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Active malignancy increases the risk of developing venous thromboembolism (VTE) by
four- to seven-fold. The risk of VTE, including deep vein thrombosis and pulmonary
embolism, in patients with cancer varies based on several clinical factors, such as
cancer stage and age. However, race and ethnicity are also associated with increased
VTE risk. Black (African American) patients with cancer have a higher risk of developing
VTE than White patients, while Asian/Paciﬁc Islanders have a lower risk. Studies on
cancer-associated thrombosis demonstrate a need to advance our understanding of
both the biologic and sociologic underpinnings of the observed differences according
to race. Addressing the causes of these disparities can better health outcomes for
historically underserved patient populations.

Introduction
Globally, there are approximately 10 million cases of venous
thromboembolism (VTE) each year1 and patients with cancer
are a particularly high-risk subgroup with a four- to sevenfold increased risk of VTE.2 Known risk factors for cancerassociated thrombosis (CT) include cancer type (brain, kidney, and pancreatic), cancer stage, age, sex, recent surgery,
and limited mobility. Studies also suggest that race and
ethnicity contribute to increased CT risk.3 Black (African
American) patients with cancer are three times more likely
to develop CT compared with White patients with cancer,
While Asian/Paciﬁc Islanders have lower risk.
Moreover, there are racial disparities in CT management
and outcomes. Black patients are less likely to be treated with
direct oral anticoagulants (DOACs). CT mortality also differs
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by race. A retrospective study of 1,015,598 patients with
cancer reported a signiﬁcantly higher CT mortality rate
among Black (18.9%), Hispanic (19.1%), and Asian (20.5%)
patients compared with White patients (15.4%; p < 0.0001).4
Precisely how race and ethnicity may determine health
disparities in CT remains incompletely understood. Here,
using a detailed search strategy (Supplementary File S1,
available in the online version), we review the literature
on CT disparities, focusing on race and ethnicity. We highlight differences according to the epidemiology and management of CT and explore the potential biologic and structural
basis of these disparities.

Epidemiology
CT incidence rates vary across racial groups, with a higher
incidence in Black patients and lower incidence in Asians.2
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An observational study of 16,498 patients determined that
among certain cancer types, including lung, gastric, and
colorectal cancers, the unadjusted incidence rate in Black
patients was three-fold greater compared to Whites (1.8% vs.
0.6%; p < 0.001).3 Signiﬁcantly higher rates of pulmonary
embolism were reported in Black than White patients (27.6%
vs. 14.4%; p < 0.0001), while the converse was true for deep
vein thrombosis (51.9% vs. 59.5%; p ¼ 0.02).5 These data
suggest that the social, environmental, and epigenetic factors
represented by race may mediate and modify CT risk.
The Khorana risk score, a commonly used CT risk calculator, uses ﬁve variables—cancer site, pre-chemotherapy platelet count, hemoglobin levels or use of red cell growth factors,
leukocyte count, and body mass index (BMI).4 Data suggest
that the Khorana score does not accurately predict CT risk in
Black patients as predicted estimates are similar between
Blacks and Whites despite a greater incidence in Blacks.3
These ﬁndings underscore a need for patient- and racespeciﬁc metrics to improve risk prediction across diverse
populations.

Biologic Mechanisms
One fundamental question regarding the observed racial
differences in CT risk is how much of the increased risk is
explained by genetic and biologic variation. Factor VIII (FVIII)
levels, which increase thrombotic risk in a dose-dependent
fashion, differ by race. In a study of 6,814 individuals, FVIII
levels were signiﬁcantly higher in Black Americans than in
White, Chinese, and Hispanic Americans (p < 0.0001).6 FVIII
levels are also higher in sickle cell, a prothrombotic disease,
which is signiﬁcantly more common among Blacks compared
with Whites.7 In contrast, the factor V Leiden polymorphism
and prothrombin gene G20210A variant are more prevalent
among Northern and Southern Europeans, and are each
associated with an increased odds of VTE (factor V Leiden
VTE odds ratio [OR] 4.9; 1.1–7.3% minor allele frequency
[MAF]; prothrombin gene G20210A VTE OR 3.1; 1.1–4.0%
MAF, respectively).8 Protein C and protein S gene mutations
increase VTE odds among Chinese (OR 6.4; 0.04–1.2% MAF)
and Japanese populations (OR 5.2; 0.9% MAF).8 In contrast,
protein C and S mutations, antiphospholipid syndrome, and
antithrombin deﬁciency have similar prevalence among
Blacks and Whites.9
Race-based differences in circulating inﬂammatory
markers, which may contribute to CT risk, have also been
noted.10 A study of 508 participants showed that Black
individuals have signiﬁcantly higher levels of inﬂammatory
markers C-reactive protein (p ¼ 0.010), interleukin-6
(p < 0.001), and D-dimer levels compared with Whites,
even when controlling for age, sex, socioeconomic status
(SES), exercise, diet, BMI, and inﬂammatory diseases.11

Sociologic Mechanisms
Environmental factors and comorbidities inﬂuenced by social determinants of health (SDOH) contribute signiﬁcantly
to CT risk. Obesity, an established risk factor for CT, is more
common among non-Hispanic Black adults and Hispanic
adults, and is strongly inﬂuenced by social and environmen-
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tal factors such as SES. In the United States, SES is one of the
most powerful predictors of obesity and overall health.12
Childhood poverty rates demonstrate signiﬁcant disparities
with 30%, 31%, and 23% of American Indian, Black, and
Hispanic children being born into poverty compared with
10% of Asian and non-Hispanic White children.13 Low childhood SES is associated with an increased risk of cardiovascular disease and obesity as adults.12 Other important factors
that contribute to disparities in obesity rates include geography, nutritional food availability, and neighborhood safety,
which can inﬂuence physical activity.12
As noted above, inﬂammation is associated with increased CT risk. Related to this, weathering and allostatic
load characterize the “wear and tear” of discrimination,
racism, chronic stress, and adversity. Studies have found a
correlation between early life adversity and increased inﬂammation.14 A study of stress levels among 25,335 participants reported that the majority of participants with the
highest stress scores were Black.15 Evidence suggests that
neighborhood quality impacts stress levels and overall health
outcomes.16 Residential segregation, a consequence of discriminatory housing policies, persists and minority neighborhoods tend to have a higher density of food deserts, lower
air quality, and higher violence and poverty indices.17
Additionally, limited access to health care increases the
risk for poor CT outcomes.5 White Americans are more likely
to be insured and to have private insurance than Black
Americans.18 Insurance status and proximity to wellresourced hospital systems have an impact on the treatment
that patients receive and health outcomes19,20

Treatment
DOACs are standard care for CT treatment.2 A retrospective
analysis of 14,140 VTE patients found that Black patients are
less likely to receive DOACs than White patients (OR 0.86;
95% conﬁdence interval [CI] 0.77–0.97; p ¼ 0.02); however,
there were no signiﬁcant differences in DOAC usage for Asian
(OR 1.06; 95% CI 0.75–1.49; p ¼ 0.74) or Hispanic patients
(OR 1.04; 95% CI 0.88–1.22; p ¼ 0.66) compared with White
patients.21 Thromboprophylaxis usage may also be lower in
Black patients; a retrospective study of 3,719 patients found
that Black patients made up a larger proportion of patients
who did not receive enoxaparin thromboprophylaxis compared with those who did (10.5% vs. 1.9%), While the opposite was true for White patients (85.0% vs. 94.4%).22 Potential
explanations include reduced access to specialty providers,
insurance coverage differences, lower SES, and provider
implicit bias.

Call to Action
Racial disparities in cancer and cardiovascular disease lead to
worse outcomes among historically marginalized racial
groups (►Fig. 1). As highlighted, the mechanisms of increased CT risk among Black individuals are multifactorial
and incompletely understood. To address CT disparities,
there ﬁrst needs to be a greater understanding of the role
of ancestry, as well as gene  environment interactions.
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Fig. 1 Contributors to racial and ethnic disparities in cancer-associated thrombosis (CT) and strategies to overcome disparities. A summary of
the epidemiology, potential biologic, and social mechanisms of racial and ethnic disparities in CT is provided, as well as treatment delivery in
venous thromboembolism (VTE). Potential strategies to overcome disparities are also highlighted. 23

Robust, international, population-based genetic analyses are
needed to better characterize genetic predisposition according to race.9 Furthermore, deep phenotyping of environmental factors and SDOH among individuals at increased CT risk
are necessary to deﬁne the associations between SDOH and
CT risk. In all clinical studies, there needs to be standardized
reporting of race and ethnicity in health records and greater
inclusivity of racially and ethnically diverse populations.23
Personalized strategies to mitigate VTE risk among historically marginalized populations need to be developed and
tested. Societal level changes, such as improved health and
economic policy reform, cancer screening, preventative
medicine, and health care access,24 are needed to mitigate
health disparities and achieve health equity.
Ultimately, health care and economic reform will be necessary to address SDOH associated with increased VTE and CT risk.
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Conclusions and Recommendations
Health disparities on the basis of race/ethnicity exist in CT.
In comparison to White patients with cancer, Black
patients with cancer have a higher risk of developing CT,
While Asian/Paciﬁc Islanders may have a lower risk. Research focused on understanding and mitigating
racial/ethnic disparities in CT are needed to provide equitable health care and to improve overall outcomes across
all populations.
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