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Abstract

Although under-recognized, cancer survivors continue to be at an increased risk
of death from cardiovascular complications post-remission or cure. This increased
burden of cardiovascular disease results from the interplay of various factors.
Adequate cardiovascular risk assessment and timely intervention through a
multi-disciplinary approach in these patients plays a pivotal role in the prevention
of cardiovascular morbidity and mortality. We discuss the shortcomings of using
current risk prediction scores in cancer survivors and provide some insights into
cardiovascular risk management relevant for primary care physicians, oncologists,
and cardiologists alike.

Key Words: Cancer survivors; Cardio-oncology; Atherosclerotic cardiovascular disease
risk estimator; Cardiovascular disease risk; Childhood cancer survivor study; Cancer
policy
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Core Tip: Accurate assessment of cardiovascular risk in adult cancer survivors is
important. Cancer survivors form a unique subset of a vulnerable population given
their exposures to potential cardiotoxic therapies. The importance of common
preventive cardiovascular strategies in the long-term outcomes of cancer survivors is
understated in clinical practice.
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INTRODUCTION

A 40-year-old African American female, with a past medical history of Hodgkin’s
lymphoma, and hypertension, comes to your clinic for follow-up. At age 18, she was
diagnosed with Hodgkin’s lymphoma and treated with doxorubicin, bleomycin,
vincristine, etoposide, prednisone, and cyclophosphamide chemotherapy along with
24Gy radiation to the neck, mediastinum, and para-aortic nodes. Today, her blood
pressure is well controlled with losartan. She has never smoked, does not have
diabetes, and has a normal body mass index. Her last lipid profile revealed total
cholesterol of 197 mg/dL, high-density lipoprotein cholesterol of 36 mg/dL, and low-
density lipoprotein cholesterol of 156 mg/dL.

There are mainly two questions discussed here: How would you calculate her
cardiovascular disease (CVD) risk? How can you reduce the risk of future
cardiovascular events in her case?

According to the commonly used American Heart Association/ American College of
Cardiology (AHA/ACC) atherosclerotic cardiovascular disease (ASCVD) risk
estimator, her 10-year risk of cardiovascular disease is 3.8%, putting her into the low-
risk criteria'l. However, this does not account for the increased risk of cardiovascular
events from her exposure to potentially cardiotoxic chemotherapy and radiation, both
known to increase cardiovascular (CV) morbidity and mortality in cancer survivors?*..
Here, we discuss the shortcomings of using ASCVD risk calculators in cancer
survivors and provide some insights into cardiovascular risk management among
cancer survivors relevant for primary care physicians, oncologists, and cardiologists
alike.

As we know, advances in cancer medicine have resulted in long-term remission and
even cure in some early-stage cancers. Although less recognized, cancer survivors
continue to be at an increased risk of death from cardiovascular complications post-
remission or curel’l. Interestingly, cardiovascular disease is now one of the leading
causes of death among long-term breast cancer survivors. This increased burden of
the cardiovascular disease results from the interplay of various factors such as
chemotherapy (type, formulation, or cumulative dosage), exposure to radiation
therapy or indirect factors (stress, deconditioning from cancer), or other pre-existing
patient-related risk factors (increased age, obesity, hypertension, and diabetes). Also,
demographic and socioeconomic disparities in cancer survivors could have an
additive effect on outcomes!’. Thus, adequate cardiovascular risk assessment and
timely intervention through a multi-disciplinary approach in these patients play a
pivotal role in the prevention of cardiovascular morbidity and mortality in this patient
population.

CARDIOVASCULAR RISK PREDICTION

For childhood cancer survivors, a risk prediction tool for heart failure, ischemic heart
disease, and stroke (by age 50) currently exists’l. The childhood cancer survivor study
cardiovascular risk calculator includes parameters such as type and dose of
chemotherapy, and dose and extent of radiation in addition to the conventional
cardiovascular risk factors utilized by the ASCVD risk calculator (Table 1). Going back
to our patient, the estimated probability of developing heart failure for her by 50 years
of age is 13.7% (95%CI: 7.9%-19.5%) with a relative risk of 33 (95%CI: 18.0-60.7) for
developing heart failure compared to a non-cancer sibling. This would put her at
intermediate risk (7.5% to 19.9%) of future cardiovascular events. Thus, the
ACC/AHA ASCVD risk calculator severely underestimates the risk of future
cardiovascular events and its use is not sufficient in this special group of patients. A
similar model was developed for predicting heart failure and cardiomyopathy in
breast cancer patients, however, it was limited to trastuzumab exposure®. Currently,
no validated risk prediction tools exist for accurate cardiovascular risk assessment in
cancer survivors who have undergone cardiotoxic chemotherapy or radiation
treatments for adult cancers. Thus, it is imperative for primary care providers to
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Table 1 Comparison of the risk factors included in the American Heart Association/American College of Cardiology atherosclerotic

cardiovascular disease risk calculator and the childhood cancer survivor study cardiovascular risk calculator

ASCVD risk calculator CCSS cardiovascular risk calculator

Age Age

Gender Gender

Race Age at diagnosis of cancer

Cholesterol-total cholesterol, HDL levels Dyslipidemia medication use

Blood pressure-systolic, diastolic, medication use Hypertension medication use

Diabetes Diabetes Medication use

Smoking Anthracycline chemotherapy exposure and dosage (if known)

Alkylating chemotherapy exposure

Platinum agents chemotherapy exposure
Radiation exposure to the brain, neck, and chest
Chest radiation dose

Heart-specific radiation dose

ASCVD: Atherosclerotic cardiovascular disease; CCSS: Childhood cancer survivor study; HDL: High-density lipoprotein.

aggressively treat known risk factors in cancer survivors to reduce their cardiovascular
disease burden.

Hypertension, hyperlipidemia, obesity, and diabetes are common comorbidities
among cancer survivors, as with the general population”.. Cancer therapeutics related
cardiac dysfunction (CTRCD) [defined as a decline in ejection fraction (EF) from
baseline > 10% to a value < 53%] is often diagnosed late as symptoms of heart failure
appear. Anthracycline and trastuzumab are one of the most commonly used
chemotherapeutic agents known to cause CTRCD. Anthracyclines lead to a dose-
dependent irreversible structural damage to cardiomyocytes (Type I CTCRD) resulting
in heart failure, whereas trastuzumab causes inhibition of signal transduction
predominantly (reversible injury, type II) and has an additive effect to the
cardiotoxicity from other modalities when used in a combinational anticancer
treatment regimen"’. Radiation-induced heart disease, from radiation treatment to
prevent cancer recurrence is another cause for major cardiovascular events among
long-term cancer survivors that need to be accounted for where assessing CVD risk
among patients!'l. An area of active research is assessing the utility of various CV
imaging techniques for the early detection of individuals at a higher risk of future CV
events following cardiotoxic therapy. Myocardial strain assessment through
echocardiography and cardiac magnetic resonance to detect myocardial fibrosis when
other imaging techniques are nondiagnostic have been an important addition to the
existing diagnostic tools to detect early myocardial injury and follow-up CTRCD!"?..
However, early intervention and effective cardioprevention as guided by accurate risk
assessment can delay the occurrence or possibly prevent CTRCD. Hence, aggressive
risk factor reduction should be pursued in all cancer survivors as outlined below.

CARDIOVASCULAR RISK MANAGEMENT
Hypertension

As we know, patients with uncontrolled hypertension are at an increased risk of heart
failure!””. Given the increased incidence of cardiotoxicity of numerous anticancer
agents, cardio-oncology experts recommend a target BP below 140/90 mmHg in
general and below 130/80 mmHg in patients who have diabetes mellitus or kidney
disease for the maximal benefit"!l. However, this should change with the new
AHA/ACC hypertension guidelines!”l. A meta-analysis evaluating the efficacy of
neurohormonal blockade in preventing the decline of left ventricular EF after
chemotherapy suggested that patients on beta-blockers and/or angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers had higher EF at 4 wk follow up
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compared to those on placebo with usual care!'l. Hence, these drug classes should be
preferentially used as anti-hypertensives in patients with cancer for their added
benefit in preventing cardiac dysfunction in cancer survivors.

Diabetes mellitus

Recent data suggest that diabetic risk reduction among cancer survivors was much
lower compared to their non-cancer counterparts!””l. Uncontrolled diabetes, obesity,
and hyperlipidemia have been shown to induce myocardial fibrosis which
subsequently increases the incidence of symptomatic cancer treatment-related
cardiotoxicity!”l. Hence, increased vigilance and multi-disciplinary collaborations
between expert diabetic educator, a nutritionist and/or dietician, and primary care
physicians are required for optimal diabetes management and maintaining the HbAlc
goal of <7% in most patients.

Obesity

Up to 40% of cancer survivors develop obesity placing them at an increased risk of
adverse cardiovascular outcomes and secondary cancers in the future. Growing
evidence suggests the importance of adequate weight management in improving
overall health and wellbeing especially cardiovascular health among survivors. In a
study of breast cancer patients treated with anthracyclines and trastuzumab, obesity
was found to be an independent risk factor associated with greater cardiotoxicity
when compared to non-obese patients!”l. Given the high prevalence of obesity and
associated inactivity in cancer survivors, energy balance interventions need to be
incorporated in the treatment plan right from the time of the first diagnosis. A
motivating diet plan- and exercise-induced weight management have led to clinically
meaningful weight loss and subsequent control of risk factors related to cardiovascular
health™.

Nutrition and exercise

The role of nutrition and exercise is often underestimated despite robust evidence on
its effects on cardiovascular morbidity and mortality among cancer survivors. It has
been reported that adult survivors of pediatric cancers were found to have low cardio-
respiratory reserve compared to age-matched healthy individuals®!l. Exercise training
has been shown to significantly improve the decline in cardio-respiratory reserve after
cancer therapy™. A large-scale study called TITAN is currently underway to evaluate
the effect of a multidisciplinary approach to reduce the CTRCD. Exercise training is
the cornerstone of the intervention arm in the study along with pharmacy, nutritional
counseling, and cardiology team support*l. A specific model for exercise and physical
training for cancer patients and survivors, called cardio-oncology rehabilitation has
also been proposed to effectively manage the CVD risk factors in this vulnerable
population.

While researchers continue to develop a tool to estimate the cardiovascular risk
among adult cancer survivors, the physician should focus on managing these patients
by utilizing the ABCDE steps to prevent heart disease which has been largely applied
to breast and prostate cancer survivors but can be adapted for all types of cancer
survivors”™”l. A: Being Awareness of risks of heart disease and symptoms associated
with cardiovascular illness, and Aspirin prophylaxis for eligible patients; B:
Maintaining Blood pressure below cutoffs; C: Controlling Cholesterol levels and
promoting Cigarette/tobacco smoking cessation; D: Diet and Diabetes management;
and E: Exercise (Figure 1).

CONCLUSION

In conclusion, cardio-oncologist care must be initiated right from the pre-treatment
stage for identifying high-risk patients and mitigating the factors known to contribute
to cardiotoxicity to after treatment phase where future cardiovascular risk is
frequently assessed and appropriate measures are undertaken to maintain long-term
cardiovascular health. Recent progress in terms of utilizing advanced imaging
techniques and identifying the role of cardioprotective medications to prevent the
progression of ventricular dysfunction has been a step in the right direction, and now
the urgent need is to direct future studies with the focus to develop an accurate
cardiovascular risk prediction and assessment tool for adult cancer survivors to
continue to provide comprehensive cancer. In the meantime, physicians should work
collaboratively and must strive to optimize and aggressively manage cardiovascular
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Cancer
survivor

New
patient

* Awareness of CVD risk factors.

« Aspirin prophylaxis for select patient population.
« Treat according to AHA/ACC guidelines.
« Consider ACEI/BB prophylactic if necessary.

J

Treat according to AHA/ACC guidelines.
Encourage cigarette/tobacco smoking cessation.

Manage according to ADA guidelines.
Diet and weight management.

N N
\] A\
Diagnosis Referral Screen Risk factors
"~ Blood || |
N pressure |
_Cancer Refer to
diagnosis & cardio- Screen
considering oncology preexisting {Cholesterol -
cardiotoxic +—  clinicif ——— ornew risk & [
therapy concerned factors for
(e.g., drugs, about high CVvD
radiation) risk for CVD J
h : Diabetes %—
A ) -~ e )
Exercise -

—(Health promotion through regular physical activity.

Figure 1 ABCDE steps to prevent heart disease in cancer survivors. CVD: Cardiovascular disease; AHA/ACC: American Heart Association/American
College of Cardiology; ACE/BB: Angiotensin-converting enzyme/beta-blockers; ADA: American Diabetes Association.

risk factors in cancer survivors since they form a unique subset of a vulnerable
population given their exposures to potential cardiotoxic therapies.
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