
J A C C : C A R D I O O N C O L O G Y V O L . 5 , N O . 1 , 2 0 2 3

ª 2 0 2 3 P U B L I S H E D B Y E L S E V I E R O N B E H A L F O F T H E A M E R I C A N C O L L E G E O F

C A R D I O L O G Y F O UN DA T I O N . T H I S I S A N O P E N A C C E S S A R T I C L E U N D E R T H E

C C B Y - N C - N D L I C E N S E ( h t t p : / / c r e a t i v e c o mm o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 / ) .
STATE-OF-THE-ART REVIEW
Screening for Coronary Artery Disease
in Cancer Survivors
JACC: CardioOncology State-of-the-Art Review
Ragani Velusamy, MBBS,a Mark Nolan, MBBS, PHD,a Andrew Murphy, PHD,a

Paaladinesh Thavendiranathan, MD, SM,b Thomas H. Marwick, MBBS, PHD, MPHa,c
ABSTRACT
ISS

Fro

Pe

Ca

Th

ins

vis

Ma
Coronary artery disease (CAD) is an important contributor to the cardiovascular burden in cancer survivors. This review

identifies features that could help guide decisions about the benefit of screening to assess the risk or presence of sub-

clinical CAD. Screening may be appropriate in selected survivors based on risk factors and inflammatory burden. In cancer

survivors who have undergone genetic testing, polygenic risk scores and clonal hematopoiesis markers may become

useful CAD risk prediction tools in the future. The type of cancer (especially breast, hematological, gastrointestinal, and

genitourinary) and the nature of treatment (radiotherapy, platinum agents, fluorouracil, hormonal therapy, tyrosine ki-

nase inhibitors, endothelial growth factor inhibitors, and immune checkpoint inhibitors) are also important in determining

risk. Therapeutic implications of positive screening include lifestyle and atherosclerosis interventions, and in specific

instances, revascularization may be indicated. (J Am Coll Cardiol CardioOnc 2023;5:22–38) © 2023 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/).
D espite a reported 10 million deaths from
cancer,1 there are an estimated 16.9 million
cancer survivors in the United States, with

the number projected to increase to 22.2 million by
2030.2 Cardiovascular disease (CVD) is the leading
non-neoplastic cause of morbidity and mortality in
survivors of breast cancer, Hodgkin lymphomas, and
childhood cancers like leukemia, treated with radio-
therapy and chemotherapy.3 CVD accounts for 27%
of all deaths and 56% of noncancer deaths in cancer
survivors.4 To date, much interest has focused on
reduced left ventricular function and heart failure,
especially as a cardiotoxic response to cancer
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therapy. However, coronary artery disease (CAD) is
also a significant cause of mortality and morbidity in
survivors.3 For example, in middle-aged women
with breast cancer, the 10-year cumulative incidence
of hospitalization for CAD was >3%, with 72% of hos-
pitalizations attributed to acute coronary syndromes
(ACS).5 The risk of CAD in cancer survivors may be
further increased by cancer therapies such as radia-
tion and aromatase inhibitors.6

A process of quantifying CAD risk in cancer survi-
vors might enable a means of optimizing the selection
of patients for atherosclerotic prevention strategies.
It is important that this screening process is not
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HIGHLIGHTS

� CAD results in mortality and morbidity in
cancer survivors. This is an area of unmet
research need, as little is known about
clinical risk evaluation and the best
population and modality for screening.

� This risk starts within the first decade of
cancer therapy and is associated with the
nature of the cancer, treatment, common
risk factors, inflammation, and genetic
predisposition.

� Quantifying risk and detecting subclinical
CAD might enable a means of optimizing
the selection of patients for atheroscle-
rotic prevention strategies.

AB BR E V I A T I O N S

AND ACRONYM S

ACS = acute coronary

syndrome

AYA = adolescent and young

adult

CAC = coronary artery calcium

CAD = coronary artery disease

CHIP = clonal hematopoiesis of

indeterminate potential

CMR = cardiac magnetic

resonance

CTA = computed tomography

angiography

CVD = cardiovascular disease

IGF = insulin-like growth factor

LDL = low-density lipoprotein

PCE = pooled cohort equations

PCI = percutaneous coronary

intervention

PRS = polygenic risk score

ROS = reactive oxygen species

TKI = tyrosine kinase inhibitor

VEGF = vascular endothelial

growth factor
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understood to imply a means of identifying targets
for coronary intervention—rather, it is a means of
detecting subclinical disease. Limiting the progres-
sion of CAD could delay or prevent clinical pre-
sentations with myocardial infarction or sudden
cardiac death, although it must be acknowledged that
early identification of CAD in cancer survivors may
not alter the cardiovascular risks, given the interplay
of several risk factors. The purpose of this review is to
address the knowledge gaps that pose a barrier to
adopting a screening process, including understand-
ing the risk of CAD (based on the type of cancer,
cancer therapy, and risk factors), mechanistic links
between cancer and CAD (including novel risk factors
such as clonal hematopoiesis of indeterminate po-
tential [CHIP]), the potential approaches to screening,
and the downstream implications of screening,
including management of risk factors and CAD
(Central illustration).

UNDERSTANDING WHEN TO SCREEN

A diagnosis of cancer is independently associated
with a significantly increased risk for myocardial
infarction.7 In cancer survivors over the years 2000 to
2015 in United States, atherosclerosis had a standard
mortality ratio of 3.9 over a follow-up of 2 to
11 months and 5.9 over a follow-up of over
120 months.3 This increase in cardiovascular mortal-
ity is consistent with data from Canada and
Australia.7,8

Cancer survivors have a 1.3- to 3.6-fold increase in
developing CAD and a 1.7- to 18.5-fold increase in
developing atherosclerotic risk factors compared with
the general population.9 The prevalence of pre-
existing CAD in cancer survivors ranges from 5.7%
(breast) to 20.8% (lung) in the United
States.10 However, there are knowledge gaps
in understanding the absolute CAD risk for
each specific cancer.

The timing of CAD onset is controversial.
In patients with newly diagnosed cancer, the
6-month cumulative incidence of myocardial
infarction was twice that of matched control
patients.11 Although the first decade of sur-
vival is reported to have the highest inci-
dence of CAD (44%), falling to 33% between
10 and 19 years, and 23% in those who survive
>20 years,12 this is contrary to the usual
exponential increment of CAD with age.
These findings may reflect several con-
founders, including ascertainment bias,
competing risks, and the impact of the phys-
iologic stresses of cancer treatment unmask-
ing occult coronary disease. Nonetheless,
while a life-course survivorship approach to
CAD is appropriate, these epidemiologic
findings inform the timing of a potential
screening strategy; the increase in CAD risk
starts within the first decade of cancer ther-
apy. While the increment in CAD mortality
starts in the first decade,3 it continues to in-

crease in the second decade of treatment.13

There has been an increase in survival among ad-
olescents and young adults (AYAs) with cancer,
causing CVD to become a leading cause of noncancer
morbidity and mortality in the long term.14,15 Hodg-
kin lymphoma is among the most common cancers in
AYAs, with an estimated incidence of 3 per 100,000
persons, and a reported 10-year survival rate of
>80%.16 The incidence of CAD is close to 20% in AYA
survivors who received radiotherapy at 20 years of
age, with an estimated cumulative incidence of about
60% 40 years postradiotherapy.16 Childhood Hodgkin
lymphoma cancer survivors have an increased risk of
developing myocardial infarction when compared
with their siblings.15 A 41-fold increase in cardiac
deaths was also reported in this population when
compared with an age-matched general population.
These deaths are observed with mediastinal radiation
>42 Gy, indicating that dosage should be a consider-
ation in surveillance. However, the risk of death due
to CAD continues to be increased >20 years after
therapy, suggesting that the surveillance process
might need to be repeated after the first decade of
survival in this group. Although most of this risk is
caused by cancer therapies, these survivors may also
show disproportionately increased risk of traditional,
modifiable cardiovascular risk factors. For example, a
polygenic risk score (PRS) for blood pressure shows a



CENTRAL ILLUSTRATION Screening for CAD Risk and Subclinical CAD in Survivors

Velusamy R, et al. J Am Coll Cardiol CardioOnc. 2023;5(1):22–38.

The pillars of a program to identify and reduce risk are based on understanding what population to screen, how to proceed with screening, and the management

implications. There are knowledge gaps in each of these aspects and additional research is needed to inform these gaps. CABG ¼ coronary artery bypass grafting;

CAC ¼ coronary artery calcium; CAD ¼ coronary artery disease; CT ¼ computed tomography; CTCA ¼ computed tomography coronary angiography;

CV ¼ cardiovascular; PCI ¼ percutaneous coronary intervention.
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significantly increased risk for hypertension in long-
term survivors of childhood cancer.17

UNDERSTANDING WHO TO SCREEN

The increased risk of CAD in patients with cancer is
attributable to a combination of common mecha-
nisms, shared risk factors, and the impact of cancer
therapy. All of these provide insight as to who should
best undergo screening.

MECHANISMS OF THE ASSOCIATION OF CANCER

AND CAD. Understanding the mechanisms of CAD
in cancer may provide insight into how best to
prevent it. Cancer survivors with other cardiovas-
cular risk factors are most prone to CAD,18 with



FIGURE 1 Contribution of Traditional and Cancer-Related Risks to Coronary Artery Disease

Cancer potentiates the development of atherosclerosis through factors that contribute to inflammation as well as aspects that potentiate

traditional risk factors. CHIP ¼ clonal hematopoiesis of indeterminate potential; GnRH ¼ gonadotropin-releasing hormone;

ICAM1 ¼ intercellular adhesion molecule 1; IL ¼ interleukin; LDL ¼ low-density lipoprotein; TNF-a ¼ tumor necrosis factor a;

VCAM1 ¼ vascular cell adhesion molecule 1; vWF ¼ von Willebrand factor.
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dyslipidemia, tobacco smoking, and obesity docu-
mented as key risk factors.19 Most of these risk
factors are modifiable by lifestyle changes. In
addition to these traditional risk factors, there are
a range of novel factors that are particularly related
to cancer and its treatment (Figure 1), including
drivers of inflammation and coagulation, which
also contribute to the development of CAD.20

Emerging research has identified CHIP as a novel
driver for hematological malignancy and CVD.21

The association of cancer and CAD is further
impacted by the mechanism of atherogenesis in
cancer as well as the effect on atherogenesis from
cancer therapies.
Association of cancer with atherogenic pathways. Ather-
osclerosis is a lipid-mediated inflammatory disease,
and cancer growth is associated with similar path-
ways.22 The increased risk of atherosclerosis in cancer
is due to several mechanisms—mainly inflammation,
the prothrombotic state, and oxidative stress. Endo-
thelial dysfunction and injury are important preludes
to atherosclerosis.22

Chronic and dysregulated inflammation eventually
leads to DNA damage, unregulated cellular



TABLE 1 Associations Between Cardiovascular Risk Factors and

Cancers18,34-36

Risk Factor Common Associated Malignancies

Obesity Esophageal adenocarcinoma, pancreatic, liver,
colorectal, breast, endometrial, and kidney

Smoking Lung, larynx, pharynx, upper digestive tract, oral
cavity, stomach, and pancreatic

Diabetes mellitus Colorectal, breast, endometrial, hepatic, pancreatic,
and bladder

Hypertension Renal cancer (men), breast, and endometrial

Alcohol Oropharyngeal, laryngeal, esophageal, liver,
colorectal, and breast

Hyperlipidemia Breast

Diet Colorectal

Physical activity Colorectal, breast, and endometrial
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proliferation, and tumorigenesis.23 This link is exem-
plified by the association of ulcerative colitis, pancre-
atitis, and chronic gastritis with colon,24 pancreatic,25

and gastric cancers,26 respectively. Chronic inflam-
mation is associated with production of reactive oxy-
gen species (ROS) and oxidative stress, which is linked
to endothelial dysfunction, inflammation, plaque for-
mation, and smooth muscle growth.27 Atherosclerotic
plaque development is further influenced by clonal
proliferation of endothelial, smooth muscle cells and
macrophages.22 In addition, plaque development is
also mediated through angiogenesis, which is the
hallmark of cancer, being vital for growth of cancerous
cells and metastasis.28 Atherosclerosis is also associ-
ated with apoptosis, which drives proliferation and
metastasis of cancer cells.29 Apoptosis results in
morphological and molecular changes that interfere
with plaque stability.30

Cancer and r i sk factors . In addition to the associ-
ation of cancer and CAD through chronic inflamma-
tory diseases,20,31 and common risk factors,32

survivors are at an increased risk of developing car-
diovascular risk factors (eg, metabolic syndrome) that
can further promote CAD.33 Table 1 summarizes the
association of cancers with various cardiovascular
risk factors.18,19,34-36 The mechanistic associations
summarized in the following section may inform new
approaches to CAD diagnosis or prevention in
survivors.

Obesity is associated with 13 types of cancer,37 and
obesity-associated cancers are common (>650,000
occur in the United States each year).38 About 80%
of people with CAD have a body mass index
>30 kg/m2,39 mediated in part by the association with
high levels of circulating low-density lipoprotein
(LDL). Obese people also have increased amounts of
inflammatory cytokines and hormones produced
within the adipose tissue.40 These factors promote
angiogenesis, and are key factors in tumorigenesis
and tumor spread. For example, interleukin-6 is an
inflammatory marker, and its expression is increased
in people with obesity compared with lean in-
dividuals. Interleukin-6 has been demonstrated in the
microenvironment of several cancers such as breast
cancer, and is being targeted as potential cancer
therapy due to its role in the development, progres-
sion, and metastasis of cancers.

In addition to introducing carcinogens,41 smoking
reduces the availability of vascular nitric oxide,
which is the mediator of endothelial-mediated vaso-
dilation, leading to endothelial dysfunction. This in-
fluences the adhesion of monocytes and T
lymphocytes to the endothelium and potentiates
platelet activation.41 Smoking is also an inflammatory
stimulus, evidenced by promoting circulating in-
flammatory markers such as C-reactive protein,
interleukin-6, and tumor necrosis factor. Both in-
flammatory and vasoactive effects may be measured
and targeted.

The risk of cancer appears to be increased in both
type 1 and type 2 diabetes mellitus,42 with 8% to 18%
of cancer survivors having diabetes mellitus.43 In
patients with type 1 diabetes mellitus, the incidence
of gastrointestinal, lung, and hematological malig-
nancy is significantly increased for both genders,44,45

whereas the incidence of non-Hodgkin lymphoma
and colon cancer is significantly increased for men44

and the incidence of the genitourinary and gastroin-
testinal cancer is significantly increased for
women.44,46,47 With regard to type 2 diabetes melli-
tus, studies have shown associations between type 2
diabetes mellitus and risks of gastrointestinal, lung,
genitourinary, and breast cancer.48

The mechanism underlying the increased preva-
lence of diabetes mellitus in patients with previous
cancer is attributable to common risk factors,
inflammation, hyperinsulinemia, and cancer thera-
pies. In addition, the associations of these entities
with cancer may be mediated in part through hor-
monal factors such as insulin and insulin-like growth
factor (IGF)-1.49 Insulin binds to insulin receptors A
and B, promoting a mitogenic effect that may lead to
cancer if the resultant cellular proliferation is not
regulated. It also promotes production of IGF-1 by the
liver, which further promotes cellular proliferation.49

Hyperglycemia causes nonenzymatic glycosylation of
proteins and lipids, which interferes with their mo-
lecular structure, hence affecting both their enzy-
matic activity and their ability to be degraded.49 The
interaction between glycosylated proteins and their
receptors leads to increased oxidative stress and in-
flammatory markers, which drive the process of
atherosclerosis.



TABLE 2 Association of Chemotherapy-Induced Endothelial Damage With Cardiovascular Complications

Chemotherapeutics Cancer87-91 Mechanism55,88-94

Anthracyclines (eg, doxorubicin) Lung, Hodgkin lymphoma, and
breast87

Production of ROS, which promotes breakdown of DNA strands leading to inhibition
of DNA synthesis. This cascade causes cell apoptosis, which contributes to
accelerated atherosclerosis.

Plant alkaloids (eg, paclitaxel and
docetaxel)

Breast, colorectal, cervical,
endometrial, head and neck,
and lung88

Inhibition of cell proliferation leading to abnormal microtubules. As the tubulin
cytoskeleton maintains the integrity of the endothelial layer, plant alkaloids
increase the permeability of blood vessels. Endothelial damage promotes the
transmigration of LDL and leukocytes into the subintimal space initiating
atheroma formation.

Alkylating agents (eg, cisplatin) Testicular, ovarian, bladder and
head and neck, gastrointestinal
adenocarcinomas, breast, and
head and neck tumors

Attachment to DNA, which disrupts DNA repair and eventually leads to apoptosis.
Endothelial damage through direct action and production of ROS, which
increases oxidative stress and thrombosis via platelet aggregation. Direct
cytotoxic effect on the vascular endothelial layer can lead to coronary
vasospasm. This class is also associated with elevated lipid profile.

Biological therapies/Immunotherapy)
(eg, tyrosine kinase inhibitor, immune
checkpoint inhibitors)

Colorectal, cervical, lung, and
renal

Inhibition of angiogenesis, regression of already formed tumor blood vessels, and
altering of blood supply to the tumor cells. Endothelial dysfunction and damage
lead to hypertension, cerebral ischemia, and myocardial infarction and are
prothrombotic.

Antimetabolites (eg, fluorouracil,
capecitabine)

Breast, gastrointestinal, and
colorectal

Interference with DNA and RNA synthesis by acting as false metabolites, which then
prevent DNA synthesis by integration into the DNA strand or blockade of
essential enzymes, leading to apoptosis.

Hormonal therapies (eg, GnRH agonist) Breast and prostate Effect on lipid profile and acceleration of atherosclerosis from hyperlipidemia,
particularly increasing LDL and triglycerides, as well as being proinflammatory.

DNA ¼ deoxyribonucleic acid; GnRH ¼ gonadotropin-releasing hormone; LDL ¼ low-density lipoprotein; RNA ¼ ribonucleic acid; ROS ¼ reactive oxidative species.
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Hypertension is linked to the development of
certain cancers—exemplified by a 3-fold increment of
risk of renal cancer in African American patients50—as
well as cancer-related deaths.51 Angiotensin II stim-
ulates plasma vascular endothelial growth factor, and
this may be the link between hypertension and can-
cer.52 Vascular endothelial growth factor (VEGF) is
central to the pathogenesis of tumor growth by
stimulating blood vessel formation and is increased in
hypertensive subjects.53 Factors for development of
hypertension on VEGF inhibitors are largely unde-
fined,54 with neither dose nor treatment duration
being shown to influence CAD risk.55 Further research
is required to understand this mechanism as well as if
treatment of hypertension reduced CAD risk in cancer
survivors treated with VEGF inhibitors. In addition,
the association of hypertension with CAD is also
thought to occur through intimal injury,56 endothelial
dysfunction, and plaque instability.56,57

Hyperlipidemia has been cited as a convincing risk
factor for breast cancer,58 an association that could be
due to the cholesterol metabolite, 27-
hydroxycholesterol, being similar in both structure
and action to estradiol.59 There is an inverse associ-
ation between LDL and the risk of other cancers. This
could be due to changes in cancer itself, which causes
changes in cholesterol metabolism or absorption, as
well as cancer cells often expressing receptors that
attract cholesterol metabolites necessary to support
their growth.60 Hyperlipidemia is the most important
risk factor for atherosclerosis, with multiple genes
contributing to the etiology of hyperlipidemia and
atherosclerosis.61

Cancer diagnoses steadily increase with increasing
age, with more than half of the individuals being
diagnosed after 65 years of age.62 The mechanism in
both aging and cancer is related to time-dependent
accumulation of cellular damage. Aging affects vital
biological processes in the human body that cause the
deterioration of proteins and DNA, leading the
involved cells to enter a state of senescence in which
they stop growing and dividing. However, senescence
mechanisms fail at times, leading to the production of
uncontrollable cell growth, similar to pathways that
lead to the formation and spread of cancer. Similarly,
advanced age predisposes both men and women to
high prevalence of CAD. The association of age with
inflammation, increased vascular stiffness, endothe-
lial dysfunction, and thrombogenicity20,57 com-
pounds pathways involving oxidative stress, lipid
metabolism, genomic stability, and endothelial ho-
meostasis to contribute to vascular aging.57,63

Alcohol use is associated with carcinogenic effects
through production of acetaldehyde, which interferes
with DNA repair64 and prevents normal cellular
turnover. Alcohol also serves as a solvent that makes
it easier for other carcinogens to be absorbed.64

Alcohol is associated with increments in circulating
estrogen, which may mediate the development of
breast cancer in women.65 In addition, it has been
reported that CAD follows a dose response with a
nonlinear association between alcohol consumption
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and risk of CAD.66 One possible explanation for this
nonlinear association is that consumption of large
amounts of alcohol may increase blood pressure and
LDL cholesterol, which are risk factors for CAD.66

The role of diet is well established as a risk factor
for cancer—with contributors ranging from con-
sumption of carcinogens in food to lifestyle choices
impacting obesity, hypertension, and hyperlipidemia
that accelerate cancer risk.18 In people with genetic
mutations in the folate metabolism pathway, insuf-
ficient folate intake increases the risk of both CVD and
colorectal cancer.67 The intake of meat has been
associated with several cancers, including colorectal
cancer.68,69 On the other hand, a diet rich poly-
phenols, found in fruits, vegetables, and certain
plants has been shown to reduce both CVD and cancer
by affecting several metabolic pathways, ROS, and
IGF-1.70 The same factors are pertinent to CAD risk.

The role of exercise is well established in
improving established risk factors such as obesity,
hypertension, hyperlipidemia, and diabetes mellitus.
Physical activity is shown to reduce risk of colorectal,
postmenopausal breast, and endometrial can-
cers.18,35,36 A randomized controlled study on early
breast cancer survivors with elevated body mass in-
dex showed that physical activity reduced the 10-year
risk of cardiovascular sequelae.71

Standard and novel risk factors are drivers of can-
cer and CAD. In the heightened risk factor setting of
survivorship, these risk factors remain relevant to
screening.
Clona l hematopo ies i s and atherogenes i s . Clonal
hematopoiesis, which has been long been associated
with hematological malignancies, has now been
shown to contribute to CAD by accelerating athero-
sclerosis.72 Clonal hematopoiesis involves clonal
expansion from a single hematopoietic stem arising
from somatic mutations that result in a survival and
proliferative advantage.73 Somatic mutations are
almost ubiquitous in healthy people over 50 years of
age, but the clonal outgrowth is extremely low.74

When this mutated clone’s contribution to the pe-
ripheral leukocyte pool (known as the variant allele
fraction), exceeds 2%, the phenomenon is character-
ized as CHIP.21 Patients with clonal hematopoiesis
have a 1.9 times increment of incident coronary heart
disease when compared with control subjects, and
patients <50 years of age with clonal hematopoiesis
mutations have a 4-fold increment of premature
events.72 This is supported by a recent study showing
that in patients treated with intensive chemotherapy
for acute myeloid leukemia, mutations in CHIP-
related genes were associated with the risk of devel-
oping cardiovascular events including CAD.21 A
higher proportion of clonal burden (>10%) also con-
fers a higher risk of incident coronary heart disease.
The increment of risk of CAD associated with CHIP is
independent of traditional risk factors.75

The mechanisms linking clonal hematopoiesis and
CAD are still being understood. However, a hallmark
of CHIP appears to be inflammation, evidenced by
increases in levels of various interleukins.72,76,77

Through the use of the UK Biobank it was discov-
ered that individuals with DNMT3A and TET2 CHIP
had a lower incidence of CVD if these individuals also
had a loss of function mutation in their interleukin-6
receptor.78 In the context of this review, clonal he-
matopoiesis is also observed in individuals with
breast cancer, and these mutated leukocytes have
been shown to infiltrate the tumor.79 Whether these
mutated leukocytes could also contribute to CAD
post-therapy is an interesting question to explore.
Genet i cs . The presence of a family history can
potentially aid in the prediction of CAD risk, as well as
guiding clinical management. Part of this association
may be due to common environmental risks (such as
diet), but much is genetic. The hereditability of death
from CAD is 0.57 in men and 0.38 in women, meaning
that 38% to 57% of the variance is due to genetic
causes.80 Thus, genomic information may have an
important role in predicting CAD risk among cancer
survivors when combined with other risk factors.
PRSs aggregate the effects of many genetic variants
across the human genome into a single score and
have recently been shown to have predictive value for
multiple common diseases including CAD.81 Unlike
nongenetic risk factors, these alleles can be detected
long before disease presentation,82 and PRSs can be
used to identify individuals at risk of CAD and can-
cer.83,84A PRS for CAD has been used to successfully
risk-stratify breast cancer survivors—for example, a
retrospective study using a CAD-specific PRS identi-
fied breast cancer survivors to have an estimated 33%
higher CAD risk independent of established cardio-
vascular risk factors.83 This potentially suggests an
association of PRS and CAD operating through
different mechanisms that do not overlap with
traditional risk factors. In addition, the assessment of
risk with PRS may enable interventions such as statin
therapy and lifestyle modification to commence even
prior to the onset of CAD. More research is required to
make PRSs informative in cancer survivor
populations.
CAD ASSOCIATED WITH CANCER THERAPY. Treat-
ment modalities such as chemotherapy, radiotherapy,
and immunotherapy are associated with incident CAD
among current cancer patients and survivors. These
therapies cause endothelial damage and promote
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inflammation, which accelerate the process of
atherosclerosis. CAD is particularly associated with
radiotherapy, compared with other treatment mo-
dalities such as chemotherapy and targeted therapies.
Cancer Therapy . Many chemotherapeutic agents
affect the endothelium, leading to dysfunction and
cell death, and this contributes to the 8% increment
in absolute risk of developing CAD over 20 years post-
treatment.85,86 The mechanisms of vascular injury
from commonly used chemotherapy and the associ-
ation of chemotherapy-induced endothelial damage
with cardiovascular complications are summarized in
Table 2.57,87-95

Chemotherapy has been associated with anatomic
progression of CAD, and influences risk factors to
cause metabolic syndrome which in turn increases
CAD risk. Platinum-based therapy has been associ-
ated with a significantly higher SYNTAX (Synergy
Between Percutaneous Coronary Intervention With
Taxus and Cardiac Surgery) score in lung cancer pa-
tients, leading to a higher risk of more severe
anatomical CAD.96 The effects of chemotherapy may
be ongoing—for example, cisplatin is present in
circulating plasma >10 years post-treatment in sur-
vivors of testicular cancer.97 Endothelial dysfunction,
coupled with the prothrombotic and proinflammatory
effects of platinum-based cancer agents,98 may cause
continuous stimulation of endothelium, thereby
further increasing the risk of atherosclerosis. A sig-
nificant increase in risk of CAD with an HR of 2.6 was
reported in testicular cancer survivors who were
treated with cisplatin compared with survivors who
had surgery alone.99 In the acute setting, cisplatin
may induce acute coronary thrombosis within a week
post-treatment.37

Monoclonal antibodies such as VEGF also affect
vascular function and thrombosis, increasing the risk
of atherosclerosis.100 In addition, VEGF inhibitors
have been linked to reduction in coronary reserve
with microvascular impairment, takotsubo cardio-
myopathy, and coronary vasospasm.101 For example,
cancer survivors treated with bevacizumab have a
2.5-fold increased risk of CAD compared with control
subjects.102

In addition to cellular dysfunction, fluorouracil
agents (including the oral prodrug capecitabine that
is commonly used in breast and colorectal cancers)
are associated with coronary vasospasm and
thrombus formation.103 Fluorouracil contributes to
the increase in risk of radiation-induced thrombosis
when used concurrently with radiotherapy, effec-
tively acting as a radiosensitizer.104 Myocardial
ischemia is reported to range from 1% to 68% of pa-
tients treated with fluorouracil (with this variation
being attributable to patient characteristics as well as
to the presence or absence of caused by sensitizing
factors), and 9% with capecitabine.105 The risk of
myocardial infarction is increased with fluorouracil
and capecitabine, and caution needs to be exercised
in cancer survivors with angina.

Tyrosine kinase inhibitors (TKIs) inhibit angio-
genesis and mitochondrial function,106 which subse-
quently causes decreased levels of nitric oxide and
increased levels of ROS leading to increased risk of
atherosclerosis.107 Ischemic events have been
observed in 11 of 38 TKI therapies with no observable
dose dependence.108

Hormonal therapies may to affect lipid profile and
accelerate atherosclerosis from hyperlipidemia.
Gonadotropin-releasing hormone agonists cause
hyperlipidemia, particularly increasing LDL and tri-
glycerides, as well as being proinflammatory.95 An
observational study on 73,196 men with prostate
cancer treated with gonadotropin-releasing hormone
agonists showed that 25.3% of men without prior CAD
developed CAD.109 On the other hand, aromatase in-
hibitors have been shown to have varying effects on
lipid profile.110 However, hypercholesterolemia is
more common in cancer survivors treated with aro-
matase inhibitors compared with non–aromatase in-
hibitor therapy, as well as in survivors who have had
longer treatment duration of aromatase inhibitor
use.111 It has also been shown that cancer survivors
treated with an aromatase inhibitor have a 19% higher
risk of developing CAD compared with those on
tamoxifen therapy.93

Immune checkpoint inhibitors such as pro-
grammed death molecule-1 and cytotoxic T
cell–associated antigen 4 regulate initiation and pro-
liferation of T cells, macrophages, and platelets.112

The release of inflammatory cytokines after activa-
tion of T cells leads to the formation and rupture of
unstable atherosclerotic plaques.113 A meta-analysis
of cancer survivors who were treated with immune
checkpoint inhibitors showed an incidence of
myocardial infarction of approximately 1% over a
period of 12 to 18 months.114

Radiotherapy . Radiotherapy causes both microvas-
cular and macrovascular changes in coronary arteries.
Mechanisms involved in the development of
radiotherapy-induced CAD include endothelial dam-
age, generation of ROS, inflammation, and apoptosis
(Figure 2).56,67,115,116

Hodgkin lymphoma and breast cancer survivors
with past mediastinal radiotherapy have a 4- to-6-
fold increase risk of CAD compared with non-
mediastinal radiotherapy patients.16,93 The single
layer of endothelium is susceptible to ionizing



FIGURE 2 Mechanisms of Radiotherapy-Induced Cardiovascular Disease

The cardiovascular effects of radiotherapy include both endothelial injury and tissue

injury.56,57,115,116 BMDC ¼ bone marrow–derived dendritic cell; SDF ¼ stromal cell–

derived factor; TGF ¼ transforming growth factor; other abbreviations as in Figure 1.
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radiation,115 and endothelial damage leads to a
cascade of inflammatory and thrombotic factors that
alter vascular hemostasis, microvascular fibrosis, and
myocardial ischemia.117

A study of breast cancer in the United States
showed that there was an increase in heart disease
mortality in women receiving radiotherapy for left-
sided breast cancer in comparison with those under-
going radiotherapy for right-sided breast cancer.86

Over a period of 27.5 years of follow-up, CAD
occurred in 5.9% of women who were diagnosed with
breast cancer between 25 and 39 years of age and
received left-sided radiation therapy, whereas CAD
was not reported in women of the same age group but
treated with right-sided radiation therapy.118 In
women diagnosed with breast cancer between 40 and
54 years of age, CAD was reported in 18.7% in left-
sided radiation therapy compared with 6.8% in
right-sided radiation therapy.118 One should also note
that improvements in radiation technology and de-
livery have led to significant decreases in radiation
doses received by breast cancer patients, leading to
an approximately 20% to 70% decrease in CAD.119

Microvascular injury due to radiotherapy is dose
dependent,120 and radiation doses >30 Gy are proven
to contribute to cardiovascular injury.121 Interest-
ingly, plaque formation secondary to radiation does
not completely mimic spontaneous atherosclerosis,
as radiation-associated plaque is associated with
lower lipid content and intimal hyperplasia,122 and
the resulting stenoses are long, smooth, and
fibrotic.122 In addition to radiotherapy, prior CAD in
cancer survivors was the strongest predictor of coro-
nary events post cancer treatment.123

As seen with cisplatin, there appears to be a tem-
poral delay to the development of CAD after radio-
therapy. After a median follow-up of 9 years, 10% of
415 Hodgkin lymphoma patients treated with radio-
therapy developed significant CAD.124 Independent of
chemotherapy, radiotherapy has been shown to
contribute to significantly higher SYNTAX scores in
patients with CAD.125

With recent advancements in radiotherapy, it has
been noted that improved fractionation and deep
inspiration breath-hold show a dose reduction in
cardiotoxicity with left-sided breast cancer irradia-
tion.126 Although a reduction in cardiotoxicity has
been shown, this has not yet been matched by a
reduction in cardiac mortality.126

SCREENING FOR ATHEROSCLEROTIC RISK

AND SUBCLINICAL CAD

POPULATION TO SCREEN. Cancer survivors are at
increased risk for CAD, but the risk varies by cancer
site. Survivors of genitourinary, gastrointestinal,
lung, nervous system, and hematologic malignancies
are at high risk of CAD.7 Survivors with cardiovascular
risk factors prior to cancer therapy initiation, pre-
existing CAD, and a combination of both chemo-
therapy and radiotherapy are also at increased risk,
even if they are not at higher risk based on their
cancer site.

For screening to be warranted, several criteria
must be fulfilled (Table 3). Early detection of plaque
formation and initiation of therapies that modify the
risk factors for CAD and prevent thrombosis should
have the potential to prevent or delay the progression
to myocardial infarction. Although screening cancer
survivors for CAD is not listed in current guidelines,
the topic of CAD risk stratification of cancer survivors
is mentioned in consensus statements on cardio-
oncology127 and appropriate use.128 The potential role
of screening for CAD is only explicit in expert panel
guidelines and recommendations and is not explicit
in clinical trials. In terms of the management of pa-
tients previously exposed to radiotherapy, in addition
to annual clinical review (with investigations targeted
to symptom status), echocardiography and functional
testing are proposed every 5 years in asymptomatic
survivors.129



TABLE 3 Criteria Established for Screening and Its Application to CAD Assessment in Survivors

Principle Application to Survivors177 Pros and Cons

Important health problem CAD is a major cause of death in survivors. Helps early detection of CAD but can induce anxiety from screening.

Accepted treatment Treatment at the presymptomatic stage changes outcome.
Treatment of the undiagnosed developed condition (eg, PCI)

may not change outcome.

Potential reduction in risk of CAD progression and reduces need for coronary
angiogram.

Accessibility Imaging and biomarker diagnosis and medical therapy are
both readily available.

Minimal pain from blood test, which is routine in care of patients with
chronic disease. Radiation risks with coronary CTA, which are minimized
by using optimized protocols and potential benefit from screening.

Recognizable latent stage CAC identifies coronary atheroma. Potential reduction in risk of CAD progression by treatment initiation and
reduces need for coronary angiogram.

Suitable test CAC is easy, quick, and sensitive. Suitable for claustrophobic patients with coronary CTA usually completed
in <10 min.

Acceptable CAC provides a low-radiation test, acceptable in the context
of CVD risk in survivors.

Radiation risks with coronary CTA, which are minimized by using optimized
protocols and potential benefit from screening.

Natural history understood Clear prognostic implications of CAC >0 and CAC >100.
Untreated patients develop progressive disease.

CAC score is recognized to represent atherosclerotic burden and confer
cardiovascular risk in asymptomatic patients.

Agreed policy on who to
treat

Adequate control of LDL-C can halt or reverse
atherosclerosis, and there are accepted guidelines for
starting statins (CAC >100).

Good treatment targets are well established to reduce progression of CAD.

Economic justification of
case finding

Cost-effectiveness studies needed to show that
improvement of health (by avoiding CAD endpoints)
justifies the costs.

Reduces progression of CAD and decrease burden on health care overall.

Continuing process of case
finding

Undefined whether single screening is sufficient. Need further research for nonradiotherapy patients given that the current
guidelines recommend echocardiography for radiotherapy patients at
regular intervals.

CAC ¼ coronary artery calcium; CAD ¼ coronary artery disease.; CTA ¼ computed tomography angiography; CVD ¼ cardiovascular disease; LDL-C ¼ low-density lipoprotein cholesterol.
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CLINICAL RISK EVALUATION. Atypical presentations
seem to be more common in cancer patients pre-
senting with ACS than in the general population, with
the most common symptoms being dyspnea followed
by chest pain.130

In the general population a variety of risk models
are available, using age, sex, race, lipid profile, sys-
tolic blood pressure, smoking history, diabetes mel-
litus, family history, and social determinants.131

Noncancer patients with a 10-year risk of >20% war-
rant treatment for atherosclerosis without further
testing, but the decision to treat is difficult in those at
intermediate risk (7.5%-20%) and generally unjusti-
fied in those at borderline risk (5%-7.5%).132 Specif-
ically, calcium scoring is of most value to reclassify
intermediate risk to either low risk, based on coro-
nary artery calcium (CAC) ¼ 0 (signifying that lifestyle
modification is sufficient) or high risk, based on CAC
>0 (signifying that subclinical CAD is present and
statin therapy is warranted).133,134 Given that the
existing primary prevention risk models do not
include cancer or cancer therapies (and therefore may
underestimate risk in survivors), CAC may be war-
ranted to support clinical decisions in some low-risk
patients, but until the value of this is proven,
screening models for the general population should
be used (Figure 3).

The European Society of Cardiology in 2022 rec-
ommended assessing patients for traditional risk
factors prior to commencement of cancer therapy.
Despite not including chemotherapy and radiation
among cardiovascular risks,135 traditional risk strati-
fication tools such as the Framingham risk score have
been found suitable in male cancer patients sched-
uled to receive hormonal therapy alone.136 Other risk
scores to estimate total 5- and 10-year risk of CVD
have been developed for breast cancer patients but
require external validation.5 Clinical risk scores such
as the pooled cohort equations (PCE) can be used to
determine the likelihood of an individual dying from
a coronary artery event, developing a nonfatal
myocardial infarction, or developing a fatal or
nonfatal stroke in noncancer populations.132 Using
the PCE, a statistically significant reduction was seen
in the median 10-year CVD risk in breast cancer sur-
vivors who had high CVD risk score following opti-
mization of these cardiovascular risk factors.137 A
predictive model of CVD risks from the PCE has also
been studied in long-term colorectal cancer survivors
and found to have satisfactory accuracy in the pre-
diction of CVD risks.138

In survivors of childhood cancer, the Childhood
Cancer Survivor Study risk calculator can be used to
screen for CAD. It includes the type of cancer therapy
including dosing in addition to the traditional car-
diovascular risk factors.139 However, the Childhood
Cancer Survivor Study has only been tested in child-
hood cancer survivors until 50 years of age.



FIGURE 3 Treatment Threshold for Atherosclerosis Based on Cardiovascular Disease Risks

The primary determinant of treatment decisions is conventional risk assessment based on noncancer survivors, which may underestimate risk

in survivors. For this reason, coronary artery calcium (CAC) scoring may potentially be of even greater value than normal in reclassifying risk

and consideration of statin therapy in low- to moderate-risk groups.133,134 ASCVD ¼ atherosclerotic cardiovascular disease; LDL-C ¼ low-

density lipoprotein cholesterol.

Velusamy et al J A C C : C A R D I O O N C O L O G Y , V O L . 5 , N O . 1 , 2 0 2 3

Cancer and Coronary Artery Disease F E B R U A R Y 2 0 2 3 : 2 2 – 3 8

32
CAC SCORE. Atherosclerosis is an inflammatory
process, and CAC is considered a reliable marker of
atherosclerosis.140 Several prospective longitudinal
studies in the general population have shown the CAC
score to represent atherosclerotic burden and confer
cardiovascular risk in asymptomatic patients.
Computed tomography is a low-risk, noninvasive,
and affordable screening tool for many cancers, and
coronary artery calcification can be identified on
scans done for other reasons, with similar implica-
tions to scans done specifically to identify CAC.141

CAC is used to facilitate decision making in those at
intermediate risk,142 and patients with a nonzero
score >100 should be considered for statin therapy
with lifestyle modification, and further coronary
evaluation is used in people with severe calcification
(>400).133 Subsequent coronary computed tomogra-
phy angiography (CTA) in symptomatic patients can
both identify stenoses and characterize plaque
composition.143 A recent guideline has advocated for
a greater role of coronary computed tomography in
the identification of the CAD burden in survivors.144

Experience with the CAC score to screen for CAD in
cancer survivors irrespective of clinical risk status is
limited and has only been demonstrated in single-
center cohort studies.145 These studies have demon-
strated pretreatment CAC being associated with
increased cumulative incidence of acute coronary
events among breast cancer survivors treated with
adjuvant radiotherapy. As a prospective study using
CAC has demonstrated CAD in 46% of asymptomatic
breast cancer survivors,146 it is possible that decisions
informed by CAC may mitigate CAD risk after cancer
treatment, but this remains unproven. Similar to the
general population, a CAC score of zero indicates a
low risk of CAD-related events,128 with the absence of
calcification being associated with a favorable 5-year
outcome, with patient deaths during this period
attributed to malignancy.147 Despite the benefit in
using CAC in screening cancer survivors who have
received either chemotherapy or radiotherapy, the
timing at which this should be undertaken remains
unclear.148 It has been recommended that cancer
survivors who received chemotherapy with
continued vascular toxicity risk (eg, nilotinib, pona-
tinib, and cisplatin), and/or chest radiotherapy,
should be screened every 5 years with coronary CTA
or noninvasive stress testing.149 However, the role of
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CAC has not been well established in cancer survi-
vors, and further research is required.

Although obstructive CAD in symptomatic
patients <40 years of age has a low prevalence (3%),
the process of coronary atherosclerosis begins de-
cades earlier, and plaques may be present with a CAC
score of 0.150 In the absence of supporting evidence
for the use of coronary CTA in asymptomatic in-
dividuals, other strategies, including PRSs, may be
considered for risk assessment in asymptomatic AYA
cancer survivors between the ages of 25 and 29 years,
who have an increased mortality compared with a
noncancer population <40 years of age.3

OTHER IMAGING MODALITIES. The joint recommen-
dation from American College of Cardiology, Amer-
ican Society of Echocardiography, and European
Association of Cardiovascular Imaging is to monitor
radiation-associated heart disease with screening
echocardiography 10 years after treatment and then
at 5-year intervals in asymptomatic cancer survi-
vors.151 In survivors who are at high risk for radiation-
induced heart disease, the recommendation is to
screen with echocardiogram at 5 years post-treatment
followed by noninvasive stress testing every 5
years thereafter.

If there is ongoing clinical suspicion of CAD with a
negative or ambiguous coronary CTA, then other im-
aging modalities should be considered. Noninvasive
stress testing such as stress echocardiography and
cardiac magnetic resonance (CMR) are recommended
due to their high specificity.129 However, the short-
coming of stress echocardiography is that it is limited
to only the identification of flow-limiting coronary
stenoses but not the non–flow-limiting coronary pla-
ques, which may rupture and cause an ACS event.
Stress CMR has a high sensitivity to detect CAD and
quantify the degree of ischemia, and has been pro-
posed to detect myocardial perfusion abnormalities
during or after cancer treatment.152 However, global
availability of CMR stress testing continues to remain
limited. Nuclear stress tests such as cardiac positron
emission tomography (PET) may offer accurate as-
sessments of CAD. However, there are no current
recommendations use of PET in the cardio-oncology
population outside of the usual established method-
ologies. More research will improve our understand-
ing of the potential use of PET in screening schemas
in cardio-oncology patients.153

BIOMARKERS. Biomarkers can potentially be helpful
in the identification and monitoring of CAD in cancer
survivors, but no specific CAD markers are available.
A prospective study showed that high-sensitivity
troponin T is increased in cancer patients and
strongly associated with all-cause mortality prior to
commencement of any cancer therapy.154 Troponin I
can be used as a strong predictor of poor cardiac
outcome in patients who had high-dose chemo-
therapy.155 However, previous research has demon-
strated elevated troponin in patients with cancer
even prior to their cardiotoxic treatment. This can
make it difficult to identify if elevated troponin is
associated with advanced cancer rather than CAD.154

Markers such as glycogen phosphorylase isoen-
zyme BB and heart-type fatty acid binding protein
have been suggested for use as risk stratification for
CAD in cancer survivors, as they can be found in high
concentrations 3 hours after onset of acute myocar-
dial infarction and return to normal levels 12 to
24 hours after an event as well as its independent
association with mortality.156 Inflammatory and
oxidative stress markers such as C-reactive protein
and interleukin have been shown to be significantly
elevated during chemotherapy.32 However, these
were in small-sample studies, and the elevation could
be reflective of the cancer process as well. Other
markers such as B-type natriuretic peptide and
C-reactive protein do not contribute to CAD detection
or progression.157 Further research is required to
verify the predictive significance of these cardiac
biomarkers in cancer survivors.

There is evolving interest in the use of microRNAs
(miRNAs) as biological markers. These are short
strands of RNA, usually between 18 and 25 nucleo-
tides, which are predominantly found in the intra-
cellular compartments but can also be found in trace
amounts in the extracellular compartments.158 Spe-
cific patterns of miRNA have been associated with
CAD, including the formation of arteriosclerotic pla-
que, as well as with ACS.159,160 For example, miR-1,
mi-R-21, miR-155, and miR-214 have been associated
with CAD in cancer survivors, and these differ from
the markers observed in general population for
CAD.161 Although miRNAs may be a promising area for
early detection, assessment of severity, and prog-
nostication, more research is needed into miRNAs as
diagnostic biomarkers.

MANAGEMENT RESPONSES TO CAD SCREENING

The current selection of survivors for car-
dioprotective medications follows recommendations
to commence therapy for an elevated 10-year CAD
risk.162 While discussions about CAD prevention often
focus on cardioprotective medication and the selec-
tive use of intervention, broader considerations need
to be address multiple factors to reduce the risk of
CAD in cancer survivors. These include both the
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individual level—including multidisciplinary man-
agement addressing behavioral (tobacco use, diet,
and physical activity), biological (blood pressure,
lipid profile, and diabetes), and psychosocial
(depression, anxiety, acute and chronic life stressors,
and lack of social support) factors as well as health
systems factors (access to care, screening, diagnosis,
and quality of care).163

PHARMACOTHERAPY. Aspirin, angiotensin-converting
enzyme (ACE) inhibitor/angiotensin receptor
blockers, beta-blockers, and statins are car-
dioprotective in all patients with CAD. However, in an
analysis of >35,000 acute myocardial infarction pa-
tients, cancer survivors were often undertreated
pharmacologically, and this is associated with
adverse outcome.164 Long-term aspirin and beta-
blocker use has been shown to reduce mortality in
cancer survivors with acute myocardial infarction.165

Long-term statin use in cancer survivors is associ-
ated with a significant decrease in cancer-related
mortality.166 Nonstatin therapies such as ezetimibe
or PCSK9 inhibitors use have not been studied in
cancer survivors.162 This could be an interesting area
of research, as PCSK9 mediates several pathways
including lowering LDL cholesterol and is thought to
be a novel application to suppress the proliferation
and invasion of tumor cells.167

Clinicians need to be mindful of drug-drug in-
teractions between cardioprotective medications and
chemotherapeutic agents and their potential clinical
significance. Beta-blockers can cause additive
bradycardia when combined with TKIs (eg, imatinib,
pazopanib, ceritinib, crizotinib), and carvedilol may
promote increase chemotherapy drug concentration
when used in combination with doxorubicin, pacli-
taxel, vincristine, and vinblastine due to moderate
inhibition of P-glycoprotein.168 Some statin levels
(atorvastatin, simvastatin) can increase with TKIs
and idelalisib (through inhibition of CYP3A4).168

When these agents are used jointly, rosuvastatin
should be used, as it is not influenced by CYP3A4
inhibition.168

REVASCULARIZATION. The emphasis of the screening
process is CAD risk evaluation and detection of sub-
clinical disease, rather than the identification of pa-
tients for coronary intervention. Nonetheless, a
screening process is likely to identify some patients
for potential revascularization. Percutaneous coro-
nary intervention (PCI) or surgical intervention
should be considered in cancer patients who are
experiencing angina despite optimal medical therapy
based on single-center studies. However, prior to
consideration of revascularization, several factors
such as patient status, status of malignancy, and
severity of CAD need to be considered as cancer sur-
vivors are prone to bleeding complications. PCI seems
to be the preferred invasive revascularization strat-
egy given it is minimally invasive and cancer survi-
vors post PCI were reported to have significantly
lower in-hospital mortality rate compared with pa-
tients receiving pharmacotherapy only.169 While in
patients with a life expectancy <1 year, PCI should
still be considered for ACS,170 though further research
is required to ascertain the benefit in survivors with
ongoing angina.

Thrombocytopenia is common in cancer and is not
an absolute contraindication for PCI. Heparin use
intraprocedurally and antiplatelet therapy will need
to be tailored in the presence of bleeding complica-
tions and thrombocytopenia. Platelet function may
confer better risk stratification than platelet count,
although most studies have only used platelet
count.164,171,172 The decision for revascularization
should be based on a multidisciplinary team discus-
sion. Cancer survivors with indications for bypass
surgery should have the severity of CAD and general
health taken into consideration prior to decision
making regarding suitability for surgery. Surgery
should not be declined, as cancer survivors seem to
share similar outcomes when compared with patients
without cancer, with the exception of major
bleeding.173 For example, in gastric cancer survivors
with a prognosis of more than 6 months, bypass sur-
gery can offer symptom relief.174 The use of the
internal mammary artery should be avoided after
chest-directed radiotherapy due to development of
atherosclerotic plaques leading to vessel stenosis,175

although cancer survivors treated with radiotherapy
undergoing surgery have similar long-term all-cause
mortality as control subjects.176

CONCLUSIONS

Cancer survivors have an increased risk of developing
CAD compared with the general population. In part,
this reflects the common risk factors of CAD and
cancer, which also share some novel risk factors such
as CHIP. This burden of both mortality and morbidity
is increasing as cancer survivorship increases.

Radiotherapy is the most common treatment-
related cause of CAD. Survivors of genitourinary,
gastrointestinal, lung, nervous system, and hemato-
logic malignancies are at increased risk of CAD.
Effective strategies are required to mitigate athero-
sclerotic CVD in survivors. While the standard control
of risk factors is important, the available risk strati-
fication tools have limitations in the cancer
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population. This is due to exclusion of cancer survi-
vors in clinical trials, and even observational trials of
CAD have not collected detailed cancer-related in-
formation. A formal CAD screening strategy in survi-
vors would need to be informed by type of cancer and
cancer therapy.

In the absence of a formalized guideline, cancer
survivors should undertake modification of behav-
ioral, biological, and psychosocial risk factors just as
the general population does. More research is
required to understand to what extent—and how—

CAD screening should be incorporated into cancer
survivorship care.
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