events) in patients with ROS1-, 
ALK- or EGFR-positive NSCLC who were receiving treatment 
with TKI or TKI plus chemotherapy compared to untreated 
patients or treated with chemotherapy only at the time of 
the thrombotic event (56% vs. 44%).36 Similar results were 
reported in another study conducted in patients with NSCLC 
who received first-line treatment, with chemotherapy, ICI 
(pembrolizumab, nivolumab, atezolizumab, avelumab, and 
durvalumab) and/or oral targeted therapies (erlotinib, gefi-
tinib, afatinib, osimertinib, crizotinib, alectinib, ceritinib). A 
cumulative incidence of VTE at six and 12 months associated 
with targeted therapy of 11.1% and 13.1%, respectively, was 
observed in these patients, and these rates were higher in 

patients who received targeted therapies compared with 
chemotherapy alone. Of note, there was no difference in 
the rates reported between those receiving EGFR or ALK 
inhibitors. The combination of CHT and ICI was also pre-
dictive of VTE in multivariate analysis.37

In a systematic review and meta-analysis including 5,767 
patients with NSCLC, the overall incidence of TE during 
TKI treatment averaged 23% (95% CI: 17-28%). Assessing 
the incidence of VTE in the different molecular subtypes 
of NSCLC, 21.6% of patients carrying the ALK mutation and 
44% of those carrying the ROS1 mutation developed a VTE 
event. Up to 90% of patients had received TKI therapy as 
a first-line treatment.38

This observation has been confirmed by Lin et al., who 
reported an inferior progression-free survival after TKI 
therapy in patients who experienced TE in comparison to 
patients without TE, 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).39

Finally, a Cochrane meta-analysis that evaluated the safety 
of ALK-TKI administered as monotherapy for the treat-
ment of advanced ALK-arranged NSCLC documented no 
differences in the rate of overall adverse events, includ-
ing thrombotic events, for ALK-TKI versus chemotherapy 
alone (RR: 1.01; 95% CI: 1.00-1.03). In addition, no difference 
in terms of the rate of adverse events was documented 
between next-generation ALK-TKI (RR: 1.00; 95% CI: 0.98-
1.01) compared with first-generation ALK-TKI (crizotinib).40 
Synoptically, the high risk of VTE associated with ALK and 
ROS1 translocation prior to initiation of TKI therapy suggests 
cancer-intrinsic factors as drivers of hypercoagulability. This 
concept is supported by a higher tissue factor expression 
in ALK-fusion-positive cancers.

B-Raf and MAPK/ERK kinase inhibitors
No evidence concerning an increased rate of VTE in patients 
treated with B-Raf (BRAF) or mitogen-activated protein 
kinase (MEK) inhibitors in monotherapy compared to che-
motherapy or placebo has been reported.48,49 Recently, a 
systematic review and metanalysis of 5 RCT described a 
4-fold increased risk of PE in melanoma patients treated 
with combination therapy of BRAF and MEK inhibitors in 
comparison to patients treated with BRAF inhibitor mono-
therapy (RR: 4.36; 95% CI: 1.23-15.44). The risk of PE was 
higher for patients with a mean follow-up time longer than 
15 months (RR: 7.70; 95% CI: 1.40-42.12).50

These findings were also confirmed in a study using a large 
pharmacovigilance database, where BRAF/MEK combination 
therapy was associated with cardiovascular events com-
pared with BRAF monotherapy (OR: 1.8; 95% CI: 1.12-2.89).51 

Hormonal therapies 
The concept of anti-hormonal therapies represents an early 
example of ‘personalized’ cancer therapies. An increased 
risk of VTE for the non-steroidal selective estrogenic re-
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ceptor modulator tamoxifen was observed early during 
clinical evaluations. In an early meta-analysis including 7 
RCT, pooled VTE risk estimates were 2.8% for tamoxifen and 
0.8% for control arm patients in premenopausal women, and 
8.0% with tamoxifen + chemotherapy, 2.3% with tamoxifen 
and 0.4% with observation only.52 Confirmatory data are 
available from a large database analysis of patients with 
early-stage breast cancer undergoing adjuvant tamoxifen 
therapy. Here, the risk of VTE was increased 3.5-fold during 
the first two years, whereas no significant differences in 
risk were observed thereafter during the complete 5-year 
treatment period.53 Another large-scale database analysis 
including 13,202 patients reported an annual risk for VTE 
of 2% during tamoxifen therapy, which was especially pro-
nounced during the early phase of treatment.54 In contrast 
to tamoxifen, consistent data for aromatase inhibitors 
suggest no increase in thromboembolic risk in treated 
patients.54,55 In recent years, inhibitors of cyclin-dependent 
kinases 4/6 (CDK4/6i) are increasingly used in addition to 
hormonal therapy in hormone-receptor-positive breast 
cancer both in the metastatic and adjuvant treatment set-
tings. Consistent data from post-hoc analyses of clinical 
trials and observational studies suggest an increased VTE 
risk with CDK4/6i.18 In a meta-analysis of 8 RCT including 
4,557 patients with metastatic breast cancer, the RR for 
VTE was 2.62 (95% CI: 1.21-5.65) with CDK4/6i compared 
to control arm patients.56 Furthermore, confirmatory data 
were recently published from an analysis based on an ad-
verse event reporting system (FAERS) reporting an increase 
in the number of reports of VTE as an adverse event in 
CDKi-treated patients.57 Synoptically, considerable data 
are available concerning thromboembolic risk associated 
with CDK4/6i treatment, suggesting an increased risk of 
both VTE and ATE, especially for palbociclib and abemac-
iclib, whereas lower rates were observed for ribociclib.58 
Currently, there are no dedicated studies regarding the 
potential mechanisms of CDK4/6i-associated thrombo-
embolic risk, yet cancer-specific mutations in CDKN2B, an 
inhibitor of CDK4/6, have been linked to an increased risk 
of cancer-associated thrombosis.

Immune checkpoint inhibitors 
Immune checkpoint inhibitors (ICI) represent a class of 
monoclonal antibodies directed at intercellular signaling 
molecules involved in regulating physiologic immune re-
sponses.59 These involve, among others, the programmed 
death 1 (PD-1) and corresponding ligand (PD-L1) axis, with 
PD-L1 being over-expressed in many cancers, leading to 
impaired T-cell mediated antitumor immunity. By inhibiting 
PD-1/PD-L1, the physiologic anti-cancer immune response is 
reinvigorated. Furthermore, cytotoxic T-lymphocyte-associ-
ated-protein 4 (CTLA4) is a key regulator in the interaction 
between antigen-presenting cells and T cells. By targeting 
CTLA4, the systemic threshold of anticancer immunity is 
strongly affected. Thereby, inhibitors of PD-1/PD-L1 and 

CTLA4 have revolutionized cancer therapy and led to un-
precedented improvements in efficacy and patient survival, 
often even despite advanced cancer stages.59 
Immune checkpoint inhibitors lead to a strong and sustained 
inflammatory response in patients, characterized by a variety 
of immune-mediated inflammatory adverse events, with 
stronger individual immune responses linked to improved 
efficacy and patient outcomes.60,61 In a meta-analysis of 
48 RCT comparing different cardiovascular adverse events 
between ICI and control arms, the risk of VTE was similar 
between treatment groups.62 However, the reported risk of 
thromboembolism was low, as another early meta-anal-
ysis of published trials reported pooled risk estimates 
for VTE of 2.7% and ATE of 1.1% in ICI-treated patients.63 

These data need to be interpreted with great caution, as 
severe under-reporting of thromboembolic adverse events 
in cancer trials has been reported in the past, hampering 
the possibile generalization of these post-hoc analyses.64 

Upon implementation of ICI in routine clinical practice, 
numerous observational studies have since reported a 
substantial risk of VTE and ATE in patients treated with 
ICI.65,66 Reported cumulative risk estimates in published 
cohorts of ICI-treated patients range from 9-24% for VTE 
and 2-5% for ATE.66-74 Importantly, similar risks of VTE/ATE 
were reported irrespective of underlying cancer types. 
Discrepant results were reported from comparative obser-
vational studies, evaluating differences in risk of thrombo-
embolic events between ICI-treated patients and different 
control cohorts. In a single-center case-control study, 
matching 2,842 individuals treated with ICI to control 
patients, a 3-fold increase in composite cardiovascular 
events was found, with similar increases in risk of myo-
cardial infarction, ischemic stroke, and coronary revascu-
larization.75 Furthermore, a 5-fold increased risk of car-
diovascular events was reported in the two years after ICI 
initiation compared to the timeframe of within two years 
prior to therapy.75 Similar observations were reported for 
VTE, with a 2-fold increase in VTE risk during ICI therapy 
compared to the pre-treatment period.76 In addition, in a 
Danish population-based analysis, immunotherapy within 
four months after cancer diagnosis was associated with 
an independent 4-fold increase in VTE risk.2 Moreover, 
an analysis of data from the US Food and Drug Adminis-
tration (FDA)-FAERS suggests an increased reporting of 
both VTE and ATE in ICI-treated patients.77 Khorana et al. 
recently reported similarly high rates of VTE in patients 
with advanced NSCLC undergoing chemotherapy (18.0/100 
patient-years) and ICI therapy (13.5/100 patient-years), with 
the highest risk observed in patients undergoing combined 
chemo-ICI therapy (22.4/100 patient-years).72 Finally, in a 
propensity-score weighted comparative analysis including 
1,823 patients with advanced cancers, a similar risk of VTE 
was observed in patients undergoing first-line systemic 
therapy with ICI as compared to chemotherapy (6-month 
cumulative risk: 8.5% vs. 8.4%, propensity-score weight-
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ed HR: 1.06; 95% CI: 0.88-1.26).71 An overview of published 
cohort studies reporting the risk of VTE in patients treated 
with ICI is shown in Table 2. 
Previously, a close interconnection between inflammato-
ry pathways and hemostatic activation had been estab-
lished.78,79 Furthermore, autoimmune diseases with a similar 
clinical phenotype as ICI-induced immune-related adverse 
events increase the risk of VTE.80 Therefore, conceptually, 
thromboembolic events might be affected by the systemic 
inflammatory stimulus propagated by ICI. This hypothesis 
is supported by recently published experimental data.81,82  
Synoptically, observational data indicate a clinically rele-
vant risk of VTE and ATE associated with ICI therapy; yet 
currently, there are conflicting data regarding the potential 
underlying causality. Mechanistically, ICI might contribute 
to an increased thrombotic risk mediated by enhanced 
immunothrombosis and atherosclerosis. Therefore, due to 
the often sustained therapy responses observed with ICI, 
and the increased use of ICI in curative treatment intent, 
dedicated studies evaluating risk profiles of cardiovascular 
events in treated patients are of high importance.  

Discussion

Targeted therapies have revolutionized cancer care by allowing 
for treatments to be tailored to individual patient’s cancer 
characteristics and introducing new approaches to disease 
management. However, despite the prolonged survival rates 
associated with targeted therapies, cancer-associated throm-
botic events remain an important issue in treated patients 
and might be influenced by the treatment itself. 
At present four questions arise for VTE and targeted therapy. 
1. Can we argue that targeted anti-cancer therapy is as-
sociated with an increased risk of VTE and hypothesize a 
specific ‘class effect’? 
2. Does the VTE risk during targeted therapy reflect the 
direct effect of these agents or rather the underlying risk 
based on molecular alterations and oncogenic mutations 
in the tumor that are targeted by the therapy? 
3. Could increased survival be associated with both lower 
incidence rates but more VTE events over time, as seen in 
common tumors like lung, breast, and prostate cancers?
4. Should we consider antithrombotic prophylaxis in pa-
tients treated with targeted anti-cancer therapies?
To answer the first question, we must consider the fact 
that risk of VTE varies among the different categories of 
targeted therapy, being most reported during therapies with 
VEGF- and EGFR-monoclonal antibodies, immunomodulatory 
drugs, and non-steroidal antiestrogenic receptor modula-
tors.8-16,18-26,52-58,59-82 There seem to be much less data regarding 
the risk of VTE associated with TKI available, although an 
increased incidence of thrombotic events has been report-
ed in the literature for selected second-generation TKI.30,31 
Moreover, the risk of VTE appears to increase when targeted 

therapy is combined with chemotherapy.5,10,21-23,25,71 
A possible explanation for variability in VTE risk could be 
related to the fact that the mechanism of interference with 
different metabolic and inflammatory pathways varies among 
different drugs. Furthermore, differences in the patient co-
horts receiving treatment might influence the associated 
thrombotic risk profiles. Moreover, the interpretation of clinical 
trial results is challenging due to methodological limitations 
in the studies, such as the retrospective nature of the studies 
themselves, partly regarding small sample size, the inade-
quate diagnostic accuracy in diagnosing and reporting VTE, 
and the variability of the definition of the primary endpoint 
(with the inclusion often of a miscellany of both arterial and 
venous thromboembolic events). In addition, differences in 
follow-up times due to the increased survival with target-
ed agents, resulting in longer periods at risk in comparison 
to those in the control groups, may suggest higher rates 
of thromboembolic events when the follow-up time is not 
appropriately accounted for in the analysis.
It should be noted, however, that the different meta-analyses 
evaluating the increase in risk of VTE with targeted therapy 
compared with chemotherapy alone have generated con-
troversial, and not totally convincing, results.  One possible 
explanation for this variability may be sought in the large 
discrepancy in reporting of thromboembolic events between 
clinical trials and actual practice, suggesting a high probability 
of underestimation or underdiagnosis within clinical trials.
Given all these considerations, we believe that the concept 
of a ‘class effect’ on the risk of VTE by target therapy is dif-
ficult to sustain, but we do suggest that an assessment to 
estimate the risk of each individual cancer patient treated 
with these drugs should be made.
Regarding the second question, it is currently unclear 
whether the reported thromboembolic risk is more influ-
enced by a direct prothrombotic effect of the different 
agents of targeted therapy or is rather an expression of 
the characteristics of treated patients (i.e., advanced stage 
of cancer disease) or the expression of specific oncogenic 
mutations. Indeed, several publications have reported a 
3-5-fold elevated risk of VTE events in patients with NSCLC 
carrying ALK and ROS-1 oncogenic mutations, with a VTE 
rate of up to 15.7% at five years.
Thirdly, increased survival due to the targeted therapies will 
lead to longer periods of exposure to other cancer-related 
risk factors for VTE. Over time, this will be associated with 
an increase in VTE events, as patients will have longer 
exposure to other cancer-related prothrombotic factors. 
The associated increased person-time at risk would result 
in more events, and would increase the prevalence of VTE 
events but decrease the incidence rates. The increased 
opportunity to develop VTE, because of improved survival, 
is the antithesis to the competing risk of mortality (that 
tends to overestimate incidence rates) and hence this also 
would lead to reduced incidence rates. 
Fourthly, in the absence of consistent data from the litera-
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Author, year Design N of patients Cancer type
Median FU 

mth
VTE %

Selected reported 
risk factors

Nichetti et al., 201990
Single center 

prospective cohort 
study

217 NSCLC 37.8 7.4 -

May et al., 2022 
(Abstract)92

Healthcare-based 
cohort study (VA) 1,660 Various, first-line, 

stage III-IV 10.9 6 mth: 6.1 CI -

Moik et al., 2021 
(Abstract)93

Population-based 
cohort study 3,259 Various - 12 mth: 5.7 CI  

24 mth: 7.3 CI -

Gong et al., 202176 Single-center 
cohort study 2,854 Various (28% NSCLC, 

28% melanoma) 6.5
11.75/100 PY
6 mth: 7.4 CI

12 mth: 13.8 CI

Khorana score, 
hypertension, prior 

VTE

Roopkumar et al., 
202168

Single-center 
cohort study 1,686

Different cancer types 
(13% melanoma, 50% 

NSCLC)
14.4

24
6 mth: 7.1 CI

12 mth: 10.9 CI

Younger age, 
metastasis, 

inflammatory 
biomarkers

Hill et al., 202137 Single-center 
cohort study

1,587
(ICI: N=171;

CTX+ICI: N=157;
CTX+durva: 

N=107)

NSCLC, first-line -
12 mth:

ICI: 8.1 CI
ICI+CTX: 11.7 CI

CTX-durva: 12.8 CI
-

Moik et al., 202166 Single-center 
cohort study 672

Various (30% 
melanoma, 24% 

NSCLC)
8.5

12.9
6 mth: 5.0

12 mth: 7.0 

Prior VTE, Stage IV, 
Khorana score: 

negative
Gutierrez-Sainz et al., 
202189

Single-center 
cohort study 229 Various (48% NSCLC, 

melanoma 24%) 9.8 7 Female sex, 
melanoma

Sussman et al., 202170 Single-center 
cohort study 228 Melanoma 27.3

6 mth: 8.0 CI
12 mth: 12.9 CI 

N=37 events
ICI combination, 

Khorana score: ≥1

Deschênes-Simard et 
al., 202173

Single-center 
cohort study 593 NSCLC 12.7 9.9 Younger age, higher 

PDL1, smoking

Sheng et al., 202188 Single-center 
cohort study 351 Metastatic RCC 12.8 11 Khorana score: 

negative

Kewan et al., 202167 Multicenter cohort 
study 552

Stage IV, different 
cancers (47% NSCLC, 

32% GU, 17% 
melanoma)

12.1 10.5
AC at baseline
Khorana score: 

negative

Sanfilippo et al., 2022 
(Abstract)94

Healthcare-based 
cohort study (VA) 1,457 Various - 6 mth: 5.3 CI ICI-CTX combination, 

prior VTE

Cánovas et al., 202286 Multicenter cohort 
study 956 Lung (N=665), 

melanoma (N=291) 14 Lung: 6.9
Melanoma: 4.8 -

Sheng et al., 202269 Single-center 
cohort study 279 Urothelial cancer 5.6 13 -

Khorana et al., 202372 Single-center 
cohort study

2,299
(ICI: N = 605; 

CTX: N=1,092; 
ICI + CTX: 
N= 602)

Advanced NSCLC, 
first-line 9.1

ICI: 13.4
17.8/100 PY

ICI + CTX:
18.1 22.4/100 PY

-

Li et al., 202377 Healthcare 
database analysis 1,823 Different cancers, 

first-line (stages III, IV) - 8.5 -

Doubre et al., 202374

Post hoc analysis 
of multicenter 
retrospective 
cohort study

748
Advanced NSCLC, 

PDL1 ≥50%, 
pembrolizumab 
monotherapy

25.8 14.8 -

Cánovas et al., 202387 Multicenter cohort 
study 407 RCC (N=210), bladder 

(N=197) 13 RCC: 4.3
Bladder: 8.6 -

Table 2. Reported rates of venous thromboembolism in published observational cohorts in patients with cancer treated with 
immune checkpoint inhibitors.*

*Selected cohorts based on cohort size of number (N) >200 patients, sorted by sample size. AC: adriamycin (doxorubicin) and cyclophospha-
mide; CI: cumulative incidence; CTX: chemotherapy; durva: durvalumab; FU: follow-up; GU: genitourinary cancers;  ICI: immune checkpoint 
inhibitor; mth: months; NSCLC: non-small cell lung cancer; PDL1: programmed death-ligand; PY: person-years; RCC: renal cell carcinoma; VA: 
Veterans Affair; VTE: venous thromboembolism.
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ture on the estimated risk of VTE associated with targeted 
anti-cancer therapies, we cannot give any suggestions as 
to the appropriateness of thromboprophylaxis in patients 
receiving targeted therapy. Although international guide-
lines recommend that  cancer patients, when they are 
initiating new systemic anti-cancer treatments, should 
receive a risk-stratified thromboprophylaxis based on risk 
assessment models, most risk scores (e.g., Khorana score) 
do not include the evaluation of anti-cancer treatment. 
The PROTECHT score, a risk assessment model that add-
ed chemotherapy to the variables of the Khorana score, 
has not been sufficiently validated.83 Finally, the potential 
benefits of thromboprophylaxis would need to be carefully 
weighed against increased bleeding risk. For example, the 
use of bevacizumab was associated with an increased risk 
of bleeding explained by the inhibition of VEGF. 
A post-hoc analysis of the Caravaggio study showed no in-
creased risk of bleeding or thromboembolic recurrence in 
patients randomized to VTE anticoagulant treatment with 
apixaban compared with dalteparin in the subgroup of pa-
tients treated with TKI.84 However, this analysis was performed 
on a relatively small cohort of patients, and hence there was 
significant uncertainty. Studies evaluating the efficacy and 
safety of antithrombotic prophylaxis in cancer patients treated 
with targeted therapy will be needed before antithrombotic 
prophylaxis can be recommended in this category of patients.

Conclusion

In conclusion, targeted anti-cancer therapies have become 
a main treatment strategy, leading to prolonged survival in 
cancer patients. An increased risk of VTE associated with 
several novel targeted therapies was reported, yet risk 
seems to be highly heterogeneous, and, for the moment, 
no definite conclusions regarding causality can be drawn. 
Further studies evaluating the incidence of thromboembolic 
events associated with targeted anti-cancer therapies, and 
the possible efficacy and safety of specific antithrombotic 
prophylaxis strategies, are needed.
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