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Introduction: Thromboembolic events with the use of immune checkpoint inhibitors (ICIs) in patients
with cancer have been reported in few studies. However, the detailed profile of these cases remains
mostly uncertain.
Method: A descriptive analysis of Thromboembolic events associated with ICIs retrieved from the
VigiBase, between 1967 to November 2020. We extracted the data using the terms of ‘pulmonary embo-
lism’ OR ‘deep vein thrombosis’ OR ‘acute coronary syndrome’ OR ‘myocardial infarction’ OR ‘ischemic
stroke’ (preferred term (PT) (MedDRA).
Results: We included 161 cases from 26 countries in our descriptive analysis. Patients’ ages were reported
in 141 (87.6%) cases, with a median of 68 years (interquartile range 61–74), and 63.4% of the patients
were male. Indications for ICIs were reported in 151 (93.8%) cases, as follows: lung cancer (n = 85,
52.8%), renal cell carcinoma (n = 24, 14.9%), melanoma (n = 20, 12.4%), urethral carcinoma (n = 12,
7.45%), breast cancer (n = 4, 2.48%), adenocarcinoma of the gastroesophageal junction (n = 3, 1.9%), gastric
cancer (n = 2, 1.24%), and skin cancer (n = 1, 0.62%). Nivolumab was reported as a suspected drug in 76
cases (47%), pembrolizumab in 46 cases (28.5%), atezolizumab in 21 cases (13%), durvalumab in 14 cases
(8.6%), and avelumab in four cases (2.4%).
The time to onset of thromboembolic events was reported in 127 (78.8%) cases. Most of these patients

(n = 109, 85.8%) reported thromboembolic events within the first six months. The causality assessment of
included cases showed that 50.3% of reported thromboembolic events were possibly related to the sus-
pected reported medication, 13.7% were probably related, 13% were unlikely to be related, and 23% were
not assessable due to insufficient information.
Conclusion: This study demonstrates a possible association between the use of ICIs and thromboembolic
events. Further epidemiological studies are needed to assess this association and to elucidate the under-
lying mechanism.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Immunotherapy has emerged as an effective treatment for solid
tumors and hematological malignancies. Pembrolizumab, nivolu-
mab, and cemiplimab comprise a subclass of immunotherapy tar-
geting programmed cell death-1 (PD-1) checkpoint inhibitors.
Atezolizumab, avelumab, and durvalumab target programmed cell
death ligand 1 (PD-L1) receptors. These immune checkpoint inhibi-
tors (ICIs) are indicated for the treatment of several types of cancer,
such as metastatic melanoma and lung cancer, gastric cancer,
gastric-esophageal junction cancer, and mesothelioma.(Garon
et al., 2015; Robert et al., 2019) The antineoplastic effect occurs
by selective inhibition of the interaction between PD-1 and its
ligands PD-L1 and PD-L2, which suppresses T-cells and tumor
growth, boosts anti-tumor responses, and facilitates tumor
rejection.(González-Rodríguez and Rodríguez-Abreu, 2016;
Robert et al., 2014).

The associations between malignancy and venous thromboem-
bolism (VTE) and arterial thromboembolism (ATE) have been con-
firmed in several studies.(Cohen et al., 2017; Goldenberg et al.,
2003; Grilz et al., 2018; Maraveyas and Johnson, 2009) In fact, VTE
occurs in as many as 10% of patients with cancer.(Falanga et al.,
2013; Pabinger et al., 2013; Timp et al., 2013a) It is hypothesized
that thromboprophylaxis targeting patients with cancer at particu-
larly high risk of thrombosismight improve their prognosis. The risk
of VTE and ATE depends on the interaction between tumor cells, the
hemostatic system, patient characteristics, and therapy-associated
factors. Furthermore, the identification of risk factors for cancer-
related venous thrombosis will help to improve the understanding
of thrombosis pathophysiology in patients with cancer.

Since there is widespread use of ICIs to treat different types of
cancers, and this is still expected to increase in the future, the tox-
icity of this group should be closely monitored. ICIs are well known
to cause immune-related adverse events (irAEs), such as pneu-
monitis, colitis, hepatitis, immune thrombocytopenia, and
rheumatoid arthritis. Most irAEs are moderately severe and classi-
fied as grade three to four toxicity.(Le Burel et al., 2017) The major-
ity of irAEs can be reversed by corticosteroids and supportive care.
Generally, the associated responses are good and enable the con-
tinued administration of ICIs, but in some cases, more aggressive
therapy is needed.(Le Burel et al., 2017) Furthermore, irAEs can
occur from two weeks to nine weeks after initiation based on the
type of toxicity.(Weber et al., 2012).

The relationship between VTE and ATE with the use of ICIs has
been addressed in some studies in literature. Recently published
cohort studies demonstrated that the rate of VTE in patients receiv-
ing ICIs was between 6% and 18%, and, several case reports in the
literature described serious and fatal thromboembolic events dur-
ing the use of ICIs.(Ando et al., 2019; Boutros et al., 2018; Hegde
et al., 2017; Ibrahimi et al., 2017; Nichetti et al., 2020).

Generally, thromboembolic events are not considered irAEs.
However, the immune system activation associated with the use
of ICIs could provoke the growth and destabilization of atheroscle-
rotic lesions, causing acute coronary syndrome (ACS).(Tomita et al.,
2017) Moreover, the proatherogenic T-cell response is downregu-
lated by PD-1, and that inhibition of PD-1 may increase the risk
of cardiovascular complications.(Cochain et al., 2014) Indeed, stud-
ies conducted in mice deficient of PD-1 resulted in enhanced infil-
tration of activated CD4 + and CD8 + T-cells in the atherosclerotic
lesion, confirming the important role of the PD-1 pathway in vas-
cular inflammatory diseases. The atherogenesis was accelerated
early after the PD-1 blockade.(Bu De-xiu et al., 2011) This evidence
strongly suggests that PD-1 inhibition may accelerate the develop-
ment of atherosclerotic plaques and inflammation, which may
1194
induce vascular complications, such as ischemic heart disease
and pulmonary embolism (PE).(Bar et al., 2019).

The aim of this study was to describe cases of VTE and ATE
reported with the use of ICIs using real-world data from VigiBase,
the World Health Organization (WHO)’s global database of individ-
ual case safety reports (ICSRs). Moreover, the study aimed to assess
the causality between these events and the use of ICIs using the
WHO-Uppsala Monitoring Centre (UMC) causality system.
2. Methods

2.1. Study setting

The WHO Programme for International Drug Monitoring was
established in 1968 in Geneva, Switzerland. Since 1978, the UMC
in Sweden has had the technical and operational responsibility of
the WHO Programme, including the maintenance of VigiBase.
One of the main tasks of the UMC is to collect and analyze world-
wide data on ICSRs.(‘‘UMC | VigiBase,” n.d.) VigiBase contains more
than 20 million ICSRs, which are forwarded by national pharma-
covigilance centers from over 145 countries to the UMC.(‘‘UMC |
WHO programmemembers,” n.d.) These ICSRs contain information
about patients, suspected and concomitant drugs, suspected
adverse drug reactions (ADRs), the reporter, and other relevant
clinical information.

In VigiBase, drugs are coded according to the WHO Drug Dic-
tionary, which uses the WHO Anatomical Therapeutic Chemical
classification system, while ADRs are coded according to the Med-
ical Dictionary for Regulatory Activities (MedDRA) or the WHO
Adverse Reaction Terminology.(‘‘UMC | VigiBase,” n.d.) VigiBase is
compliant with both MedDRA and WHO Adverse Reaction
Terminology.
2.2. Study procedure and outcomes

We performed a search in VigiBase for adverse events associ-
ated with anti–PD-1 agents (nivolumab, pembrolizumab, cemi-
plimab) and anti–PD-L1 agents (atezolizumab, durvalumab,
avelumab) between 1967 and November 2020.(Lindquist, 2008)
VTEs included deep vein thrombosis (DVT) and PE.(Ay et al.,
2008) ATEs included ACS and ischemic stroke.(Grilz et al., 2018).

Cases were first identified by the following MedDRA terms:
‘pulmonary embolism’ OR ‘deep vein thrombosis’ OR ‘acute coro-
nary syndrome’ OR ‘myocardial infarction’ OR ‘ischemic stroke’ (re-
action preferred term [PT] [MedDRA]). All serious cases with
completeness scores of � 0.85 were included.(‘‘UMC |
vigiMethods,” n.d.).

All relevant information included in ICSRs, such as that related
to rechallenge and dechallenge, was retrieved using VigiLyze, a tool
developed by the UMC for data mining and analysis of ICSRs in Vig-
iBase.(‘‘UMC | vigiMethods,” n.d.) The information component (IC)
for the ICIs–ADR combination was also collected. The IC value is a
measure of the disproportionality of a drug–ADR pair in the data-
base. A positive IC025 value (the lower border of the credible inter-
val for the IC value greater than 0) is ‘‘a traditional threshold which
indicates that a drug-ADR pair is reported more often than
expected based on all reports in the database,” thus showing a sta-
tistical signal.(Bate et al., 1998).

Furthermore, we collected the following information for each
ICSR: patient demographics (i.e., age, sex, and medical history),
the adverse drug reaction (i.e., date of occurrence and outcome),
and exposure to the drug (i.e., date of introduction andwithdrawal).



Table 2
Characteristics of included cases.
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The causality assessment was performed using the WHO-UMC
causality system (Appendix 1).(Organization (WHO), 2017).
No. of cases/patients N = 161

Sex
Male 102 (63.4%)
Female 59 (36.6%)
Age at onset, years [median (IQR)] (n = 141) 68 yr. (IQR 61–74)
ICIs reported as individual suspected drug n = 122
Nivolumab 76 (47%)
Pembrolizumab 46 (28.5%)
Atezolizumab 21 (13%)
2.3. Statistical analysis

We performed our statistical analyses using Jamovi software
version 1.2.2.0. Age was summarized using the median. Other
baseline characteristics of cases are presented as numbers and
percentages.
Durvalumab 14 (8.6%)
Avelumab 4 (2.4%)
Indication n = 151
Lung cancer 85 (52.8%)
Renal cell carcinoma 24 (14.9%)
Melanoma 20 (12.4%)
Urothelial carcinoma 12 (7.5%)
Unknown source of cancer 5 (3.1%)
Breast cancer 4 (2.5%)
Adenocarcinoma of the gastroesophageal junction 3 (1.9%)
Gastric cancer 2 (1.2%)
Ovarian cancer 2 (1.2%)
Bladder cancer 1 (0.6%)
Metastatic melanoma 1 (0.6%)
Skin cancer 1 (0.6%)
Squamous cell carcinoma of head and neck 1 (0.6%)
Type of reaction n = 161
PE 83 (51.6%)
MI 40 (24.8%)
DVT 16 (9.9%)
DVT and PE 11 (6.8%)
ACS 8 (5.0 %)
Embolic stroke 3 (1.9%)
Use of thromboprophylaxis as co-medication
Yes 30 (18.6%)
No 131 (81.4%)
3. Results

3.1. Descriptive analysis of cases

As of November 28, 2020, we identified a total of 1,287 ICSRs of
thromboembolic events with the use of ICIs, including anti–PD-1
agents (nivolumab, pembrolizumab, cemiplimab) and anti–PD-L1
agents (atezolizumab, durvalumab, avelumab). Of these, 161 ICSRs
had completeness scores of � 0.85 and were included in the anal-
ysis. The ICSRs were reported from 26 countries—mainly from
France (n = 34, 21.1%), followed by Germany (n = 29, 18%) and
Japan (n = 28, 17.4%) (Table 1).

Age was reported for 141 (87.6%) ICSRs, with the median being
68 years (interquartile range [IQR] 61–74). One hundred and two
(63.4%) patients were male, and 59 (36.6%) were female. Other
Comorbidities were reported in 41 (25.5%) patients, which include
hypertension (15), diabetes mellites (6), thyroid disorder (2),
hyperlipidemia (10), cardiac disease (5), previous thrombotic event
(3). Among the 161 included ICSRs, indications for ICIs were
reported in 151 (93.8%) cases. Eighty-five patients (52.8%) were
being treated for lung cancer, 24 (14.9%) for renal cell carcinoma,
20 (12.4%) for melanoma, 12 (7.45%) for urethral carcinoma, 4
(2.48%) for breast cancer, 3 (1.9%) for adenocarcinoma of the gas-
troesophageal junction, 2 (1.24%) for gastric cancer, and 1 (0.62%)
for skin cancer.

Nivolumab was reported as a suspected drug in 76 cases (47%),
pembrolizumab in 46 cases (28.5%), atezolizumab in 21 cases
(13%), durvalumab in 14 cases (8.6%), and avelumab in only four
Table 1
Number of reports per country.

Country Number % of Total

France 34 21.1%
Germany 29 18.0%
Japan 28 17.4%
Italy 12 7.5%
United States of America 12 7.5%
Australia 7 4.3%
The United Kingdom 7 4.3%
Netherlands 4 2.5%
Greece 3 1.9%
Sweden 3 1.9%
Belgium 2 1.2%
Canada 2 1.2%
Estonia 2 1.2%
Hungary 2 1.2%
Singapore 2 1.2%
Switzerland 2 1.2%
Czechia 1 0.6%
Denmark 1 0.6%
Finland 1 0.6%
India 1 0.6%
Ireland 1 0.6%
Korea 1 0.6%
New Zealand 1 0.6%
Poland 1 0.6%
Portugal 1 0.6%
Venezuela 1 0.6%
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cases (2.4%). Cemiplimab was not reported in any of the included
cases.

Out of the 161 included cases, ICI was reported as an individual
suspected drug in 122 ICSRs. Specifically, nivolumab in 63 (51.6%)
cases, pembrolizumab in 35 (28.6%) cases, atezolizumab in 16
(13.3%) cases, and durvalumab in eight (4.9 %) cases. In the remain-
ing cases (n = 27), ICIs were reported as a co-suspected drug with
other drugs, such as anti–cytotoxic T lymphocyte antigen-4 mono-
clonal antibody, bevacizumab, paclitaxel, cabozantinib, naloxegol,
lenvatinib, axitinib, gemcitabine, cisplatin, carboplatin, peme-
trexed, and etoposide.

Furthermore, VTE was reported more frequently than ATE
(n = 118, 73.3% and n = 43, 26.7%, respectively). PE was reported
in 83 (51.6%) cases, followed by myocardial infarction (MI) and
DVT, which were reported in 40 (24.8%) and 16 (9.9%) cases,
respectively (Table 2).

Thrombolytic agents were used as co-medications in 30 (18.6%)
reported cases. Of these, PE events were reported for 16 patients,
while MI and DVT were reported for nine and three patients,
respectively. ACS was reported for two patients, while one patient
reported both DVT and PE (Fig. 1).

Of these, the anticoagulant agents were mainly low-molecular-
weight heparin (LMWH) (five cases), apixaban (four cases), unfrac-
tionated heparin (UFH) (four cases), rivaroxaban (one case), and
fondaparinux sodium (one case). On the other hand, the antiplate-
let agents were aspirin (in 14 cases) and clopidogrel (one case). Of
the 15 included patients on antiplatelet agents, one was on dual
antiplatelets (aspirin/clopidogrel). (Fig. 2 &Fig. 3.).

Time to onset (TTO) of thromboembolic events was reported for
127 (78.8%) cases; most of the patients (n = 109, 85.8%) reported
thromboembolic events within the first six months. TTO for
patients on antithrombotic agents ranged from one day to
1,080 days, with a median of 60 (IQR 30–120) days following the



Fig. 4. Causality assessment of the ICSRs.

Table 3
Information Component (IC025) for ICIs and reported reactions.

Drug Name Type of thromboembolic event

PE DVT MI ACS Embolic Stroke

Nivolumab 0.6 �0.4 �1.3 1.2 �1.5
Pembrolizumab 0.7 �0.7 �1.4 �0.0 �0.8
Atezolizumab 1.0 �0.4 �1.2 �1.3 �1.2
Durvalumab 1.2 �1.4 �2.3 �1.7 �0.1
Avelumab 0.6 �3.2 – 0.2 –

Fig. 1. Numbers of AVE and ATE events with and without antithrombotic agents.

Fig. 2. The distribution of anticoagulants among ICSRs (n = 15).

Fig. 3. The distribution of antiplatelets among ICSRs (n = 15).
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initiation of ICIs. For patients not receiving antithrombotic agents,
the TTO ranged from one day to 540 days, with a median of 45 (IQR
21.8–90) days. This difference was not statistically significant.

Reaction outcomes were as follows: fatal in 41 cases (25.5%),
recovered in 82 cases (50.9%), recovered with sequelae in 10 cases
(6.2%), not recovered in 21 cases (13.0 %), and not reported in the
remaining cases.
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3.2. Causality assessment of cases

The causality assessment of included cases revealed that 81
(50.3%) reported thromboembolic events were possibly related to
the suspected reported medication, 22 (13.7%) were probably
related, and 21 (13%)were unlikely to be related. Thirty-seven cases
(23%) were not assessable due to insufficient information (Fig. 4).

In particular, in the 22 cases that were probably related, ICI was
indicated for lung cancer in nine (40%), melanoma in five (22.7%),
renal carcinoma in four (18%), and urothelial carcinoma in two
(9%). In these 22 cases, pulmonary embolism was reported in 11,
myocardial infarction in nine, and PE and DVT in two each.

IC values were retrieved from VigiLyze in July 2021. We found
positive IC values for all included ICIs with PE and nivolumab
and ACS combination, while the IC value was negative for the
remaining combinations in VigiBase (Table 3).



E.A. Alghamdi, H. Aljohani, W. Alghamdi et al. Saudi Pharmaceutical Journal 30 (2022) 1193–1199
4. Discussion

To our knowledge, our study is the first to describe a large num-
ber of thromboembolic events reported with ICIs in VigiBase. We
described ICI-induced VTE and ATE events for 161 cases. Of these
cases, PE was reported in 83 cases (51.6%), followed by MI in 40
cases (24.8%), DVT in 16 cases (9.9%), DVT with PE in 11 cases
(6.8%), ACS in eightcases (5.0%), and embolic stroke in 3 cases
(1.9%). The most commonly reported ICIs as suspected drugs were
nivolumab (47%) and pembrolizumab (28.5%). The main findings
from the present study indicate the following: firstly, ICIs may
have prothrombotic effects and increase the risks of VTE and
ATE. Secondly, the TTO of thromboembolic events tended to be
shorter in patients not receiving antiplatelet and anticoagulant
treatments. Thirdly, patients with lung cancer receiving ICIs had
an increased rate of all thrombosis events compared to patients
with other types of cancer receiving ICIs (P = 0.02).

Overall, the results of this study align with those from prior
studies documenting the increased risk of VTE and ATE events
associated with the use of ICIs.(‘‘Abstracts of 48th ESCP
symposium on clinical pharmacy 23–25 October 2019, Ljubljana
(Slovenia),” 2020; Alkhathlan et al., 2017; Ferreira et al., 2018;
Kunimasa et al., 2018; Li et al., 2021; Sussman et al., 2021;
Tomita et al., 2017; Tsukamoto et al., 2018) In terms of confound-
ing factors, it has been argued that gender and age may increase
the risk of thromboembolism in patients receiving ICIs. One study
found that the event rate was higher in patients � 65 years of age
compared to younger patients and in male patients (59%) com-
pared to female patients (41%).(Bar et al., 2019; Sussman et al.,
2021) Similar results were found in the present study; the median
age of patients who developed thromboembolic events was 68
(IQR 61–74) years, and the incident rate of thromboembolic events
in cancer patients with ICIs was slightly higher for males (59%)
than for females (41%). Notably, female patients with cancer who
developed acute VTE had significantly lower rates of fatal bleeding
(risk ratio [RR] 0.69; 95% confidence interval [CI] 0.47–0.99) and
death (RR 0.90; 95% CI 0.83–0.97) and a non-significantly lower
rate of PE recurrences compared to males.(‘‘Gender differences in
cancer patients with acute venous thromboembolism,” 2015).

Furthermore, previous literature has stated that VTE incidence
rates were higher in patients receiving the combination of ICI (ei-
ther PD-1 or PD-L1) and ipilimumab compared with those receiv-
ing single-agent ICI (16.7% vs. 5.0% at 6 months; 21.3% vs. 9.5% at
12 months, respectively; P = 0.02). The 6-month and 1-year cumu-
lative ATE incidence rates were similar for patients receiving com-
bination and single-agent ICI, respectively (2.5% vs. 1.5% at
6 months; 5.1% vs. 3.0% at 12 months, respectively; P = 0.50).
(Sussman et al., 2021) These results supports those of the present
study, which may suggest that the use of ipilimumab with ICIs
could be a risk factor for developing thromboembolic events.

Malignancy is a well-known risk factor for an increased risk of
thromboembolic events with poor outcomes, with a six-fold
decrease in survival rate compared to patients without cancer.
(Chew et al., 2006) According to a large Danish retrospective study,
the most common cancer diagnosed during a thromboembolic
event episode was pulmonary cancer (17%), followed by pancreatic
cancer (10%), colon and rectal cancer (8%), renal cancer (8%), and
prostatic cancer (7%).(SØrensen et al., 2000) Thus, it is difficult to
conclusively state that ICIs increased the incident rates of VTE
and ATE. To further assess the impact of ICIs on thromboembolic
events, Li et al. found that found that ICIs showed a signal of PE
compared with other chemotherapy. (Li et al., 2021) Considering
the fact that protein kinase inhibitors and other chemotherapy
are well documented to significantly increase VTE and PE risks.
(Gervaso et al., 2020; Jiang and Lee, 2019; Moore et al., 2011).
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One previous study showed that the median TTO of fatal cases
was 31 (IQR 13–73) days, which was significantly shorter than that
of non-fatal cases (50 [IQR 20–108] days) (P < 0.001).(Li et al.,
2021) Another study argued that a higher rate of thromboembolic
events was found during the first six months after initiation of ICIs
than in later time periods (odds ratio 3.49, 95% CI 1.45–8.41;
P = 0.002).(Bar et al., 2019) In the current study, only serious cases
were included in the analysis; the median TTO of thromboembolic
events for patients who were not on antithrombotic agents was 45
(IQR 21.8–90) days, and the TTO was 60 days (IQR 30–120) for
patients who were receiving antithrombotic agents at the time of
the event. The TTO found in the current study may support previ-
ous findings that a higher rate of thromboembolic events is found
during the first six months after initiation of ICIs. Furthermore, the
antithrombotic agent could play a role in delaying the onset of
thromboembolic events in patients with cancer on ICIs. However,
information about the previous history of VTEs or ATEs and details
on antithrombotic therapy was not available in the reported cases
to properly assess the relationship between the events and
antithrombotic agents. In spite of the fact that the American Soci-
ety of Clinical Oncology and the European Myeloma Network rec-
ommend the use of LMWH prophylaxis and aspirin in selected
populations of cancer patients with solid tumors or patients with
myeloma receiving immunomodulatory agents, the use of throm-
boprophylaxis has been controversial in clinical practice.(Hegde
et al., 2017; Kearon et al., 2016; Khorana et al., 2014; Mandalà
and Labianca, 2010; Streiff et al., 2018; Terpos et al., 2015;
Watson et al., 2015) Therefore, larger studies should be conducted
to assess the optimal regimen of thromboprophylaxis in special
subpopulations.

This study has some limitations. The reported cases were cap-
tured from the WHO global database of ICSRs, which holds sus-
pected cases that vary with regard to their sources and
completeness. Thus, the authors could not validate the diagnoses
of AVE and ATE. Due to the lack of denominator information in
spontaneous reporting, this study cannot quantify the incidence
of AVEs and ATEs associated with ICIs. The number of reports
was small, so larger studies are needed to confirm or refute the
hypotheses generated from the observations of this study. Further-
more, valuable information, such as disease stage, duration of anti-
coagulation, previous history of thromboembolic events, and
lifestyle risk factors, were also not available, which may limit the
findings of the current study.

5. Conclusion

This study proposes a possible association between the use of
ICIs and thromboembolic events. Further epidemiological studies
are needed to study the association between the occurrence of
thromboembolic events and the use of ICIs and to elucidate the
underlying mechanism. Healthcare providers are advised to edu-
cate patients about the signs and symptoms of thromboembolic
events and to encourage them to seek medical attention if they
experience any of these events while using ICIs.
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