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Abstract
Background: Thrombosis is closely related with cancer patients. Venous thromboembolism such as pulmonary thromboembolism and deep vein
thrombosis are more frequently occurred in cancer patients. Arterial thromboembolism such as myocardial infarction and ischemic stroke were less
occurred. Venous thromboembolism and arterial thromboembolism were rarely concomitantly occurred in cancer patients, especially ahead of
cancer diagnosis.

Methods: Five patients who suffered from venous thromboembolism and arterial thromboembolism sequentially and then cancer was diagnosed
were enrolled and followed up until the patient died or until June 2021. The medical records were retrospectively reviewed to evaluate the clinical
characteristics, image �ndings and the outcomes.

Results: Three women and two men were renrolled, with a mean age of 63.2 years (range, 47-76 years). Four patients suffered from ischemic stroke,
and the lesions showed by magnetic resonance manifested bilateral diffuse changes. One patient suffered from lower limb arterial
thromboembolism. Four patients suffered from pulmonary thromboembolism diagnosed by CTPA or ultrasound (among them, two patients with
deep venous thrombosis simultaneously), one patient suffered from solely deep venous thrombosis. Pulmonary adenocarcinoma was diagnosed in
two patients, and one skin basal cell carcinoma, one ovarian clear cell adenocarcinoma and one rectal adenocarcinoma were diagnosed in the other
three patients. Four patients received cancer related treatment and all patients received anticoagulation therapy. Except the patient without cancer
related treatment who survived for 3 months, all the other four patients survived more than 2 years.

Conclusion: Cancer can present as venous thromboembolism or arterial thromboembolism or both in advance. Cancer should be screened in
patients with venous thromboembolism, especially those with concomitant arterial thromboembolism.

Introduction
The association between cancer and thrombosis has been elucidated as known as Trousseau syndrome sometimes[1] . About 20%-30% of venous
thromboembolism (VTE) are associated with cancer[2]. The arterial thromboembolism (ATE) occurred in about 0.2-9.1% cancer patients[3, 4]. But
VTE and ATE occurred concomitantly in the same cancer patients were rare, especially before the diagnosis of cancer. Here we reported a series of
cancer patients with VTE and ATE sequentially developed ahead of cancer.

Materials And Methods
This study is in accordance with the amended declaration of Helsinki. Obtained informed consents have been obtained from patients for their
medical data to be used in the study.

We reviewed �ve patients admitted for VTE or ATE, and cancer was diagnosed during the process. ATE or VTE occurred sequentially.
Histopathological examination in all cases con�rmed the diagnosis of cancer. VTE or ATE was diagnosed by images, as pulmonary
thromboembolism (PTE) was diagnosed by CT pulmonary angiography (CTPA), DVT was diagnosed by ultrasound of lower extremity veins.
Myocardial infarction (MI) was diagnosed by symptoms, electrocardiogram and serum markers of myocardial injury. Ischemic stroke (IS) was
diagnosed by brain CT or magnetic resonance (MR), lower limb arterial thromboembolism was diagnosed by vascular angiography. All the patients
were followed up to June 2021.

Results
The demographic and clinical features of the �ve patients are listed in Table 1. There are three women and two men, with a mean age of 63.2 years
(range, 47-76 years). None of the �ve patients had a history of hypertension or diabetes. Two patients were admitted for IS and VTE was diagnosed
2 days and 5 days thereafter. Three patients were admitted for PTE and arterial ischemic events were diagnosed concomitantly and 5 days and 20
days respectively. 

The images of the ATE and VTE of the 5 patients were showed in Figure 1. Four patients suffered from IS, and the lesions showed by MR manifested
diffuse changes involved in both sides of brain. One patient suffered from lower limb ATE. The images of VTE showed that 4 patients suffered from
PTE (among them, 2 patients with DVT simultaneously), 1 patient suffered from solely DVT. 

The pathological images of cancer were showed in Figure 2. Pulmonary adenocarcinoma was diagnosed in 2 patients, and 1 skin basal cell
carcinoma, 1 ovarian clear cell adenocarcinoma and 1 rectal adenocarcinoma were diagnosed in the other 3 patients.

All the 5 patients were followed up by telephone call or direct consultation until June 2020. The treatment of cancer was different in different
patients, 2 patients received operation, 1 patient received traditional chemotherapy, 1 patient received gene targeted chemotherapy, 1 patient
received no cancer targeted therapy. All the patient received anticoagulation regularly mainly by low molecular weight heparin (LMWH). Four of the 5
patients in our cohort received LMWH and one received rivaroxaban after the �rst 3 months anticoagulantion therapy with LMWH. The 2 patients
who received operation were treated with LMWH for 3 months and then were monitored mainly by D-dimer. The patients who received traditional
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chemotherapy and the patient who received no cancer targeted therapy were treated with LMWH continuously. The patient who received gene
targeted chemotherapy was treated with LMWH and rivaroxaban continuously. But not all the patient received antiplatelet therapy like aspirin, some
was treated temporarily, some received no according therapy. Except the patient without cancer related treatment who survived for 3 months, all the
other four patients survived more than 1.5 years.

Discussion
The association between cancer and thrombosis was �rst described in 1823[5]. Cancer-associated thrombosis (CAT) is also known as Trousseau
syndrome, especially in patients with VTE[6]. Development of VTE in patients with cancer is associated with a poorer prognosis[7, 8]. Now, most
guidelines in different �elds all suggested for screening of occult cancers in patients with venous thromboembolism[9, 10]. However, arterial
thrombosis in cancer patients has received much less attention[11]. Recently, ATE in cancer patients has been gradually recognized[3, 4]. The ATE in
cancer patients mainly includes non-fatal MI, IS and peripheral arterial events. ATE increased risk of mortality in cancer patients[3, 7]. Here we
summarized the basic clinical characteristics, image characteristics and prognosis of 5 patients with both VTE and ATE in cancer patients.

Many kinds of cancer can develop VTE. Current estimates are that 20%-30% of VTEs are associated with cancer[2]. Several tumor sites, including
lung, brain, pancreas, stomach, ovary and kidney have the strongest reported association with VTE[12, 13]. Many kinds of cancer can develop ATE.
Incidence of 0.27%-9.1% of ATEs has been reported in cancer patients[7, 14]. Lung, prostate, colorectal, bladder, pancreatic, gastric cancers have
been reported associated with ATE[14]. In our cohort, all the patients received the routine screening of etiology of VTE and ATE. The common cause
of VTE and ATE were excluded. Among the 5 patients, 2 patients were diagnosed as lung cancer. It is similar to the previous reports that more
patients with lung cancer suffered from ATE[7, 15]. Ovarian and rectal cancers have also been reported before. However, one patient was diagnosed
as skin cancer. It has not been reported before.

It seems that the VTE in cancer patients has no speci�c imaging characteristics in CTPA, angiography or ultrasound detection. The main
characteristic of cancer related VTE is that most PTE was not high-risk[16-18]. However, the imaging of cancer related ATE has some unique
characteristics. Bilateral cerebral embolism has been reported as a characteristic feature of patients with Trousseau syndrome[19]. Non-fatal MI was
mostly reported in cancer related ATE[3]. In our cohort, in the 4 patients with IS, 3 were bilateral lesions, which was similar with previous reports. And
the patient developed MI is also not-fatal. This patient developed IS and MI after the episode of PTE and diagnosis of lung adenocarcinoma.
Though the patient received no therapy for the cancer, he still survived for 1.5 years with anticoagulation therapy and supporting therapy.

The main therapy of Trousseau syndrome is the therapy of cancer. In our cohort, two patients received operation, 1 patient received traditional
chemotherapy, 1 patient received gene targeted chemotherapy and 1 patient received no cancer targeted therapy. Anticoagulation is another
important therapy for cancer-related thrombosis and LMWH has been the preferred agent in the last decade[9, 20]. Recently, direct oral
anticoagulants (DOAC), mainly rivaroxaban, edoxaban and apixaban have been proved effective in treating CAT[21-23]. Four of the �ve patients in
our cohort received LMWH and 1 received rivaroxaban. All the patients have no recurrent venous thrombosis and no major bleeding was reported.
The treatment of cancer related ATE is controversial and challenging[24]. In our cohort, no patients received long-term anti-platelet therapy. 

Conclusion
Our data suggest that VTE and ATE can occurred in the same cancer patient. Bilateral cerebral embolism seems to be a characteristic feature of
patients with ATE. MI was non-fatal and PTE is not high-risk. The treatment mainly includes cancer targeted therapy and anticoagulation. LMWH
and DOAC can be used in CAT.
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Tables
Table 1. Demographic and clinical features of the patients in this study

NO. Sex Age
(Years)

Cancer Initial
disease

Sequential
disease

Time
course
between
ATE and
VTE 

Metastasis Stage of
cancer (TNM)

Cancer
treatment

Outcome

1 Female 76 skin basal cell
carcinoma

IS  PTE 2 days NO T1 Operation Survived
for more
than 3.5
years

2 Female 47 ovarian clear cell
adenocarcinoma

IS DVT 5 days YES III Chemotherapy Survived
for more
than 2.5
years

3 Female 59 pulmonary
adenocarcinoma

DVT
and
PTE

IS 20 days YES IIIb (T1N3M0) Gene targeted
chemotherapy

Survived
for more
than 2.0
years

4 Male 72 pulmonary
adenocarcinoma

PTE IS and
AMI

5 days
and
11days

YES IV (T4N3M1) Untreated 3
months

5 Male 62 rectal
adenocarcinoma

DVT
and
PTE

Lower
limb ATE

0 days NO I

(T1N0M0)

Operation Survived
for more
than 2.0
years

IS, Ischemic stroke; AMI, acute myocardial infarction; PTE, Pulmonary thromboembolism; DVT, Deep venous thrombosis; ATE arterial
thromboembolism.

Figures
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Figure 1

Imaging of VTE and ATE in the �ve cancer patients (1-5 represents the number of patients). 

Figure 2

Pathological imaging of the �ve cancer patients (1-5 represents the number of patients).


