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Race and ethnicity are associated with risk of venous thromboembolism in

population-based studies. Blacks/African Americans have a higher incidence,

whereas Asians/Pacific Islanders and Hispanics have a lower incidence of venous

thromboembolism compared with non-Hispanic Whites. The impact of race/ethnicity on

the incidence of cancer-associated thrombosis (CAT), a common complication in patients

with malignancy, has not been well defined. Using the California Cancer Registry linked

to the California Patient Discharge Dataset and Emergency Department Utilization

database, we studied a large, diverse cohort of patients (n 5 942 109) from 2005 to 2017

with the 13 most common, first primary malignancies to determine the association

between race/ethnicity and incidence of incident and recurrent CAT. Multivariable Cox

proportional hazards regression models were performed to determine the effect of

race/ethnicity on the risk of overall CAT, specific CAT by location, and recurrent CAT.

Blacks/African Americans had a higher incidence of CAT for all tumor types except

myeloma, whereas Asians/Pacific Islanders had a consistently lower incidence of CAT

compared with non-Hispanic Whites, after adjusting for potential confounders. The main

driver for the racial/ethnic differences was incidence of pulmonary embolism. We

speculate the association of race/ethnicity with incidence of CAT may be partially

because of underlying thrombotic predisposition that varies by ancestry, but we also

must consider the impact of social determinants of health on our results.

Introduction

Cancer-associated thrombosis (CAT), which is primarily venous thromboembolism (VTE), is common and
associated with significant morbidity and mortality.1 Overall, patients with malignancy have an estimated
four- to sevenfold increased risk of developing VTE compared with the general population.2 The inci-
dence of CAT varies by tumor type, stage at diagnosis, type of therapy, and patient comorbidities.3-5

Race and ethnicity, generally self-identified in research studies, are associated with the risk of VTE in
population-based studies. Prior work using the California Patient Discharge Dataset showed that Blacks/
African Americans had higher rates of VTE compared with non-Hispanic Whites, whereas Hispanics and
Asians/Pacific Islanders had significantly lower incidence of VTE.6 Blacks/African Americans have higher
rates of pulmonary embolism (PE) and PE-related mortality.7-9 Blacks/African Americans also have higher
rates of comorbidities such as diabetes, chronic kidney disease, sickle cell trait/disease, and obesity
compared with non-Hispanic White patients, all of which may affect the incidence of VTE.7,8,10 Most of
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Key Points

� Blacks/African
Americans have a
higher incidence,
whereas Asians/
Pacific Islanders have
a lower incidence, of
CAT than White
Americans.

� The disparity is driven
by the incidence of
pulmonary embolism.
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the known genetic predisposing factors for VTE are more prevalent
in non-Hispanic White populations, suggesting that other factors,
including unidentified genetic risk factors, access to health care,
quality of care received, discrimination, and environmental exposures
may be contributing to these differences.9,11 The 2020 American
Society of Clinical Oncology Clinical Practice Guideline update
regarding VTE prophylaxis and treatment in patients with cancer
also highlights that racial/ethnic minorities have disproportionate
access to care, are more likely to be uninsured, and have a greater
number of comorbidities. These racial/ethnic disparities in health
care may in turn contribute to differences seen in rates of VTE.12

The effect of race/ethnicity on incidence of CAT has not been well
defined. Prior analyses have focused on relatively homogeneous
racial/ethnic populations. However, our previous study of Califor-
nians with colorectal cancer showed that Asians/Pacific Islanders
had a lower incidence of VTE compared with non-Hispanic
Whites.13 In addition, the risk of recurrent VTE is higher in patients
with cancer, especially those receiving chemotherapy, compared
with patients without malignancy, despite anticoagulation.14-17 To
our knowledge, there are no studies in the current literature examin-
ing potential racial differences in the incidence of recurrent CAT.
Therefore, we examined the association of race/ethnicity on the inci-
dence of initial and recurrent CAT in a large, diverse population of
patients with cancer, because this may have important implications
for prophylaxis and prognosis. Because cancer is considered a
strong provoking factor for VTE, we had hypothesized that race/
ethnicity would have less association with incident and recurrent
CAT than previously described in the general noncancer population.

Methods

Databases

We performed a retrospective observational cohort study using data
from the California Cancer Registry (CCR) linked to the California
Patient Discharge Dataset (PDD) and Emergency Department Utili-
zation (EDU) database. The CCR is a statewide cancer surveillance
program that has reported cancer incidence and mortality informa-
tion since 1988, capturing .98% of all cancer diagnoses in the
state, in both the inpatient and outpatient setting. We obtained infor-
mation from the CCR including primary cancer site, stage at diagno-
sis, date of diagnosis, type of treatment, and demographic
information including age, sex, race/ethnicity, marital status, neigh-
borhood socioeconomic status (nSES), and type of health insur-
ance.18,19 The PDD includes information regarding all inpatient
discharges from nonfederal California hospitals since 1991. The
EDU database includes data from all hospital-associated emergency
departments since 2005. Both PDD and EDU include up to 25
diagnoses and 21 procedures associated with each hospitalization.
The diagnoses/procedures were coded using International Classifi-
cation of Diseases, 9th revision (ICD-9) and 10th revision (ICD-10)
codes in the PDD and Current Procedural Terminology (CPT)
codes in the EDU. Each procedure code has an associated date.
These databases were linked using unique patient identifiers, that is
social security number, date of birth, sex, and zip code. All patients
with cancer who did not have a PDD or EDU record (n 5 155075)
or who received care through the Department of Veterans Affairs,
which does not send data to the PDD or EDU, were excluded. The
unlinked cases reflect those who never hospitalized or visited an
emergency department between 1991 and 2018 or did not have a

social security number for linkage. This is typical when doing link-
ages with the CCR data and likely reflects many undocumented res-
idents in our state. Patients with an unknown date of cancer
diagnosis or unknown follow-up date were also excluded.

Patient selection criteria

We identified a cohort of patients of all ages with first primary diag-
nosis of the 13 most common cancers in California between 2005
and 2017, including breast, prostate, lung, colorectal, bladder, uter-
ine, kidney, pancreatic, stomach, ovarian, brain cancer, non-Hodgkin
lymphoma (NHL), and multiple myeloma, with CAT follow-up
through 2018, using Surveillance, Epidemiology, and End Results
(SEER) Site recode.20 Patients with cancer in situ or nonmalignant
cases were excluded.

Exposure/outcomes

Race/ethnicity was identified using CCR data and classified as non-
Hispanic White (White), non-Hispanic Black/African American
(Black/AA), Hispanic, Asian/Pacific Islander (API), American Indian,
and other/unknown, based on the North American Association of
Central Cancer Registries’ Hispanic and Asian/Pacific Islander Iden-
tification Algorithm.21 Patients were followed for diagnoses of CAT
in PDD or EDU, using specific ICD-9-CM/ICD-10-CM codes (sup-
plemental Table 1).22 CAT locations included PE without deep
venous thrombosis (DVT; PE only), PE with DVT (PE1DVT), proxi-
mal lower extremity (LE) DVT alone (pDVT), isolated LE distal DVT
(iDDVT), or LE DVT, not otherwise specified. Patients diagnosed
with VTE before cancer diagnosis were excluded. Recurrent VTE
(rVTE) was defined as a subsequent PDD admission meeting 1 of
the following criteria: (1) a principal diagnosis of acute VTE, (2) prin-
cipal diagnosis of cancer and second position VTE code, or (3) any
secondary position of hospital acquired VTE code (present on
admission-No).23,24

Covariate descriptions

Cancer stage at diagnosis was defined using American Joint Com-
mission on Cancer (AJCC) staging for all cancers except brain and
myeloma, where no staging data were available. Initial course of
therapy was obtained from CCR and included chemotherapy (yes,
no/unknown), radiation (yes, no/unknown), and surgery (yes, no/
unknown). nSES was divided into low SES (first, second, or third
quintiles) and high SES (fourth or fifth quintiles). nSES is a compos-
ite measure comprising Census 2000 variables at the block group
level: education index,25 proportion with a blue-collar job, proportion
older than age 16 years without a job, median household income,
proportion below 200% of the poverty line, median rent, and median
house value.26 Type of health insurance at cancer diagnosis or initial
treatment was categorized as private insurance, Medicaid, Medicare,
no insurance/self-pay, or unknown. Comorbidities were identified
using the Elixhauser comorbidity index and were captured up to 2
years prior and including the date of cancer diagnosis.27 Comorbid-
ities were classified based on admissions in PDD as no admission
(and thus no information), or 0, 1 to 2, or $3 comorbidities.

Statistical analysis

Descriptive statistics were used to describe the baseline character-
istics of the cohort with CAT by race/ethnicity groups. All analyses
were stratified by cancer site. The cumulative incidence and 95%
confidence intervals (CIs) of overall CAT, PE only, PE1DVT, pDVT,
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Table 1. Baseline characteristics among California patients with cancer with CAT and 13 common cancers

Variables

All Non-Hispanic White Black/African American Hispanic Asian, Pacific Islander

N Column (%) N Column (%) N Column (%) N Column (%) N Column (%)

CAT location

PE only 27107 43.7 17014 43.5 3102 47.1 4432 41.1 2311 46.9

PE (1DVT) 9 272 15.0 6 270 16.0 878 13.3 1485 13.8 563 11.4

pDVT 13717 22.1 8 392 21.4 1465 22.2 2627 24.4 1110 22.5

iDDVT 6 841 11.0 4 287 11.0 646 9.8 1253 11.6 584 11.8

LE-DVT, NOS 5 066 8.2 3 172 8.1 494 7.5 983 9.1 363 7.4

CAT present on admission (POA) status

POA yes 46925 75.7 29576 75.6 4998 75.9 8148 75.6 3812 77.3

POA no 5 864 9.5 3 574 9.1 645 9.8 1061 9.8 524 10.6

Diagnosed in ED 9 214 14.9 5 985 15.3 942 14.3 1571 14.6 595 12.1

Cancer site

Breast 7 642 12.3 4 891 12.5 918 13.9 1322 12.3 452 9.2

Prostate 7 271 11.7 4 845 12.4 984 14.9 987 9.2 310 6.3

Lung 12442 20.1 8 319 21.3 1212 18.4 1485 13.8 1347 27.3

Colorectal 8 321 13.4 5 114 13.1 936 14.2 1538 14.3 661 13.4

NHL 3 951 6.4 2 445 6.2 308 4.7 846 7.8 320 6.5

Bladder 2 295 3.7 1 704 4.4 184 2.8 274 2.5 113 2.3

Uterine 3 560 5.7 2 019 5.2 456 6.9 726 6.7 315 6.4

Kidney 2 781 4.5 1 609 4.1 266 4.0 690 6.4 188 3.8

Pancreas 4 604 7.4 2 831 7.2 489 7.4 852 7.9 403 8.2

Stomach 2 162 3.5 952 2.4 222 3.4 665 6.2 310 6.3

Ovarian 2 876 4.6 1 686 4.3 228 3.5 644 6.0 297 6.0

Brain 2 249 3.6 1 603 4.1 112 1.7 405 3.8 117 2.4

Myeloma 1 849 3.0 1 117 2.9 270 4.1 346 3.2 98 2.0

Year of cancer diagnosis

2005-2007 16161 26.1 10922 27.9 1676 25.5 2371 22.0 1067 21.6

2008-2010 16232 26.2 10474 26.8 1767 26.8 2643 24.5 1222 24.8

2011-2013 14301 23.1 8 768 22.4 1497 22.7 2688 24.9 1212 24.6

2014-2017 15309 24.7 8 971 22.9 1645 25.0 3078 28.6 1430 29.0

Stage at cancer diagnosis

Stage 1 10232 16.5 6 869 17.6 978 14.9 1557 14.4 704 14.3

Stage 2 12296 19.8 8 041 20.5 1467 22.3 1913 17.7 737 14.9

Stage 3 11052 17.8 6 917 17.7 1155 17.5 1950 18.1 956 19.4

Stage 4 20736 33.4 12543 32.1 2134 32.4 3902 36.2 2027 41.1

Stage unknown 7 687 12.4 4 765 12.2 851 12.9 1458 13.5 507 10.3

Comorbidities (£2 y before cancer diagnosis)

No admissions 32611 52.6 21222 54.2 3285 49.9 5251 48.7 2509 50.9

0 comorbidities 3 601 5.8 2 328 5.9 287 4.4 667 6.2 287 5.8

1-2 comorbidities 10722 17.3 6 629 16.9 997 15.1 2045 19.0 968 19.6

$3 comorbidities 15069 24.3 8 956 22.9 2016 30.6 2817 26.1 1167 23.7

Sex

Male 29589 47.7 19265 49.2 2916 44.3 4864 45.1 2233 45.3

Female 32402 52.3 19864 50.8 3669 55.7 5912 54.8 2697 54.7

ED, emergency department; LE-DVT, lower extremity deep vein thrombosis; NOS, not otherwise specified.
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iDDVT, and rVTE were determined from initial cancer diagnosis (or
incident CAT discharge date for rVTE) to event date of interest,
death date, last known date of contact, or study cutoff (31 Decem-
ber 2018), whichever occurred first, accounting for competing risk
of death. Median potential follow-up time defined as months from
cancer diagnosis to death or last known contact date was calcu-
lated using reverse Kaplan-Meier methods.28,29 Multivariable Cox
proportional hazards regression models were performed to deter-
mine the effect of race/ethnicity on the risk of overall CAT, each
specific CAT location, and recurrent CAT, using the methods of
Fine and Gray to account for competing risk of death.30 Propor-
tional hazard assumptions for all Cox models were evaluated using
the Schoenfeld residuals test.31 Variables violating proportional haz-
ards assumptions were included as a stratification variable. P , .05
was considered statistically significant. All analyses were performed

using SAS 9.4. This study was approved by the California Health
and Human Services Agency Committee for the Protection of
Human Subjects, and the University of California, Davis Institutional
Review Boards. It was conducted in accordance with the Declara-
tion of Helsinki.

Results

A total of 942109 cancer patients were identified, of which 62003
(6.6%) developed a CAT. Table 1 shows baseline characteristics of
the overall cohort. Most patients were age 50 and older. Stage 4
disease was most common, accounting for 33.4% of the overall
stage distribution. Racial/ethnic differences were seen by nSES,
with 71.9% of Black/AAs and 74.9% of Hispanics residing in lower
SES neighborhoods compared with 46.1% of Whites and 50.4%

Table 1. (continued)

Variables

All Non-Hispanic White Black/African American Hispanic Asian, Pacific Islander

N Column (%) N Column (%) N Column (%) N Column (%) N Column (%)

Neighborhood socioeconomic status (nSES)

Low nSES (1, 2, 3) 33665 54.3 18028 46.1 4737 71.9 8070 74.9 2485 50.4

High nSES (4, 5) 26130 42.1 19569 50.0 1627 24.7 2440 22.6 2290 46.4

nSES unknown 2 208 3.6 1 538 3.9 221 3.4 270 2.5 156 3.2

Type of insurance at cancer diagnosis

No insurance/self-pay 931 1.5 434 1.1 133 2.0 280 2.6 75 1.5

Private insurance 27357 44.1 17857 45.6 2834 43.0 4375 40.6 2069 42.0

Medicaid/government 6 581 10.6 2 596 6.6 1060 16.1 2106 19.5 743 15.1

Medicare 25467 41.1 17193 43.9 2403 36.5 3742 34.7 1936 39.3

Unknown insurance 1 658 2.7 1 050 2.7 154 2.3 276 2.6 108 2.2

ED, emergency department; LE-DVT, lower extremity deep vein thrombosis; NOS, not otherwise specified.
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�2 p-value � .0001 

Hispanic Asian/
Pacific Islander

Figure 1. Distribution of race/ethnicity among California cancer patients with 13 common cancers, 2005 to 2017. x2 test was used to compare the

race/ethnicity distribution of patients with cancer with and without CAT.
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of APIs. The distribution of the sites of VTE was 43.7% PE only,
15% PE1DVT, 22.1% pDVT, and 11.0% iDDVT. Among the
patients who developed CAT, 63.1% were White, 17.4% were His-
panic, 10.6% were Black/AA, 8.0% were API, and 0.9% were
other/unknown race/ethnicity (Figure 1).

Cumulative incidence of CAT varies by

race/ethnicity

Compared with the other racial/ethnic groups, Black/AAs had the
highest 12-month cumulative incidence of CAT for all cancer types,
except for myeloma (range, 1.90%-15.00%). The difference was

most striking in ovarian cancer, where the 12-month cumulative inci-
dence for Black/AAs was 14.00% (95% CI, 12.00-16.00) com-
pared with 9.14% in Whites (95% CI, 7.68-8.62), 8.30% in
Hispanics (95% CI, 7.55-9.10), and 6.06% in APIs (95% CI, 5.24-
6.95; Figure 2A; supplemental Figure 1A-M). When looking at PE
only, Black/AAs had the highest 12-month cumulative incidence
compared with other racial groups for all cancer types except for
brain cancer. The most prominent difference was seen in uterine
cancer, where Black/AAs had a cumulative incidence of 4.44%
(95% CI, 3.75-5.22) compared with 1.36% in Whites (95% CI,
1.23-1.50), 1.60% in Hispanics (95% CI, 1.37-1.86), and 1.14% in
APIs (95% CI, 0.90-1.44; Figure 2B). Black/AAs had the highest

20%

Asian/Pacific Islander
Hispanic
NH White
African-American

15%

10%

5%

0%
Prostate Breast Kidney NHL Myeloma Colorectal Uterine Lung Bladder Stomach Brain Ovarian Pancreas

20%

Asian/Pacific Islander
Hispanic
NH White
African-American

15%

10%

5%

0%
Prostate Breast Kidney NHL Myeloma Colorectal Uterine Lung Bladder Stomach Brain Ovarian Pancreas

A

B

Figure 2. Twelve-month cumulative incidence of cancer associated thrombosis. Twelve-month cumulative incidence, accounting for the competing risk of death, of

overall CAT (A) and PE only (B) among California patients with cancer with 13 common cancers, 2005 to 2017. NH, non-Hispanic.
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cumulative incidence of PE1DVT for all cancer types except blad-
der cancer (0.86%; 95% CI, 0.44-1.53) and myeloma (0.70%;
95% CI, 0.42-1.12), where Whites had the highest incidence
(0.88%; 95% CI, 0.75-1.02, and 1.05%; 95% CI, 0.86-1.26,
respectively), and in lung cancer (1.06%; 95% CI, 0.88-1.28),
where Hispanics had the highest incidence (1.26%; 95% CI, 1.09-
1.44). Black/AAs also had the highest 12-month cumulative inci-
dence of pDVT among all cancer types, with the highest incidence
in bladder cancer (3.59%; 95% CI, 2.63-4.77). For iDDVT, Black/
AAs had the highest 12-month cumulative incidence among all

cancer types except for in pancreatic cancer (1.29%; 95% CI,
0.92-1.77), where Hispanics had the highest incidence (1.33%;
95% CI, 1.09-1.63), and kidney cancer (0.27%; 95% CI, 0.13-
0.53), where Whites had the highest rate (0.42%; 95% CI, 0.34-
0.50; supplemental Figure 2A-C).

APIs had the lowest 12-month cumulative incidence of CAT for all
cancer types among all racial/ethnic groups and statistically lower
incidence than other racial/ethnic groups in 7 of the 13 cancer
sites, ranging from 0.50% to 7.33% (Figure 2A). Focusing on
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Figure 3. The effect of race/ethnicity on the risk of cancer associated thrombosis. Effect of race/ethnicity compared with non-Hispanic Whites on the incidence of

PE only (A), PE1DVT (B), proximal DVT (C), and isolated distal DVT (D), accounting for the competing risk of death and other known risk factors, among California patients

with cancer with 13 common cancers, 2005 to 2017. Cox proportional hazard regressions models, using Fine and Gray methodology to account for the competing risk of

death, were stratified by cancer type and adjusted for sex, age at diagnosis, stage at diagnosis, initial treatment (chemotherapy, radiation, and surgery), neighborhood

sociodemographic status at diagnosis, and health insurance at diagnosis or initial treatment.
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PE-only events, APIs again had the lowest 12-month cumulative inci-
dence among all racial groups for all 13 cancer types, with the low-
est incidence in prostate cancer (0.22%; 95% CI, 0.15-0.31) and
the highest in lung cancer (3.16%; 95% CI, 2.91-3.43; Figure 2B).
For PE1DVT events, APIs had the lowest cumulative incidence
among all cancer types, with the lowest incidence in breast (0.04%;
95% CI, 0.02-0.07) and prostate cancer (0.04%; 95% CI, 0.02-
0.09). APIs had the lowest 12-month cumulative incidence of pDVT,
except in ovarian cancer (1.51%; 95% CI, 1.12-1.99) and kidney
cancer (1.03%; 95% CI, 0.75-1.38), where Whites had the lowest
cumulative incidence (1.41%; 95% CI, 1.22-1.62, and 0.95%; 95%
CI, 0.84-1.08, respectively; supplemental Figure 2A-C).

Race/ethnicity is an independent predictor for

incident CAT

In multivariable models of overall CAT, Black/AAs had the highest
risk of CAT across all cancer types except for myeloma, with hazard
ratios (HRs) ranging from 1.27 to 1.69 compared with Whites,
adjusted for covariates including stage, type of treatment, number of
comorbidities, nSES, and type of health insurance, and stratified by
tumor type (supplemental Figure 3). When examining PE only,
Black/AAs had significantly higher risk of PE compared with Whites
in all cancer types except for brain cancer and myeloma (HR range,
1.32-2.11). The difference was most notable in uterine cancer (HR,
2.11; 95% CI, 1.80-2.48; Figure 3A). For PE1DVT, Black/AAs had
higher risk compared with Whites with breast (HR, 1.53; 95% CI,
1.25-1.88), colorectal (HR, 1.29; 95% CI, 1.06-1.58), kidney (HR,

1.70; 95% CI, 1.15-2.54), and pancreatic (HR, 1.32; 95% CI,
1.04-1.68) cancers and NHL (HR, 1.56; 95% CI, 1.10-2.21; Figure
3B). For pDVT only, Black/AAs had higher risk compared with
Whites for all cancer types except lung, brain, and myeloma, with an
approximate twofold increased risk in stomach (HR, 1.82; 95% CI,
1.31-2.53) and ovarian cancer (HR, 2.14; 95% CI, 1.59-2.87; Fig-
ure 3C). For iDDVT events, Black/AAs had higher risk compared
with Whites in breast, prostate, lung, bladder, pancreatic, and ovar-
ian cancers, with the highest risk in breast cancer (HR, 1.88; 95%
CI, 1.40-2.53; Figure 3D).

APIs had significantly lower risk of CAT than Whites across all sub-
groups, with HRs ranging from 0.48 to 0.84 (supplemental Figure 3).
APIs had significantly lower risk of PE only in all cancer types (15%-
52% decreased risk), with the lowest risk in bladder cancer
(HR, 0.48; 95% CI, 0.33-0.71; Figure 3A), and this was true for
PE1DVT as well, with HRs ranging from 0.29 to 0.60 (Figure 3B).
For pDVT, APIs had lower risk in all cancer types except NHL, blad-
der, uterine, kidney, and ovarian cancers, with the lowest comparative
risk in brain cancer (HR, 0.33; 95% CI, 0.18-0.62; Figure 3C). APIs
had lower risk of iDDVT compared with Whites in myeloma, breast,
colorectal, kidney, pancreatic, and stomach cancers. The risk was
lowest in myeloma (HR, 0.40; 95% CI, 0.18-0.91; Figure 3D).

Hispanics had significantly lower risk of CAT compared with Whites
in breast, prostate, colorectal, NHL, stomach, brain, and myeloma
cancers, with HRs ranging from 0.75 to 0.92 (supplemental
Figure 3). Hispanics had lower risk of PE than Whites in all cancer
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Figure 4. Effect of race/ethnicity compared with non-Hispanic Whites on subsequent VTE, accounting for the competing risk of death and other known

risk factors, among California patients with cancer with 13 common cancers, 2005 to 2017. Cox proportional hazard regressions models, using Fine and Gray

methodology to account for the competing risk of death, were stratified by cancer type and adjusted for sex, age at diagnosis, stage at diagnosis, initial treatment

(chemotherapy, radiation, and surgery), neighborhood sociodemographic status at diagnosis, health insurance at diagnosis or initial treatment, and initial CAT location.
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types except lung, uterine, and ovarian cancers, with the largest dif-
ference seen in bladder cancer (HR, 0.66; 95% CI, 0.50-0.87;
Figure 3A). In PE1DVT, Hispanics had lower risk than Whites in
prostate (HR, 0.52; 95% CI, 0.42-0.64), colorectal (HR, 0.76; 95%
CI, 0.65-0.90), NHL (HR, 0.72; 95% CI, 0.56-0.93), and bladder
cancers (HR, 0.52; 95% CI, 0.33-0.83; Figure 3B). For pDVT,
Hispanics differed significantly compared with Whites only in blad-
der cancer (HR, 1.40; 95% CI, 1.09-1.80; Figure 3C). Hispanics
did not differ significantly from Whites for iDDVT events in any of
the cancer types except for increased risk in lung cancer (HR, 1.23;
95% CI, 1.02-1.49; Figure 3D).

Race/ethnicity and recurrent CAT

When examining the risk of recurrent CAT, Black/AAs had a signifi-
cantly higher risk compared with Whites only in breast (HR, 1.36;
95% CI, 1.08-1.72), prostate (HR, 1.37; 95% CI, 1.09-1.72), and
pancreatic cancers (HR, 1.37; 95% CI, 1.01-1.86). APIs and His-
panics did not differ significantly from Whites for risk of recurrent
CAT in any of the cancer types (Figure 4).

Discussion

In this population-based study of a large, diverse cohort of patients
with common cancers and at least 1 hospital admission or emer-
gency department visit before or after their cancer diagnosis (1991-
2018), race/ethnicity was associated with the risk of CAT. Patients
with cancer of Black/AA race/ethnicity had consistently higher and
those of API race/ethnicity had consistently lower CAT incidence,
particularly PE, compared with Whites, mirroring trends found in the
general population.6 Because the presence of active cancer itself is
such a strong risk factor for VTE, we had hypothesized these racial/
ethnic differences would be less pronounced than in the general
population. However, race/ethnicity was strongly associated with
risk of CAT even after adjusting for covariates such as age, stage,
cancer type, nSES, insurance, and comorbidities, which are known
to be associated with increased risk of CAT. Our results are consis-
tent with smaller studies from Asia that showed lower rates of VTE
in Asian patients with advanced gastrointestinal malignancies32,33

and prior work in California showing lower incidence of VTE in API
patients with colorectal cancer.13 To our knowledge, this is the larg-
est cohort studied to confirm racial/ethnic disparities in CAT.

A prior study of US Medicaid enrollees who developed VTE showed
higher prevalence of VTE in Black/AAs and lower prevalence of
VTE in Hispanics compared with Whites.34 White et al6 previously
used the California Patient Discharge Dataset to show significantly
higher incidence rate of VTE in Black/AAs (141/100000 adults/y)
compared with Whites (103/100000 adults/y), whereas Hispanics
and APIs had significantly lower incidence rates of VTE (61.5/
100000 and 29/100000 adults/y, respectively) compared with
Whites. Similarly, in an analysis of a diverse population in Oklahoma,
age-adjusted incidence of VTE was highest in Blacks and lower in
APIs and Hispanics compared with Whites.35 An analysis of 3 pro-
spective study databases was done to examine association of race
with incidence of VTE.36 In the Cardiovascular Health Study, Blacks
had an 81% higher rate of VTE compared with Whites. In the Ath-
erosclerosis Risk in Communities study, which was the only 1 of the
3 to include patients with cancer, Blacks had a 21% higher rate of
VTE than Whites.36,37 There were geographic variations in rates of
VTE observed in the Reasons for Geographic and Racial

Differences in Stroke study; specifically, Black/AAs in the Southeast
were found to have higher relative risk of VTE compared with Black/
Aas in the rest of the United States.36

The racial/ethnic differences in the incidence of CAT for each tumor
type was largely driven by the differences in the incidence of PE.
This is similar to what has been found in the general population.
Heit et al8 analyzed patients from multiple Centers for Disease Con-
trol Thrombosis and Hemostasis Centers and showed significantly
higher proportion of PE only events in Black/AAs compared with
Whites (27.6% vs 14.4%, respectively). It was uncertain why a
higher proportion of VTE presented as PE only in Black/AAs. White
et al6 also found Black/AAs had significantly higher odds of PE
(odds ratio, 1.2), whereas Hispanics had significantly lower odds of
PE compared with Whites (odds ratio, 0.8).6

The reason(s) underlying the observed racial/ethnic differences in
CAT is unknown. The Genetic Attributes and Thrombosis Epidemiol-
ogy study examined the epidemiology of VTE cases in Black/AAs
compared with Whites and found higher prevalence of hypertension,
chronic kidney disease, and diabetes in Black/AAs, whereas cancer,
immobilization, and recent surgery were more common in Whites
with VTE.10 Family history of VTE was similar between both
groups.10 As race/ethnicity is a sociopolitical, not biological, con-
struct in the United States,38,39 it is speculated that potential differ-
ences in sociodemographic factors, such as access to primary
care and differences in health care delivery, may affect the rates of
VTE.7-10 An effect of institutional and structural racism that may
affect the access to, intensity, and quality of care may also contrib-
ute.38,39 In the present study, the models were adjusted for recorded
comorbidities, broad categories of cancer treatments, nSES, and
health insurance, but measures of care access, intensity, and quality
were not available and should be the focus of future research.

Thrombophilia genes are differentially prevalent depending on
ancestry. The most well-known genetic risk factors for the develop-
ment of VTE, factor V Leiden G1691A and prothrombin G20210A,
are more prevalent in populations of Northern European ancestry.
Levels of procoagulant and anticoagulant factors may also vary by
ancestry and affect incidence of VTE.9,11 There are likely additional
underlying genetic variants associated with other ancestries not yet
identified because most people enrolled in genetic predisposition
studies have been of European descent. It is imperative that more
diverse populations be included in these types of studies.

Despite patients with malignancy being at increased risk of recurrent
VTE compared with patients without cancer,16 rates of recurrent
CAT by race/ethnicity have not been previously described. The
Ottawa score was developed as a predictive model for risk of recur-
rent VTE within 6 months of an index CAT event while patients were
on anticoagulation, but the racial/ethnic distribution of the population
used to develop the model was not described.40-42 Our data
showed Black/AAs had significantly higher risk of recurrent CAT
compared with Whites in breast, prostate, and pancreatic cancers,
whereas APIs and Hispanics did not differ significantly from Whites
in any of the cancer types. In the general population, White et al17

previously showed Black/AA and Hispanic women had higher rates
of recurrent VTE (relative risk, 1.6 and 1.7, respectively) compared
with White women. Although men had higher rates of recurrent VTE
compared with women overall, there was no significant difference
by race/ethnicity seen in men.17 We speculate that in patients who
have already had CAT, the risk of a recurrent event is not
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determined by the same risk factors as the incident event, including
race/ethnicity and other social determinants of health. These factors
likely include the status of the underlying cancer (complete
response, recurrence, or progression), ongoing therapy with variable
VTE risk (immunotherapy, targeted therapy, antiangiogenic therapy),
overall performance status, and the intensity and duration of thera-
peutic anticoagulation for the incident event. Incident event bias,
which leads to a redistribution of baseline risk factors for an out-
come compared with the parent cohort, also likely plays a role.43

Risk assessment scores have been developed to help predict the
risk of incident VTE in patients with cancer44-47 and consider pri-
mary thromboprophylaxis. One of the most well-known risk models
for CAT is the Khorana score, which was validated as a predictive
model for VTE in patients with cancer receiving chemotherapy.
The racial/ethnic characteristics of the study population used to
develop the Khorana score are not specifically described.44 There
are additional risk assessment models, including the Prophylaxis of
Thromboembolism during Chemotherapy (PROTECHT), Charit�e
Onkologie (CONKO), and Vienna scores, but none of the risk mod-
els include race/ethnicity as a predictive variable.45-47 Racial/ethnic
minorities have historically been underrepresented in prior clinical tri-
als looking at treatment of unprovoked VTE,48 which may be why
this parameter has not been included in predictive models.

SAVE-ONCO was a clinical trial comparing semuloparin thrombopro-
phylaxis with placebo for ambulatory patients with cancer receiving
chemotherapy.49 An analysis of the placebo arm of this trial showed
Black/AA patients were at more than a threefold risk of VTE com-
pared with White patients after adjusting for baseline characteristics,
including Khorana score and chemotherapy agents, whereas there
was no difference in risk between White and Asian patients.50 It
would be interesting to perform the same analysis on the experimental
arm of the trial determine whether there was an effect modification of
primary thromboprophylaxis by race/ethnicity. Further research would
also be needed to determine differences in thromboprophylaxis rec-
ommendations in hospitalized vs ambulatory patients with cancer,
because most studies have focused on the ambulatory setting.

There were limitations of our study. Incident VTE was only ascer-
tained if the patient was seen in an emergency department or hospi-
talized and therefore may have been underestimated. The Reasons
for Geographic and Racial Differences in Stroke study showed
28% of patients with DVT received outpatient treatment, although
patients with cancer were excluded in this study.51 VTE was ascer-
tained using ICD-9-CM/ICD-10-CM codes, which have inherent lim-
itations. However, previous work has shown good validity using an
algorithm with more specific codes.22 We do not have information
regarding underlying thrombophilia, smoking, obesity, mobility, or
primary thromboprophylaxis (although this is not widely practiced in
ambulatory patients with cancer). Although we adjusted for number
of comorbidities, we do not have information on severity that likely
alters VTE risk. There are also no data on some social determinants
of health such as level of education, transportation, access to care,
toxic exposures, personal income, and medication adherence that
likely affect risk of outcomes. The incidence of some cancers varies
by race/ethnicity, potentially confounding our analysis. Granular data
on types of cancer treatment (eg, immunotherapy and hormonal
therapy), anticoagulation (for other indications or as primary prophy-
laxis), antiplatelet therapy, and use of statins was also not available.
Despite these limitations, we analyzed a very large cohort of

patients with cancer with the most common types of malignancy.
The population of California is quite racially and ethnically diverse,
so there was good representation among all cancer types in all
racial/ethnic groups. The trends we observed are consistent with
data from prior smaller studies.31,32

Our data suggest that race/ethnicity might be considered, along
with other predictive tools, in decisions regarding primary prophy-
laxis for CAT. However, this is contrary to the current trend to elimi-
nate race-based adjustments in medicine, because of questions
about validity, application (assignment of race is not consistent
within or between locales), and downstream consequences that
may further exacerbate health inequities and disparities.52-54 Vyas
et al52 examined race/ethnicity-adjusted algorithms across various
fields of medicine and highlighted questions to consider when fac-
toring race/ethnicity into clinical decision making. These include
whether there is strong evidence for race/ethnicity correction after
considering potential confounders and bias, whether a causal
mechanism exists for the racial/ethnic difference, and whether inclu-
sion of race/ethnic correction would help or exacerbate health dis-
parities. In our study, race/ethnicity is likely a surrogate for many
factors that are not traditionally measured in biomedical studies and
should stimulate further research into the reasons for the associa-
tion of race/ethnicity with this common and serious complication of
cancer, with the goal of reducing potential health inequities.
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