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Cisplatin-associated thrombosis

Mariam Jafri and Andrew Protheroe

The discovery of cisplatin has made arguably the biggest
contribution to cancer medicine, providing the basis for the
chemotherapy treatment of many malignancies. In addition
to well-documented toxicities such as neurotoxicity,
cisplatin-induced vascular toxicity is becoming an
increasing concern, with some authors describing it in up
to 12% of patients. Given the efficacy of cisplatin, vascular
toxicity represents a significant survivorship issue. We
describe different manifestations of cisplatin-associated
thrombosis and its putative pathophysiology. Anti-Cancer
Drugs 19:927-929 © 2008 Wolters Kluwer Health |
Lippincott Williams & Wilkins.

Case studies

Case report 1

A 27-year-old man was diagnosed with metastatic non-
seminomatous germ cell tumour. He had bulky disease
with elevated B-human chorionic gonadotropin (51451)
and a-fetoprotein and a performance status of zero. The
prognosis was poor necessitating four cycles of bleomycin,
etoposide and cisplatin (BEP). After two cycles, the
patient achieved an excellent serological and clinical
response, but developed chest pain. Angiography revealed
coronary artery thrombosis necessitating stent insertion.
In the absence of cardiac risk factors and in view of
the temporal relationship with chemotherapy, cardiologists
ascribed chemotherapy to be a significant contributory
factor to the patient’s myocardial infarction.

Case report 2

A 37-year-old man was diagnosed with a retroperitoneal
anaplastic tumour consistent with a primary retroperito-
neal seminoma. His medical history revealed only varicose
vein repair and a 10 pack year history of smoking. The
patient was treated with BEP. His first cycle was
complicated by numbness in his right foot attributed
to neurotoxicity and a rash on his legs attributed to
bleomycin. After the second cycle of BEP, the patient was
admitted with a pyrexia of 39°C, delirium and painful
right foot and left hand. Physical examination revealed
absent right dorsalis pedis and posterior tibial pulses as
well as a weak left radial pulse. The patient was treated
for neutropenic sepsis and a diagnosis of acute ischaemic
foot was made. Vasculitis and thrombophilia screen were
negative. Further opinions were sought from the vascular
surgeons, haematologists and plastic surgeons. The aetio-
logy of the ischaemia was believed to be an arterial throm-
bus rather than an embolism. The patient was therefore
treated with intravenous heparin. As the patient had a
good response after two cycles of chemotherapy, he was
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treated with two further cycles of EP (bleomycin was
omitted because of rash). After completing chemother-
apy, the patient underwent an emergency thrombectomy
and below knee amputation for progression of the
ischaemia. The patient was anticoagulated with warfarin
and remains in remission.

Case report 3

A 22-year-old man was diagnosed with metastatic non-
seminomatous germ cell tumour and commenced on BEP
chemotherapy. His first two cycles were well tolerated
except an episode of neutropenia requiring granulocyte
colony-stimulating factor. After his third cycle, he was
admitted with presyncope. His ECG showed widespread
ST elevation. His initial troponin was negative but
subsequently began to rise. A diagnosis of pericarditis
was made. The following day, the patient developed
profound weakness in his right arm, loss of power in
his right leg, nominal aphasia and anterior neck pain.
Echocardiography was normal on two occasions, as was a
vasculitis screen. An MRI scan of the brain showed a left
temporoparietal infarct. A carotid Doppler scan showed a
mobile blood clot in his left internal carotid artery that
was removed by embolectomy. Haematological opinion
was of chemotherapy and cancer leading to a hypercoagu-
able state producing carotid thrombosis. The patient
was anticoagulated with warfarin. A restaging computed
tomography scan after completion of chemotherapy
confirmed complete remission. The patient recovered
with specialist rehabilitation.

Discussion

Different clinical manifestations of cisplatin-associated
thrombosis can cause significant morbidity and mor-
tality. Cisplatin-associated vascular toxicity comprises
(1) venoocclusive disease, (ii) venous or arterial throm-
bosis, and (iii) vascular ischaemia [1]. Researchers have
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attempted to identify those at risk of cisplatin-associated
thrombosis. In a prospective study of gemcitabine-
associated and cisplatin-associated vascular events, 22
events occurred in 108 lung cancer patients. No risk
factors were statistically significant, but there was a
nonsignificant trend towards presence of liver and brain
metastases [2]. Similarly, no difference was found
between cervical cancer patients receiving chemo-
radiotherapy who had thromboembolism compared with
those who did not [3]. Among 184 germ cell patients,
8.4% of patients developed thromboembolic disease.
Liver metastases and use of high-dose dexamethasone
were predictive factors for developing vascular toxicity
[4]. In a case—control study of germ cell patients (controls
were individuals without germ cell tumours receiving
cisplatin), high lactate dehydrogenase and body surface
area greater than 1.9 increased the risk of thromboem-
bolic disease [5]. Potentially, these factors could be used
to identify patients at high risk so that thromboprophyl-
axis can be instigated.

Raynaud’s phenomenon is the most common vascular
effect of cisplatin occurring in up to 37% of patients.
Raynaud’s is caused by vasospasm and can persist up
to 20 years after completion of chemotherapy in 25% of
patients [6]. Cisplatin-treated patients have an exagger-
ated cold response and an increased vasoconstrictor reflex
in a cold provocation test. Thus, cisplatin may impair
autoregulation particularly in the terminal arterioles by
altering the sympathetic nervous system [7].

Cardiac events are more frequent among patients with
germ cell tumour, with 14 extra cases of coronary artery
disease per 10 000 person years occurring [8]. Mediastinal
irradiation, cisplatin, vinblastine and bleomycin che-
motherapy, but not BEP, were associated with increased
risk of myocardial infarction. Cardiac events occurring
many years after treatment may relate to increased total
and low-density lipoprotein cholesterol with decreased
high-density lipoprotein. Some patients develop elevated
luteinizing hormone and follicle-stimulating hormone
and lower testosterone suggestive of gonadal damage. This
may lead to metabolic abnormalities increasing cardio-
vascular risk [6].

Cisplatin also alters the balance between thrombosis and
dissolution of blood clots. Putative mechanisms of action
include: decreased protein C activity and elevated von
Willebrand factor levels [9]. Protein C inhibits coagula-
tion: its levels maybe decreased by proteolytic enzymes
released after cisplatin-induced vascular injury. Von
Willebrand factor levels may be increased by stimulation
of the endothelium by cisplatin thus promoting platelet
aggregation. This can lead to a thrombotic thrombocyto-
penic purpura-like picture [9]. Measuring von Willebrand
factor levels before chemotherapy may identify those at

risk of thromboembolic complications [10]. Cisplatin can
also alter cytokine profiles; for example, increasing tumour
necrosis factor (procoagulant for endothelial cells) and
decreasing prostacyclin synthesis causing intravascular
platelet aggregation. Thrombocytosis itself may influence
thrombosis [11].

Biochemical imbalances such as hypomagnesaemia
may contribute to cisplatin-associated thrombosis [9].
Hypomagnesaemia causes hypertension and increases
intracellular calcium-causing vasoconstriction. Hypomag-
nesaemia potentiates vasoconstrictor actions of renin,
angiotensin, serotonin and noradrenaline. This can cause
vasospasm and thus ischaemia or thrombosis. Hypomag-
nesaemia may play a key role in acute vascular events
associated with cisplatin.

Cisplatin can cause direct endovascular damage by free-
radical-induced lipid peroxidation in endothelial cells
[12]. This can cause intimal thickening and platelet
aggregation. Light microscopy studies have demonstrated
cisplatin-induced bulging and swelling of endothelial
cells. Electron microscopy has demonstrated lesions in
endothelial cells, the basement membrane and damage
to pericytes after cisplatin treatment [13]. In-vitro studies
have shown that cisplatin leads to activation of caspase
3-like activity causing necrosis rather than the usual
apoptosis. Subsequent inflammation may facilitate
thrombosis [14]. Another in-vitro study showed cisplatin
induces platelet reactivity via direct or indirect activation
of platelet phospholipase AZ [15], which increases
platelet aggregation and thromboxane production. Cis-
platin may also impair fibrinolysis thus promoting
thrombosis [13].

Conclusion

Cisplatin-associated thrombosis is an increasingly recog-
nized complication causing morbidity and even mortality.
Cisplatin-associated thrombosis is multifactorial with
different mechanisms influencing acute and chronic
presentations. For acute thrombosis, cisplatin has a direct
effect on the endovascular milieu; for example, neuro-
logical, biochemical, cytokine and prostaglandin changes.
In the longer term, thrombosis is a result of chronic
endothelial, endocrine and autonomic perturbations.
Further data are required to help predict those at risk
and also to prevent thrombotic outcomes. Furthermore,
particularly in individuals with a good life expectancy, risk
factors for thrombosis should be aggressively determined,
monitored and treated.
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