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Abstract
Rationale: Cancer and chemotherapy individually confer hypercoagulability and increased risks of thrombosis. Most
thromboembolic complication after breast cancer chemotherapy was venous thrombosis after multiagent chemotherapy. Arterial
thrombosis is extremely rare in early breast cancer patients receiving adjuvant chemotherapy.

Presenting concerns: A 55-year-old woman with right breast cancer presented to the emergency department with sudden
pain, numbness, and swelling in her left hand. She underwent breast conserving surgery and sentinel lymph node biopsy 2 months
before the visit. She received the second cycle of adjuvant Adriamycin-cyclophosphamide chemotherapy 5 days before.

Interventions:Computed tomography angiography revealed acute arterial thrombosis in the left brachial, radial, and ulnar arteries.
Unfractionated heparin was initiated immediately, followed by brachial and radial-ulnar thrombectomy, restoring perfusion to the
extremity. The postoperative course was uncomplicated; she was discharged on warfarin at a daily dose of 4mg.

Outcomes: Chemotherapy was discontinued. Anticoagulation with warfarin was continued. She subsequently received adjuvant
endocrine therapy with an aromatase inhibitor and adjuvant radiotherapy.

Main lessons: Despite the low risks of arterial thrombosis in breast cancer, it is a devastating complication with significant
morbidity and mortality. Thromboprophylaxis should be considered in those at risk. Immediate anticoagulant therapy and surgical
intervention should be considered in affected cases.

Abbreviations: AI = aromatase inhibitor, AJCC = American Joint Committee on Cancer, aPTT = activated partial thromboplastin
time, AT III = antithrombin III, CT = computed tomography, DVT = deep vein thrombosis, ECOG = Eastern Cooperative Oncology
Group, G-CSF = granulocyte-colony stimulating factor, INR = international normalized ratio, LMWH = low molecular weight heparin,
PAI = plasminogen activator inhibitor, PT = prothombin time, TEE = thromboembolic events, UFH = unfractionated heparin, VTE =
venous thromboembolism.
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1. Introduction

Cancer is associated with an increased incidence of thrombosis.
Up to 15% of patients with clinically overt cancer present with
venous thromboembolism (VTE) during the course of their
disease.[1] This prothrombotic state may be attributed to the
ability of tumor cells to directly activate the coagulation cascade;
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this causes thrombosis or induces procoagulant properties, and
inhibits the anticoagulant properties of vascular endothelial cells,
platelets, monocytes, and macrophages.[2]

The prothrombotic tendency may be further enhanced by
anticancer treatments such as surgery, chemotherapy, and
various other antineoplastic and supportive therapies. Surgery
is a well-known precipitating factor for thromboembolic disease
as the hemostatic system is activated in the perioperative period.
Anticancer drugs may also cause thrombosis. The annual
incidence of VTE in patients receiving chemotherapy is estimated
to be 11%.[3] For many years, various chemotherapeutic agents
such as 5-asparaginase, cisplatin, thalidomide, mitomycin-C, and
fluorouracil have been associated with thromboembolic compli-
cations.[4] The mechanisms include release of procoagulants and
cytokines by tumor cells, damage to the vascular endothelium,
and stimulation of tissue factor activity in monocytes and
macrophages.[1] Antihormonal therapies including tamoxifen,
targeted agents including bevacizumab, and many supportive
agents including hematopoietic growth factors and corticoste-
roids are associated with an increased risk of thrombosis.[4]

Breast cancer is associated with a low incidence of thromboem-
bolic events (TEE) compared to other cancers. The risk of deep vein
thrombosis (DVT) inpatientswithearly stagebreast cancer receiving
chemotherapy is 2% to10%, compared to less than 1% in thosenot
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receiving it.[5] Conventional combination chemotherapy regimens
including CMFVP (cyclophosphamide, methotrexate, fluorouracil,
vincristine, and prednisolone) and CMF (cyclophosphamide,
methotrexate, and fluorouracil) are known to increase the risk of
thromboembolism.[6,7] The phlebographically proven incidence of
DVT with drugs used in contemporary practice, such as epirubicin
and cyclophosphamide, is 10%.[8] Following multiagent chemo-
therapy for breast cancer, the most common thromboembolic
complication is venous thrombosis; arterial thrombosis is an
extremely rare event, with a reported incidence of 1.0% to
4.8%.[9–11] Despite the low risk of arterial thrombosis in patients
with breast cancer, it is a potentially devastating complication that
results in significant morbidity and mortality.
In the present report, we describe an extremely rare case of acute

arterial thrombosis in the upper extremity in a patient receiving
adjuvant chemotherapy with Adriamycin-cyclophosphamide for
completely resected stage I breast cancer. The publication of this
report was approved by the Institutional Review Board of the
Chungbuk National University Hospital, Republic of Korea. The
patient had provided informed consent for her treatment and had
agreed to the publication of the figures and data in this report.
2. Presenting concerns

A 55-year-old postmenopausal woman presented to the
emergency department with sudden pain, numbness, and
Figure 1. Mammography (A), breast ultrasonography (B), breast magnetic resonan
(PET-CT) (D) findings showing irregular enhancing mass in the right breast without
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swelling in her left hand. She had been diagnosed invasive
ductal carcinoma of the right breast 2months before the visit. The
radiologic tests, which included computed tomography (CT)
scans of the chest, abdomen, and pelvis, and a positron emission
tomography computed tomography (PET CT), showed no
evidence of distant metastatic disease (Fig. 1). She underwent
right sided breast conserving surgery and sentinel lymph node
biopsy. The tumor was found to be moderately differentiated
invasive ductal carcinoma, measuring 1.5cm in diameter. On
immunohistochemistry, the tumor tested positive for the estrogen
receptor (2+, 70%) and progesterone receptor (1+, 10%), and
negative for C-erb-B2; the Ki 67 proliferation index was high at
80%. The 3 sentinel lymph nodes sampled were negative for
malignancy. The surgical margins were negative; according to the
8th edition of the American Joint Committee on Cancer (AJCC)
staging system, the tumor was of pathologic stage I (pT1cN0M0).

3. Clinical findings

The patient had a strong family history of breast and ovarian
cancer. Her older sister was diagnosed with breast cancer at 46
years of age and her 2 younger sisters were diagnosed with breast
and ovarian cancer at the ages of 53 and 51 years, respectively.
Tests for mutations in the BRCA1 and BRCA2 genes had shown
a variant of uncertain significance in BRCA1, with no
abnormality of BRCA2.
ce imaging (MRI) (C) and positron emission tomography-computed tomography
axillary lymph node metastasis. There was no evidence of distant metastasis.
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She was within the normal range for body weight, with a body
mass index (BMI) of 22.9kg/m2. She had been diagnosed with
hypertension 15 years before and had never undergone hormone
replacement therapy in the past. She was a never-smoker and
denied any other significant medical history including that of
diabetes, atherosclerotic disease, or tuberculosis. She was only
taking Amlodipine (10mg) daily. The pre-treatment laboratory
studies, which included a complete blood count and a screening
complete metabolic panel, were within normal limits. The
baseline prothrombin time (PT), prothrombin time/international
normalized ratio (PT/INR), and activated partial thromboplastin
time (aPTT) were 11.8 seconds (10.1–13.1seconds), 1.00 (<1.2),
and 25.0 seconds (24.0–33.0seconds), respectively. The baseline
cardiac evaluation, which included an electrocardiogram and
echocardiogram, were within normal limits. Her family and
personal history were not indicative of either thromboses or
bleeding disorders.
On examination, her Eastern Cooperative Oncology Group

(ECOG) performance status score was 1. Chemotherapy,
consisting of Adriamycin (60mg/m2) and cyclophosphamide
(600mg/m2) was initiated 18 days after surgery. The patient was
scheduled to receive 4 cycles of Adriamycin-cyclophosphamide
chemotherapy every 3 weeks. She visited the emergency
department with sudden pain, numbness, and swelling in her
left hand, 5 days after receiving the second cycle of chemothera-
py.
4. Diagnostic focus and assessment

On physical examination, her left forearm and hand were cold,
edematous, and painful, with a weak left radial artery pulse. The
Allen test was positive and the doppler flow signal was not
present in the left brachial and distal bifurcating arteries,
suggestive of possible arterial occlusion. On the CT angiography
study, a thrombus was noted in a segment of the brachial artery
and at the junction of the brachial and radioulnar arteries (Fig. 2).
Significant perivascular hazy edematous changes were suggestive
of extensive acute occlusive arterial thrombosis. The laboratory
findings related to coagulation were as follows: PT: 10.4 seconds
(range: 0.1–12.1), PT/INR: 0.89 (<1.2), aPTT: 15.6seconds
(range: 24.0–33.0), fibrin degradation products (FDP): 8.7ug/mL
(range: <5), D-dimer: 3.8ug/mL (range: <0.5), protein C: 65%
Figure 2. CT angiography 3-dimensional image findings showed multifocal total oc
and ulnar arteries suggesting acute thrombosis (A, B).
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(range: 60–150), protein S: 107% (range: 70%–130%), anti-
phospholipid antibody: 2.0U/mL (range <10), lupus anticoagu-
lant: 0.87 (negative: <1.20), antithrombin III: 52.3% (range: 74–
125), factor VIII ab (inhibitor): 90% (negative range: 81%–

100%). Echocardiographydemonstrated no intracardiac thrombi.

5. Therapeutic focus and assessment

The patient immediately received 10,000 units of unfractionated
heparin (UFH). She then underwent emergency brachial and
radial-ulnar thrombectomy under local anesthesia in operating
room with restoration of perfusion to the extremity (Fig. 3). The
postoperative course was uncomplicated, and her symptoms
subsided completely after surgery. After continuous intravenous
UFH followed by warfarin, and she discharged on warfarin at a
daily dose of 4mg after 5 days.

6. Follow-up and outcomes

Ten days after surgery, the PT/INR level was 1.25 (<1.2) with
daily warfarin dose of 4mg. After multidisciplinary team
meeting, we decided to discontinue chemotherapy permanently
and anticoagulation with warfarin was continued. The patient
started treatment with adjuvant endocrine therapy with aroma-
tase inhibitor (AI); anastrozole 1mg daily. Adjuvant radiothera-
py was administered to her right breast, consisting of 50Gy in 25
fractions. She continued taking the warfarin 4 months, with a
target therapeutic PT/INR level of 1.5–2. She was asymptomatic
at follow-up at four months, and, due to the complete resolution
of symptoms, oral anticoagulation was discontinued. At her 10-
month follow-up, she was asymptomatic and found to have no
concerning thromboembolic issues. She is doing well, is currently
on endocrine therapy with no evidence of breast cancer
recurrence.
7. Discussion

Arterial thrombosis occurs in 1.0% to 4.8% of patients treated
with multiagent chemotherapy for breast cancer.[7,9,10,11] Most
thrombotic complications occur during treatment rather than
after completion of chemotherapy.[9,11] The risk is greater in
patients with metastatic disease, probably owing to the increased
clusion of left brachial artery (white arrows) with reconstitution at proximal radial

http://www.md-journal.com


Figure 3. Operative field exposing left brachial artery and cephalic vein (A). Brachial artery (black arrow) was repaired after thrombectomy and cephalic vein (black
empty arrow) was also filled by thrombus. Specimen after thrombectomy conclusive of acute arterial thrombosis (B).
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tumor burden and the presence of other predisposing factors,
such as immobilization.[11] The incidence of thrombosis is
reported to be higher in postmenopausal women and after
mastectomy. Among premenopausal patients, the combination of
chemotherapy and tamoxifen is associated with arterial throm-
bosis. Hormonal receptor status, age, the number of involved
lymph nodes, and subsequent tumor recurrence apparently have
no relation with the development of thrombosis.[10]

The pathophysiologic mechanism for thrombogenicity in
patients undergoing chemotherapy for breast cancer is not well
understood. Some studies have reported a statistically significant
decrease in protein C and protein S levels, and a decrease in levels
of factor VII and fibrinogen without clinically evident thrombosis
during CMF chemotherapy for breast cancer.[12,13] Reduced
levels of protein C activity and increased levels of fibrinopeptide
A have also been reported with infusional 5-fluorouracil.[14]

Possible explanations of these abnormalities include impairment
of vitamin K metabolism, inhibition of DNA/RNA synthesis
leading to a decrease in protein synthesis by the liver, and
inhibition of intravascular coagulation.
In patients with breast cancer, chemotherapy regimens such as

CMF, FAC (fluorouracil, Adriamycin, and cyclophosphamide),
and CMFVP are known to increase the risk of thrombosis.
Cisplatin based chemotherapy is also commonly implicated in the
promotion of arterial and venous thrombosis in patients with
advanced breast cancers.[15] Angiogenesis inhibitors such as
bevacizumab may cause both, thrombotic and hemorrhagic
complications. In addition, supportive therapeutic agents such as
erythropoietin, high dose corticosteroids as antiemetics, and
granulocyte colony-stimulating factor (G-CSF) may increase the
risk of vascular thrombosis.[4]

A few studies have reported on the occurrence of vascular
thrombosis in patients receiving doxorubicin based chemothera-
py for breast cancer.[8,16] Although 10% of the patients
developed venous thrombosis in the prospective study by
Tempelhoff et al, advanced coagulation tests including levels
of D-dimer, fibrinogen, and plasminogen activator inhibitor-1
(PAI) activity during adjuvant EC (epirubicin-cyclophospha-
mide) chemotherapy for breast cancer did not identify patterns of
higher risk for DVT.[8] In another study, the levels of plasma
TAF1 antigen and PAI-1 were similar before and after
4

Adriamycin based adjuvant chemotherapy in patients with
operable breast cancer.[17]

In view of these reports, our patient had a number of distinct
features. First, except for well controlled hypertension, she had an
ECOG performance status score of 1, no atherosclerotic disease,
a BMI of 22.9kg/m2, and good levels of activity. She had no
predisposing factors that could compromise arterial blood flow.
Corticosteroids were administered as antiemetics. However, the
dose was not likely to cause thromboembolism.
Second, a very rare report described a case of arterial

thrombosis associated with adjuvant Adriamycin based chemo-
therapy. We found only 1 report of lower extremity arterial
thrombosis during adjuvant dose dense AC chemotherapy with
prophylactic G-CSF in breast cancer after mastectomy.[16] These
2 reports suggest the possibility of serious arterial thrombosis
with Adriamycin based chemotherapy.
In this patient, the anti-thrombin III (AT III) activity was below

the lower limit of normal (74%–125%). However, she did not
have any past history of TEEs. Also, in a cohort with familial AT
III deficiency, the lack of AT III had not been regarded as a risk
factor for arterial thrombosis.[18] In familial studies, venous
thrombosis occurred in 85% of AT-deficient relatives younger
than 55 years of age. A large patient series with natural
anticoagulant deficiency, including AT deficiency, revealed no
increased risk of arterial cardiovascular disease in affected family
members aged older than 55.[19] AT levels should not be
measured at the time of an event because thrombosis may cause a
transient reduction in all natural anticoagulants including AT;
this could be mistaken for an underlying deficiency. If the level of
AT is found to be low during acute thrombosis, the estimation
should be repeated once the patient has recovered.[20] Therefore,
we speculate that the low AT III activity in this case was not
related to the arterial thrombosis. The test for the AT III level
should have been repeated after the patient had completely
recovered.
According to the 8th American college of chest physicians

(AACP) consensus conference of antithrombotic therapy,[21] the
treatment of arterial thrombosis should include immediate
initiation of anticoagulation with UFH and immediate throm-
bolytic therapy or operative intervention. The initiation of
heparin infusions should be prompt and should not await results
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of diagnostic tests or procedures. In patients undergoing
embolectomy, guidelines recommend the sequential administra-
tion of UFH and long-term anticoagulation with vitamin K
antagonists as a grade 2C recommendation. In patients with
active DVT and pulmonary embolism (PE), extended duration
low molecular weight heparin (LMWH) for at least 6 months is
currently the standard of care.[22] Long-term LMWH is preferred
over warfarin in the treatment of cancer-associated VTE to
prevent recurrence.[23] Extended anticoagulation beyond the
standard 6 months should be considered as the optimal duration
of treatment, particularly in those with active cancer and/or
receiving anticancer treatments.[22,24]

In this case, the patient immediately received 10,000 units of
heparin followed by continuous heparin infusion. She also
underwent immediate operative thrombectomy. The patient then
received UFH followed by warfarin. Since she had undergone
curative resection for stage I breast cancer with a relatively low
risk of recurrence, further chemotherapy was discontinued and
anticoagulation was continued with warfarin. She subsequently
received adjuvant radiotherapy to the right breast and adjuvant
endocrine therapy with an AI.
This patient could have been prescribed an AI instead of

tamoxifen as she was postmenopausal. Tamoxifen is well-known
for increasing the risk of thromboembolism.[1,2] As evident from
randomized clinical trials, thrombosis in women receiving
endocrine adjuvant therapy for early breast cancer is substan-
tially lower with AIs compared to tamoxifen.[25,26] However, it is
unclear whether AIs are completely unassociated with thrombot-
ic risks. Longer follow up is therefore needed.
Arterial thrombosis complicating cancer and cancer chemo-

therapy are common, and has increased with the expansion of the
armamentarium of novel chemotherapeutic agents. Owing to the
improved survival in patients with cancer, cardiovascular
complications are becoming clinically apparent many years after
the diagnosis of cancer. Thromboprophylaxis should be consid-
ered in patients with cancer. Notably, the guidelines of the
American Society of Clinical Oncology (ASCO) and National
Comprehensive Cancer Network (NCCN) recommend throm-
boprophylaxis only for in-patients without contraindications for
anticoagulation.[27,28] These recommendations are based on
results of large trials conducted in medically ill patients, of whom
a minority of patients had cancer. Cancer-specific studies have
not been conducted. Some randomized controlled trials studied
the prophylactic use of LMWH or ultra-LMWH among
outpatients with common cancers or single site cancers known
to be at a very high risk for VTE (pancreas and multiple
myeloma). Patients receiving prophylaxis showed a significant
reduction in the relative risk of VTE (hazard ratio [HR]: 0.36).[29–
32] However, since VTE events were relatively low among the
patients with common cancers in those studies (3.2% and 3.4%),
risk stratification was necessary. Khorana et al. proposed a
predictive model for chemotherapy- associated VTE based on the
site of cancer (very high risk for stomach and pancreas), pre-
chemotherapy platelet count (>350,000/mm3), hemoglobin level
(<10g/dL), leukocyte count (>11,000/mm3), and BMI (≥35kg/
m2). Patients were stratified as being at high, intermediate, and
low risk for the development of VTE. In studies that validated risk
scores, patients with high risk scores (≥3) had a 5.4% to 28.2%
incidence of VTEs, while those with low risk scores had an
incidence of 1.5% to 3%.[24,33] The risk for chemotherapy-
induced VTE may be predicted using the model proposed by
Khorana et al; it may also be used to predict the risk for arterial
5

thrombosis. However, the current ASCO and NCCN guidelines
recommend outpatient thromboprophylaxis only for high-risk
myeloma patients receiving thalidomide lenalidomide- or
pomalidomide -based combination regimens.[27,28] Evidence
based changes in current treatment algorithms are urgently
needed, with further studies on thromboprophylaxis for arterial
thrombosis in cancer patients.
Cancer is associated with an increased incidence of thrombosis.

However, the point of initiation of the increased risk remains
unclear. Retrospective case control studies using the SEER
dataset have shown that in patients ≥67 years old, the risk of
arterial thromboembolic events begin to increase 150 days before
the date of cancer diagnosis, with a peak at 30 days before.[34]

This finding suggests that a new diagnosis of myocardial
infarction or ischemic stroke in older patients should provoke
age-appropriate screening for malignancy. The findings also
confirm the importance of risk group analysis and thrombopro-
phylaxis in high-risk patients with cancer.
In conclusion, we report an extremely rare case of arterial

thrombosis in a patient with early breast cancer receiving adjuvant
chemotherapy with Adriamycin-cyclophosphamide after curative
resection.Despite the relatively low incidence, arterial thrombosis is
a potentially devastating complicationwith highmortality. Careful
clinical observation is important in patients receiving chemothera-
py, even when the primary tumor has been completely resected.
Patients should be carefully chosen for prophylaxis. Randomized
trials are necessary to identify patients who may benefit from
thromboprophylaxis while on multiagent chemotherapy.
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