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ABSTRACT

BACKGROUND Cardiovascular disease (CVD) and cancer share several risk factors. Although preclinical models show
that various types of CVD can accelerate cancer progression, clinical studies have not determined the impact of
atherosclerosis on cancer risk.

OBJECTIVES The objective of this study was to determine whether CVD, especially atherosclerotic CVD, is indepen-
dently associated with incident cancer.

METHODS Using IBM MarketScan claims data from over 130 million individuals, 27 million cancer-free subjects with a
minimum of 36 months of follow-up data were identified. Individuals were stratified by presence or absence of CVD,
time-varying analysis with multivariable adjustment for cardiovascular risk factors was performed, and cumulative risk of
cancer was calculated. Additional analyses were performed according to CVD type (atherosclerotic vs nonatherosclerotic)
and cancer subtype.

RESULTS Among 27,195,088 individuals, those with CVD were 13% more likely to develop cancer than those without
CVD (HR: 1.13; 95% Cl: 1.12-1.13). Results were more pronounced for individuals with atherosclerotic CVD (aCVD), who
had a higher risk of cancer than those without CVD (HR: 1.20; 95% ClI: 1.19-1.21). aCVD also conferred a higher risk of
cancer compared with those with nonatherosclerotic CVD (HR: 1.11; 95% Cl: 1.11-1.12). Cancer subtype analyses showed
specific associations of aCVD with several malignancies, including lung, bladder, liver, colon, and other hematologic
cancers.

CONCLUSIONS Individuals with CVD have an increased risk of developing cancer compared with those without CVD.
This association may be driven in part by the relationship of atherosclerosis with specific cancer subtypes, which persists
after controlling for conventional risk factors. (J Am Coll Cardiol CardioOnc 2023;5:431-440) © 2023 The Authors.
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/).
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ABBREVIATIONS
AND ACRONYMS

aCVD = atherosclerotic
cardiovascular disease

BMI = body mass index

CHIP = clonal hematopoiesis of

indeterminate potential

CV = cardiovascular

CVD = cardiovascular disease

naCVD = nonatherosclerotic

cardiovascular disease

HRA = health risk assessment

PH = proportional hazards

TDPS = time-dependent
propensity score

ardiovascular (CV) disease (CVD)

and cancer continue to represent

the 2 leading causes of death in the
United States."” These diseases share a
multitude of risk factors, underscored by
the reduction in mortality from both condi-
tions when patients adhere to CV risk reduc-
tion guidelines.>> However, it is becoming
increasingly clear that the 2 diseases may
have a more complicated relationship,
including shared pathophysiological mecha-
nisms that extend beyond traditional risk
factors.

Recent preclinical studies using murine
models of heart failure, cardiac remodeling,
or myocardial infarction have each demon-
strated that solid tumors grow more quickly in the
presence of CV abnormalities.®® In addition, several

epidemiologic studies have shown that various forms
of CVD may be associated with increased cancer
progression and reduced survival.®® However, these
retrospective cohort studies have been unable to
determine which forms of CVD are associated with
increased risk and, more importantly, if this rela-
tionship is simply driven by shared risk factors.
Further, it remains unclear whether there is increased
risk across all cancer types or if it is specific for certain
cancers.”>'%"

The current study aimed to investigate the associ-
ation of CVD, both atherosclerotic and non-
atherosclerotic, with the development of cancer.
Looking at both atherosclerotic and
atherosclerotic disease facilitates potential delinea-
tion of unique relationships with cancer based on
underlying disease processes. An understanding of

non-

this relationship has the potential to better inform
cancer risk stratification and screening.’>'* In addi-
tion, improved characterization of the interaction
between cancer and CVD could ultimately guide
further mechanistic efforts to investigate patho-
physiology mediating their interaction.

METHODS

DATA SOURCES. We performed a retrospective
cohort study using data from the 2009-2019 IBM
MarketScan Research Databases, which contains dei-
dentified data for approximately 161 million patients,
including enrollment records and health insurance
claims from inpatient services, outpatient visits, and
outpatient prescription drugs. Mortality data are not
available in the MarketScan data set. This study
followed the Strengthening the Reporting of
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Observational Studies in Epidemiology (STROBE)
reporting guidelines for cohort studies and was
exempted by the University of Texas MD Anderson
Cancer Center Institutional Review Board because of
its use of deidentified data.

We additionally linked individuals who responded
to the health risk assessment (HRA) survey in the
2009-2019 MarketScan Databases through unique
enrollee identifiers. The HRA data contain biometric
and behavioral information collected from risk
assessment questionnaires administrated by the U.S.
corporations and health plans that contributed data
to MarketScan. Specifically, it provided self-reported
information on health indicators such as body mass
index (BMI) and smoking status. It has been shown
that the prevalence estimates of both variables are
comparable to national estimates.'*'°

STUDY DESIGN. In this retrospective cohort study,
we included patients 18 years of age or older enrolled
since 2009 and with at least 36 months of continuous
enrollment, and no cancer diagnosis codes in the first
24 months of enrollment. This yielded a cohort
of over 27 million individuals. All individuals had a
24-month run-in period from the time of cohort entry.
During the run-in period, individuals were classified
into 2 groups depending on the presence or absence
of CVD. Those with CVD were then subclassified into
atherosclerotic (aCVD) or nonatherosclerotic (naCVD)
disease subtypes. Presence of CVD was defined dur-
ing the run-in period as 2 or more separate Interna-
tional Classification of Disease (ICD), 9th (ICD-9) or
10th (ICD-10) edition diagnosis or Current Procedural
Terminology (CPT) codes indicating either aCVD or
naCVD, in either the inpatient or outpatient setting
(Supplemental Table 1). After the start of follow-up,
an individual’s CVD status was adjusted on a time-
dependent basis with individuals able to move from
no CVD to CVD (including naCVD or aCVD) and from
naCVD to aCVD based on a relevant ICD or CPT code.
Codes were selected from previously validated and
utilized algorithms demonstrating a >95% specificity
of single code use for coronary artery disease, pe-
ripheral arterial disease, cerebrovascular disease,
heart failure, valvular disease, and congenital heart
disease,'”2® and >85% specificity of single code use
for atrial fibrillation.?® Those with only a single CVD
code during the run-in period were excluded, and
those meeting diagnostic criteria for both aCVD and
naCVD were assigned to the aCVD cohort. Time-
dependent propensity scores (TDPS) were derived
from a Cox proportional hazards (PH) model where
the independent variable was time to CVD and the
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FIGURE 1 Cohort Selection From MarketScan Databases

Individuals (age = 18 years)
in MarketScan from 2008-2019

N = 133,983,697

v

Enrollment since 2009 and
= 36 months of continuous enroliment

N = 36,038,676

v

No cancer diagnosis codes in
months 0-24 of enroliment

N = 34,226,308

v

= 2 claims on different dates
in months 0-24

N = 27,195,088
No CVD Yes CVD
N = 21,513,487 N = 5,681,601
naCVD aCvD
N = 3,446,027 N = 2,235,574

Flow diagram demonstrates sequential inclusion criteria for the
study and group separation. aCVD = atherosclerotic cardio-
vascular disease; CVD = cardiovascular disease;

naCVD = nonatherosclerotic cardiovascular disease.

covariates included age, sex, diabetes, hypertension,
chronic kidney disease, and hyperlipidemia. The
primary outcome of interest was incident cancer,
defined as 2 or more separate cancer ICD-9/ICD-10
codes after the 24-month run-in period, either in the
inpatient or outpatient setting (Supplemental
Table 1). The start of follow-up (index date) was
defined as 24 months after the date of first enroll-
ment. Nonmelanoma skin cancers were not included
in either enrollment or outcome metrics. We included
a latency period where individuals with a cancer
detected in the 3 months following a change in CVD
status were excluded. As a separate sensitivity
analysis, we excluded heart failure codes from the
definition of CVD, given data supporting an epide-
miologic association between heart failure and inci-
dent cancer.'’

As a secondary analysis, we utilized the same an-
alytic approach among individuals with HRA-linked
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data additionally adjusting our models for self-
reported BMI and smoking status (n = 1,257,493).
HRA-linked cohort characteristics are summarized in
Supplemental Table 2.

STATISTICAL ANALYSIS. Baseline age was compared
using a t-test (mean) and Wilcoxon rank sum test
(median). All other baseline characteristics were
compared using a chi-square test (categorical). The
primary outcome was defined as the time from index
date to the diagnosis date of any incident cancer
(event) or the last follow-up date (censor, end of
enrollment, or end of study December 31, 2019). Sec-
ondary outcomes included time from index date to
the diagnosis date of each of the top 20 most frequent
organ-specific cancers (event) or last follow-up date
(censor). We used inverse probability treatment
weighted Cox PH regression based on the patient’s
TDPS with the weights being TDPS/(1 — TDPS) for CVD
adjusted for age, sex, diabetes, hypertension, chronic
kidney disease, hyperlipidemia, statin use, health
care contacts, region, and insurance type. Partici-
pants were censored in the individual cancer analyses
when they developed other organ-specific cancers.
We checked the PH assumption using Schoenfeld re-
siduals. Cox model results are presented as the HR
with 95% CI.

We considered a 2-sided P value <0.05 statistically
significant unless otherwise indicated. Individuals
with missing data for each variable were treated as a
separate unknown category with no imputation. All
statistical analyses were performed using SAS Enter-
prise Guide version 9.4 (SAS Institute) and R 4.0.5 (R
Foundation for Statistical Computing).

RESULTS

RISK OF ALL CcVD. A total of 27,195,088 individuals
with or without CVD underwent time-dependent
analysis with Cox PH modeling for multivariable
adjustment (Figure 1). The mean age was 43.3 + 15.7
years, and 55.7% were female. The median follow-up
time was 33 (IQR: 20-52) months. Table 1 summarizes
cohort baseline characteristics before multivari-
able adjustment.

An unadjusted estimate of cumulative incidence of
cancer diagnosis was generated as a Kaplan-Meier
representation (Figure 2A), suggesting those with
CVD have higher cumulative incidence of cancer than
those without CVD. Time-dependent analysis with
multivariable adjusted Cox PH modeling revealed
that individuals with CVD were in fact at significantly
higher risk of developing incident cancer (HR: 1.13;
95% CI: 1.12-1.13) (Table 2).
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No CVD
(n = 21,513,487)

TABLE 1 Baseline Characteristics of Cohorts by CVD Group (N = 27,195,088)

cvD
(n =5,681,601)

Mean + SD

Median (IQR)

18-39

40-49

45-59

60-64

65-69

70-79

=80
Female
Diabetes
Hypertension
CKD
Hyperlipidemia
Region

Northeast

North Central

South

West

Unknown
Insurance

PPO

HMO

Other

Unknown
Statin use

0-1
2-5
5-10
>10

Age at first enrollment, y

Health care visits, per y

40.1 + 141
40 (29-51)
10,347,588 (48.1)
5,069,643 (23.6)
4,442,217 (20.6)
971,359 (4.5)
313,813 (1.5)
282,009 (1.3)
86,858 (0.4)
12,217,110 (56.8)
1,495,805 (7.0)
4,326,092 (20.1)
63,297 (0.3)
5,209,744 (24.2)

4,143,494 (19.3)
4,791,035 (22.3)
7,954,907 (37.0)
4,135,964 (19.2)
488,087 (2.3)

12,835,259 (59.7)
2,965,998 (13.8)

4,500,888 (20.9)
1,211,342 (5.6)
1,270,860 (5.9)

5,304,611 (24.7)
6,864,776 (31.9)
5,255,804 (24.4)
4,088,296 (19.0)

55.2 + 15.6
55 (46-55)
863,543 (15.2)
1,061,920 (18.7)
1,718,394 (30.2)
580,828 (10.2)
388,933 (6.8)
649,727 (11.4)
418,256 (7.4)
2,936,883 (51.7)
1,151,571 (20.3)
2,880,691 (50.7)
142,430 (2.5)
2,788,120 (49.1)

1,356,807 (23.9)

1,324,658 (23.3)

2,053,350 (36.1)
817,753 (14.4)
129,033 (2.3)

3,175,803 (55.9)
763,661 (13.4)
1,449,536 (25.5)
292,601 (5.1)
1,350,904 (23.8)

478,554 (8.4)
951,813 (16.8)
1,560,786 (27.5)
2,690,448 (47.4)

the 2 cohorts.

Values are mean + SD, median (IQR), or n (%). All P values <0.001 for characteristics between

CKD = chronic kidney disease; CVD = cardiovascular disease; HMO = health maintenance
organization; PPO = preferred provider organization.

RISK OF NONATHEROSCLEROTIC AND ATHEROSCLEROTIC
cvD. The CVD group was then split into aCVD and
naCVD. The aCVD cohort was older with a higher
proportion of men and medical comorbidities
compared with the naCVD cohort (Supplemental
Table 3). An unadjusted estimate of cumulative inci-
dence of cancer diagnosis was generated as a Kaplan-
Meier representation (Figure 2B), suggesting those
with aCVD have higher cumulative incidence of can-
cer than both those without CVD and individuals with
naCVD. The naCVD group also had a higher cumula-
tive incidence of cancer than the no CVD group. To
control for imbalances in age, sex, and other comor-
bidities between those with atherosclerotic vs non-
atherosclerotic forms of CVD, time-dependent
analysis with multivariable adjusted Cox PH
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modeling was performed. These studies revealed that
those with aCVD (HR: 1.20; 95% CI: 1.19-1.21) and
naCvD (HR: 1.08; 95% CI: 1.07-1.08) were both at
significantly increased risk of incident cancer
compared with individuals without CVD (Figure 2B,
Table 2). In addition, the risk of incident cancer
remained significantly higher in the aCVD group
when directly compared with the naCVD group (HR:
1.11; 95% CI: 1.11-1.12).

To determine whether our results were being
driven by an association of heart failure and cancer,
we conducted a sensitivity analysis excluding all in-
dividuals with heart failure diagnosis codes. This
censored a total of 877,928 individuals from the
original cohort. Results were consistent with our
primary analysis demonstrating an increased risk of
cancer among those with CVD (HR: 1.11; 95% CI: 1.11-
1.12), and specifically, aCVD (HR: 1.19; 95% CI: 1.18-
1.20) and naCVD (HR: 1.07; 95% CI: 1.06-1.08),
compared with those without CVD after multivariable
adjustment to control for available CV comorbidities.
aCVD also continued to have an increased risk of
cancer compared with naCvD (HR: 1.11; 95% CI: 1.10-
1.12).

Individuals with HRA data (n =1,257,493) provided
the opportunity to adjust for additional CV risk fac-
tors of smoking status and BMI'*'® (Supplemental
Table 2). Compared with the primary analysis
cohort, these patients on average are younger with
lower rates of comorbidities; the HRA survey is
employer-sponsored, disproportionately selecting for
a younger working population.

Compared with individuals without CVD, those
with CVD were at significantly increased risk of
developing cancer (HR: 1.24; 95% CI: 1.20-1.27)
(Supplemental Table 4). When those without CVD
were compared with CVD subgroups, both aCVD (HR:
1.35; 95% CI: 1.30-1.41) and naCVD (HR: 1.19; 95% CI:
1.15-1.23) had increased risk of incident cancer. The
difference between aCVD and naCVD in this data set
was also consistent with our primary analysis, with
aCVD conferring increased risk of incident cancer
(HR: 1.14; 95% CI: 1.14-1.20).

CANCER SUBTYPE ANALYSIS. The association of
aCVD and naCVD with the 20 most frequently diag-
nosed cancers in our data set were examined
(Figure 3). Both aCVD and naCVD had significantly
increased risk of multiple cancer subtypes compared
with those without CVD. When directly compared,
aCVD had a significantly higher risk than naCVD for
cancers of the lung, bladder, colon, head and neck,
liver, prostate, pancreas, and kidney, as well as
lymphoma, leukemia, and other hematologic
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FIGURE 2 Cumulative Incidence of Cancer According to CVD Group
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Kaplan-Meier estimates of time from index date to any cancer diagnosis among cohorts (N = 27,195,088 ) according to CVD group: CVD vs no CVD (A) and aCVD vs
naCVD or no CVD (B). Index date was set at 24 months after the date of first enrollment. Estimates by group are before time-varying analysis with multivariable
adjustment. Number at risk reflects time-varying exposure variable. Abbreviations as in Figure 1.

malignancies (Supplemental Figure 1). Notably, aCVD
also had a significantly lower risk for breast, ovarian,
and uterine cancers. The overall number of cancers by
subtype included in the analyses, as well as P values
for different comparisons, listed in
Supplemental Table 5.

are

Because several of the examined cancer subtypes
have known associations with tobacco use, we uti-
lized our HRA-linked data set to further control for

TABLE 2 Adjusted HRs for the Association of CVD With Incident
Cancer (N = 27,195,088)

HR 95% ClI P Value
No CVD vs
CVD 1.129 1.123-1.134 <0.001
No CVD vs
naCvD 1.076 1.069-1.082 <0.001
aCvD 1199 1.191-1.207 <0.001
naCVD vs
No CVD 0.930 0.924-0.935 <0.001
aCvD 114 1.106-1.123 <0.001

Model used inverse probability treatment weighted Cox proportional hazards
regression based on the patient's time-dependent propensity score (TDPS) with
the weights being TDPS/(1 — TDPS) for cardiovascular disease (CVD) adjusted for
age, sex, diabetes, hypertension, chronic kidney disease, hyperlipidemia, statin
use, health care contacts, region, and insurance type.

aCVD = atherosclerotic cardiovascular disease; naCVD = nonatherosclerotic
cardiovascular disease.

smoking status and BMI in a multivariable analysis
(Supplemental Figure 2). This analysis continued to
observe an increased association for bladder (HR:
1.58; 95% CI: 1.24-2.01), colon (HR: 1.53; 95% CI: 1.16-
2.01), and lung (HR: 1.43; 95% CI: 1.17-1.74) cancers,
lymphoma (HR: 1.42; 95% CI: 1.19-1.71), leukemia (HR:
1.40; 95% CI: 1.06-1.85), and other hematologic ma-
lignancies (HR: 1.42; 95% CI: 1.11-1.82) in the aCVD
group compared with the naCVD group. The overall
number of cancers by subtype in the HRA analysis, as
well as P values for different comparisons, are listed
in Supplemental Table 6.

DISCUSSION

Our retrospective cohort study demonstrates that
individuals with CVD have a significantly increased
risk of incident cancer compared with those without
CVD. We found that this risk was most pronounced
among individuals with aCVD, even after adjusting
for all available CV comorbidities and degree of health
care contacts (Central Illustration). With data from
over 27 million individuals, this is the largest study to
explore this relationship. Importantly, our findings
were consistent in secondary analyses that controlled
for self-reported smoking status and BMI, as well as
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FIGURE 3 Forest Plots of the Association of CVD With Cancer Incidences
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Forest plots of HRs based on inverse probability treatment weighted Cox proportional hazards regression from the patient's time-dependent propensity score (TDPS)
with the weights being TDPS/(1 — TDPS) for CVD adjusted for age, sex, diabetes, hypertension, chronic kidney disease, hyperlipidemia, statin use, health care contacts,
region, and insurance type (N = 27,195,088). (A) aCVD vs no CVD, and (B) naCVD vs no CVD. Abbreviations as in Figure 1.

when heart failure diagnoses were excluded, sug-
gesting that the presence of heart failure or tradi-
tional CV risk factors may not fully account for the
observed associations. Finally, cancer subtype ana-
lyses demonstrated specific associations between
aCVD and a range of individual cancers, highlighting
areas for future mechanistic research.

Our findings build upon prior studies. A study of
32,095 individuals from the Sakakibara Heart Insti-
tute in Japan comparing cancer incidence between
those with atherosclerotic and those with non-
atherosclerotic forms of CVD found the presence of
atherosclerosis to be an independent risk factor for
cancer diagnosis."’ Generalizability of these results,
however, was limited by the absence of a healthy
control group, limited study size to explore cancer
subtypes, and a homogenous sample with a single
ancestry of participants from a tertiary-care center.
Our results build upon these findings by incorpo-
rating a healthy control group, increased power to
determine cancer subtypes, and use of a more diverse
patient population. Another analysis that utilized

data from 20,305 Framingham Heart Study and
PREVEND (Prevention of Renal and Vascular End-
Stage Disease) study participants found that tradi-
tional CV risk factors are associated with increased
cancer incidence.® This study, like the ARIC (Athero-
sclerosis Risk In Communities) and MESA
(Multi-Ethnic Study of Atherosclerosis) studies,
showed that measures taken to improve CV health
also decrease cancer risk.>* Analysis of this cohort,
however, did not wultimately demonstrate an
increased risk of cancer diagnosis associated with CV
events or CV prevalence, and was unable to deter-
mine whether the link was driven by underlying
shared risk factors or the existence CVD itself.>3°
Two previous retrospective cohort studies found a
connection between heart failure and cancer inci-
dence.®© These studies, however, did not distin-
guish between atherosclerotic and nonatherosclerotic
etiologies of heart failure and were unable to control
for smoking. Our sensitivity analysis excluding heart
failure diagnoses entirely from the data set did not
alter findings of our primary analysis; both the
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In this population-based cohort of over 27 million individuals, we determined that cardiovascular disease (CVD) was associated with higher risk of incident cancer. This
association was most pronounced for atherosclerotic CVD (aCVD), which appeared to be specifically associated with bladder, colon, lung, and hematologic malig-
nancies, even after accounting for traditional risk factors. naCVD = nonatherosclerotic cardiovascular disease.

according to the presence or absence of atheroscle-
rosis. For example, in both the primary analysis and

atherosclerotic and nonatherosclerotic groups

continued to have increased cancer incidence

compared with those without CVD. Therefore, our
results do not appear to be driven by a specific asso-
ciation between heart failure and cancer.

The individual cancer analyses demonstrate that
many cancer subtypes occur at higher rates in pa-
tients with CVD. The risk differed, however,

the secondary HRA-based analysis (which adjusted
for BMI and smoking, in addition to each of the
covariates listed in Table 1), individuals with aCVD
had an increased risk of bladder, colon, and lung
cancers, as well as lymphoma, leukemia, and hema-
tologic malignancies, relative to those with naCvD
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and those without CVD. Interestingly, traditionally
hormone-driven cancers, including breast and
ovarian cancer, demonstrated an inverse association,
with aCVD conferring a protective effect. Although
mechanisms underlying this association are unclear,
it is interesting to note that estrogen impacts vaso-
dilation and vascular remodeling, and has been
shown to have a net antiatherosclerotic effect.’
Additionally, aromatase inhibitors, which cause sys-
temic estradiol depletion, have been associated with
a modest increase in CV events in placebo-controlled
randomized clinical trials.>**3 There is also increasing
recognition of several known shared pathways in
sterol/oxysterol and hormone metabolism that influ-
ence plaque progression and hormone-sensitive
malignancies.>*

It is enticing to hypothesize that these links be-
tween CVD and specific cancer subtypes are mediated
through shared biological processes (eg, inflamma-
tion, metabolic adaptations, etc). Indeed, recent
mouse studies have sought to explore the pathologic
crosstalk between cancer and CVD. Two studies of
heart failure models have found increased rates of
cancer formation mediated by secreted factors.®’
Another using a murine model of acute myocardial
infarction showed increased cancer progression
mediated through innate immune system reprog-
ramming.® One study employing a mouse model of
obesity/metabolic syndrome found that tumor
growth was enhanced via alterations in T cells within
the tumor microenvironment.*> Although no pre-
clinical studies have yet modeled the impact of
atherosclerosis on tumorigenesis, these prior publi-
cations suggest that perturbations of CV homeostasis
may promote tumorigenesis.

Human studies also suggest pathophysiological
overlap between cancer and CVD independent of
shared traditional risk factors. For example,
genome-wide association studies have shown that
the most important commonly inherited genetic
variant associated with atherosclerosis resides in a
well-known cancer locus at chromosome 9p21,
rather than in a gene that regulates traditional CV
risk factors.’®*° Inflammation and immune cell
activation have also been linked to both conditions.
The CANTOS (Canakinumab Anti-inflammatory
Thrombosis Outcomes) trial, designed to test the
hypothesis that an anti-interleukin-18 antibody
could reduce adverse CV outcomes, surprisingly
found a concomitant reduction in lung cancer and
lung cancer mortality.*"** Similarly, macrophage
inhibitors reactivate

checkpoint designed to
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anticancer immune surveillance machinery in sub-
jects with lymphoma were recently found to simul-
taneously reduce vascular inflammation in those
same individuals.*> A final area of overlap relates to
the phenomenon of clonal hematopoiesis of indeter-
minate potential (CHIP), which refers to the clonal
expansion of mutated myeloid cells that can precede
hematological malignancies. This process is also
associated with risk for coronary disease, causing
investigators to revisit the clonal hypothesis of
atherosclerosis and its overlap with the clonally
expanding cancer stem cell. Although the precise
molecular mechanism linking CHIP mutations to
heart disease remains undefined, inflammasome
activation is thought to be central to this process.*®°
Interestingly, patients in the CANTOS trial with CHIP
mutations benefited more from canakinumab than
those without a CHIP mutation.*®

STUDY LIMITATIONS. First, our study design was
observational in nature, meaning causality cannot be
demonstrated. Second, there is potential misclassifi-
cation of diagnoses within the ICD coding system,
though codes were chosen based on rigorous review
of validated claims-based algorithms."”?° Third,
because mortality data were not available in the
MarketScan data set, we were unable to conduct an
analysis incorporating the competing risk of death,
and it is possible that our incidence estimates may be
overestimated. Fourth, our results may be subject to
residual confounding from unknown covariates. We
are unable to account for over-the-counter medica-
tion use, such as aspirin, in this data set. Although
our secondary analysis using HRA data was able to
control for BMI and smoking as covariates,'*'® this
data set was not able to account for cumulative pack-
years. It also had fewer patients and was restricted to
individuals between 18 to 65 years of age upon
enrollment. Additionally, we were unable to control
for certain other potential risk factors, such as phys-
ical activity, environmental exposures, alcohol con-
sumption, and other sociodemographic variables.
Finally, because our data set does not include infor-
mation on race or ethnicity, it is impossible to discern
whether these factors influence the relationship be-
tween CVD and cancer.

CONCLUSIONS

This study found that the presence of CVD is associ-
ated with an increased incidence of cancer, particu-
larly among individuals with atherosclerotic CVD.
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Further work to understand the interaction between
CVD and cancer could have significant implications.
Initiation of actual long-term randomized clinical
trials to explore things such as aggressive cancer
subtype screening based on CV diagnosis would
improve delineation of associated risks, or even
elucidate circulating biomarkers that could alter pre-
vention and screening approaches in a more accurate
and personalized manner. More broadly considering
the concept of interdependence, another area for
clinical investigation could be whether increasingly
stringent cardiac risk factor modification has a benefit
in certain individuals with cancer (or cancer sub-
types) compared with routine care. Insight into
shared mechanisms could provide an avenue to
explore therapies that address humanity’s 2 leading
killers at the same time.*°
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL
SKILLS: Patients with CVD have disproportionately higher

irrespective of shared traditional risk factors. The risk for

the patient has atherosclerotic CVD or nonatherosclerotic
CVD.

with cancer, in addition to prospective studies considering

adjusted cancer prevention or screening protocols.

REFERENCES

certain types of malignancies varies depending on whether

1. Kochanek KD, Xu JQ, Arias E. Mortality in the
United States, 2019. NCHS Data Brief, no 395.
Hyattsville, MD: National Center for Health Sta-
tistics; 2020.

2. World Health Organization, WHO Department
of Data and Analytics. WHO Methods and Data
Sources for Global Burden of Disease Estimates,
2000-20179. Geneva, Switzerland: World Health
Organization; 2020.

3. Rasmussen-Torvik LJ, Shay CM, Abramson JG,
et al. Ideal cardiovascular health is inversely
associated with incident cancer: the Atheroscle-
rosis Risk In Communities study. Circulation.
2013;127(12):1270-1275.  https://doi.org/10.1161/
CIRCULATIONAHA.112.001183

4. Ogunmoroti O, Allen NB, Cushman M, et al. As-
sociation between life's simple 7 and non-
cardiovascular disease: the Multi-Ethnic Study of
Atherosclerosis. J Am Heart Assoc. 2016;5(10):
003954 https://doi.org/10.1161/JAHA.116.003954

5. Lau ES, Paniagua SM, Liu E, et al. Cardiovascular
risk factors are associated with future cancer. J Am
Coll Cardiol CardioOnc. 2021;3(1):48-58. https://
doi.org/10.1016/j.jaccao.2020.12.003

6. Meijers WC, Maglione M, Bakker SJL, et al. Heart
failure stimulates tumor growth by circulating fac-
tors. Circulation. 2018;138(7):678-691. https://doi.
0rg/10.1161/CIRCULATIONAHA.117.030816

7. Avraham S, Abu-Sharki S, Shofti R, et al. Early
cardiac remodeling promotes tumor growth and
metastasis. Circulation. 2020;142(7):670-683.
https://doi.org/10.1161/CIRCULATIONAHA.120.
046471

8. Koelwyn GJ, Newman AAC, Afonso MS, et al.
Myocardial infarction accelerates breast cancer via
innate immune reprogramming. Nat Med.
2020;26(9):1452-1458. https://doi.org/10.1038/
s41591-020-0964-7

9. Hershman DL, Till C, Shen S, et al. Association
of cardiovascular risk factors with cardiac events
and survival outcomes among patients with breast
cancer enrolled in SWOG clinical trials. J Clin
Oncol. 2018;36(26):2710-2717. https://doi.org/10.
1200/JC0.2017.77.4414

10. Roderburg C, Loosen SH, Jahn JK, et al. Heart
failure is associated with an increased incidence of
cancer diagnoses. ESC Heart Fail. 2021;8(5):3628-
3633. https://doi.org/10.1002/ehf2.13421

11. Suzuki M, Tomoike H, Sumiyoshi T, et al.
Incidence of cancers in patients with atheroscle-
rotic cardiovascular diseases. Int J Cardiol Heart
Vasc. 2017;17:11-16.  https://doi.org/10.1016/j.
ijcha.2017.08.004

12. Steg PG, Cheong AP. Death (after percuta-
neous coronary intervention) is no longer what
it used to be. Circulation. 2014;129(12):1267-
1269. https://doi.org/10.1161/CIRCULATIONAHA.
114.008492

13. Spoon DB, Psaltis PJ, Singh M, et al. Trends in
cause of death after percutaneous coronary
intervention.  Circulation. 2014;129(12):1286-
1294. https://doi.org/10.1161/CIRCULATIONAHA.
113.006518

14. Albogami Y, Wei YJ, Winterstein AG. General-
izability and accuracy of IBM MarketScan health
risk assessment instrument data for augmentation
of commercial claims data. Pharmacoepidemiol
Drug Saf. 2022;31(1):100-104. https://doi.org/10.
1002/pds.5371

15. Huo J, Yang M, Tina Shih Y-C. Sensitivity of
claims-based algorithms to ascertain smoking
status more than doubled with meaningful use.

rates of incident cancer compared with those without CVD,

TRANSLATIONAL OUTLOOK: Further basic work is needed to
understand the biological interactions of different CVD types

whether patients with different types of CVD could benefit from

439


mailto:ktnead@mdanderson.org
https://twitter.com/KevinNeadMD
mailto:nleeper@stanford.edu
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref1
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref1
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref1
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref1
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref2
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref2
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref2
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref2
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref2
https://doi.org/10.1161/CIRCULATIONAHA.112.001183
https://doi.org/10.1161/CIRCULATIONAHA.112.001183
https://doi.org/10.1161/JAHA.116.003954
https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1016/j.jaccao.2020.12.003
https://doi.org/10.1161/CIRCULATIONAHA.117.030816
https://doi.org/10.1161/CIRCULATIONAHA.117.030816
https://doi.org/10.1161/CIRCULATIONAHA.120.046471
https://doi.org/10.1161/CIRCULATIONAHA.120.046471
https://doi.org/10.1038/s41591-020-0964-7
https://doi.org/10.1038/s41591-020-0964-7
https://doi.org/10.1200/JCO.2017.77.4414
https://doi.org/10.1200/JCO.2017.77.4414
https://doi.org/10.1002/ehf2.13421
https://doi.org/10.1016/j.ijcha.2017.08.004
https://doi.org/10.1016/j.ijcha.2017.08.004
https://doi.org/10.1161/CIRCULATIONAHA.114.008492
https://doi.org/10.1161/CIRCULATIONAHA.114.008492
https://doi.org/10.1161/CIRCULATIONAHA.113.006518
https://doi.org/10.1161/CIRCULATIONAHA.113.006518
https://doi.org/10.1002/pds.5371
https://doi.org/10.1002/pds.5371

Risk of Cancer After Diagnosis of CVD

Value Health. 2018;21(3):334-340. https://doi.
0rg/10.1016/}.jval.2017.09.002

16. Lloyd JT, Blackwell SA, Wei Il, Howell BL,
Shrank WH. Validity of a claims-based diagnosis of
obesity among Medicare beneficiaries. Eval Health
Prof.  2015;38(4):508-517.  https://doi.org/10.
1177/0163278714553661

17. Birman-Deych E, Waterman AD, Yan Y,
Nalsena DS, Radford MJ, Gage BF. Accuracy of
ICD-9-CM codes for identifying cardiovascular and
stroke risk factors. Med Care. 2005;43:480-485.

18. Bezin J, Girodet PO, Rambelomanana S, et al.
Choice of ICD-10 codes for the identification of
acute coronary syndrome in the French hospitali-

zation database. Fundam Clin  Pharmacol.
2015;29(6):586-591. https://doi.org/10.1111/fcp.
12143

19. Davis LA, Mann A, Cannon GW, Mikuls TR,
Reimold AM, Caplan L. Validation of diagnostic
and procedural codes for identification of acute
cardiovascular events in US veterans with rheu-
matoid arthritis. EGEMS (Wash DC). 2014;1(3):
1023. https://doi.org/10.13063/2327-9214.1023

20. Henderson T, Shepheard J, Sundararajan V.
Quality of diagnosis and procedure coding in ICD-
10 administrative data. Med Care. 2006;44:1011-
1019.

21. Andrade SE, Harrold LR, Tjia J, et al
A systematic review of validated methods for
identifying cerebrovascular accident or transient
ischemic attack using administrative data. Phar-
macoepidemiol Drug Saf. 2012;21(S1 suppl 1):100-
128. https://doi.org/10.1002/pds.2312

22. McCormick N, Bhole V, Lacaille D, Avina-
Zubieta JA. Validity of diagnostic codes for acute
stroke in administrative databases: a systematic
review. PLoS One. 2015;10(8):e0135834. https://
doi.org/10.1371/journal.pone.0135834

23. Jaff MR, Cahill KE, Yu AP, Birnbaum HG,
Engelhart LM. Clinical outcomes and medical care
costs among Medicare beneficiaries receiving
therapy for peripheral arterial disease. Ann Vasc
Surg. 2010;24:577-587.

24. Nehler MR, Duval S, Diao L, et al. Epidemi-
ology of peripheral arterial disease and critical
limb ischemia in an insured national population.
J Vasc Surg. 2014;60(3):686-695.e2. https://doi.
0rg/10.1016/j.jvs.2014.03.290

25. Miao B, Hernandez AV, Alberts MJ,
Mangiafico N, Roman YM, Coleman Cl. Incidence
and predictors of major adverse cardiovascular
events in patients with established atherosclerotic
disease or multiple risk factors. J Am Heart Assoc.
2020;9(2):e014402. https://doi.org/10.1161/
JAHA.119.014402

26. Goff DC Jr, Pandey DK, Chan FA, Ortiz C,
Nichaman MZ. Congestive heart failure in the
United States: is there more than meets the I(CD
code)? The Corpus Christi Heart Project. Arch
Intern Med. 2000;160(2):197-202. https://doi.
org/10.1001/archinte.160.2.197

27. Schellenbaum GD, Heckbert SR, Smith NL,
et al. Congestive heart failure incidence and
prognosis: case identification using central adju-
dication versus hospital discharge diagnoses. Ann

JACC: CARDIOONCOLOGY, VOL. 5, NO. 4, 2023

Epidemiol. 2006;16(2):115-122. https://doi.org/
10.1016/j.annepidem.2005.02.012

28. Cohen S, Jannot AS, lIserin L, Bonnet D,
Burgun A, Escudié JB. Accuracy of claim data in
the identification and classification of adults with
congenital heart diseases in electronic medical
records. Arch Cardiovasc Dis. 2019;112(1):31-43.
https://doi.org/10.1016/j.acvd.2018.07.002

29. Chamberlain AM, Roger VL, Noseworthy PA,
et al. Identification of incident atrial fibrillation
from electronic medical records. J Am Heart Assoc.
2022;11(7):e023237. https://doi.org/10.1161/
JAHA.121.023237

30. van Kruijsdijk RC, van der Graaf Y, Peeters PH,
Visseren FL. Second Manifestations of ARTerial
disease (SMART) study group. Cancer risk in pa-
tients with manifest vascular disease: effects of
smoking, obesity, and metabolic syndrome. Cancer
Epidemiol Biomarkers Prev. 2013;22(7):1267-1277.
https://doi.org/10.1158/1055-9965.EPI-13-0090

31. Regitz-Zagrosek V,  Wintermantel TM,
Schubert C. Estrogens and SERMSs in coronary
heart disease. Curr Opin Pharmacol. 2007;7:130-
139. https://doi.org/10.1016/j.coph.2006.10.009

32. Goldvaser H, Barnes TA, Seruga B, et al.
Toxicity of extended adjuvant therapy with aro-
matase inhibitors in early breast cancer: a sys-
tematic review and meta-analysis. J Natl Cancer
Inst.  2018;110:31-39.  https://doi.org/10.1093/
jnci/djx141

33. Khosrow-Khavar F, Filion KB, Al-Qurashi S,
et al. Cardiotoxicity of aromatase inhibitors and
tamoxifen in postmenopausal women with breast
cancer: a systematic review and meta-analysis of
randomized controlled trials. Ann Oncol. 2017;28:
487-496. https://doi.org/10.1093/annonc/
mdw673

34. Yamauchi Y, Rogers MA. Sterol metabolism
and transport in atherosclerosis and cancer. Front
Endocrinol. 2018;9:509. https://doi.org/10.3389/
fendo.2018.00509

35. Ringel AE, Drijvers JM, Baker GJ, et al. Obesity
shapes metabolism in the tumor microenviron-
ment to suppress anti-tumor immunity. Cell.
2020;183(7):1848-1866.€26. https://doi.org/10.
1016/j.cell.2020.11.009

36. Cox C, Bignell G, Greenman C, et al. A survey of
homozygous deletions in human cancer genomes.
Proc Natl Acad Sci U S A. 2005;102(12):4542-4547.
https://doi.org/10.1073/pnas.0408593102

37. Beroukhim R, Mermel CH, Porter D, et al. The
landscape of somatic copy-number alteration
across human cancers. Nature. 2010;463(7283):
899-905. https://doi.org/10.1038/nature08822

38. Visel A, Zhu Y, May D, et al. Targeted deletion
of the 9p21 non-coding coronary artery disease
risk interval in mice. Nature. 2010;464:409-412.
https://doi.org/10.1038/nature08801

39, O'Donnell CJ, Kavousi M, Smith AV, et al,
CARDIoGRAM Consortium. Genome-wide associa-
tion study for coronary artery calcification with
follow-up in myocardial infarction. Circulation.
2011;124:2855-2864. https://doi.org/10.1161/
CIRCULATIONAHA.110.974899

40. Kojima Y, Ye J, Nanda V, et al. Knockout of the
murine ortholog to the human 9p21 coronary

AUGUST 2023:431-440

artery disease locus leads to smooth muscle cell
proliferation, vascular calcification, and advanced
atherosclerosis.  Circulation. 2020;141(15):1274-
1276. https://doi.org/10.1161/CIRCULATIONAHA.
119.043413

41. Libby P, Kobold S. Inflammation: a common
contributor to cancer, aging, and cardiovascular
diseases-expanding the concept of cardio-
oncology. Cardiovasc Res. 2019;115(5):824-829.
https://doi.org/10.1093/cvr/cvz058

42. Pursnani A, Massaro JM, D'Agostino RB Sr,
O'Donnell CJ, Hoffmann U. Guideline-based statin
eligibility, cancer events, and noncardiovascular
mortality in the Framingham Heart Study. J Clin
Oncol. 2017;35(25):2927-2933. https://doi.org/10.
1200/JC0.2016.71.3594

43. Ridker PM, Everett BM, Thuren T, et al,
CANTOS Trial Group. Antiinflammatory therapy
with canakinumab for atherosclerotic disease.
N Engl J Med. 2017;377(12):1119-1131. https://doi.
org/10.1056/NEJMo0al1707914

44. Ridker PM, MacFadyen JG, Thuren T,
Everett BM, Libby P, Glynn RJ, CANTOS Trial
Group. Effect of interleukin-1f inhibition with
canakinumab on incident lung cancer in patients
with atherosclerosis: exploratory results from a
randomised, double-blind, placebo-controlled
trial. Lancet. 2017;390(10105):1833-1842. https://
doi.org/10.1016/S0140-6736(17)32247-X

45. Jarr KU, Nakamoto R, Doan BH, et al. Effect of
CD47 blockade on vascular inflammation. N Engl J
Med. 2021;384(4):382-383. https://doi.org/10.
1056/NEJMc2029834

46. Jaiswal S, Natarajan P, Silver AJ, et al. Clonal
hematopoiesis and risk of atherosclerotic cardio-
vascular disease. N Engl J Med. 2017;377(2):111-
121. https://doi.org/10.1056/NEJM0a1701719

47. Khetarpal SA, Qamar A, Bick AG, et al. Clonal
hematopoiesis of indeterminate potential re-
shapes age-related CVD: JACC review topic of the
week. J Am Coll Cardiol. 2019;74(4):578-586.
https://doi.org/10.1016/j.jacc.2019.05.045

48. Verma S, Leiter LA, Bhatt DL. CANTOS ushers
in a new calculus of inflammasome targeting for
vascular protection-and maybe more. Cell Metab.
2017;26(5):703-705. https://doi.org/10.1016/j.
cmet.2017.09.022

49. Svensson EC, Madar A, Campbell CD, et al.
TET2-driven clonal hematopoiesis and response
to canakinumab. JAMA Cardiol. 2022;7(5):521-
528. https://doi.org/10.1001/jamacardio.2022.
0386

50. Bell CF, Leeper NJ. Killing the two deadly
birds of atherosclerosis and cancer with one stone.
Nat Cardiovasc Res. 2022;1:403-404. https://doi.
org/10.1038/s44161-022-00068-y

KEY WORDS atherosclerosis,
cardiovascular disease, epidemiology,
medical claims, risk prediction

APPENDIX For supplemental figures and
tables, please see the online version of this
paper.


https://doi.org/10.1016/j.jval.2017.09.002
https://doi.org/10.1016/j.jval.2017.09.002
https://doi.org/10.1177/0163278714553661
https://doi.org/10.1177/0163278714553661
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref17
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref17
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref17
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref17
https://doi.org/10.1111/fcp.12143
https://doi.org/10.1111/fcp.12143
https://doi.org/10.13063/2327-9214.1023
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref20
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref20
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref20
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref20
https://doi.org/10.1002/pds.2312
https://doi.org/10.1371/journal.pone.0135834
https://doi.org/10.1371/journal.pone.0135834
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref23
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref23
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref23
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref23
http://refhub.elsevier.com/S2666-0873(23)00058-3/sref23
https://doi.org/10.1016/j.jvs.2014.03.290
https://doi.org/10.1016/j.jvs.2014.03.290
https://doi.org/10.1161/JAHA.119.014402
https://doi.org/10.1161/JAHA.119.014402
https://doi.org/10.1001/archinte.160.2.197
https://doi.org/10.1001/archinte.160.2.197
https://doi.org/10.1016/j.annepidem.2005.02.012
https://doi.org/10.1016/j.annepidem.2005.02.012
https://doi.org/10.1016/j.acvd.2018.07.002
https://doi.org/10.1161/JAHA.121.023237
https://doi.org/10.1161/JAHA.121.023237
https://doi.org/10.1158/1055-9965.EPI-13-0090
https://doi.org/10.1016/j.coph.2006.10.009
https://doi.org/10.1093/jnci/djx141
https://doi.org/10.1093/jnci/djx141
https://doi.org/10.1093/annonc/mdw673
https://doi.org/10.1093/annonc/mdw673
https://doi.org/10.3389/fendo.2018.00509
https://doi.org/10.3389/fendo.2018.00509
https://doi.org/10.1016/j.cell.2020.11.009
https://doi.org/10.1016/j.cell.2020.11.009
https://doi.org/10.1073/pnas.0408593102
https://doi.org/10.1038/nature08822
https://doi.org/10.1038/nature08801
https://doi.org/10.1161/CIRCULATIONAHA.110.974899
https://doi.org/10.1161/CIRCULATIONAHA.110.974899
https://doi.org/10.1161/CIRCULATIONAHA.119.043413
https://doi.org/10.1161/CIRCULATIONAHA.119.043413
https://doi.org/10.1093/cvr/cvz058
https://doi.org/10.1200/JCO.2016.71.3594
https://doi.org/10.1200/JCO.2016.71.3594
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1016/S0140-6736(17)32247-X
https://doi.org/10.1016/S0140-6736(17)32247-X
https://doi.org/10.1056/NEJMc2029834
https://doi.org/10.1056/NEJMc2029834
https://doi.org/10.1056/NEJMoa1701719
https://doi.org/10.1016/j.jacc.2019.05.045
https://doi.org/10.1016/j.cmet.2017.09.022
https://doi.org/10.1016/j.cmet.2017.09.022
https://doi.org/10.1001/jamacardio.2022.0386
https://doi.org/10.1001/jamacardio.2022.0386
https://doi.org/10.1038/s44161-022-00068-y
https://doi.org/10.1038/s44161-022-00068-y

	Risk of Cancer After Diagnosis of Cardiovascular Disease
	Methods
	Data Sources
	Study Design
	Statistical Analysis

	Results
	Risk of All CVD
	Risk of Nonatherosclerotic and Atherosclerotic CVD
	Cancer Subtype Analysis

	Discussion
	Study Limitations

	Conclusions
	Funding Support and Author Disclosures
	References


