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Abstract: Immune checkpoint inhibitors may cause unique immune-related adverse events. 
Vascular thrombosis, especially arterial thrombosis, is rare but life-threatening, and little is 
known about its relevance to immunotherapy. Here, we reported two cases of 
vascular thrombosis, including venous and arterial thrombosis in cancer patients receiving 
anti-PD-1 antibody in combination with chemotherapy. Systemic corticosteroids and antic-
oagulant treatment were administered immediately in two cases. In case 1, anti-PD-1 anti-
body was permanently discontinued, and recurrence of vascular thrombosis was not observed 
during the follow-up. In case 2, the patient continued anti-PD-1 immunotherapy and unfor-
tunately died of cerebral infarction 2 months later. This case report provides a strong 
evidence for the association between PD-1 blockade and vascular thrombosis and offers 
some general guidelines on the management of the immune-related vascular thrombosis 
events induced by anti-PD-1 therapy. 
Keywords: immune checkpoint inhibitors, immune-related adverse events, pembrolizumab, 
tislelizumab, pulmonary embolism, deep vein thrombosis

Introduction
Immune checkpoint blockade may cause unique immune-related adverse events 
(irAE). Vascular thrombosis, including venous and arterial thrombosis, is rarely 
known to be related to immunotherapies.1,2 It has been recently reported that the 
cumulative incidences of venous thrombosis and arterial thrombosis were 12.9% 
and 1.8% in a cohort of patients treated with immune checkpoint inhibitors, 
respectively.3 Patients with cancer immunotherapy such as immune checkpoint 
blockade are at high risk of thromboembolism.1,4 Drug withdrawal, early engage-
ment with systemic corticosteroids and anticoagulant treatment might be important 
for preventing vascular thrombosis after immunotherapy.5 More insight into the 
thromboembolism associated with immunotherapies is warranted to identify the 
clinical management for thromboembolism.

Pembrolizumab and tislelizumab, humanized IgG4 anti-programmed cell death- 
1 (PD-1) monoclonal antibody specifically designed to bind to PD-1 to restore the 
ability of cytotoxic T-lymphocytes to kill cancer, are being developed as 
a monotherapy and in combination with chemotherapy for the treatment of 
a broad array of both solid and hematologic cancers. Here, we report two cases 
of vascular thrombosis in cancer patients receiving anti-PD-1 antibody in combina-
tion with chemotherapy. This work provides some general guidelines on the 
management of these immune-related vascular thrombosis events.
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Case 1
A 66-year-old woman with a history of hypertension and 
cerebral infarction was readmitted with chest tightness and 
shortness of breath. One month ago, she come to our hospital 
with a 2-month history of progressive headache. Magnetic 
resonance imaging (MRI) of the brain demonstrated an abnor-
mal signal in the right occipital bone and adjacent intracranial 
soft tissue. Gastroscopy biopsy revealed deep ulcerative 
lesions with gastric adenocarcinoma cells. A computed tomo-
graphy (CT) scan of the chest was performed and demon-
strated a mass in the left lung and multiple nodules in bilateral 
lungs. Therefore, she was diagnosed with gastric cancer of 
clinical-stage IV with lung and brain metastasis and treated 
with the combination tislelizumab 200mg day 1 and che-
motherapy of oxaliplatin 130 mg/m2 day 1 and capecitabine 
1000 mg/m2 bid day 1–14 every 3 weeks.

The patient complained of cough, phlegm and expectora-
tion after the initial administration. Auscultation revealed 
diminished breath sounds in the bilateral lower lung. Edema 
was found in both lower extremities. Laboratory test revealed 
serum C-reactive protein (CRP) and D-dimer levels elevated. 
Pulmonary embolism (PE) was suspected and emergency CT 
pulmonary angiography (CTPA) and Doppler ultrasound 
were undergoing. CTPA revealed acute bilateral PE and 
bilateral pleural effusions (Figure 1A). Doppler ultrasound 
examination detected evidence of deep vein thrombosis 
(DVT) in the right posterior tibial vein (Figure 1B).

The DVT with PE and pleural effusion were considered to 
be irAE induced by tislelizumab based on the criteria for 
assessing adverse drug reactions after discussion between 
clinicians and clinical pharmacists. Tislelizumab was 

permanently discontinued. Systemic corticosteroids with 
methylprednisolone 40 mg and anticoagulant treatment with 
low-molecular-weight heparin (LMWH) 3200 units were 
administered twice a day immediately. Thoracentesis was 
performed to relieve the compression symptoms of pleural 
effusion. Clinical improvement was noted, so methylpredni-
solone was reduced to 40 mg once daily and then gradually 
reduced until complete cessation. After discharge, the patient 
was given long-term oral anticoagulation with rivaroxaban 
15 mg bid day 1–20 then 20 mg qd after day 21. No recurrence 
of thromboembolism was observed during 1–2 months of 
follow-up.

Case 2
A 70-year-old man was diagnosed with metastatic cholan-
giocarcinoma and treated with a combination of pembroli-
zumab, gemcitabine and cisplatinum every 3 weeks in 
a double-blinded study, where the dosage of pembrolizumab 
were 2 mg/kg, the dosage of gemcitabine were 1000 mg/m2 

and the dosage of cisplatinum were 25 mg/m2. After three 
injections, two months after the initial treatment, a routine 
CT scan revealed an arterial thrombus floating in the left 
pulmonary artery and branches with a bilateral femoral vein 
thrombosis (Figure 2A and B). D-dimer levels elevated.

Anticoagulant treatment with LMWH 4000 units was 
administered twice a day immediately. The patient had no 
obvious symptoms including cough, chest tightness, pant-
ing, shortness of breath, dyspnoea, pain and swelling of 
the lower extremities. Regular and systematic assessments 
of tumor burden showed the patient had stable disease. 
DVT combined with PE was initially thought to be 

Figure 1 (A) Computed tomography pulmonary angiography (CTPA) revealed acute bilateral PE, bilateral pleural effusion with partial dilatation of the lower lobes and 
multiple discrete pulmonary nodules. (B) Doppler ultrasound examination detected evidence of deep vein thrombosis (DVT) in the right posterior tibial vein. The right 
posterior tibial vein was dilated, about 10.6 mm at the deepest point, with hypoechoic filling.
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unrelated to anti-PD-1 therapy due to the poorly under-
stood association between thromboembolism and cancer 
immunotherapy. Considering that the patient’s clinical 
manifestation of thromboembolism was not obvious, and 
that the patient had shown an effective response to immu-
notherapy, and that the patient himself had requested con-
tinued immunotherapy, the multidisciplinary team (MDT) 
suggested the patient continued on the same therapy of 

a combination of pembrolizumab, gemcitabine and cispla-
tinum. In the meantime, oral anticoagulation with rivarox-
aban was given and inferior vena caval filters were 
implanted for preventing fatal PE (Figure 2C). The patient 
was given long-term oral anticoagulation with rivaroxaban 
15 mg bid day 1–20 then 20 mg qd after day 21. Two 
months later, after receiving another 3 doses, the patient 
visited the emergency department for cerebral infarction 

Figure 2 Computed tomography scan revealed a thrombus floating in the left pulmonary artery and branches (A) with a bilateral femoral vein thrombosis (B). Digital 
subtraction angiography (DSA) showed inferior vena caval filters were implanted in the inferior vena at L2 level with luminal patency (C). Emergency computed tomography 
(CT) scan showed cerebral infarction (D).
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(Figure 2D). The patient develops hemiplegia, coma, loss 
of consciousness, and eventually death.

Discussion
It is well-known that cancer is related to vascular thrombo-
sis due to multiple risk factors and complex mechanisms. 
Cancer patients are at increased risk for vascular thrombo-
sis. Vascular thrombosis, particularly arterial thrombosis is 
rare but life-threatening and rarely known to be related to 
immunotherapies.6 Immune checkpoint blockade such as 
anti-PD-1 or its ligand PD-L1 as well as anti-cytotoxic 
T lymphocyte-associated antigen 4 (CTLA-4) monoclonal 
antibodies is the most promising treatment approach for 
cancers. It has been reported that IrAE is mainly related to 
the activation of the immune system during the anti-PD-1 
treatment and is commonly observed in the skin, gastroin-
testinal tract, liver and endocrine systems. Previous studies 
strongly suggested that PD-1 blockade may induce acceler-
ated inflammation which may cause thrombosis.7 Several 
studies suggest PD-1 can down-regulate T cell responses 
and PD-1 blockade may increase the risk of cardiovascular 
complications.8 A preclinical study confirmed the important 
role of PD-1 pathway in vascular inflammatory diseases.5 

The interaction between macrophage and malignant cells 
could damage the endothelium, promote platelet deposition 
and thrombus growth.9 Anti-PD-1 antibody may also trigger 
a systemic immune response and IrAE. In this study, we 
report two cancer patients suffering from venous and arter-
ial thrombosis induced by the anti-PD-1 antibody. After PE 
and DVT were confirmed, systemic corticosteroids and 
anticoagulant treatment were administered immediately in 
two patients. In case 1, tislelizumab was permanently dis-
continued and no recurrence of vascular thrombosis was 
observed. In case 2, the patient continued on the pembroli-
zumab in combination and died of cerebral infarction.

No definitive association has been established between 
venous and arterial thrombosis and anti-PD-1 therapy, so 
its risk has been underestimated in clinical practice. Once 
diagnosed, early anticoagulant treatment should be effec-
tive. Moreover, drug withdrawal and corticosteroids are 
typically the first line of treatment for most high-grade 
irAEs. Considering the threat of thrombosis to life, the 
clinical application of anti-PD-1 therapy must be vigilant. 
Given this, we report the occurrence of venous and arterial 
thrombosis associated with anti-PD-1 antibody therapy 
and develop a response plan to optimize the use of an anti- 
PD-1 antibody. This case report provides further evidence 
of the association between PD-1 blockade and vascular 

thrombosis. We recommend that immediate drug withdra-
wal, anticoagulant and systemic corticosteroids can 
improve important clinical outcomes. Further studies 
must be conducted in the future to develop guidelines for 
prevention and response to vascular thrombosis induced 
by immune checkpoint blockade.
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