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ABSTRACT

Venous thromboembolism (VTE), including deep vein thrombosis and pulmonary embolism, represents a major cause of

morbidity and mortality in patients with cancer. Arterial thromboembolism, including myocardial infarction and stroke, is

also prevalent. Risk differs in subgroups, with higher rates observed in specific cancers including pancreas, stomach, and

multiple myeloma. Thromboprophylaxis is recommended for most patients with active cancer hospitalized for medical

illnesses and after major cancer surgery. Outpatient thromboprophylaxis is not routinely recommended, but emerging

data suggest that a high-risk population that benefits from pharmacological thromboprophylaxis can be identified using a

validated risk tool. Direct oral anticoagulants are emerging as the preferred new option for the treatment of cancer-

associated VTE, although low-molecular-weight heparin remains a standard for patients at high bleeding risk. Manage-

ment of VTE beyond the first 6 months and challenging clinical situations including intracranial metastases and

thrombocytopenia require careful management in balancing the benefits and risks of anticoagulation and remain

major knowledge gaps in evidence. (J Am Coll Cardiol CardioOnc 2021;-:-–-) © 2021 Published by Elsevier on behalf

of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

BACKGROUND AND EPIDEMIOLOGY

Since first highlighted by Professor Armand Trous-
seau in the early 19th century (1), the relationship
between malignancy and a clinical hypercoagulable
state has been extensively studied and remains an
important public health issue for patients with
cancer. Even today, patients with active malignancy
remain at high risk of thromboembolic events,
including both venous thromboembolism (VTE) and
arterial thromboembolism (ATE). VTE, including deep
venous thrombosis (DVT) and pulmonary embolism
(PE), is more common and can occur at any time

during the history of cancer and may even be the first
presenting sign of the disease (2). VTE can complicate
surgery, hospitalizations, and systemic therapies and
is associated with a major increase in health care
resource utilization compared to patients with cancer
without VTE (3). Arterial thrombotic events (ATEs),
including myocardial infarction (MI), cerebrovascular
event (CVA), and peripheral artery disease are leading
causes of death and disability worldwide (4). Despite
the well-known alterations in clotting function, ma-
lignancies are not an established independent risk
factor for ATE (5). However, in patients with cancer,
thromboembolism, including both VTE and ATE, is
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the second-leading cause of death after can-
cer itself, and the occurrence of thrombo-
embolism can interrupt or delay essential
cancer treatments (6,7).

VTE rates in patients with cancer are about
4- to 7-fold higher compared to healthy in-
dividuals (8) and appear to be increasing over
recent years because of improved patient
survival, more thrombogenic cancer treat-
ments, extensive use of central catheters,
and a better awareness of cancer-associated
thrombosis (CAT) (9). Several clinical series
have suggested that ATEs may be common in
patients with cancer (10,11), and arterial
thrombosis accounted for 5.6% of deaths in a
prospective study of patients with cancer
receiving outpatient chemotherapy (6).

In an United Kingdom analysis evaluating
patients with cancer versus matched non-
cancer control individuals from the general
population, the hazard ratio (HR) for VTE was
4.7 (95% confidence interval [CI]: 4.5 to 4.9),
and the incidence rate was 13.9/1,000 per
year (95% CI: 13.4 to 14.4) (12). A recent re-
view estimates that approximately 15% of
patients with cancer will experience VTE,
and conversely, 20% of unprovoked VTEs are
the first sign of an underlying malignancy
(13). The incidence of ATE according to can-
cer subtypes and settings was investigated by
Navi et al. (14), who analyzed 279,719 pa-
tients with cancer (breast, lung, prostate,
colorectal, bladder, pancreatic, gastric, and
non-Hodgkin lymphoma) and matched them
with control individuals between 2002 and
2011 using the Surveillance, Epidemiology,
and End Results (SEER) database. The inci-
dence of ATE at 6 months was 4.7% in all
patients with cancer compared to 2.2% in the
matched control cohort, but the study pop-
ulation was mostly represented by older
patients with cancer in the United States. As
such, the results should be extrapolated to
other populations with caution.

VTE in cancer is not limited to DVT and PE,
with increasing reports of unusual site

thrombosis, including the upper extremities, cerebral
veins, and splanchnic veins (15). Upper extremity
thrombosis is 18 times more common with active
cancer, typically because of the presence of a central
venous catheter (13). Splanchnic or visceral vein
thrombosis (VVT) is frequently associated with can-
cer, especially certain gastrointestinal (GI)

malignancies (16). Most of those findings are inci-
dentally discovered on routine surveillance or
restaging scans, and their potential impact on prog-
nosis and outcomes is still uncertain (17). In contrast,
ATE predominantly manifests as MI and CVA, dis-
eases that are hardly incidental because of their sig-
nificant clinical impact.

The last few years have led to a paradigm shift in
both the prevention and treatment of CAT. Emerging
data demonstrate benefit to patients with direct oral
anticoagulants (DOACs). Large studies focused on
cancer populations have been completed for both
primary and secondary prevention of thromboembo-
lism. Guidelines from different societies, including
the American Society of Clinical Oncology (ASCO),
International Society on Thrombosis and Haemostasis
(ISTH), International Initiative on Thrombosis and
Cancer, European Society of Medical Oncology
(ESMO), National Comprehensive Cancer Network,
and American Society of Hematology (ASH), have
recently modified the recommended approach for
both primary prevention and treatment (18–22).

In this review, we comprehensively evaluate these
emerging data in the context of the risk assessment,
prevention, and treatment of CAT, both venous and
arterial. We searched for current data with the
strongest level of evidence throughout; if unavai-
lable, we identify that the data were derived from
lower levels of evidence.

HIGHLIGHTS

� Patients with cancer are at increased risk
of VTE and ATE, with significant conse-
quences including mortality.

� RAMs combining clinical and biochemical
parameters can identify high-risk
patients.

� Thromboprophylaxis should be consid-
ered for patients identified as high-risk
for VTE.

� DOACs are an emerging option for acute
VTE treatment, although LMWH remains
an acceptable standard.

� There are limited data that address the
management of ATE in patients with
cancer.

� A multidisciplinary approach with the
oncologist and cardiologist is currently
recommended.

ABBR EV I A T I ON S

AND ACRONYMS

ASCO = American Society of

Clinical Oncology

ASH = American Society of

Hematology

AT = antithrombin

ATE = arterial

thromboembolism

CAT = cancer-associated

thrombosis

CI = confidence interval

CRNMB = clinically relevant

nonmajor bleeding

CVA = cerebrovascular event

DOAC = direct oral

anticoagulant

DVT = deep venous thrombosis

ESMO = European Society of

Medical Oncology

GI = gastrointestinal

HR = hazard ratio

ICH = intracranial hemorrhage

ISTH = International Society on

Thrombosis and Haemostasis

KS = Khorana score

LMWH = low-molecular-

weight heparin

MI = myocardial infarction

MM = multiple myeloma

NNT = number needed to treat

PE = pulmonary embolism

PPV = positive predictive value

RAM = risk assessment model

SPE = segmental pulmonary

embolism

SSC = Scientific and

Standardization Committee

SSPE = subsegmental

pulmonary embolism

UHF = unfractionated heparin

VKA = vitamin K antagonist

VTE = venous

thromboembolism

VVT = visceral vein thrombosis
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RISK FACTORS AND RISK ASSESSMENT MODELS

VTE and ATE are multicausal diseases, and several
risk factors have been identified. Many patient-
related risk factors, including age, smoking, hyper-
tension, and diabetes, are common to both venous
and arterial events (23). In this population, risk fac-
tors can be categorized as patient-related, cancer-
related, and treatment-related (Table 1) (24).

PATIENT-RELATED RISK FACTORS. Data on patient-
related risk factors are generally derived from large
retrospective cohort studies, which include several
types of cancer, and a few prospective cohort studies.
Increasing age is a risk factor for VTE in patients with
cancer (25), similar to the general population. In a
retrospective cohort study, patients age 70 years or
older undergoing chemotherapy had a 2-fold risk of
developing VTE compared to younger patients (11%
vs. 6%) (26). Regarding ethnicity, some studies have
suggested higher rates in Black patients and lower
rates in Asian patients, although data are conflicting
(27). Patient functional status is important, and a poor
performance status can increase the risk of VTE (28).
Moreover, VTE risk is further increased in patients
harboring a genetic risk factor, such as antithrombin
(AT), protein C, or protein S deficiency or factor V
Leiden or factor II G20210A, even though these con-
ditions are uncommon and usually are associated
with VTE at a younger age (29). Inherited pro-
thrombotic alterations play a lower role for ATE, with
the exceptions of lupus anticoagulant and hyper-
homocysteinemia. Specifically, for patients with
cancer, medical comorbidities including anemia,
infection, obesity, pulmonary, and renal diseases are
associated with up to 1.5-fold higher rates of VTE (25).
Finally, patients with cancer with a prior history of
VTE have a 6- to 7-fold increased absolute risk for
subsequent VTE compared with patients without a
prior thromboembolic event (28).

CANCER-RELATED RISK FACTORS. The absolute risk
of VTE and ATE in patients with cancer varies widely
depending on the site, stage, and time after diagnosis
and is based on evidence from large cohort studies;
systematic assessments are missing. Primary brain
tumors and pancreatic cancers are associated with the
highest risk of thromboembolism (30). Stomach,
esophageal, ovarian, and lung cancers also confer
high risk, as well as hematologic malignancies,
particularly aggressive non-Hodgkin lymphomas and
multiple myeloma (MM) (24). However, it should be
noted that from a public health perspective, a high
proportion of VTE burden is attributable to highly
prevalent cancers (breast, colorectal, prostate)

despite a lower relative risk for VTE. Regional or
metastatic spread is associated with a higher risk of
VTE compared to localized disease (31). Approxi-
mately 50% of patients presenting with VTE at the
time of diagnosis have synchronous metastasis.
Timing also appears to be important; patients are at
the highest risk in the first 3 months after cancer
diagnosis, followed by a declining incidence. How-
ever, the risk remains higher than the general popu-
lation for up to 15 years from the initial
presentation (32).

According to a large retrospective cohort study, the
incidence of ATE at 6 months was higher in patients
with lung, gastric, and pancreatic cancers (8.3%,
6.5%, and 5.9%, respectively) [14], with MI and
ischemic stroke being 2.0% and 3.0%, respectively.
Moreover, advanced stage of cancer was associated
with a significant increase in ATE (incidence at
6 months: 2.3% for stage 0 compared to 7.7% for stage

TABLE 1 Clinical Risk Factors and Candidate Biomarkers for Cancer-Associated Venous

Thromboembolism

Cancer-related factors

Primary cancer: brain, pancreas, kidney, stomach, lung, gynecologic, lymphoma, myeloma

Advanced cancer stage

Initial period after cancer diagnosis

Histology (worse with adenocarcinoma)

Treatment-related factors

Major surgery

Hospitalization

Cancer therapy

Chemotherapy

Hormonal therapy

Antiangiogenic agents: thalidomide, lenalidomide, bevacizumab
Immune checkpoint inhibitors

Erythropoiesis-stimulating agents

Transfusions

Central venous catheters

Patient-related factors

Older age

Female

Race (higher in Black Americans, lower in Asians/Pacific Islanders)

Comorbidities: infection, renal disease, pulmonary disease, obesity, arterial thromboembolism

Inherited prothrombotic mutations: factor V Leiden, prothrombin gene mutation

Prior history of venous thromboembolism

Poor performance status

Candidate biomarkers

Blood counts

Pre-chemotherapy platelet count of $350,000/l

Pre-chemotherapy leukocyte count of >11,000/l

Tissue factor

High grade of tissue factor expression by tumor cells

Elevated systemic tissue factor (antigen or activity)

D-dimer

Soluble P-selectin

C-reactive protein
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4). Some malignancies, such as polycythemia vera
and MM, are commonly associated with arterial
thrombosis (33). In a large population study in Swe-
den, patients with MM were found to have an
increased risk of ATE at 1, 5, and 10 years after the
initial diagnosis, with HRs as follows: 1.9 (95% CI: 1.8
to 2.1), 1.5 (95% CI: 1.4 to 1.6), and 1.5 (95% CI: 1.4 to
1.5), respectively (34).

Recent studies show that the anaplastic lymphoma
kinase (ALK) rearrangement in lung cancer confers a
higher thrombogenic risk (35). Larger validation
studies are required to integrate these molecular data
into clinical practice.

TREATMENT-RELATED RISK FACTORS. VTE rates
can increase with surgery, anticancer therapies, and
supportive care treatments. Some chemotherapeutic
agents have also been associated with a high burden
of ATE. Surgery (especially pelvic and abdominal) in
patients with cancer carries an increased risk of post-
operative DVT and PE by 2- and 3-fold, respectively,
when compared to patients without cancer undergo-
ing the same procedures (36). Chemotherapy and new
anticancer drugs are strong risk factors for VTE, and
their growing use may partially explain its increase
over the last decades. The use of systemic chemo-
therapy increases the risk for VTE 2- to 6-fold (37). In
this class, the cisplatin thrombogenic effect is well
identified: cisplatin-based regimens have a 2-fold
increased risk of thromboembolic complications
compared to oxaliplatin-based in patients with
gastroesophageal cancer (38). Immunomodulatory
drugs used in MM (thalidomide, lenalidomide, and
pomalidomide) increase the risk for VTE and ATE (MI:
1.98%; CVA: 3.4%) (39), while direct-acting antiviral
drugs (also potentially used in patients with cancer)
are safe for prothrombotic risk (40). Antiangiogenetic

drugs, such as bevacizumab, a monoclonal antibody
against vascular endothelial growth factor receptor
(VEGFR), increase the risk for ATE (41), as do the
multitargeted agents sorafenib and sunitinib,
although their precise impact on VTE is not clear (42).
Recently, studies on immune checkpoint inhibitors
suggest an elevated risk of both VTE and ATE,
potentially due to cellular immune responses, in-
flammatory cytokines, and complement-mediated
inflammation (43). Supportive therapies, including
erythropoiesis-stimulating agents and red blood cell
and platelet transfusions, contribute to the VTE
burden in patients with cancer (44).

BIOMARKERS AND CAT. Several biomarkers have
been associated with CAT. High leukocyte and
platelet counts and low hemoglobin levels before
chemotherapy have been strongly associated with the
risk of subsequent VTE (45). These parameters,
derived from routinely conducted blood count
studies in patients with cancer, are easily available in
clinical practice and can be considered cost-effective
prognostic and predictive biomarkers (46). D-dimer,
a small protein fragment derived by fibrin degrada-
tion, has been studied as a predictive biomarker for
VTE in cancer. High D-dimer levels are associated
with an increased risk of VTE (47). However, D-dimer
levels are frequently elevated in patients with cancer
and vary between laboratories, and there is a lack of
consensus regarding the appropriate cutoff value to
be considered as high risk. Further studies are
focused on other molecules, including P-selectin and
tissue factor–bearing microparticles, and their po-
tential role in VTE prediction. P-selectin has been
integrated in risk assessment models (RAMs) together
with clinical factors (48). To date, studies assessing
the predictive utility of tissue factor-bearing

TABLE 2 Comparison of Risk Assessment Models

Item Khorana Score* Vienna CATS Score PROTECHT Score CONKO Score

Pancreatic or gastric cancer (very-high-risk tumors) þ2 þ2 þ2 þ2

Lung, gynecologic, lymphoma, bladder, or testicular (high-risk tumors) þ1 þ1 þ1 þ1

Pre-chemotherapy Hb of <10 g/dl or erythropoietin-stimulating agents þ1 þ1 þ1 þ1

Pre-chemotherapy white blood cell count of >1 � 109/l þ1 þ1 þ1 þ1

Pre-chemotherapy platelet count of $350 � 109/l þ1 þ1 þ1 þ1

Body mass index of >35 kg/m2 þ1 þ1 þ1 —

D-dimer of >1.44 mg/l — þ1 — —

Soluble P-selectin of >53.1 ng/l — þ1 — —

Platinum-based or gemcitabine chemotherapy — — þ1 —

WHO performance status $2 — — — þ1

*Total score: 0 ¼ low risk; 1 to 2 ¼ intermediate risk; $3 ¼ high risk. See https://www.mdcalc.com/khorana-risk-score-venous-thromboembolism-cancer-patients.

CATS ¼ cancer-associated thrombosis score; CONKO ¼ Charité Onkologie; Hb ¼ hemoglobin; PROTECHT ¼ Prophylaxis Thromboembolic Events Chemotherapy;
WHO ¼ World Health Organization.
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microparticles show conflicting results with the best
available data in pancreatic cancer; its utility beyond
this disease is unclear (49).

RISK ASSESSMENT MODELS. RAMs have been
developed and validated to determine which patients
with cancer are at greater risk for VTE. Published
RAMs are reported in Table 2 (50).

The Khorana score (KS) was the first risk prediction
model for VTE in ambulatory cancer patients (51).
This score relies on 5 variables (type of cancer, com-
ponents of the complete blood count [hemoglobin,
platelet, and white blood cells], and body mass index)
to be assessed before the initiation of chemotherapy.
Each variable is assigned 1 point, except for the sub-
class of very high-risk tumors, which counts for 2. The
score was derived from a development cohort of 2,701
patients and subsequently internally and externally
validated in retrospective and prospective cohorts
including more than 35,000 patients (52), and it re-
mains the only risk assessment tool recommended by
multiple guidelines (Table 2).

The Vienna CAT score adds D-dimer and soluble P-
selectin measurements to the aforementioned 5 var-
iables, improving the positive predictive value (PPV),
but this has not yet been validated externally (48).
The PROTECHT (Prophylaxis Thromboembolic Events
Chemotherapy) study includes platinum-based or
gemcitabine-based chemotherapy as additional vari-
ables (53); however, the PPV is comparable to the
original score. These RAMs, as well as Onkotev and
Compass, are not yet validated for use in clinical
practice (54,55).

Recently, Pabinger et al. (56) from the Vienna
group have proposed a new model that relies on only
2 variables: tumor site (low or intermediate, high, and
very high risk) and D-dimer levels as a continuous
variable, with varying cutoffs for D-dimer using a
nomogram for different sites of cancer (56). This score
has been validated using MICA (Multinational Cohort
Study to Identify Cancer Patients at High Risk of
Venous Thromboembolism), and the cross-validated
C-indices of the final model were 0.68 (95% CI: 0.62
to 0.74), improving the PPV for VTE compared to the
KS. This tool, however, has not yet been tested in
hospitalized patients with cancer nor prospectively in
studies of thromboprophylaxis.

Additionally, 2 RAMs have been specifically
developed for MM: IMPEDE VTE (Immunomodulatory
agent; Body Mass Index $25 kg/m2; Pelvic, hip or
femur fracture; Erythropoietin stimulating agent;
Dexamethasone/Doxorubicin; Asian Ethnicity/ Race;
VTE history; Tunneled line/central venous catheter;
Existing thromboprophylaxis) and SAVED (Surgery

within 90 days, Asian race, VTE history, Age $80
years and Dexamethasone dose) (57,58). These have
outperformed the current models available for MM
and will potentially become new reliable options for
risk stratification in this disease.

The most clear use of risk assessment tools is for
the identification of high-risk patients for thrombo-
prophylaxis, which we address in a later section. In
addition to thromboprophylaxis, risk prediction
scores can be used to increase awareness of the risk of
VTE in both patients with cancer and providers and to
provide targeted education (59). In addition,
emerging studies suggest that using the KS can be
helpful for the early detection of VTE using screening
ultrasonography. Even though international guide-
lines currently do not address this question, in a
multi-institutional trial, undetected VTE was
observed in approximately 9% of high-risk patients as
identified by a KS of $3 (60). A pilot study has shown
that an electronic alert can help identify patients for
early detection and may potentially prevent emer-
gency department visits and hospital admissions (61).
This appears to be a relevant future application of
RAMs.

There are currently no validated risk tools to pre-
dict ATE in cancer. This remains a critical knowledge
gap.

PREVENTION

THROMBOPROPHYLAXIS IN SURGICAL PATIENTS

WITH CANCER. Surgery is a well-known risk factor
for VTE. All patients with active malignancy under-
going major surgical procedures should be considered
for pharmacological thromboprophylaxis, because
they are at 2- to 3-fold times the perioperative risk for
VTE compared with patients without cancer (62).
In-hospital post-operative prophylaxis has long been
the standard. More recently, studies have evaluated
longer duration of therapy (up to 4 weeks) with in-
hospital prophylaxis (7 to 10 days). These random-
ized trials suggest significantly lower rates of VTE
with extended thromboprophylaxis (60% reduction
in VTE rates, from 12% to 4.8%) with no differences in
outcomes such as major bleeding or death (63).

In summary, current ASCO guidelines for prophy-
laxis during the perioperative period recommend the
following:

� All patients with malignant disease undergoing
major surgical intervention should be offered
pharmacological thromboprophylaxis with either
unfractionated heparin (UFH) 5,000 U 2 to 4 h pre-
operatively and every 8 h thereafter or low-
molecular-weight heparin (LMWH) 40 mg 2 to 4 h
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pre-operatively or 10 to 12 h pre-operatively and
40 mg once daily thereafter, unless contra-
indicated because of active bleeding, high bleeding
risk, or other conditions.

� Thromboprophylaxis should be continued for 7 to
10 days, except for those patients who have high-
risk features such as restricted mobility, obesity,
history of VTE, or other additional risk factors, in
whom VTE prophylaxis should be continued for up
to 4 weeks. In lower-risk surgical settings, the
decision on appropriate duration of thrombopro-
phylaxis should be made on a case-by-case basis
(18).

On the other hand, ESMO and ASH guidelines
endorse a post-discharge duration of prophylaxis for
up to 4 weeks for patients with cancer who undergo a
major abdominal/pelvic surgical procedure rather
than discontinuation at the time of hospital discharge
(20,22).

Unfortunately, there are no validated scores to
assess thrombotic or hemorrhagic risk in the onco-
logic surgery setting specifically.

THROMBOPROPHYLAXIS IN HOSPITALIZED PATIENTS

WITH CANCER. Despite the known high incidence of
VTE in the cancer population, thromboprophylaxis in
hospitalized patients with malignancy represents a
major knowledge gap. Data from the United States
DVT Registry found that hospitalized patients with
malignancy are actually less likely to receive VTE
prophylaxis than their noncancer counterparts (28%
vs. 35%) because of the relative contraindications to
pharmacological thromboprophylaxis (e.g., thrombo-
cytopenia, active hemorrhage, or high risk for hem-
orrhage) (64).

Moreover, there are limited data to support the use
of antithrombotic prophylaxis and limited data
regarding the optimal regimen in hospitalized pa-
tients with cancer. Recently, a phase 2 trial conducted
by Zwicker et al. (65) confirmed a high incidence of
VTE in patients treated with fixed-dose enoxaparin
(22% cumulative incidence of DVT) and showed that a
weight-adjusted LMWH thromboprophylaxis
approach was feasible and safe.

Multiple scoring systems have been proposed to
improve VTE prevention, and in this particular
setting, the Padua Prediction Score is broadly used. It
considers several comorbidities/conditions assigning
3 points to active cancer, previous VTE (with the
exclusion of superficial vein thrombosis), reduced
mobility, and known thrombophilic condition; 2
points to recent (#1 month) trauma and/or surgery
and 1 point to older age ($70 years), cardiac and/or
respiratory failure, acute MI or ischemic stroke, acute

infection and/or rheumatologic disorder, obesity
(body mass index >30 kg/m2), and ongoing hormone
therapy. The cutoff for high risk was identified as $4
points (66).

Unfortunately, even though these scoring systems
include cancer diagnosis as a variable, they have
been tested primarily in medical hospitalized pa-
tients and have not been validated in any specific
cancer populations. In addition, evidence from the
literature shows that the current prophylactic doses
(enoxaparin 40 mg, dalteparin 5,000 IU, fondapar-
inux 2.5 mg), may not reduce the overall rate of VTE
compared with placebo and may be suboptimal for
high-risk populations (67). In recent retrospective
studies, the ability of the KS to predict VTE in hos-
pitalized patients was demonstrated in a post hoc
analysis. Moreover, there was a greater benefit of
thromboprophylaxis observed in patients with a high
KS (68). Further investigations are needed to incor-
porate the KS or other RAMs in clinical practice for
hospitalized patients with cancer. Two DOACs have
recently been approved for inpatient prophylaxis,
but data in patients with cancer are lacking, even
though newly approved betrixaban showed similar
effectiveness in patients with cancer (69–71). Finally,
the duration of prophylaxis is uncertain as well.
Patients with active cancer remain at higher VTE risk
after discharge, but results from the EXCLAIM
(Extended Prophylaxis for Venous ThromboEmbo-
lism in Acutely Ill Medical Patients With Prolonged
Immobilization) study did show a statistically
significant increase in bleeding risk when antith-
rombotic prophylaxis was extended up to 28 days
(compared to the standard 10 days), without clear
benefit in VTE reduction (72).

In summary, despite the lack of specific data in
patients with cancer and acknowledging the known
high risk of VTE in hospitalized patients with cancer,
current ASCO and ASH guidelines extrapolate based
on trials of prophylaxis in medically ill patients and
recommend the following:

� Hospitalized patients with active malignancy and
acute medical illness (heart failure, acute respira-
tory illness in the presence of chronic lung disease,
acute infection, acute rheumatic disorder, and in-
flammatory bowel disease) or reduced mobility
should receive pharmacological thromboprophy-
laxis in the absence of contraindications.

� Routine pharmacological thromboprophylaxis
should not be offered to patients admitted for the
sole purpose of minor procedures or chemotherapy
infusion, nor to patients undergoing stem cell/
bone marrow transplantation (18,22).
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THROMBOPROPHYLAXIS IN AMBULATORY PATIENTS

WITH CANCER. Ambulatory is defined as the period of
time during which a patient is not hospitalized for
surgery or medical illness or receiving end-of-life care
but is in the community receiving anticancer therapy
as an outpatient. Up to 74% of all cancer-associated
thrombotic events occur in this setting (73). A retro-
spective analysis from Lyman et al. (74) from the
United States IMPACT health care insurance reports
that the cumulative incidence of VTE 3.5 months after
starting chemotherapy was 7.3% (range: 4.6% to
11.6%) and was 13.5% by 12 months (range: 9.8% to
21.3%), varying widely depending on cancer site (74).

Starting in the 1990s, a study from Levine et al. (75)
first investigated thromboprophylaxis in cancer out-
patients. They showed that low-dose warfarin in
women with metastatic breast cancer was associated
with an 85% reduction in relative risk for VTE, with
no increase in bleeding rate, compared to the control
arm. More recently, several studies addressed the
question of thromboprophylaxis in the outpatient
setting, enrolling broad populations with different
types of malignancies, with a focus on specific can-
cers carrying a high risk for VTE such as pancreatic
cancer or MM.

The PROTECHT (Prophylaxis Thromboembolic
Event Chemotherapy) study included patients with
lung, breast, GI, head and neck, and ovarian cancers
randomly assigned to receive daily subcutaneous
nadroparin (3,800 U) or placebo. Rates of VTE in high-
risk patients were 11.1% with placebo and 4.5% with
nadroparin (number needed to treat [NNT] 15 vs. 77 in
low- and intermediate-risk patients) without
increasing the risk of major or clinically relevant
nonmajor bleeding (CRNMB) (53). Similar results were
observed in the SAVE-ONCO (Semuloparin for
Thromboprophylaxis in Patients Receiving Chemo-
therapy for Cancer) trial, in which patients with any
metastatic or locally advanced solid tumors starting
chemotherapy were randomly divided to receive the
ultra-low-molecular-weight heparin semuloparin or
placebo. Despite the low rate of events in the control
arm (3.4%), the study demonstrated a significant
reduction in the incidence of VTE in patients
receiving semuloparin (1.2%), with no increase in the
incidence of major bleeding (76). A subgroup analysis
of this trial showed NNTs of 25 for high-risk patients
(defined as KS of $3) and 333 for low-risk patients. A
recently updated Cochrane review stated that
primary thromboprophylaxis with LMWH signifi-
cantly reduced the rate of symptomatic VTE in
ambulatory cancer patients receiving chemotherapy
compared to no prophylaxis (risk reduction [RR]:
0.54; 95% CI: 0.38 to 0.75) and demonstrated that

assuming a risk of 7.1 symptomatic VTE events per
100 patients, 30 (95% CI: 23 to 56) patients would
need to be treated to prevent a single event (77).
Those results confirm, once again, the need to stratify
the thromboembolic risk in these patients to obtain
the greatest benefit/risk ratio.

Strong evidence on the benefits of anticoagulation
in high-risk populations has been gathered by studies
focused on high thromboembolic risk tumors. For
instance, the PROSPECT-CONKO-004 (Prospective,
Randomized Trial of Simultaneous Pancreatic Cancer
Treatment With Enoxaparin and Chemotherapy) trial
was designed to analyze the efficacy of enoxaparin in
patients with locally advanced or metastatic pancre-
atic cancer undergoing systemic chemotherapy. It
demonstrated a reduction in the VTE rate from 9.87%
to 1.25% at 3 months and from 15.13% to 5% at
12 months (78). Another study of patients with
pancreatic cancer, FRAGEM (A Phase II Randomized
Study of Chemo-Anticoagulation [Gemcitabine–
Dalteparin] Versus Chemotherapy Alone [Gemcita-
bine] for Locally Advanced and Metastatic Pancreatic
Adenocarcinoma), showed a reduction in the rate of
VTE from 23% to 3.4% in the intervention, with an
NNT of only 6 (79). Similar evidence has been
observed in MM; an Italian study compared the effi-
cacy and safety of thromboprophylaxis with low-dose
aspirin or LMWH in patients with newly diagnosed
MM treated with lenalidomide and showed a reduc-
tion in VTE rate, without major hemorrhagic compli-
cations, both for LMWH and aspirin (80). MM is the
only malignancy in which aspirin thromboprophy-
laxis is recommended.

DOACs, particularly the factor Xa inhibitors apix-
aban, rivaroxaban, and edoxaban, are being widely
investigated for use in patients with cancer.
Currently, all 3 factor Xa inhibitors are approved by
regulatory agencies for treatment of CAT, but they are
not broadly licensed for primary prophylaxis of VTE,
except after elective major orthopedic surgery or in
specific scenarios, as described below. Dosing regi-
mens for prophylaxis and treatment of VTE of
approved DOACS are summarized in Table 3. Data on

TABLE 3 Direct Oral Anticoagulants Dosing Regimens for Prophylaxis and Treatment of

Venous Thromboembolism

Drug Prophylaxis Treatment

Apixaban 2.5 mg orally twice daily 10 mg twice daily for the first 7 days,
followed by 5 mg twice daily

Rivaroxaban 10 mg orally once daily 15 mg orally every 12 h for 21 days,
followed by 20 mg once daily

Edoxaban Not applicable 60 mg daily after at least 5 days of
low-molecular-weight heparin
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their efficacy and safety for primary prevention of
VTE in patients with cancer emerged in early 2019,
when results from 2 large randomized controlled tri-
als became available.

The CASSINI trial enrolled 841 high-risk ambula-
tory cancer patients (defined as KS of $2) negative
for DVT at baseline screening, to randomly receive
rivaroxaban 10 mg daily or placebo for up to
6 months (81). Patients with primary or metastatic
brain cancer and those at high risk of bleeding were
excluded. More than 50% of the study population
had a GI malignancy (pancreas: 32.8%; gastric or
gastroesophageal: 20.7%). Over the entire 6-month
follow-up, the composite primary endpoint of
objectively confirmed DVT-, PE-, and VTE-related
death occurred in 6.0% of patients in the rivarox-
aban arm and 8.8% in the placebo group (HR: 0.66;
95% CI: 0.40 to 1.09; p ¼ 0.10). Even though not
unexpected in this population, 47% of enrolled pa-
tients prematurely discontinued the study drug
(either rivaroxaban or placebo); however, during the
on-treatment period, patients on rivaroxaban expe-
rienced a lower number of primary endpoint events
compared to patients on placebo (HR: 0.40; 95% CI:
0.20 to 0.80; p ¼ 0.007; NNT: 26).

Major bleeding and CRNMB did not differ in the 2
arms (rivaroxaban/placebo) (HR: 1.96; 95% CI: 0.59 to
6.49; p ¼ 0.26 and HR: 1.34; 95% CI: 0.54 to 3.32;
p ¼ 0.53, respectively). Estimates suggested a
potential benefit on mortality in the rivaroxaban
arm, although these were not statistically significant

(20.0% in patients on rivaroxaban vs. 23.8% in pa-
tients on placebo; HR: 0.83; 95% CI: 0.62 to 1.11;
p ¼ 0.21).

The AVERT (Apixaban to Prevent Venous Throm-
boembolism in Patients with Cancer) trial assessed
the efficacy and safety of apixaban 2.5 mg twice daily
for thromboprophylaxis in ambulatory patients with
cancer who were at high risk for VTE (defined simi-
larly to CASSINI trial as a KS of $2) (82). A total of 574
patients were enrolled in the 2 arms, without baseline
screening for prevalent VTE. Unlike in CASSINI, pa-
tients with primary brain tumors and myeloma were
not excluded. Approximately half of the population
had a diagnosis of lymphoma (26.1%) or gynecologic
malignancies (25.4%). At the 6-month follow up, the
rate of objectively confirmed VTE (primary efficacy
outcome) was significantly lower in the apixaban arm
compared to placebo (4.2% vs. 10.2%; HR: 0.41; 95%
CI: 0.26 to 0.65; p < 0.001). The rate of major bleeding
(primary safety outcome) was significantly higher in
patients randomized to receive apixaban compared to
placebo (3.5% vs. 1.8%; HR: 2.00; 95% CI: 1.01 to 3.95;
p ¼ 0.046), whereas CRNMB events were similar be-
tween the 2 arms (7.3% in the apixaban arm vs. 5.5%
in the placebo arm; HR: 1.28; 95% CI: 0.89 to 1.84).
Rates of death from any cause were similar between
the 2 treatment arms, but a higher rate was observed
in the intervention arm (12.2% for apixaban vs. 9.8%
for placebo arm; HR: 1.29; 95% CI: 0.98 to 1.71).
Further evidence will follow these randomized
controlled trials for including the prophylactic use of

TABLE 4 Study Characteristics and Results for the CASSINI and AVERT Trials for VTE Prophylaxis

Study CASSINI AVERT

Patients 841 patients with cancer and a KS of $2
Patients with primary or metastatic brain cancer

and those at risk for bleeding were excluded

574 patients with cancer and a KS of $2
Nonmelanoma skin cancers, acute leukemia,

myeloproliferative neoplasms, and those
at high risk for bleeding were excluded

Type of cancers Solid tumors and lymphomas Solid and primary brain tumors, lymphomas,
and myeloma

Baseline screening Yes No

Duration, days 180 180

Treatment Arms
Rivaroxaban
10 mg Daily Placebo

Apixaban
2.5 mg Twice Daily Placebo

VTE, % 6.0 8.8 4.2 10.2

HR (95% CI); p value 0.66 (0.40–1.09); p ¼ 0.10 0.41 (0.26–0.65); p < 0.001

Major bleeding, % 2.0 1.0 3.5 1.8

HR (95% CI); p value 1.96 (0.59–6.49); p ¼ 0.26 2.00 (1.01–3.95); p ¼ 0.046

CRNMB, % 2.7 2.0 7.3 5.5

HR (95% CI); p value 1.34 (0.54–3.32); p ¼ 0.53 1.28 (0.89–1.84); p ¼ NR

Mortality, % 20.0 23.3 12.2 9.8

HR (95% CI); p value 0.83 (0.62–1.11); p ¼ 0.213 1.29 (0.98–1.71); p ¼ NR

Mortality benefit Potential No

AVERT ¼ Apixaban to Prevent Venous Thromboembolism in Patients with Cancer; CI ¼ confidence interval; CRNMB ¼ clinically relevant nonmajor bleeding; HR ¼ hazard ratio;
KS ¼ Khorana score; NR ¼ not reported; VTE ¼ venous thromboembolism.
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DOACs in clinical practice in cancer outpatients. The
characteristics and results of both studies are syn-
thesized in Table 4.

In summary, for ambulatory cancer patients,
currently available international guidelines,
including the most recent guidelines published by
ASH in 2021, suggest the following:

� Routine pharmacological thromboprophylaxis
should not be offered to all outpatients with
cancer.

� High-risk outpatients with cancer (KS of 2 or higher
before starting a new systemic chemotherapy
regimen) may be offered thromboprophylaxis with
apixaban, rivaroxaban, or LMWH, provided there
are no significant risk factors for bleeding and no
drug-drug interactions. The decision should be
accompanied by a discussion with the patient
about the relative benefits and harms, drug cost,
and duration of prophylaxis.

� Patients with MM receiving thalidomide or lenali-
domide (in combination with dexamethasone)
should receive thromboprophylaxis with aspirin or
LMWH in low-risk situations and LMWH in high-
risk ones (18,22).

The Central Illustration outlines key points to
evaluate for suggesting thromboprophylaxis in
ambulatory patients with cancer.

TREATMENT AND SECONDARY PREVENTION

CHOICE AND DURATION OF TREATMENT. Appro-
priate treatment of VTE in patients with cancer is
crucial, because of the negative impact on survival
and the high rate of complications, including recur-
rent VTE and bleeding (up to 12% and 21% yearly,
respectively) (7). Different therapeutic options are
currently available for patients. Traditionally, cancer-
associated VTE has been treated with vitamin K an-
tagonists (VKAs), even though a growing body of ev-
idence suggests a possible resistance to warfarin.
LMWHs have shown to be superior to VKAs, and they
are the cornerstone for treatment of thromboembolic
events in cancer over the last 2 decades. The seminal
CLOT (Randomized Comparison of Low-Molecular-
Weight Heparin Versus Oral Anticoagulant Therapy
for the Prevention of Recurrent Venous Thrombo-
embolism in Patients With Cancer) study randomly
assigned 672 patients with cancer and acute symp-
tomatic VTE to receive initial treatment with dalte-
parin at a dose of 200 IU/kg subcutaneous once daily
for 5 to 7 days, followed by a coumarin derivative
with a target international normalized ratio of 2.5 or

therapeutic dalteparin (200 IU/kg once daily for the
first month, then 150 IU/kg) for 6 months (83). During
the 6-month study period, 8.0% of patients in the
dalteparin group had recurrent VTE compared to
15.8% of patients in the VKA group (HR: 0.48; 95% CI:
0.30 to 0.77, p ¼ 0.002). No significant difference was
observed between the 2 groups in the rates of major
and any bleeding. A decade later, in 2015, the CATCH
(Comparison of Acute Treatments in Cancer Haemo-
stasis) trial compared the LMWH tinzaparin at a dose
of 175 IU/kg once daily for 6 months with tinzaparin
initially for 5 to 10 days, followed by transition to
warfarin with a target international normalized ratio

CENTRAL ILLUSTRATION Prophylaxis and Treatment of
Cancer-Associated Thrombosis

Gervaso, L. et al. J Am Coll Cardiol CardioOnc. 2021;-(-):-–-.

The choice of pharmacological anticoagulation in patients with cancer should be based

on several aspects, which include type of cancer, risk of bleeding, drug-to-drug in-

teractions, and the patient’s preferences. VTE ¼ venous thromboembolism; DOACs ¼
direct oral anticoagulants; LMWH ¼ low molecular weight heparin.
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of 2 to 3. Similar to the prior study, the rate of VTE
decreased from 10% in the warfarin group to 6.9% in
the tinzaparin group, although this was not statisti-
cally significant (HR: 0.65; 95% CI: 0.41 to 1.03;
p ¼ 0.07). Major bleeding rates were similar in the 2
arms, while CRNMB events were significantly lower in
the tinzaparin group (11% and 16%; p ¼ 0.03) (84).

On the basis of the CLOT trial, and as confirmed by
a Cochrane review (85), LMWH is recommended as
the first-line therapy for the short- and long-term
management of CAT by different international
guidelines (18,20). However, subcutaneous adminis-
tration is often an obstacle for patient compliance,
and moreover, renal insufficiency and cost are limi-
tations for their use. Indeed, although not recom-
mended as the preferred treatment in cancer VTE,
VKAs are still widely used, given the oral route of
administration and the relatively low cost. A retro-
spective analysis from Khorana et al. (86) including
more than 100,000 medical prescriptions for VTE in
patients with cancer showed that oral agents, and in
particularly warfarin, are the most commonly used
anticoagulants, accounting for approximately 50% of
the total, with LMWH in 40% and DOACs in approx-
imately 10% (86).

DOACs are currently recommended as a the first-
line treatment for acute DVT and PE in patients
without cancer, but for a long time, because of a lack
of data on efficacy and safety, their use was not rec-
ommended in patients with cancer. However, with
the publication of 3 dedicated cancer trials, head-to-
head comparisons between DOACs and standard
antithrombotic therapy are now available (87). The
HOKUSAI-VTE (Edoxaban for the Treatment of
Cancer-Associated Venous Thromboembolism) Can-
cer trial was a noninferiority trial that randomized
1,050 patients with cancer and with acute symptom-
atic or incidental VTE to receive edoxaban (60 mg
daily after at least 5 days of LMWH therapy) or dal-
teparin (200 IU/kg daily for 1 month, followed by 150
IU/kg daily) for up to 6 to 12 months with a minimum
duration of follow-up of 9 months (88). The primary
endpoint (composite endpoint of the first recurrent
VTE or major bleeding within 12 months) occurred in
12.8% of patients in the edoxaban arm compared to
13.5% in the dalteparin arm (HR with edoxaban: 0.97;
p ¼ 0.006 for noninferiority). Edoxaban was non-
inferior to dalteparin regardless of treatment dura-
tion (HR: 0.97; 95% CI: 0.7 to 1.36; p ¼ 0.006 for
noninferiority). The rates of recurrent VTE did not
differ between the edoxaban and dalteparin groups
(7.9% vs. 11.3%; HR: 0.71; 95% CI: 0.48 to 1.06;
p ¼ 0.09), whereas the rate of major bleeding was
significantly higher with edoxaban compared to

dalteparin (6.9% vs. 4.0%, respectively; HR: 1.77; 95%
CI: 1.03 to 3.04; p ¼ 0.04), with a predominant
occurrence in patients with GI cancer, both resected
and unresected (12.5% vs. 3.6%; HR: 4.0; 95% CI: 1.5
to 10.6; p ¼ 0.005).

Further evidence has been derived from the
SELECT-D (Anticoagulation Therapy in Selected
Cancer Patients at Risk of Recurrence of Venous
Thromboembolism) randomized trial (89). A total of
406 patients with symptomatic or incidental VTE
were randomized to receive rivaroxaban (15 mg twice
daily for 3 weeks followed by 20 mg once daily) or
dalteparin (200 IU/kg daily for 1 month followed by
150 IU/kg daily) for 6 months. At the 6-month follow-
up, the cumulative rate of recurrent VTE was signifi-
cantly lower in the rivaroxaban arm compared to
dalteparin (4% vs. 11%; HR: 0.43; 95% CI: 0.19 to
0.99). The cumulative rate of major bleeding was not
different between the 2 treatment groups (6% vs. 4%,
respectively; HR: 1.83; 95% CI: 0.68 to 4.96), while
the rate of CRNMB was significantly higher in patients
treated with rivaroxaban (13% vs. 4%, respectively;
HR: 3.76; 95% CI: 1.63 to 8.69). Similar to the
HOKUSAI trial, most major bleeding events in the
rivaroxaban group (7 of 11) tended to occur in GI
malignancies, and CRNMB also occurred in GI (9 of 25)
or genitourinary (11 of 25) sites. Specifically, esopha-
geal and gastroesophageal cancers seemed to be at
high risk, with a 3-fold increased rate of major
bleeding with rivaroxaban compared to dalteparin
(36% vs. 11%). Data from those studies reflect real-
world clinical practice; more than half of the pa-
tients, indeed, had metastatic disease (53% and 58%,
respectively), and approximately 70% of them were
receiving active anticancer treatment while in the
trial. Moreover, the rates of VTE in the LMWH arms of
the HOKUSAI-VTE and SELECT-D trials (11.3% and
11%, respectively) were consistent with those re-
ported in the landmark CLOT and CATCH trials (9%
and 7.2%, respectively), as was major bleeding events
(4% for both HOKUSAI-VTE and SELECT-D vs. 6% and
3% for CLOT and CATCH, respectively).

Most recently, the Caravaggio trial randomized
1,155 patients with cancer with a diagnosis of symp-
tomatic or incidental acute proximal DVT or PE to
receive either apixaban (at a dose of 10 mg twice
daily for the first 7 days, followed by 5 mg twice
daily) or subcutaneous dalteparin (at a dose of 200
IU/kg of body weight once daily for the first month,
followed by 150 IU/kg once daily). Population char-
acteristics were similar to those of prior studies, with
approximately 60% undergoing concurrent active
anticancer treatments; the most common malig-
nancies were colorectal and lung, accounting for
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approximately 40% of the total in both arms. The
primary outcome of recurrent VTE occurred in 5.6%
in the apixaban group and in 7.9% in the dalteparin
group (HR: 0.63; 95% CI: 0.37 to 1.07; p < 0.001 for
noninferiority). Major bleeding, the primary safety
outcome, occurred in 3.8% in the apixaban group
and in 4.0% in the dalteparin group (HR: 0.82; 95%
CI: 0.40 to 1.69; p ¼ 0.60); these results are in
contrast to previous studies, especially for GI
bleeding, even though this was not a prespecified
trial outcome. Studies characteristics and results are
summarized in Table 5.

Despite the small sample size, the results from the
pilot ADAM-VTE trial had a similarly favorable risk–
benefit ratio for apixaban in the therapeutic setting,
with a major bleeding rate (the primary endpoint)
that was no different between the 2 groups (0% in the
apixaban arm vs. 1.4% in the dalteparin arm;
p ¼ 0.138) and a VTE recurrence rate fairly lower for
apixaban (0.7% vs. 6.3%; HR: 0.099; 95% CI: 0.013 to
0.780; p ¼ 0.0281).

Based on these data, ASCO guidelines state that for
long-term anticoagulation, LMWH, edoxaban, or
rivaroxaban for at least 6 months is preferred because
of improved efficacy over VKAs. VKAs are inferior but
may be used if LMWH or DOACs are not accessible.
There is an increase in major bleeding risk with
DOACs, particularly observed in GI and potentially
genitourinary malignancies (except in the Caravaggio
trial, although the GI cancer subgroup data have not
yet been published). Caution with DOACs is also
warranted in other settings with high risk for mucosal
bleeding. Drug-drug interactions should be evaluated
before using a DOAC, considering that rivaroxaban

and apixaban should not be used concomitantly with
potent inhibitors or inducers of P-glycoprotein or
cytochrome P450 3A4 (18).

The ideal duration of anticoagulation has not been
assessed, but based on available evidence, current
guidelines recommend LMWH use (over VKAs) for a
minimum of 6 months to treat established VTE in
patients with cancer. An extended duration of anti-
coagulant therapy has been proposed for patients
with active cancer, because the risk of recurrent VTE
remains high as long as the cancer is active, and
stopping anticoagulation for reasons other than major
bleeding leads to a higher rate of recurrence in the
active cancer patient cohort (90). Only 2 prospective
multicenter studies (DALTECAN [Treatment of
venous thromboembolism in cancer patients with
dalteparin for up to 12 months: the DALTECAN
Study], TiCAT [Tinzaparin in cancer associated
thrombosis beyond 6 months]) have assessed the
safety and efficacy of extended therapy with LMWH
up to 12 months in patients with cancer and acute VTE
(91,92). Safety was appropriate in both studies, and
the rate of recurrent VTE decreased from 4.5% to 5.7%
to approximately 1% during months 7 to 12. Overall,
these results show a possible favorable risk-benefit
ratio for extended treatment. On the other hand,
whatever drug is used, treatment for cancer-
associated VTE is also burdensome for patients, and
the indication to continue antithrombotic therapy
until the cancer is active often translates into lifelong
anticoagulation. The need for prolonged anti-
coagulation should be periodically re-evaluated by
assessing additional risk factors, such as metastasis or
progressive disease, prior history of VTE, ongoing

TABLE 5 Study Characteristics and Results for Hokusai Cancer VTE, SELECT-D, and Caravaggio Studies for VTE Treatment

Study Hokusai Cancer VTE SELECT-D Caravaggio

Population 1,046 patients with cancer and
acute symptomatic or
incidentally detected VTE

406 patients with cancer and
acute symptomatic or
incidentally detected VTE

1,155 patients with cancer and a
diagnosis of symptomatic
or incidental acute proximal
DVT or PE

Duration, months 12 6 6

Treatment Arms Edoxaban Dalteparin Rivaroxaban Dalteparin Apixaban Dalteparin

Metastatic disease, % 52.5 53.4 58 58 67.5 68.4

Concurrent anticancer treatment, % 71.6 73.1 69 70 60.8. 63.4

Recurrent VTE, % 7.9 11.3 4 11 5.6 7.9

HR (95% CI); p value 0.71 (0.48–1.06); p ¼ 0.09 0.43 (0.19–0.99); p ¼ NR 0.63 (0.37–1.07); p < 0.001

Major bleeding, % 6.9 4.0 6 4 3.8 4.0

HR (95% CI); p value 1.77 (1.03–3.04); p ¼ 0.04 1.83 (0.68–4.96); p ¼ NR 0.82 (0.40–1.69); p ¼ 0.60

CRNMB, % 14.6 11.1 13 4 9.0 6.0

HR (95% CI); p value 1.38 (0.98–1.94); p ¼ NR 3.76 (1.63–8.69); p ¼ NR 1.42 (0.88–2.30); p ¼ NR

Mortality, % 39.5 36.6 25 30 23.4 26.4

HR (95% CI); p value 1.12 (0.92–1.37); p ¼ NR NR 0.82 (0.62–1.09); p ¼ NR

SELECT-D ¼ Anticoagulation Therapy in Selected Cancer Patients at Risk of Recurrence of Venous Thromboembolism; other abbreviations as in Table 4.
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systemic chemotherapy or prothrombotic regimens,
and risk of bleeding.

In summary, for the choice and the duration of
treatment, current ASCO guidelines suggest the
following:

� Initial anticoagulation may include LMWH
(preferred over UFH if renal function is normal),
fondaparinux, or rivaroxaban.

� LMWH, edoxaban, or rivaroxaban for at least
6 months is preferred for long-term anti-
coagulation over VKAs. DOACs are associated with
an increased risk of major bleeding, particularly for
GI malignancies.

� Anticoagulation beyond the initial 6 months
should be considered for patients with metastatic
cancer and/or on active cancer treatment, with
periodic reassessment of the risk/benefit ratio.

The main aspects to consider in the decision-
making process for CAT treatment are summarized
in the Central Illustration.
INCIDENTAL VTE. Incidental VTE, defined as VTE
discovered on scans ordered for other reasons (typi-
cally cancer staging or restaging) without any clinical
suspicion at the time of diagnosis, contribute to up
half of all VTE events in patients with cancer (93). In
addition to PE and DVT, incidental findings also
include VVT. In a specific cohort of patients with GI
malignancies, DVT was incidentally discovered in
one-half of the patients and PE in 35% of the total,
while the rest were asymptomatic central catheter
thrombosis (94). Management of these events re-
mains controversial. Many retrospective studies and
registries suggest similar rates of mortality and
recurrence between asymptomatic and symptomatic
VTE (95).

International guidelines recommend the same
initial and long-term anticoagulation for incidental
PE as for patients with symptomatic PE. According to
a recent review published by the ASH (96), manage-
ment of incidental VTE should differ according to the
location of the thrombotic event. Anticoagulation is
clearly recommended for proximal DVT, segmental
PE (SPE), and multiple subsegmental PE (SSPE)
because of their negative impact on prognosis. How-
ever, for isolated SSPE without an ultrasound-
detected lower limb DVT, clinical and radiographic
monitoring alone can be considered on a case-by-case
evaluation. Management of isolated distal DVT is also
uncertain; 2 studies evaluated the clinical course of
symptomatic distal DVT in patients with cancer
(97,98) and showed a similar risk of death, recur-
rence, and major bleeding compared to proximal
DVT. Even though incidental distal DVT was not

specifically evaluated, these findings suggest that
distal DVT may worsen prognosis in patients with
cancer, and a course of anticoagulation could be
preferable over a watchful approach. More evidence
is required to understand the complete benefit,
treatment dose, and duration. Finally, VVT may
benefit from anticoagulant treatment in patients
without high risk of bleeding, but there are no data.
Guidelines support a case-by-case decision (96).

In summary, guidelines recommend the following:

� Incidental VTE events should be treated in the
same manner as symptomatic events given their
similar clinical outcomes, with the exception of
isolated SSPE.

RECURRENT VTE DURING ANTICOAGULATION.

Recurrent VTE despite appropriate anticoagulation is,
unfortunately, not rare among patients with cancer.
Lack of compliance, temporary cessation of therapy
because of bleeding or procedures, inadequate
dosing, cancer progression, or heparin-induced
thrombocytopenia are possible reasons for VTE
recurrence. Very limited evidence is available, and an
empirical approach has been proposed by the
ISTH (99).

LMWH is considered the preferred approach. Pa-
tients who experience recurrent VTE should be tran-
sitioned to therapeutic LMWH if on treatment with
UFH, VKA (in range), or DOACs. patients with cancer
and symptomatic recurrent VTE despite optimal
anticoagulation with LMWH should continue with
LMWH at a higher dose, starting with an increase of
25% of the current dose or resuming the therapeutic
weight-adjusted dose if the patient has been
receiving a nontherapeutic dose. If there is an
observed improvement, the same dose of LMWH
should be used. Further escalation in case of no
clinical improvement could be done based on anti-Xa
peak levels (99). The utilization of a vena cava filter is
also suggested for certain situations (18).

In summary, specific recommendations for these
clinical scenarios are not evidence-based, and the
strength is weak; however, the ISTH recommends the
following:

� Patients with recurrent VTE despite therapeutic
anticoagulation should be treated with LMWH if
they are being managed on other anticoagulants, or
they should continue LMWH at a higher dose,
starting with a 25% increase of the current dose.

SPECIAL SITUATIONS WITH HIGH BLEEDING RISK

THROMBOCYTOPENIA. Thrombocytopenia, defined
as a platelet count of <100 � 109 /l, is a common
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complication in patients with cancer, affecting a large
majority of patients receiving certain chemotherapy
regimens, especially those with hematologic malig-
nancies undergoing hematopoietic stem cell trans-
plantation. Despite the higher bleeding risk,
thrombocytopenia is not associated with a reduction
of thromboembolic risk. In addition, prolonged
thrombocytopenia (over 30 days) is associated with a
4-fold increased risk of recurrent VTE, as showed in a
retrospective study (100).

The main challenge for CAT risk management in
the setting of recurrent VTE is balancing the opposing
risks of bleeding and VTE recurrence. Several aspects
should be considered for assessing individual risk of
recurrence, including thrombosis burden (size, loca-
tion), time from event, history of VTE, and etiology.
For instance, catheter-related thrombosis is associ-
ated with lower rates of recurrence or PE than other
thromboembolic events. Similarly, distal DVT and
incidental SSPE appear to be lower-risk events (101).
On the other hand, bleeding is more frequent in the
case of allogeneic hematopoietic stem cell trans-
plantation, history of concurrent coagulopathy, and
liver or renal impairment. However, the risk of
bleeding is poorly and inconclusively defined for this
population, especially for platelet counts between
10 � 109/l and 50 � 109 /l.

According to the recent recommendations from the
Scientific and Standardization Committee (SSC) of the
ISTH (102), because of the higher risk of VTE recur-
rence during the acute phase (<30 days from the
event), full-dose anticoagulation is recommended for
patients with a platelet count of $50 � 109/l. How-
ever, once platelet counts decline below this level,
alternative strategies should be considered.

For patients with symptomatic SPE or more prox-
imal PE, proximal DVT, or history of recurrence, full
anticoagulation associated with platelet transfusion
(threshold $40 � 109/l) may be indicated. Conversely,
for distal DVT, incidental SSPE, and catheter-related
thrombosis, a dose-modification strategy using 50%
or prophylactic-dose LMWH is a feasible option for a
platelet count between 25 � 109/l and 50 � 109/l.
Generally, with this strategy, anticoagulation is dis-
continued under 25 � 109/l, although in some special
situations, prophylactic doses could be used at $10 �
109/l.

The dose modification strategy is derived from
expert consensus and uses different approaches,
including empirical reductions with relatively weaker
data. A recent systematic review by Samuelson et al.
(103) also addressed this issue and did not identify
any evidence for the superiority of one approach over
another (103).

The risk of recurrence decreases after the initial
30-day period. Therefore, in this subacute or
chronic period, anticoagulation could be reduced to
lower the risk of bleeding and avoid unnecessary
transfusions. In particular, decreased dosing (50%
or prophylactic doses of LMWH) is suggested for
platelet counts between 25 and 50 � 109/l, whereas
temporary discontinuation should be considered for
platelet counts of <25 � 109/l. In certain patients at
low risk of recurrent thrombosis, withholding anti-
coagulation for the entire period of thrombocyto-
penia (platelet count of <50 � 109 /l) may be
effective and safe.

LMWH is currently the preferred anticoagulant
among patients with thrombocytopenia. Data on the
use of DOACs in CAT patients with severe thrombo-
cytopenia (<50 � 109/l) are lacking, even though some
evidence is emerging (104). So far, based on current
data, inferior vena cava filter insertion should be
considered only in patients with absolute contrain-
dications to anticoagulation (105). According to
guidelines, patients who experienced VTE and low
platelet count (<50 � 109/l) should be treated with
full anticoagulation and possibly with platelet trans-
fusion during the first 30 days after diagnosis of VTE.
Prophylactic anticoagulant dose may be effective and
safe during the chronic phase of VTE for platelet
counts between 25 � 109/l and 50 � 109/l.
INTRACRANIAL LESIONS. Patients with brain tumors
have among the highest VTE rates of all patients with
cancer, with a similar incidence as those with
pancreatic and gynecologic malignancies. Symptom-
atic VTE develops in 19% to 29% of patients with
gliomas, the most common type of primary brain tu-
mor. Systematic reviews on the association between
intracranial lesions and incidence of VTE have not
been performed. Confidence in the actual estimate is
low, but a small, retrospective study with major
methodological weaknesses that evaluated the VTE
rate in 42 patients treated at a single center from 1992
to 2001 indicated that the VTE rate could be as high as
60% (25 of 42) in primary central nervous system
lymphoma (106), significantly higher compared to the
6% to 7% rate observed in other types of lymphoma
(107). Moreover, it is much more common is cerebral
metastases, in which case approximately 20%
develop VTE. Although the majority of thrombotic
events occur post-operatively, VTE risk persists
throughout the clinical course. In a prospective study
by Brandes et al. (108) of 77 patients with CNS tumors
that had been followed up for more than 2 years after
surgery, the risk of DVT was up to 32% at 24 months.
Primary prophylaxis is not currently recommended in
this population.

J A C C : C A R D I O O N C O L O G Y , V O L . - , N O . - , 2 0 2 1 Gervaso et al.
- , 2 0 2 1 :- –- Venous and Arterial Thromboembolism in Patients With Cancer

13



The management of VTE in these patients is
complicated by multiple factors, including comor-
bidities and poor performance status, drug in-
teractions, and, primarily, the possibility of
intracranial hemorrhage (ICH), which can be life
threatening. Little data exist to help decision making
because large prospective trials about anticoagulation
generally have excluded patients with intracranial
tumors. In the CLOT trial, only 27 patients had brain
tumors, and 2 of them developed intracranial
bleeding complications. Caution in prescribing anti-
coagulation in the presence of brain metastases is
warranted based on the high rate of spontaneous ICH,
especially in certain tumor types such as non–small-
cell lung cancer or renal cell carcinoma (109).

A retrospective case-control study by Donato et al.
(110) tried to specifically determine whether a ther-
apeutic dose of anticoagulation increased the risk of
ICH. They analyzed 104 patients with parenchymal
CNS metastasis from solid tumors and VTE receiving
therapeutic enoxaparin, matched with 189 control
individuals without any anticoagulant therapy. Pri-
mary brain tumor and hematologic malignancies
were excluded. ICH was defined as measurable when
the event was >1 ml in volume and as trace for
<1 ml. Furthermore, each bleeding was classified as
significant if >10 ml in volume, as symptomatic (the
presence of neurologic deficit, headache, or nausea
or change in cognitive function), or as requiring
surgical intervention, according to current defini-
tions (111). Results from this study described a cu-
mulative incidence of measurable ICHs at 1 year of
19% in the enoxaparin cohort and 21% in the control
cohort, with no statistical difference (HR: 1.02; 90%
CI: 0.66 to 1.59; p ¼ 0.97). No statistical differences
were observed when considering individual malig-
nancies, with a similar rate of events in the enox-
aparin and control groups (42% vs. 33% for total
bleeds, respectively; p ¼ 0.23) for non–small-cell
lung cancer. Similarly, overall survival was similar in
the enoxaparin and control groups (8.4 vs.
9.7 months; p ¼ 0.65). Data derived from this study
provide reassurance that LMWH may be safely
administered to patients with metastatic brain tu-
mors, without increasing the likelihood of ICH.

Current ASCO guidelines do not consider intracra-
nial lesions as an absolute contraindication for anti-
coagulation but recommend a case-by-case choice for
the best therapeutic strategy.

ARTERIAL THROMBOSIS TREATMENT

There are limited data that sufficiently address the
management of cardiac ischemic disease in patients

with cancer. Medical therapy (including antiplatelet
agents) and catheter-based revascularization (i.e.,
percutaneous coronary intervention) are the cor-
nerstones for ATE treatment in patients both with
and without cancer. Attention should be paid to the
bleeding risk, because thrombocytopenia is more
common in patients with cancer because of
chemotherapy or bone marrow failure. In a study of
patients without cancer presenting with an acute
coronary syndrome, baseline thrombocytopenia was
associated with a higher rate of complications
compared to patients without thrombocytopenia
(30-day death rate: 6.2% vs. 2.1%; major bleeding:
11.9% vs. 7%; major cardiac events 9.6% vs. 5.2%;
major cardiac events plus major bleeding: 18.5% vs.
10.8%) (112). For these reasons, the standard ap-
proaches to treating a MI, such as antiplatelet,
anticoagulant, and thrombolytic therapies exacer-
bate bleeding risk and, consequently, are typically
withheld from patients with thrombocytopenia.
However, considering the high mortality rate of
ATE, the Society for Cardiovascular Angiography
and Interventions Expert Consensus Statement
(113), encourages a reduced platelet count threshold
for cardiovascular therapies, recommending aspirin
initiation in patients if platelet counts are >10,000/
ml and dual antiplatelet therapy initiation (with
aspirin and clopidogrel) if platelet counts are
>30,000/ml. Because of a lack of evidence, prasu-
grel, ticagrelor, and glycoprotein IIb/IIIa inhibitors
should not be used in patients with platelet counts
of <50,000/ml.

Revascularization is imperative in the setting of
critical ischemia or infarction. Based on the Society
for Cardiovascular Angiography and Interventions
expert consensus, there is no platelet count limit for
diagnostic left heart catheterization (66). Moreover,
platelet transfusion is not recommended prophylac-
tically in patients with cancer undergoing cardiac
catheterization with thrombocytopenia, unless
platelet counts are <20,000/ml and the multidisci-
plinary discussion, including the oncology/hematol-
ogy team, recommends transfusion.

There are numerous opportunities for further in-
vestigations into ATE in patients with cancer. One
important question that should be addressed is
whether antiplatelet therapy or anticoagulation can
be effective in the prevention of ATE. Aspirin, for
example, has been shown to decrease the rates of
arterial thrombosis in polycythemia vera and MM
(114,115). However, whether we can prevent arterial
thrombi in other cancers or prevent treatment-
related ATE is unknown. Recent subgroup data
from the CASSINI trial show that rivaroxaban is also
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effective in reducing ATE (0.5% in rivaroxaban group
vs. 1.2% in the placebo group; HR: 0.39; 95% CI: 0.08
to 2.03). This finding potentially strengthens the
case for primary prophylaxis in high-risk patients
with cancer. Optimal surveillance strategies for
arterial thromboembolic disease remain unclear.
There are many imaging modalities for identifying
arterial disease; the role of positron emission
tomography–computed tomography scanning, for
instance, has been assessed to try to identify pa-
tients who should be started on a statin before
chemotherapy based on the presence of coronary
calcium, which may potentially be predictive of
cardiac events (116). However, which patients should
be screened and at what time interval is unknown
and warrants further investigation. At present, a
multidisciplinary approach with the oncologist and
cardiologist, together with a precise identification
and evaluation of traditional cardiovascular risk
factors, is the current recommendation until more
studies and guidelines are performed.

Regarding ATE management in patients with can-
cer, no specific guidelines are available because of a
lack of cancer-specific data, and usual care is advised.

SUMMARY AND FUTURE DIRECTIONS

Clinical practice is rapidly changing in the prevention
and management of CAT, and many therapeutic op-
tions are becoming available both for prevention and
treatment in patients with cancer. The one-size-fits-
all approach based on LMWH is being replaced by
individualized decision making because of emerging

evidence on the efficacy and safety of DOACs. Primary
prevention with DOACs is a new recommendation by
most major guidelines and represents a paradigm
shift in this setting. However, this also means greater
complexity and new challenges. Physicians, indeed,
will be called to carefully evaluate the best antith-
rombotic drug, bleeding and recurrence risk, poten-
tial drug interactions, and patient preferences for
determining the best strategy for each individual.
Moreover, improvements in risk stratification are also
needed; active investigations into biomarkers,
including genetic and microRNA profiles, are
ongoing. Implementation science focused on trans-
lating clinical trial and translational research into
health system–based practice approaches are urgently
needed so that the benefit of this large body of
investigative work is optimized to reduce the public
health burden of cancer-associated VTE.
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