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Preface

As we see the explosion of new treatment approaches for many diseases, medicine

becomes more and more subspecialized, and subsequently there is increased frag-

mentation. As a result of this progressive partitioning of medical care, close

collaboration between medical subspecialties becomes an essential component to

effective health care. The emerging medical discipline of cardio-oncology is a

prime instance when such cooperation is paramount. In adults, cancer and heart

disease have remarkable similarities in epidemiology. These two diseases, cardio-

vascular disease and cancer, account for at least half of the reasons for death in

developed countries. It is no surprise that these diseases may coexist in many

patients, emphasizing the need for there to be close collaboration between oncology

and cardiology specialists.

With this textbook, we hope to provide a clinically useful volume containing

knowledge about cardiac complications of cancer therapy, treatment of cancer in

patients with cardiovascular disease, and treatment of cardiovascular disease in

patients with cancer for practicing cardiologists, medical and radiation oncologists,

and trainees in these fields. The book has been edited by three oncologists and two

cardiologists with the purpose of integrating the two medicine subspecialties to be

clinically useful to the oncologist and the cardiologist in caring for these patients.

Each chapter is coauthored by at least one oncologist and one cardiologist, in order

to include the perspective of each discipline and make the text user-friendly and

clinically applicable to both specialties as well as others. We believe that this is the

first textbook of cardio-oncology to provide this comprehensive coverage from a

truly multidisciplinary standpoint. Combined, the chapters provide a clinically

relevant overview of the epidemiology, basic science, and clinical knowledge in

the ever-expanding space in which cardiology and oncology overlap.

This textbook adds to available learning resources in that it expands the topic

from one focused only on heart failure caused by cancer therapies to a more

inclusive one, where multiple cardiovascular issues, including coronary artery

disease, hypertension, and vascular complications, among others, are thoroughly

considered. We also asked the authors to generally include practical management
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approaches to common clinical problems in order be a useful guide to clinicians

encountering these potentially difficult decisions. We hope that you find this text

engaging and informative, but we also recognize this is a rapidly changing disci-

pline. Perhaps by reading this text, a practitioner will be stimulated to contribute to

our combined knowledge and advance the research in this invigorating discipline to

continuously improve patient care.

Durham, NC, USA Gretchen G. Kimmick, MD, MS

Nashville, TN, USA Daniel J. Lenihan, MD

Portland, ME, USA Douglas B. Sawyer, MD

Boston, MA, USA Erica L. Mayer, MD, MPH

New York, NY, USA Dawn L. Hershman, MD, MS
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Chapter 1

Epidemiology of Cardio-Oncology

Carrie Geisberg Lenneman, Gretchen G. Kimmick, and Douglas B. Sawyer

Introduction

Heart disease and cancer are the first and second leading causes of death, account-

ing for 47% of all mortality in the United States in 2010 [1, 2]. In adults, cancer and

heart disease have remarkable similarities in epidemiology, explaining why many

adult patients require the care of both oncology and cardiology specialists. This is

augmented by the fact that patients with cardiovascular disease (CVD) and cancer

are living longer due to improved screening, earlier detection, and increasingly

successful treatments, as demonstrated in Fig. 1.1. New insights into the biology of

inflammation and senescence may help understand why these have become the

dominant diseases of aging. Many breast cancer patients, for instance, have multi-

ple risk factors for cardiac disease, such as cigarette smoking, diabetes,

dyslipidemia, alcohol consumption, obesity, and sedentary lifestyle [3–5]. These

risk factors also increase the likelihood of adverse cardiovascular effects of some

cancer therapies. For a newly diagnosed cancer patient, preexisting cardiovascular
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disease may significantly limit the diagnosis, staging, and therapy offered. This is a

particularly common problem in the older patient. The purpose of this chapter is to

summarize the current state of knowledge of the shared epidemiology between

common cancers and cardiovascular diseases and discuss the potential biological

explanations as well as the clinical implications.

Cancer and Cardiovascular Disease: Convergent
Epidemiology

Many of the risk factors for cardiovascular disease (e.g., tobacco use) are also well-

known risk factors for cancer development. This is demonstrated by the similarity

of geographic clustering of heart disease deaths and cancer deaths in the United

States (Fig. 1.2). Genetic predisposition and age are strong determinants of risk for

both classes of disease, but the majority of cancer and cardiovascular diseases are

caused by modifiable risk factors. A multinational study of the epidemiology of

heart disease (INTERHEART) revealed that nine risk factors, including abnormal

lipids, smoking, hypertension, diabetes, abdominal obesity, psychosocial factors,

physical activity, and consumption of fruits, vegetables, and alcohol, account for

90% of population attributable risk of myocardial infarction in men and 94% in

women [6]. Similarly, several epidemiologic studies have demonstrated association

between these same modifiable risk factors and development of cancer. Lung,

breast, prostate, and colon cancers have been linked to obesity, high-fat diets, and

smoking [7, 8].

Fig. 1.1 Age-adjusted death rates for heart disease and cancer in the United States, 1980–2011

2 C.G. Lenneman et al.



Obesity. Defined as a body mass index (BMI) greater than 30, obesity is a known

risk factor for CVD and is now a well-established risk factor for cancer and is highly

prevalent with estimates that 35% of populations in developed countries are obese

[9]. In addition to its association with known risk factors for cardiovascular disease,

including hypertension and reduced HDL cholesterol, in multivariate analysis,

Fig. 1.2 Illustrative example of the overlapping epidemiology of heart disease and cancer, drawn

from the US Center for Disease Control and Prevention data
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including traditional risk factors for cardiovascular disease, obesity was signifi-

cantly and independently predictive of cardiovascular disease [10, 11].

Studies have also shown that obesity is a risk factor for certain cancers and may

have an adverse effect on outcome. The data is very strong for the adverse

association of breast cancer risk and outcome and obesity. A higher BMI and/or

perimenopausal weight gain is consistently associated with increased risk of breast

cancer [12–16]. Since 1976, when Abe et al. first reported the association between

obesity and breast cancer recurrence, there have been more than 50 studies exam-

ining the relationship between body weight and breast cancer prognosis [17, 18]. In

a prospective cohort of 14,709 patients, obesity was linked to adverse breast cancer

prognosis [8]. Other population-based studies have demonstrated that both

premenopausal and postmenopausal women who gained 16 kg and 12.7 kg, respec-

tively, increased risk of breast cancer-related death by at least twofold [19]. Simi-

larly, prostate and colon cancer studies show a positive correlation between body

mass index (BMI) and cancer incidence [20, 21]. Visceral adipose tissue which is

not reflected by measurements of BMI, waist circumference, and subcutaneous

adipose tissue may play an important role in inflammation and oxidative stress

[22]. Epidemiologic-based cancer studies have more recently been performed and

show similar associations between overall obesity and central obesity and risk of

colorectal cancer (CRC) [23] and mortality from pancreatic cancer [24].

Diabetes Similarly, diabetes mellitus (DM) has an adverse effect on risk and

outcome in cancer and heart disease. The presence of DM at the age of 50 years,

in the Framingham Heart Study (FHS), conferred the highest lifetime risk of CVD

and mortality of any single risk factor [25]. Type II DM is also associated with risk

of malignancy [26]. In patients with DM, high insulin levels and insulin-like growth

factor have been associated with worse breast and colon cancer outcomes [27–

30]. Interestingly, a series of observational studies reported decreased cancer

incidence and mortality among type 2 diabetics who were treated with high doses

or long duration of metformin [31]. Retrospective clinical data of 2529 women

receiving neoadjuvant chemotherapy for breast cancer reported increased patho-

logic complete response (pCR) by 24% in diabetics on metformin versus 8% in

diabetics not receiving metformin [32]. Metformin use during adjuvant chemother-

apy, however, has not been shown to significantly impact survival outcomes in

diabetic patients with hormone receptor and HER2-negative breast cancer. In a

retrospective study from MD Anderson Cancer Center, at a median follow-up of

62 months, there were no significant differences among diabetics receiving met-

formin, diabetics not receiving metformin, and nondiabetic patients, with regard to

5-year distant metastasis-free survival (0.73 vs 0.66 vs 0.60; p¼ 0.23), recurrence-

free survival (0.65 vs 0.64 vs 0.54; p¼ 0.38), and overall survival (0.67 vs 0.69 vs

0.66; p¼ 0.58) [33]. Higher risk of distant metastases was seen in patients who did

not receive metformin (HR, 1.63; 95% CI 0.87–3.06) and nondiabetic patients (HR,

1.62; 95% CI 0.97–2.71), compared to diabetic patients taking metformin. Like-

wise, a phase II study of metformin in 44 men with chemotherapy-naı̈ve castration-

resistant prostate cancer found limited evidence of antitumor activity with two
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cases of >50% decrease in serum PSA, although approximately one-half of men

showed a prolongation in the PSA doubling time [34]. These observational studies

generated a biologically plausible link between breast cancer and insulin receptor

activity. For example, insulin receptors are overexpressed in breast cancer cells and

can bind insulin and insulin-like growth factors (IGF1 and IGF2). When IGFs bind

to the insulin receptors instead of insulin, this predominately activates a prolifera-

tive rather than metabolic pathway [35]. Additional phase II studies are underway

in men with advanced prostate cancer. In addition, a phase III study is comparing

metformin with placebo in men being managed with active surveillance for

low-risk prostate cancer (NCT01864096).

Smoking Another common risk factor for heart disease and cancer is smoking.

Smoking increases inflammation, thrombosis, and endothelial dysfunction

[36, 37]. Tobacco smoking strongly increased the risk of lung cancer for current

smokers (4.4 for men and 2.8 for females) compared to never smokers. In a

comprehensive meta-analysis, tobacco smoking also increased the risk of colorectal

cancer (CRC) incidence and mortality [38]. The mechanism linking smoking to

colon cancer remains incomplete; however, animal studies have demonstrated that

smoking exposure promoted inflammation-associated adenoma formation with

increased expression in 5-lipoxygenase, upregulation of matrix metalloproteinase-

2 (MMP-2), and vascular endothelial growth factor (VEGF) [39]. There is also an

association between smoking and higher cancer stage at diagnosis [40] and the

development of lung metastases [41].

While our understanding of the mechanistic link between tobacco exposure and

pathogenesis of atherosclerosis and cancer is incomplete, it is very clear that reducing

tobacco consumption has health benefits to individuals and society in general.

Former smokers reduce their risk of heart disease and cancer within a year of quitting

[42]. Similarly, communities that invest in comprehensive tobacco control programs

are experiencing a reduction in smoking and smoking-related health costs due to

cancer and cardiovascular disease, as well as pulmonary disease [43].

Mechanistic Theories Regarding the Common Epidemiology
of CVD and Cancer

Inflammation is one of the common links between obesity, metabolic syndrome,

smoking, diabetes, and the pathogenesis of atherosclerosis, heart failure, and cancer

(Fig. 1.3). It has long been known that chronic inflammation from conditions such

as hepatitis, inflammatory bowel disease, HPV, and Helicobacter pylori can lead to
increased risk of cancer [44, 45]. Recent studies also demonstrate increased cyto-

kine levels (TNF-α, IL-2, IL-6) or cytokine genetic alterations can lead to increased
risk of breast cancer and a worse prognosis [46]. Similarly, elevated inflammatory

biomarkers are associated with coronary disease and heart failure [47, 48]. Increased
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levels of high-sensitivity C-reactive protein (hs-CRP) are associated with cardio-

vascular events. Elevated plasma levels of CRP are also associated with increased

risk of cancer with worse survival [49, 50].

Use of Nonsteroidal Anti-inflammatories Aspirin is recommended for primary

and secondary prevention of CVD [51]. It reduces the total morality (RR 0.94, 95%

CI 0.88–1.00) and risk of myocardial infarction (0.80, 0.67–0.96) and stroke (0.95,

0.85–1.06) [52, 53]. The rate of major extracranial bleeding was higher (1.54,

1.30–1.82) [54].

With regard to cancers, the data for a relationship between aspirin and nonste-

roidal anti-inflammatory drugs (NSAIDs) is strongest for colon cancers [55–

64]. Aspirin lowers risk of mortality from colon cancer risk. In a study that

combined data from four randomized trials of aspirin versus control (mean duration

of scheduled treatment 6.0 years), in which 391 (2.8%) of 14,033 patients had

colorectal cancer during a median follow-up of 18.3 years, risk and mortality of

colon cancer were lower in those randomized to aspirin [65]. Allocation to aspirin

reduced the 20-year risk of colon cancer incidence (HR 0.76, 0.60–0.96; p¼ 0.02)

and mortality (HR 0.65, 0.48–0.88; p¼ 0.005). Randomized trials have also shown

reduced incidence of colorectal adenomas and cancer with aspirin use [66, 67],

presumed to be through its actions as an inhibitor of the cyclooxygenase-2 (COX-2)

pathway, which is overexpressed in 80–85% of colon cancers. In a study that

combined information from the Nurses’ Health Study and the Health Professionals

Follow-up Study, at a median follow-up of 11.8 years, aspirin users had a signif-

icant 29% (95% CI, 0.53–0.95) lower cancer-specific mortality and a 21% (95%

CI, 0.65–0.97) lower overall mortality than nonusers [57]. Reduction in risk was

61% (95% CI, 0.20–0.76) in those whose tumors overexpressed COX-2 when

aspirin was initiated after diagnosis, but aspirin use was not associated with lower

risk in those where COX-2 was not overexpressed (multivariate HR, 1.22; 95% CI,

0.36–4.18). Studies have also shown that the beneficial effect of aspirin in colon

cancer patients may vary by other mutations, including PIK3CA
(phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha polypep-

tide) gene status [68, 69], PTGS2 expression [64], BRAF mutations [70], expres-

sion of human leukocyte antigen (HLA) class I antigens [61], and potentially other

factors that have not yet been determined. The 2013 ASCO guidelines for follow-up

care, surveillance, and secondary prevention measures for survivors of CRC do not,

Fig. 1.3 Model for how modifiable risk factors promote development of both cardiovascular

disease as well as tumorigenesis
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however, endorse the routine use of aspirin or a cyclooxygenase inhibitor

[62]. These encouraging reports led to the development of two prospective ran-

domized trials to study aspirin use in colorectal cancer patients: the phase III

Alliance trial 80,702 and the Aspirin for Dukes C and High Risk Dukes B Colo-

rectal Cancers (ASCOLT) study.

Regular aspirin use may also decrease risk of breast cancer. In the prospective

Women’s Health Initiative (WHI) study, which included 80,741 postmenopausal

women between 50 and 79 years of age who reported no history of breast cancer or

other cancers, regular (two or more tablets/week for 10 or more years) use of

aspirin, ibuprofen, and other nonsteroidal anti-inflammatory drugs (NSAIDs) was

associated with a 28% reduction in the incidence of breast cancer (95% CI,

0.56–0.91) [71]. The estimated risk reduction for long-term use of ibuprofen

(RR, 0.51; CI, 0.28–0.96) was greater than for aspirin (RR, 0.79; CI, 0.60–1.03).

Other meta-analyses of aspirin use have confirmed the reduced risk of breast cancer

[72, 73]. The US Preventive Services Task Force (USPSTF), therefore, recom-

mends that adults 50–69 years of age should take daily low-dose aspirin for at least

10 years to reduce their risk for cardiovascular disease (CVD) and colorectal cancer

[74–77].

Changing modifiable lifestyle risk factors, such as weight loss, regular physical

exercise, and diet rich in fruits and vegetables, improves prognosis and survival in

many patients with cardiovascular disease and lung, breast, prostate, and colon

cancers. Age, however, is a nonmodifiable risk factor, which influences both

cardiovascular disease and cancer. The longitudinal Physicians’ Health Study

demonstrated that both cardiovascular disease and cancer rose dramatically in the

sixth to seventh decade of life and that commonly both conditions were coexistent

in a substantial number of patients [78]. With the rise in an aging population, and

the overlap in risk factors between cancer and cardiovascular disease, there is an

opportunity that presents itself to physicians and investigators to define common

biology, mechanisms, and clinical treatments which optimize cardio-oncology

patient outcomes.

Cancer Survivors: Cardiovascular vs Cancer Mortality

In cancer survivors, the risk of death from cardiovascular disease may be greater

than the risk of death from cancer. Mortality rates from cancer have declined over

the past 30 years, due to more effective methods of early detection and more

effective management strategies [79, 80]. As a result, there are a growing number

of cancer survivors [81]. According to 2015 estimates, the cancers with the largest

differential in incident cases and estimated deaths are breast cancer, with 231,840

new cases and 40,290 deaths; prostate cancer, with 20,800 new cases and 27,540

deaths; and colon and rectal cancer, with 132,700 new cases and 49,700 deaths

[82]. From 2014 to 2024, the number of survivors of female breast cancer is

estimated to rise from 3,131,400 to 3,951,930, of prostate cancer from 2,975,970
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to 4,194,190, and of colon and rectal from 1,246,320 to 1,561,020[83]. In breast

cancer survivors, especially those who are elderly, cardiovascular disease is the

predominant cause of mortality [84–88]. This is also true of childhood cancer

survivors, of whom over 80% are cured of their cancer and are at risk of cardio-

vascular death. The Childhood Cancer Survivor Study, which is the largest and

most complete cohort study of childhood cancer survivors, showed that childhood

cancer survivors suffer from chronic conditions at an alarmingly high rate, and

cardiovascular disease is a major cause of morbidity and mortality in this group

[89–91].

Adult cancer survivors are at risk for cardiovascular diseases on several levels.

First, the diagnosis of cardiovascular disease may predate the cancer diagnosis. In

one population-based study of 6439 women, with a mean age of 58.7 years, who

were diagnosed with incident breast cancer in 2004, 45.8% had preexisting cardio-

vascular disease [92].

Second, coexisting cardiovascular risk factors may lead to the development of

cardiovascular disease and/or the manifestation of symptoms of cardiovascular

disease after the cancer is diagnosed. This is demonstrated in a study of 2542 breast

cancer survivors, in whom 11% had cardiovascular disease diagnoses before the

diagnosis of cancer, and an additional 10% were diagnosed with cardiovascular

disease after diagnosis [4]. Among cardiovascular diagnoses, angina pectoris was

the most common, followed by myocardial infarction, stroke, and arterial occlusive

disease. Hypertension was also present in 37% at diagnosis and diagnosed in an

additional 12% after diagnosis.

Interestingly, there may be associations between hypertension or its treatment

and cancer outcomes. Epidemiologic studies have described better outcomes in

breast cancer patients with hypertension [93]. Beta-blocker use is associated with

reduced mortality in cancer patients [94]. Anticancer effects of antihypertensive

medications, such as beta-blockers, have been speculated [95–97]. Although beta-

blocker use was not associated with reduced mortality in melanoma [98], beta-

blockers and angiotensin-converting enzyme inhibitors [99–101] have been linked

to reduced breast cancer mortality. In another population-based case-control study

of women 65–79 years old, the use of immediate-release calcium channel blockers,

thiazide diuretics, and potassium-sparing diuretics was associated with increased

risk of breast cancer (OR 1.5, 95% CI, 1.0–2.1; OR 1.4, 95% CI, 1.1–1.8; and OR

1.6, 95% CI, 1.2–2.1, respectively). One large epidemiologic study, however,

showed that women with breast cancer were more likely to receive guideline-

concordant care [92] leading to better outcomes. Better access to healthcare in

general, there, may be a confounder in studies of the relationship between hyper-

tension and cancer outcomes.

Third, cardiotoxicity of cancer therapies, including hypertension, cardiomyopa-

thy, QT prolongation, arrhythmias, thrombosis, and metabolic abnormalities, may

lead to cardiovascular disease. Cardiotoxicities of cancer therapies will be covered

in greater depth in other chapters of this book.
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Chapter 2

Cardiotoxicity of Anticancer Therapies

Rabih Said, Myles Nickolich, Daniel J. Lenihan,

and Apostolia M. Tsimberidou

Introduction

Cardiotoxicity associated with anticancer therapies represents a complex clinical

challenge, as well as a major economic and health burden, given the increasing

number of cancer survivors [1, 2]. In Western countries, a large number of cancer

survivors are at a higher risk of cardiotoxicity-related death than of cancer recur-

rence [2]. Cardiac impairment due to cancer therapy may require the discontinua-

tion of anticancer agents, including chemotherapeutic, targeted, and biologic

Electronic supplementary material: The online version of this chapter (doi:10.1007/978-3-319-

43096-6_2) contains supplementary material, which is available to authorized users.

R. Said

Division of Cancer Medicine, Department of Investigational Cancer Therapeutics,

The University of Texas MD Anderson Cancer Center, Houston, TX 77030, USA

Division of Oncology, Department of Internal Medicine, The University of Texas Health

Science Center at Houston, Houston, TX 77030, USA

e-mail: Rabih.Said@uth.tmc.edu

M. Nickolich

Department of Internal Medicine, Duke University Medical Center, Durham, NC, USA

e-mail: myles.nickolich@dm.duke.edu

D.J. Lenihan

Vanderbilt Heart and Vascular Institute, Vanderbilt University Medical Center, Nashville,

TN 37232, USA

e-mail: daniel.lenihan@Vanderbilt.Edu

A.M. Tsimberidou (*)

Division of Cancer Medicine, Department of Investigational Cancer Therapeutics,

The University of Texas MD Anderson Cancer Center, Houston, TX 77030, USA

e-mail: atsimber@mdanderson.org

© Springer International Publishing Switzerland 2017

G.G. Kimmick et al. (eds.), Cardio-Oncology, DOI 10.1007/978-3-319-43096-6_2
15

http://dx.doi.org/10.1007/978-3-319-43096-6_2
http://dx.doi.org/10.1007/978-3-319-43096-6_2
mailto:Rabih.Said@uth.tmc.edu
mailto:myles.nickolich@dm.duke.edu
mailto:daniel.lenihan@Vanderbilt.Edu
mailto:atsimber@mdanderson.org


treatments [3]. The risk of cardiotoxicity during cancer therapy varies by therapeu-

tic class and agent as well as by coexisting cardiac disease and concomitant use of

other cardiotoxic agents [3]. The use of various cardioprotective agents (e.g.,

angiotensin-converting enzyme inhibitors/angiotensin receptor blockers and beta-

blockers) is critical in preventing and/or reversing cardiac injury related to anti-

cancer therapy [4, 5]. The emergence and rapid adoption of “Cardio-oncology”—a

multidisciplinary, integrative clinical approach involving general practitioners,

oncologists, and cardiologists to prevent and treat cardiotoxicity in patients being

treated for cancer—aims to increase awareness of cardiotoxicity caused by cancer

therapy and cardiac risk factors and to optimize the monitoring and treatment of

patients with these conditions [3, 6].

This chapter focuses on anticancer agents with potential cardiotoxicity (Table 2.1

and Fig. 2.1). The incidence and type of cardiotoxicity and the most common

preventive and therapeutic approaches are summarized in Fig. 2.2.

Chemotherapy

Anthracyclines

Doxorubicin

Anthracycline-induced cardiotoxicity was initially reported more than four decades

ago during the early clinical development of doxorubicin [7, 8]. The incidence of

anthracycline-induced heart failure (HF), based on clinical signs and symptoms,

was reported to be less than 3% [8]. However, the development of noninvasive

monitoring techniques enabled the detection of a higher incidence of cardiac

dysfunction [9]. The key mechanisms involved in the pathogenesis of cardiac

dysfunction are increased reactive oxygen species and alteration of topoisomerase

IIb, which are both associated with damage to cardiomyocytes [10, 11]. Acute

cardiac dysfunction is reported in 3.2% of patients receiving anthracyclines [12],

and it occurs within several weeks of the initiation of therapy. Acute cardiac

dysfunction presents with electrocardiographic abnormalities, including arrhyth-

mias (supraventricular and ventricular), heart block, ventricular dysfunction,

increased cardiac filling pressures, HF, and pericarditis-myocarditis syndrome

[13–17]. Cardiac dysfunction may present as a reduction in left ventricular ejection

fraction (LVEF) in up to 20% of patients and may not become evident until after

the completion of chemotherapy [18–20].

These late-occurring complications are serious and consist of HF that develops

within a few months to several years (most frequently within 3 months) after

anthracycline therapy [8, 21–23]. However, symptomatic HF can occur more than

a decade after treatment, which represents a major clinical concern, especially

among survivors of childhood malignancies [22]. Chronic cardiomyopathy can

present as asymptomatic diastolic or systolic dysfunction, which frequently
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Table 2.1 Selected anticancer agents with potential cardiotoxicity

Agents Drug class Cancer clinical use

Type of

cardiotoxicity Frequency

Chemotherapeutic agents

Doxorubicin Anthracyclines Breast, sarcoma,

lung, bladder, gas-

tric, prostate, leu-

kemia, lymphoma,

others

LV dysfunction Common

Epirubicin Anthracyclines Breast, esopha-

geal, gastric

Arrhythmia Uncommon

Cyclophosphamide Alkylating

agents

Sarcoma, SCT,

lymphoma, mye-

loma, breast

Myopericarditis,

arrhythmias

Common

Ifosfamide Alkylating

agents

Testicular, sar-

coma, lymphoma

Arrhythmias, LV

dysfunction

Common

Cisplatin Alkylating

agents

Lung, bladder, tes-

ticular, sarcoma,

breast, esophageal,

head and neck

Arrhythmias,

ischemia, vascu-

lar toxicity

Uncommon

5-Fluorouracil Antimetabolites Colon, pancreatic,

breast, head and

neck

Coronary vaso-

spasm, ischemia,

arrhythmias

Common

Capecitabine Antimetabolites Breast, colon, gas-

tric, pancreatic

Chest pain, ische-

mia, arrhythmias

Uncommon

Fludarabine Antimetabolites Lymphoma, leuke-

mia, stem cell

transplant

Chest pain Rare

Vinblastine Antimicrotubule Lymphoma, testic-

ular, lung,

melanoma

Ischemia,

hypertension

Common

Paclitaxel Antimicrotubule Breast, ovarian,

lung, sarcoma,

bladder, cervical,

gastric, esopha-

geal, head and

neck

Arrhythmias Rare

Docetaxel Antimicrotubule Breast, lung, pros-

tate, gastric, head

and neck

Arrhythmias, LV

dysfunction

Uncommon

Biologic agents

Bevacizumab Antibody

(VEGF)

Colon, rectal, cer-

vical, glioblas-

toma, ovarian,

renal, endometrial,

sarcoma

Hypertension, LV

dysfunction

Common

Trastuzumab Antibody

(HER-2)

Breast, gastric,

gastro-esophageal

LV dysfunction Common

(continued)
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Table 2.1 (continued)

Agents Drug class Cancer clinical use

Type of

cardiotoxicity Frequency

Pertuzumab Antibody

(HER-2)

Breast LV dysfunction Uncommon

Alemtuzumab Antibody

(CD-52)

Leukemia, stem

cell transplant

Arrhythmias Rare

Cetuximab Antibody

(EGFR)

Colon, rectal, head

and neck, lung,

squamous skin

Ischemia,

cardiorespiratory

Uncommon

Ramucirumab Antibody

(VEGFR-2)

Colon, rectal, gas-

tric, lung

Hypertension,

thromboembolism

Common

IL-2 Immune agent Melanoma, renal Capillary leak

syndrome, hypo-

tension, myocar-

dial toxicity

Common

INF Immune agent Melanoma, renal,

lymphoma

Arrhythmias,

ischemia

Common

Tyrosine kinase inhibitors

Sunitinib VEGFR,

PDGFR, c-Kit

Renal, thyroid,

sarcoma, GIST,

PNET

Hypertension, LV

dysfunction,

thrombosis

Common

Sorafenib VEGFR-2,

PDGFR,

RAF-1, c-Kit

Hepatocellular,

renal, thyroid,

angiosarcoma,

GIST

Hypertension,

ischemia, LV

dysfunction

Common

Pazopanib VEGFR-1–3,

PDGFR, FGFR-

1, FGFR-3,

c-Kit

Renal, sarcoma,

thyroid

Hypertension, LV

dysfunction,

arrhythmias,

ischemia,

thromboembolism

Common

Axitinib VEGFR-1–3 Renal Hypertension,

thromboembolism

Common

Lapatinib EGFR1, HER2 Breast LV dysfunction Uncommon

Imatinib BCR/ABL,

PDGF, c-Kit

Leukemia, GIST,

MDS, melanoma,

mastocytosis,

sarcoma

LV dysfunction,

edema

Rare

Dasatinib BCR/ABL, Src,

c-Kit

Leukemia, GIST Pleural effusion,

LV dysfunction,

arrhythmias

Uncommon

Trametinib MEK1/MEK2 Melanoma Hypertension, LV

dysfunction

Common

Vandetanib VEGFR-2,

EGFR, RET

Thyroid Hypertension,

prolonged QT

Common

Ponatinib BCR/ABL Leukemia LV dysfunction

Vascular events

Rare

Common

(continued)
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progresses to HF. The incidence of cardiac dysfunction is directly related to the

cumulative dose of anthracyclines, but it may also occur at low doses [24]. Other

risk factors for the development of cardiac dysfunction include being elderly or a

child at the time of drug exposure, concomitant administration of other cardiotoxic

agents (such as trastuzumab), radiation therapy to the chest, and preexisting car-

diovascular disease. Awareness of these risks for cardiac dysfunction may lead to

the early identification and treatment of HF [25].

Table 2.1 (continued)

Agents Drug class Cancer clinical use

Type of

cardiotoxicity Frequency

Regorafenib VEGFR-1–3,

KIT, PDGFR-α,
PDGFR-β, RET,
FGFR-1 and

FGFR-2

Colon, rectal,

GIST

Hypertension Common

Cediranib VEGFR-1–3,

PDGFR-α/β,
FGFR-1, c-Kit

Various solid

tumors

Hypertension Common

Proteasome inhibitors

Bortezomib 26S Multiple mye-

loma, mantle cell

lymphoma

LV dysfunction,

hypotension

Uncommon

Carfilzomib 26S Multiple myeloma LV dysfunction

Vascular events

Uncommon

Common

Decoy receptors

Aflibercept VEGFR-1,

VEGFR-2

Colon, rectal Hypertension Common

Fig. 2.1 Manifestations of cardiotoxicity with selected anticancer agents
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The encapsulation of doxorubicin in a liposomal moiety (pegylated liposomal

doxorubicin) allows for the administration of higher cumulative doses with similar

efficacy and a lower rate of HF and myocardial damage compared to doxorubicin

[26]. Despite the better cardiac safety profile of liposomal doxorubicin compared to

doxorubicin [clinical cardiotoxicity (odds ratio [OR] 0.18) and subclinical

cardiotoxicity (relative risk [RR] 0.31)] [27], the US Food and Drug Administration

(FDA) recommends routine surveillance of LVEF with the use of liposomal

doxorubicin.

Dexrazoxane is an ethylenediaminetetraacetic acid (EDTA)-like chelator that

binds iron and protects cardiomyocytes from the effects of doxorubicin [28]. The

cardioprotective efficacy of dexrazoxane with the use with either doxorubicin or

epirubicin has been clinically confirmed [27]; however, some concerns about lower

response rate to chemotherapy and secondary leukemia in childhood cancer survi-

vors have arisen [29].

Epirubicin

Epirubicin is less cardiotoxic than doxorubicin, and it is sometimes considered the

preferred anthracycline [30, 31]. In comparison to doxorubicin, epirubicin signif-

icantly decreased the risks of both clinical (OR 0.39, 95% CI [0.2–0.78]) and

subclinical (OR 0.30, 95% CI [0.16–0.57]) cardiotoxicity [27]. According to the

FDA, the cumulative dose of epirubicin should be limited to 900 mg/m [2].

Fig. 2.2 Proposed therapeutic management of patients with anticancer therapy—induced left

ventricular dysfunction
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Alkylating Agents

Cyclophosphamide

Cyclophosphamide, which has been associated with reduced cardiac function,

pericardial effusion, and decreased electrocardiographic (ECG) voltage (even with-

out pericardial effusion) [32–34], is used in high-dose regimens that accompany

stem cell transplantation [35]. The incidence of cyclophosphamide-associated

cardiotoxicity is not clearly dose dependent [32, 33]. Cyclophosphamide also

causes hemorrhagic myopericarditis with pericardial effusion that is attributed to

endothelial capillary damage [32, 36]. These cardiac complications are mostly

conservatively managed, but they can in rare instances lead to tamponade and

death [32]. Factors that increase the risk of cyclophosphamide-associated

cardiotoxicity include prior radiation therapy to the mediastinum or left chest

wall, older age, and prior reduced LVEF.

Ifosfamide

Cardiotoxicity is infrequently reported with ifosfamide and includes cardiac

arrhythmias, ST-T wave changes, and HF (dose related) [37, 38]. Most of these

complications are reversible with medical management.

Cisplatin

Cisplatin-induced cardiotoxicity includes supraventricular tachycardia, bradycar-

dia, ST-T wave changes, bundle branch block, acute ischemia with or without

myocardial infarction, and cardiomyopathy [39, 40]. Cisplatin is also associated

with vascular toxicities, including Raynaud’s phenomenon, hypertension, and

cerebral ischemic events. Electrolyte abnormalities, commonly seen with cis-

platin-induced nephrotoxicity, can also contribute to cardiotoxicity.

Antimetabolite Agents

5-Fluorouracil

5-Fluorouracil (5-FU)-induced cardiotoxicity can occur in 8–20% of treated

patients [41–43]. Chest pain associated with ECG changes is the most common

symptom. Other more significant manifestations include myocardial infarction and

arrhythmia. Pericarditis and cardiac arrest are less common. The main pathophys-

iologic mechanism causing these symptoms is likely coronary artery vasospasm.

Other mechanisms include endothelial cytotoxicity, myocarditis, and takotsubo
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cardiomyopathy [44]. Risk factors include infusion of 5-FU (vs. bolus),

preexisting coronary artery disease, and concurrent use of radiation therapy or

anthracyclines.

The majority of patients respond to the termination of 5-FU treatment or

concurrent antianginal therapy with nitrates; however, death has been reported in

a small percentage of patients [45]. Restarting therapy is usually not recommended,

unless no other effective therapeutic regimens are available. The available data

on calcium channel blockers or nitrates as preventative agents are conflicting

[41, 46–49].

Capecitabine

Capecitabine is a prodrug that is metabolized to its active moiety, 5-FU, and has

cardiotoxicity similar to that of infusional 5-FU [50]. Patients with a history of

5-FU-induced vasospasm will likely experience recurrent symptoms with

capecitabine [51]. The incidence of vasospasm, including chest pain/angina, myo-

cardial infarction, and arrhythmia, in patients receiving capecitabine ranges from

3 to 9% [50, 52, 53]. The management of capecitabine-induced cardiotoxicity is

similar to that of 5-FU-induced cardiotoxicity.

Fludarabine

Chest pain and hypotension have been reported with the use of fludarabine

[54]. The combination of fludarabine and melphalan as a conditioning regimen

for stem cell transplantation has been associated with cardiac dysfunction

[55]. Other antimetabolite agents (cladribine, methotrexate, and cytarabine) have

been rarely associated with cardiotoxicity in case reports [56–58].

Antimicrotubule Agents

Vinca Alkaloids

Cardiotoxicity is uncommon with all vinca alkaloids but may be more frequent with

vinblastine than with vincristine and vinorelbine [59]; symptoms include hyper-

tension, myocardial ischemia, infarction, and other vaso-occlusive complications

[59–61].

Paclitaxel

Paclitaxel is associated with a low incidence of cardiotoxicity that includes asymp-

tomatic bradycardia and heart block [62, 63]. Routine cardiac monitoring is not
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required during administration of this agent [62]. Nanoparticle albumin-bound

paclitaxel (nab-paclitaxel) has the same cardiotoxicity profile as paclitaxel.

Docetaxel

Abnormal ECG and angina have been described in patients treated with docetaxel

[64, 65]. Docetaxel appears to potentiate the cardiotoxicity of anthracyclines [66].

Biologic Therapy

Bevacizumab

Bevacizumab, a monoclonal antibody that binds and inactivates vascular endothe-

lial growth factor (VEGF), exerts its anti-tumor effect by preventing microvascular

angiogenesis. The most common cardiac adverse event associated with anti-VEGF

therapy is hypertension [67]. Preexisting hypertension may predispose patients to

worsened hypertension with bevacizumab [68]. While there has been controversy

regarding the cardiotoxicity of bevacizumab [69–71], several studies and meta-

analyses have identified an increased incidence of HF and decreased LVEF

[71]. Early cardiotoxicity manifests as takotsubo cardiomyopathy-like events

[72]. However, the pathophysiology of these events is poorly understood [73]. -

Bevacizumab-induced cardiotoxicity has been noted in patients with renal cell

carcinoma (RCC) [70], breast cancer [71, 74], and glioma [75]. In a meta-analysis,

the risk of high-grade congestive HF in patients with breast cancer was higher in

those receiving bevacizumab than in those receiving placebo (RR 4.74, 95% CI

[1.66–11.18]; P¼ 0.001), without a dose-related effect [74]. The risk of

cardiotoxicity is increased when bevacizumab is combined with docetaxel or

anthracycline [74, 76].

Trastuzumab

Trastuzumab is a monoclonal antibody targeting the human epidermal growth

factor receptor-2 (HER2 or ErbB2) and is used for tumors that overexpress HER2

protein, including breast and gastric cancers [77–79]. One meta-analysis demon-

strated that trastuzumab significantly increased the incidence of congestive HF

(RR 5.11, 90% CI [3.00–8.72]; P< 0.00001) and that the LVEF significantly

declined after trastuzumab administration (RR 1.83, 90% CI [1.36–2.47];

P¼ 0.0008) [80]. Trastuzumab cardiotoxicity is thought to arise from a loss of

contractility (rather than from cardiomyocyte death) and thus may be reversible
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[81, 82]. Risk factors for trastuzumab-induced cardiotoxicity include prior

anthracycline use (worse with doxorubicin >300 mg/m2) [24, 83], preexisting

decreased LVEF, hypertension, elevated body mass index, and older age [84].

Pertuzumab

Similar to trastuzumab, pertuzumab targets HER2 (ErbB2) receptors through pre-

vention of HER2 homodimerization [85–87]. Recent studies show a clinical benefit

with the use of pertuzumab and trastuzumab combination regimens [87, 88]. The

addition of pertuzumab to therapy with trastuzumab and docetaxel was not associ-

ated with increased cardiotoxicity in the CLEOPATRA trial [89], and a cardiac

safety analysis of early-phase trials showed no increase in cardiotoxicity above that

of trastuzumab [90]. In one study with trastuzumab and pertuzumab, one of

64 patients developed an LVEF below 40% following the completion of therapy

[91], and in another study with the same combination, 3.9% of patients had a

decrease of >10% in their pretreatment LVEF assessment following therapy

[92]. The FDA recommends assessment of LVEF prior to initiating anti-HER2

therapies such as trastuzumab and pertuzumab followed by reassessment at regular

intervals (every 3 months and 6 months after discontinuation of therapy).

The general consensus is to discontinue trastuzumab plus pertuzumab therapy

and reassess LVEF while considering cardioprotective treatment with accepted

HF-based therapies in the event of a decrease in LVEF to <45% or to 45–49%

with a 10% or greater decrease from pretreatment LVEF values.

Alemtuzumab

Alemtuzumab is a monoclonal antibody targeting CD52, a cell-surface antigen

present on B and T cells that, after binding, leads to antibody-dependent cell

lysis. This agent is currently approved for the treatment of B-cell chronic lympho-

cytic leukemia and relapsing multiple sclerosis [93–95]. One study reported the

development of decreased LVEF and/or arrhythmia, including atrial fibrillation and

ventricular tachycardia, with the use of alemtuzumab in four of eight patients with

mycosis fungoides/Sezary syndrome [96]. Recovery of decreased LVEF was seen

after discontinuation of therapy in most patients [96].

Cetuximab

Cetuximab is a human/mouse chimeric monoclonal antibody that targets epidermal

growth factor receptor (EGFR), resulting in the inhibition of cell growth, apoptosis,

cellular VEGF production, and wild-type KRAS activation [97]. Cetuximab is
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approved for use in KRAS mutation-negative colorectal cancer in combination with

FOLFIRI (irinotecan, 5-FU, and leucovorin) or as a single agent in refractory

disease. Cetuximab-associated cardiotoxicity events observed in patients with

colorectal cancer are limited. One sudden cardiac death was reported in a study

of 128 patients undergoing therapy with cetuximab, oxaliplatin, and 5-FU followed

by capecitabine [98]. Cetuximab is also approved for the treatment of squamous

cell carcinoma of the head and neck, but an FDA black box warning exists for

cardiopulmonary arrest, which has been observed in 2% of patients treated with

cetuximab and radiation and is thought to be associated with electrolyte

abnormalities [99].

Ramucirumab

Ramucirumab is an antiangiogenic monoclonal antibody that targets the VEGF

pathway by binding and blocking ligand-mediated activation of VEGF receptor-2

(VEGFR-2) [100–102]. In the REGARD trial, the use of ramucirumab was associ-

ated with a higher incidence of hypertension in patients treated with best supportive

care plus ramucirumab compared to patients who received best supportive care plus

placebo (16% vs. 8%, respectively). The respective rates of arterial thromboem-

bolism were 2% and 1%. One patient treated with ramucirumab developed a

myocardial infarction leading to death [100].

Interleukin-2

Interleukin-2 is associated with direct myocardial toxicity [103] and with capillary

leak syndrome. These events result in increased cardiac output and decreased

systemic vascular resistance with a systemic inflammatory response-like syndrome

[104, 105], which can be managed with supportive care [106].

Interferon-Alpha

The use of interferon-alpha is associated with cardiotoxicity, mainly arrhythmias

(atrial and ventricular tachycardias and heart block), which are reported in 8–20%

of cases [107–109]. One study in melanoma and RCC reported cardiomyopathy in

patients treated with interferon-alpha [67, 110]. By contrast, another study demon-

strated that only 1% of patients had a decrease in LVEF [111].
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Targeted Therapy

Sunitinib

Sunitinib is an oral tyrosine kinase inhibitor (TKI) targeting VEGFR, platelet-

derived growth factor receptor (PDGFR), c-Kit, and fms-like tyrosine kinase-3.

Sunitinib is approved by the FDA for use in RCC, advanced pancreatic neuroen-

docrine tumors, and imatinib-refractory gastrointestinal stromal tumor (GIST)

[112]. A retrospective analysis of patients with GIST treated with sunitinib dem-

onstrated that up to 8% of patients developed clinically significant HF exacerba-

tions, 28% of patients had at least a 10% decrease in LVEF, 9% of patients had a

15% or greater decrease in LVEF, and 47% of patients developed hypertension

(>150/100 mmHg) [113–115]. Additionally, hypertension preceded the develop-

ment of life-threatening HF in selected patients treated with sunitinib, which

emphasizes the need for the management of hypertension to prevent HF

[116]. As hypertension is a common adverse event of anti-VEGF agents, blood

pressure should be closely monitored and aggressively managed during all cycles of

anti-VEGF-containing therapy. The decrease in LVEF is likely mediated by direct

mitochondrial injury and cardiac myocyte apoptosis through inhibition of rapidly

accelerated fibrosarcoma (RAF-1) kinase [113, 117] and inhibition of PDGFR

coupled with systemic vasoconstriction, leading to cardiac dysfunction

[118]. Sunitinib is also associated with QT prolongation and arrhythmias

[119]. Preexisting HF, coronary artery disease, and lower BMI may predispose

patients to these adverse cardiovascular effects related to sunitinib [120].

Sorafenib

Sorafenib is a small-molecule TKI that inhibits VEGF through inhibition of

VEGFR-2, PDGFR, RAF-1, proto-oncogene B-Raf, fms-like tyrosine kinase-3,

and c-Kit. Sorafenib is FDA approved for use in RCC, hepatocellular carcinoma,

and well-differentiated thyroid cancer [117]. The cardiotoxicity of sorafenib is less

well defined than that of sunitinib. In one study, 2.9% of patients with RCC treated

with sorafenib developed myocardial ischemia compared with 0.4% of those

treated with placebo [121]. In patients with hepatocellular carcinoma, myocardial

ischemia was noted in 2.7% of patients treated with sorafenib compared to 1.3% of

those treated with placebo [122]. One meta-analysis suggested an RR of 1.78 (95%

CI [1.09–2.92]) for the development of hypertension with the use of

sorafenib [123].

Pazopanib

Pazopanib, a TKI approved for use in soft-tissue sarcoma and RCC, is thought to act

through inhibition of surface VEGF receptors 1, 2, and 3, PDGF receptors,
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fibroblast growth factor receptor (FGFR)-1 and FGFR-3, c-Kit, transmembrane

glycoprotein receptor tyrosine kinase, and interleukin-2 receptor-inducible T-cell

kinase [124]. One study showed that 49% of patients developed hypertension with

pazopanib use and 6.6% of patients showed a decrease in LVEF with therapy

compared to 2.4% of control subjects [125]. Patients receiving pazopanib also

showed a concentration-independent QT prolongation [126].

Axitinib

Axitinib is a specific TKI for VEGFR-1, VEGFR-2, and VEGFR-3 and is used to

treat advanced RCC. Like other VEGF-targeted TKIs, axitinib is associated with an

increased risk of hypertension (all grades up to 40%; grade 3/4, 16%), thrombotic

events, and left ventricular dysfunction [127–130].

Lapatinib

Lapatinib is an oral TKI approved for use in HER2-overexpressing breast cancer.

Lapatinib inhibits EGFR (ErbB1) and HER2 (ErbB2) [79, 131] and has thus raised

concerns that is has a cardiotoxic effect similar to that of trastuzumab [132]. Recent

studies, including one phase III trial investigating the use of lapatinib and

trastuzumab in HER2-positive breast cancer, have shown that this theoretical risk

may not be a reality [133]. An additional study examining pooled data from 44 trials

involving lapatinib alone or in combination with trastuzumab or anthracycline-

based regimens found that fewer than 5% of patients experienced clinically signif-

icant cardiac events and that 88% of patients recovered to pretreatment levels

(when an LVEF reduction was noted) following discontinuation of drug therapy

[132]. Despite these findings, current FDA labeling recommends pretreatment

LVEF evaluation, as well as discontinuation of lapatinib in the event of a decrease

in LVEF to <50%.

Imatinib

Imatinib is a BCR-ABL TKI and an inhibitor of PDGFR stem cell factor and c-Kit

[134]. Shortly after its release, an initial concern about LV contractile dysfunction

arose due to a suspected loss in mitochondrial membrane potential thought to be

secondary to a cellular stress response induced by imatinib [135]. However, sub-

sequent retrospective studies reviewing toxicities in 1276 patients undergoing

therapy for chronic myelogenous leukemia (CML) found that imatinib-associated

systolic heart failure was observed in only 0.6% of patients and that adverse

cardiovascular events were seen primarily in elderly patients who had preexisting
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cardiovascular disease or coronary artery disease [136, 137]. Similar findings were

observed in patients receiving imatinib for GIST [138–140].

Dasatinib

Dasatinib is a small-molecule TKI that inhibits imatinib-resistant BRC-ABL kinase

[141, 142]. Pleural and pericardial effusions occur with the use of dasatinib, but

their mechanisms are unknown. One phase III trial comparing once- with twice-

daily dosing of dasatinib in accelerated-phase CML observed 0 and 3% incidences

of congestive HF and 12.7 and 24.5% incidences of pleural effusion, respectively

[143]. Dasatinib use has also been associated with QT prolongation [144].

Trametinib

Trametinib is a selective and potent inhibitor of MEK1/MEK2 that is commonly

used for the treatment of advanced melanoma with documented BRAF V600E or

V600K mutations. In a phase III clinical trial of patients with melanoma, trametinib

was associated with decreased LVEF or ventricular dysfunction in 7% of patients

[145]. In 1% of the patients, these events were grade 3 cardiotoxicities, leading to

the permanent discontinuation of trametinib [145]. In addition, hypertension was

reported in 15% of patients (grade 3, 12%) [145].

Vandetanib

Vandetanib, a multi-kinase inhibitor targeting VEGFR-2, EGFR, and RET, is an

effective and FDA-approved treatment for medullary thyroid carcinoma [146]. In a

phase III clinical trial, vandetanib was associated with a higher risk of hypertension

than placebo (32% vs. 5%, respectively). Grade 3/4 hypertension was noted in 9%

of patients. In addition, vandetanib was found to be associated with prolonged QTc

(all grades, 14%; grade 3/4, 8%) [146].

Bortezomib

Bortezomib is a first-generation reversible 26S proteasome inhibitor that leads to

cell cycle arrest and apoptosis and is approved for use in mantle cell lymphoma and

multiple myeloma [147, 148]. An increased incidence of HF and associated symp-

toms has been seen with bortezomib use; however, one study suggested similar
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rates of HF in patients undergoing therapy for relapsed multiple myeloma with

bortezomib or high-dose dexamethasone [149] and found that the effects, if present,

did not appear to be dose dependent [148].

Carfilzomib

Carfilzomib is a second-generation 26S proteasome inhibitor that causes cell cycle

arrest and apoptosis and is approved for use in multiple myeloma

[150, 151]. Carfilzomib has been implicated in LVEF reduction, instigation of

new-onset HF or exacerbation of preexisting HF, and, in limited cases, myocardial

infarction. One study demonstrated that 2 of 257 patients had a myocardial infarc-

tion shortly after initiation of carfilzomib therapy and 9 (3.4%) developed grade 3/4

dyspnea; however, the vast majority of patients in this trial had previously been

treated with bortezomib [152]. Another study suggested an 11% incidence of

HF-associated symptoms following carfilzomib initiation [153]. It is likely that,

similar to that with anthracyclines, the cardiac adverse events seen with carfilzomib

are not limited to LV systolic dysfunction but include an increase in thrombotic

events as well [154].

Ponatinib

A BCR-ABL tyrosine kinase inhibitor, ponatinib is approved for use in Philadel-

phia chromosome-positive acute lymphoblastic leukemia and CML [155]. One

phase I study demonstrated that 1% of patients exhibited grade 3/4 HF-like

symptoms and 2% of patients exhibited a prolonged QTc during therapy

[155]. Another study suggested serious adverse vascular events, with 3% of

patients having ponatinib-associated arterial thrombotic events and 9% of patients

having arterial thrombotic events observed during therapy (although these were not

necessarily considered treatment associated) [156]. Understanding the nature of

these events is crucial for the future of this therapy [157].

Regorafenib

Regorafenib is a multi-kinase inhibitor approved for use in metastatic colorectal

cancer and GIST that targets VEGF receptors 1–3, KIT, PDGFR-alpha, PDGFR-

beta, RET, FGFR-1 and FGFR-2, TIE2, DDR2, TrkA, Eph2A, RAF-1, BRAF,

BRAFV600E, SAPK2, PTK5, and ABL [158, 159]. Although HF has not been

reported with regorafenib, grade 3/4 hypertension is a frequently reported toxicity

[158, 160–162].
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Cediranib

Cediranib is a multi-kinase inhibitor targeting the VEGF pathway and angiogenesis

through VEGFR-1, VEGFR-2, and VEGFR-3, PDGFR-alpha/PDGFR-beta, FGFR-

1, and c-Kit [163]. As with other inhibitors of the VEGF pathway, hypertension is a

primary toxicity of cediranib and has been identified in several studies [163–166],

with one phase II study showing that 46% of patients enrolled exhibited hyperten-

sion with grade 3 or higher toxicity [167].

Aflibercept

Aflibercept is an antiangiogenic agent acting as a decoy receptor for VEGF-A and

VEGF-B and placental growth factor composed of components of VEGFR-1 and

VEGFR-2 binding domains attached to the Fc portion of a human IgG-1 [168]. One

trial showed a significantly increased incidence of hypertension with aflibercept

treatment, with grade 3 adverse events occurring in 19% of patients compared to

1.5% of control subjects as well as an increased incidence of arterial-

thromboembolic events (1.8% of patients vs. 0.5% of control subjects) and

venous-thromboembolic events (7.9% of patients vs. 6.3% of control subjects)

[168]. Other studies have also found an increased incidence of hypertension and

thromboembolic events in patients receiving aflibercept [169–171].

Conclusions

The exponential development of novel therapeutics for the treatment of cancer has

prompted extensive research to recognize cardiotoxicity associated with the use of

these agents. Early detection and effective therapeutic management of adverse

events associated with the use of anticancer drugs have led to the safe and

successful development of several breakthrough FDA-approved drugs, which

have improved the clinical outcomes of patients with cancer. As cardiotoxicity is

a major challenge—associated with severe complications and comorbidities—in

the development of novel therapeutic agents [172], rigorous monitoring for adverse

events has been successful in eliminating antineoplastic agents with severe

cardiotoxicity [173].

In the current review, as expected, results from clinical trials in select patient

populations were not always similar to the results derived from observational

studies. This difference may be attributed to patient heterogeneity and the innate

differences between these types of studies. Interestingly, in many instances case

reports and case series raised awareness, thereby emphasizing the need to encour-

age clinical investigators to publish case reports.
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In conclusion, collaborative efforts between cardiologists and oncologists have

decreased the incidence of severe cardiotoxicity in patients treated with potentially

cardiotoxic or novel anticancer agents and promise to eliminate cardiotoxicity

associated with the use of new drugs (Fig. 2.2).
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Chapter 3

Screening and Monitoring for Cardiotoxicity
During Cancer Treatment

Michel G. Khouri, Igor Klem, Chetan Shenoy, Jeffrey Sulpher,

and Susan F. Dent

Importance of Preventing Cardiotoxicity

Mortality rates from cancer have declined over the past 30 years. More effective

methods of early detection, pharmacologic treatments, and surgical approaches

have resulted in significant cancer-related survival gains [1–3]. Long-term survi-

vors with cancer are expected to increase by approximately 30% in the next decade

to an estimated 18 million by 2022 in the USA alone [4]. With prolonged survival,

cancer patients are now subject to the effects of aging and to the development of

other risk factors that determine their long-term risk of cardiovascular disease

(CVD) [5–7]. Cardiovascular disease is already the predominant cause of mortality

in breast cancer patients over 50 years of age [5, 6, 8] and a more common

contributor than cancer to mortality among older survivors [9, 10].

Cancer therapies are associated with unique and varying degrees of direct (e.g.,

myocardial toxicity, ischemia, hypertension, arrhythmias) [11–14] as well as
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indirect (e.g., unfavorable lifestyle changes) insults on the cardiovascular system

[11]. The most well-known direct cardiotoxic effects of cancer therapy occur with

anthracycline-containing regimens (i.e., doxorubicin, epirubicin). Anthracyclines

are still widely used in solid tumors (i.e., breast cancer, osteosarcoma, etc.) and

hematologic malignancies (Hodgkin’s/non-Hodgkin’s lymphoma, acute lympho-

blastic leukemia, etc.) and are well recognized to trigger dose-dependent, cumula-

tive, progressive cardiac dysfunction [15, 16]. Anthracycline-associated cardiac

dysfunction usually manifests as a decrease in left ventricular ejection fraction

(LVEF) [17–19] and, ultimately, symptomatic heart failure (HF) in up to 5% of

patients [20]. Newer, targeted agents have dramatically improved the antitumor

efficacy of therapies for various cancers but are not without adverse cardiovascular

effects [13, 21–23]. Targeted therapies, particularly monoclonal antibodies and

tyrosine kinase inhibitors (TKIs) targeting human epidermal growth factor receptor

2 (HER-2) (i.e., trastuzumab, pertuzumab, etc.), vascular endothelial growth factor

(VEGF), VEGF receptors (VEGFRs) (i.e., bevacizumab, sunitinib, sorafenib, etc.),

and Abl kinase activity (i.e., imatinib, nilotinib, dasatinib, etc.), interfere with

molecular pathways crucial to cardiovascular health [23, 24]. Moreover, cardiac

damage inflicted by these agents may be additive; specifically, trastuzumab

(Herceptin®), a humanized monoclonal antibody used in HER-2-positive early-

stage breast cancer, has demonstrated synergistic cardiotoxicity when added to

anthracyclines [25, 26].

The magnitude of cardiovascular morbidity is likely to increase with the

approval of newer antineoplastic agents for which the long-term cardiovascular

safety profile is not yet known [27, 28]. Going forward, early detection strategies

are needed to identify patients susceptible to therapy-related cardiotoxicity in order

to avoid unnecessary discontinuation of essential anticancer treatment. In addition

long-term cardiovascular surveillance strategies are essential for cancer survivors

to prevent treatment-induced cardiovascular morbidity and mortality.

Cardiotoxicity in the Spectrum of Cancer and Heart Disease

Oncology and cardiology organizations have attempted to classify cardiotoxicity in

terms of overt clinical events and subclinical injury. The National Cancer Institute

(NCI) has developed a comprehensive system for cancer adverse events reporting

which includes cardiotoxicity—the common terminology criteria for adverse

events (CTCAE). This recognizes a broad array of important cardiac and cardio-

vascular events as well as subclinical laboratory and ejection fraction changes

during cytotoxic therapy. Notably, the NCI has kept the traditional criteria that

define myocardial toxicity (e.g., left ventricular systolic dysfunction, HF, and

LVEF decline) separate, rather than unifying these parameters under a comprehen-

sive definition of cardiotoxicity [29]. The Cardiac Review and Evaluation Com-

mittee (CREC) criteria were specifically developed in 2002 during an initial

extensive safety review of patients treated in trastuzumab trials and defined
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cardiotoxicity based on physical signs, symptoms, and LVEF [30]. The American

College of Cardiology/American Heart Association (ACC/AHA) have developed a

staging system (stages A–D) to identify patients during the course of HF develop-

ment. Asymptomatic patients who receive potential cardiotoxins (stage A) or have

asymptomatic left ventricular (LV) dysfunction (stage B) are at risk to develop

symptomatic HF (stages C and D) [31]. The transition from ACC/AHA stage B

asymptomatic to stage C symptomatic HF has been associated with a significant

decrease in 5-year survival (96% to 75%) equivalent to a fivefold increase in

mortality risk in a community population [32].

Early detection of cardiotoxicity provides an opportunity to prevent or reverse

progression to a more advanced stage; LVEF recovery and cardiac event reduction

were more likely with early detection of LV dysfunction and prompt initiation of

usual HF therapies in cancer patients with anthracycline-induced cardiomyopathy

[33]. In this regard, the evolution of “cardio-oncology,” which aims to keep pace

with the rapid evolution of cancer therapies and the incidence, magnitude, and

consequences of their cardiac and cardiovascular side effects, has contributed to

improved recognition of the prevalence of treatment-related cardiotoxicity and the

importance of early detection [34]. A common pathway for identifying patients at

risk for cardiotoxicity, however, remains complicated by the nonspecific nature of

treatment-related cardiac and cardiovascular damage, the unpredictability of clin-

ical consequences (e.g., severity, timing, etc.), and, consequently, uncertainty

regarding the optimal strategy for detection.

Current Approaches for Identifying Cardiotoxicity

There are currently no evidence-based guidelines for the monitoring of cancer

patients receiving potentially cardiotoxic therapy [35]. Several professional socie-

ties [31, 36] provide guidance for management of heart failure, but few organiza-

tions have specifically addressed cardiovascular surveillance strategies for cancer

patients during and following exposure to cardiotoxic cancer therapies [35, 37, 38].

In 2005, the American Society of Clinical Oncology (ASCO) convened an

expert panel to develop guidelines for the ongoing cardiac surveillance and care

of adult and pediatric survivors of cancer. The proposed guideline document was

not issued by ASCO “in light of the lack of direct, high-quality evidence on the

benefits and harms of screening for cardiac late effects.” The document was

published in 2007 as a clinical evidence review that summarized the then-current

literature regarding late cardiac effects among cancer survivors [39]. The last

several years has seen an exponential increase in the number of publications

highlighting the potential for detrimental short- and long-term impact of cancer

treatments on cardiovascular health. Nevertheless, universally accepted guidelines

on surveillance strategies remain elusive. In 2011, The Heart Failure Association of

the European Society of Cardiology (ESC) published recommendations on identi-

fication and surveillance strategies for those patients at risk of experiencing
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cardiotoxicity during or following cancer therapy (Table 3.1). They recommended

cardiovascular work-up with attention to comorbidities (especially coronary artery

disease and hypertension) at baseline, regular cardiovascular evaluation during

Table 3.1 Surveillance strategies for cancer patients receiving potentially cardiotoxic cancer

therapy

Baseline

During cancer

therapy

Following

completion of

cancer therapy

Heart Failure

Association—European

Society of Cardiology

(2011) [40]

Careful cardiovascu-

lar work-up with

attention to

comorbidities esp.

CAD and

hypertension

Regular cardiovascu-

lar evaluation

Follow-up cardiac

surveillance should

be considered espe-

cially in those

patients receiving

high doses of

anthracyclines

European Society of

Medical Oncology

(ESMO, 2012) [38]

Baseline cardiovas-

cular evaluation

(risk factors and

comorbidities)

Baseline 12-lead

ECG and echocar-

diogram or MUGA

Baseline biomarker

(troponin, BNP)

treatment of

preexisting

cardiopathies

Patients receiving

anthracyclines þ/-

trastuzumab should

have serial monitor-

ing of cardiac func-

tion at 3, 6, and

9 months during

treatment and then

12 and 18 months

after initiation of

treatment

Biomarkers with each

cycle

Monitoring follow-

ing treatment as

clinically indicated

Increased vigilance

for patients

>60 years old

Assessment of car-

diac function

recommended 4 and

10 years after

anthracyclines in

patients treated

<15 years old and

those >15 years old

with a cumulative

dose of doxorubicin

>240 mg/m2 or

epirubicin

>360 mg/m2

European Association of

Cardiovascular Imaging

and American Society of

Echocardiography

(2014) [41]

Baseline cardiac

assessment espe-

cially for those >65

years old and at high

risk of CTRCD, LV

dysfunction, or high

doses of

anthracyclines

(>350 mg/m2)

History, physical

examination, ECG,

echocardiogram, and

baseline global lon-

gitudinal strain

(GLS), and troponin

I desirable

Anthracyclines: tro-

ponin each cycle; if

positive: cardiology

consult. If dose >240

mg/m2 or equivalent:

recommended LVEF,

GLS, and troponin

prior to each addi-

tional 50 mg/m2.

Trastuzumab: LVEF,

GLS, and troponin

every 3 months dur-

ing therapy and

6 months after treat-

ment completed

Yearly cardiovascu-

lar assessment by a

health-care provider

particularly in

patients not

followed closely

during cancer treat-

ment imaging at the

discretion of the

health-care provider
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cancer therapy, and follow-up cardiac surveillance following cancer therapy espe-

cially in those patients receiving high doses of anthracyclines. Few details were

provided on the recommended type and frequency of cardiac monitoring.

In 2012, the European Society of Medical Oncology (ESMO) published criteria-

based recommendations of optimal screening and monitoring of cardiac function

during cancer therapy based on a review of current evidence. Similar to the ESC,

they recommended baseline assessment of cardiovascular risk factors and

comorbidities. In addition, ESMO recommended patients receiving potentially

cardiotoxic therapy have a baseline 12 lead ECG, assessment of LVEF with

echocardiogram or MUGA, and measurement of biomarkers including troponin

and BNP. Cardiac monitoring during cancer therapy focused on patients receiving

anthracyclines þ/- trastuzumab. For patients receiving anthracyclines, measure-

ment of LVEF was recommended (in the absence of baseline troponin) every

3 months for 1 year followed by yearly assessments. In patients with normal

troponin levels (during anthracycline chemotherapy), echocardiogram was

recommended at 12 months and then yearly thereafter. Patients receiving

trastuzumab should have LVEF assessed every 3 months during therapy and then

at 12 and 18 months following initiation of treatment. Following completion of

cancer therapy, cardiac assessment was recommended at 4 and 10 years in patients

with higher exposure to anthracyclines (>240 mg/m2 Adriamycin) with increased

vigilance in those patients over 60 years of age. ESMO also provided stop/go rules

for individuals receiving trastuzumab therapy [38]. Both ESC and ESMO

reinforced that newer targeted molecular agents are associated with adverse car-

diovascular events and that the early detection of cardiotoxicity needs to be an

integral part of the treatment and follow-up of cancer patients [42].

In 2014, the American Society of Echocardiography and the European Associ-

ation of Cardiovascular Imaging published an expert consensus on surveillance

strategies for adult patients during and after cancer therapy [41] (see Table 3.1).

This group recommended that echocardiography remain the cornerstone in the

cardiac imaging evaluation of patients in preparation for, during, and after cancer

therapy, because of its widespread availability, easy repeatability, versatility, lack

of radiation exposure, and safety, particularly in patients with concomitant renal

disease. Similar to ESMO, they suggested that an integrated approach combining

echocardiography and biomarkers may be of utility and provide incremental value

in predicting subsequent cancer therapy-related cardiac dysfunction. After the

completion of therapy and particularly among patients who were not followed

using a strategy aimed at early detection of subclinical LV dysfunction, the

committee suggested a yearly clinical cardiovascular assessment by a health-care

provider, looking for early signs and symptoms of cardiovascular disease, with

further cardiac imaging ordered at the discretion of the provider. The committee

highlighted that their recommendations represent a consensus of current clinical

practice performed at their own respective academic institutions. Similar to other

consensus statements, the group recognized the limited scientific data available and

the lack of class A evidence (i.e., derived from randomized clinical trials)

supporting their algorithms.
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While these consensus documents provide guidance to clinicians, the impact of

cardiac monitoring during and following completion of cancer therapy, on cardio-

vascular outcomes in cancer patients being managed in the “real-world” clinical

setting, is uncertain. In addition, there is limited data in the literature on the

adherence to cardiac monitoring recommendations in clinical practice. In a recent

US study, 78.8% of postmenopausal women (66 years and older) with early-stage

HER2-positive breast cancer receiving trastuzumab had a baseline cardiac evalua-

tion, while only 42.6% had subsequent monitoring (one cardiac evaluation at least

every 4 months during trastuzumab therapy). Recent year of cancer diagnosis and

treatment with an anthracycline regimen was associated with higher rates of

adequate cardiac monitoring [43].

Cardiovascular surveillance strategies for cancer patients have been largely

limited to anthracyclines and anti-HER2 drugs such as trastuzumab. Several new

classes of promising anticancer therapies have been introduced into clinical prac-

tice, several of which have unique cardiovascular toxicities (see Table 3.2). Tyro-

sine kinase inhibitors have demonstrated efficacy in a number of solid malignancies

(renal cell carcinoma (sunitinib), hepatocellular (sorafenib), and head and neck

(cetuximab)), but are associated with development of de novo or worsening hyper-

tension. While strategies on the management and monitoring of cancer patients who

develop hypertension while receiving these novel targeted drugs are emerging,

there are currently no consensus or evidence-based documents to guide therapy.

In the interim, patients should be managed based on current hypertension guidelines

produced by organizations such as the American Society of Hypertension (www.

ash-us.org), Hypertension Canada (http://guidelines.hypertension.ca), and the

European Society of Hypertension (www.eshonline.org). A number of emerging

cancer therapies are associated with less common cardiovascular toxicities includ-

ing QTc prolongation, arrhythmias, cardiac ischemia, and thromboembolic events

(see Table 3.2). Monitoring strategies for these cancer therapies should follow

current evidence-based international guidelines (American (www.heart.org), Cana-

dian (www.ccs.ca), European (www.escardio.org), UK (www.bhf.org.uk, heartuk.

org.uk)).

In recognition of the increasing need for guidance, the ASCO Survivorship

Guidelines Advisory Group has recently published a guideline to improve the

quality of care of cancer survivors by identifying and providing guidance on

prevention and monitoring of cardiac dysfunction resulting from cancer therapy;

and the Canadian Cardiovascular Society has recently completed a guideline

on evaluation of patients at risk for cardiovascular complications of cancer

therapy [44, 45].
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Table 3.2 Cardiotoxicity and cancer therapies

Anticancer therapy Signs and symptoms of toxicity

Anthracyclines

(Doxorubicin, daunorubicin,

idarubicin, epirubicin, mitoxantrone)

(1) Acute toxicity:

<1%, reversible, shortly after infusion

Toxicities include arrhythmias, QT prolongation þ/-

HF

(2) Early-onset chronic progressive:

1.6–2.1%, during treatment and up to 1 year post, not

reversible, clinically resembles myocarditis, accompa-

nying diastolic dysfunction

(3) Late-onset chronic progressive:

1.6–5%, >1 year from treatment, not reversible, clin-

ical decompensation usually preceded by occult LVD

Symptoms of mitoxantrone-induced HF are often less

severe and more responsive to medical management

Cyclophosphamide (1) Arrhythmias

(2) Nonspecific ST-T abnormalities

(3) Pericardial effusion

(4) Hemorrhagic myopericarditis

(5) Symptomatic HF (7–28%)

Occurs within 1–14 days of dose administration and
often lasts for a few days. Toxicity may resolve
completely or have long-lasting consequences

Ifosfamide (1) Arrhythmias

(2) Nonspecific ST-T changes on ECG

(3) HF 17%

Acute HF typically presents within 6–23 days of first
ifosfamide dose

Cisplatin (1) Chest pain

(2) Arrhythmias

(3) ST-T changes on ECG

(4) ACS

(5) Thromboembolism (8.5%)

Antimetabolites

Fluorouracil (5-FU) (1) Chest pain or ACS in 3–7.6%

(2) Atrial fibrillation

(3) HF

(4) Sudden cardiac death (rare)

Occurs during or shortly after starting treatment.
Symptoms last up to 48 h, but generally resolve. ECG
changes present in up to 68% of patients treated with
continuous infusion. Elevated cardiac biomarkers in up
to 43%

Capecitabine (1) Chest pain or ACS (3–9%) with transient ST ele-

vations on ECG

(continued)
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Table 3.2 (continued)

Anticancer therapy Signs and symptoms of toxicity

Symptoms occurs 3 h–4 days after initiating therapy
Cardiac biomarkers generally remain normal

Microtubule-targeting agents

Paclitaxel (1) Myocardial ischemia (1–5%)

(2) MI (0.5%)

(3) Arrhythmias and heart block

Cardiac complications occur in up to 29% with most
being asymptomatic bradyarrhythmias. Occur during
and up to 14 days after paclitaxel administration.
Symptoms generally resolve with stopping therapy

Docetaxel (1) HF 2.3–8%

(2) Myocardial ischemia (1.7%)

Tyrosine kinase inhibitors

Sunitinib (1) Hypertension (47%)

(2) Asymptomatic decline in LVEF (10–21%)

(3) Symptomatic HF in up to 15%

Variable time to presentation (days–months)

Sorafenib (1) MI (2.7–3%)

(2) Hypertension (17–43%)

(3) HF/LV dysfunction

Less cardiac dysfunction than sunitinib

Axitinib (1) Hypertension

Regorafenib (1) Hypertension

Vandetanib (1) Torsades de pointes

Imatinib (1) LVEF reduction (0.5–1.7%)

Dasatinib (1) HF/LV dysfunction

Lapatinib (1) LV dysfunction (1.6–2.2%)

(2) Symptomatic HF (0.2–1.4%)

(3) QTc prolongation

Relatively low incidence of adverse cardiac events

Monoclonal antibodies

Trastuzumab (1) HF/LV dysfunction with variable rates based on

definitions from clinical trials 2–7% as monotherapy,

2–13% with paclitaxel

Up to 27% with anthracyclines

Bevacizumab (1) HTN

(2) HF (0.8–22%)

(3) MI/angina (1.5%)

(4) ATE during treatment (median, 3 months)

Radiation therapy (1) CAD

(2) Valvular disease

(3) Pericardial disease

(4) Restrictive cardiomyopathy

(5) Conduction system disease

CMP cardiomyopathy, LVD left ventricular dysfunction, HF heart failure, AC doxorubicin and

cyclophosphamide, MI myocardial infarction, AV atrioventricular, CAD coronary artery disease,

ECG electrocardiogram, CVD cardiovascular disease, DHP dihydropyrimidinase, HTN hyperten-

sion, LVEF left ventricular ejection fraction, VEGF vascular endothelial growth factor, NO nitric

oxide, ATE arterial thrombotic event, ACS acute coronary syndrome
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Defining Cardiotoxicity

Anthracycline-related symptomatic HF was first described in the 1970s [15]. In the

1970s and 1980s, multigated acquisition (MUGA) scanning, also known as resting

radionuclide angiocardiography, emerged as the modality of choice for monitoring

LV function in adult and pediatric patients treated with anthracyclines [46–49]. Ini-

tial guidelines were proposed by Alexander et al. grading heart failure (HF) as mild,

moderate, or severe, on the basis of a progressive fall in LVEF using serial MUGA

imaging [46]. These guidelines were implemented in a large single-center study

over 7 years, and the use of these guidelines in conjunction with MUGA for

monitoring LVEF was demonstrated to be associated with a low incidence, benign

course, and reversible degree of anthracycline-related HF [49]. Accordingly,

assessment of LV systolic function by resting LVEF has become routine in current

practice for cardiovascular evaluation in cancer patients treated with anticancer

therapy [46]. Among non-cancer populations, LVEF has been repeatedly shown to

be an important and independent prognostic indicator and is used frequently in

clinical decision-making [31, 50, 51]. In a cancer population, the prognosis of

developing LV systolic dysfunction is presumably worse compared to the general

population, given the continuous nature of the myocardial insult from cytotoxic

therapy.

However, there are limitations with the current paradigm that uses resting LVEF

for surveillance of changes in cardiac and cardiovascular function during and after

potentially cardiotoxic anticancer therapy. First, resting LVEF provides a snapshot

of cardiac performance under optimal circumstances and may not demonstrate

subclinical loss of cardiac reserve from early myocyte damage [52]. Second, resting

LVEF principally assesses load-dependent changes in LV cavity size. Changes in

loading conditions during chemotherapy are common, and, as a result, LVEF may

not reflect actual myocardial systolic function [53]. In fact, LVEF may overestimate

actual LV health when intrinsic mechanisms are initially compensatory to maintain

cardiac output in the face of acute myocardial injury [54]. When such compensation

ultimately falters, a drop in LVEF is finally observed perhaps too late to avert

irreversible cardiomyopathy and attenuate cardiac events [55, 56]. Third, cancer

therapy-induced damage often extends beyond the heart and may occur in conjunc-

tion with (mal) adaptation in other organ components, which are not evaluated by

resting LVEF. Many anticancer therapies cause unique and varying degrees of

injury to the cardiovascular system (i.e., pulmonary-vascular/blood-skeletal muscle

axis) [57]. For example, radiation and certain forms of systemic therapy (e.g.,

chemotherapy, molecularly targeted therapies) can cause pulmonary dysfunction,

anemia, endothelial dysfunction, and pulmonary/systemic arterial stiffness as well

as skeletal muscle dysfunction [11, 12, 58–60]. These direct insults occur in

conjunction with “indirect” lifestyle perturbations (e.g., physical inactivity) that

synergistically cause marked impairments in cardiovascular reserve capacity

(CVRC) [61].
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Moreover, accurate assessment of the frequency and magnitude of cardiotoxicity

is challenging given differences in LVEF cut-points, monitoring frequency, and

measurement modalities used in clinical trials that limit direct comparisons. There

are currently no consensus criteria for cardiotoxicity [38, 41, 62]; trial-based

cardiac safety end points have been heterogeneously defined as either (1) an

absolute reduction of LVEF >10% or >15%, (2) an LVEF reduction >10% or

>15% to a threshold of <55% or <50%, or (3) any LVEF decline to< 50%

[63]. Echocardiography, MUGA, or both have been used most frequently for

cardiac assessments in clinical trials and practice, although LVEF measurements

by these modalities are not interchangeable [64]. The validity of assumptions

common to the spectrum of cardiotoxicity criteria, specifically whether an LVEF

decline is always attributable to treatment-related toxicity and whether the absence

of an LVEF decline can be interpreted as absence of cardiotoxicity, is also debat-

able [65]. Data addressing the utility of systematic follow-up LVEF assessments in

adult cancer survivors with a history of cytotoxic therapy are also lacking [39]. For

certain cardiotoxic agents, such as trastuzumab, serial LVEF measurements are

Food and Drug Administration (FDA)-mandated in the USA [66], and stopping/

holding rules (i.e., LVEF decrease of �16% or 10–15% below institutional lower

limits of normal) that were used in the trastuzumab clinical trials [67–69] during

treatment have translated to clinical monitoring practices. The most recent defini-

tion of cardiotoxicity proposed by Expert Consensus for Multimodality Imaging

Evaluation of Adult Patients during and after Cancer Therapy in 2014 [41] is a

decrease in the LVEF of>10 percentage points, to a value<53%. Moving forward

it will be imperative that a common definition of cardiotoxicity be adopted in order

to gain a better understanding of cardiac dysfunction in cancer patients exposed to

anticancer agents.

Available Modalities for Screening and Monitoring
for Cardiotoxicity

Conventional Imaging Modalities

In current practice, multigated acquisition (MUGA) scanning and two-dimensional

echocardiography (2DE) are most frequently used to evaluate resting LVEF.

MUGA uses 99mTc-labeled erythrocytes to visualize the cardiac blood pool

with gated acquisition using a gamma camera. A series of planar images at each

stage of the cardiac cycle are acquired for the quantification of left ventricular

volumes and LVEF (Fig. 3.1). Following the findings of Schwartz et al. [49],

MUGA soon became popular as the technique of choice for monitoring

cardiotoxicity, and detection of an asymptomatic decline in LVEF by MUGA

was preferred over surveillance for the development of CHF symptoms. Serial

MUGA imaging also allowed the administration of high cumulative doses of
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anthracyclines and the use of anthracyclines when the baseline LVEF was abnor-

mal. MUGA was also demonstrated to have high reproducibility and low variabil-

ity, making it well suited for serial use [48, 70]. On the basis of this body of

evidence, MUGA came to be widely used in oncology clinical trials and in clinical

practice. This practice still continues within the oncology community, while the

cardiology community has largely moved away from MUGA in favor of echocar-

diography and cardiac magnetic resonance (CMR) imaging for the evaluation of

LV systolic function. Cardiologists favor echocardiography and CMR because

these modalities provide additional clinically valuable information not provided

by MUGA such as assessment of diastolic function, right ventricular size and

function, atrial size and function, valvular disease, pericardial disease, intracardiac

thrombus, and extra-cardiac pathology [71]. A recently published study of 2203

breast cancer patients from the SEER-Medicare cohort who received adjuvant

trastuzumab showed that 42% were monitored by echocardiogram, 28% were

monitored by MUGA, and 23% had imaging alternating between the two

modalities [72].

Fig. 3.1 Example MUGA images from cancer patients. (a) and (b) are end-diastolic and

end-systolic MUGA images, respectively, from a 61-year-old male whose LVEF was analyzed

to be abnormal at 47.0%; (c) and (d) are end-diastolic and end-systolic MUGA images, respec-

tively, from a 61-year-old female whose LVEF was analyzed to be normal at 69.2%
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Advantages of MUGA imaging include the ability to image almost all patients

without limitations due to body size or obesity, poor acoustic windows, or the

presence of cardiac devices such as pacemakers or defibrillators. MUGA is also

widely available [71]. Limitations of MUGA include the potential of lower

hematocrit and commonly used drugs such as digoxin, heparin, prazosin, and

hydralazine to adversely affect the efficiency of erythrocyte labeling [73]. Medi-

cations that decrease erythrocyte labeling will reduce the target-to-background

ratio and lead to error. Due to the need for cardiac gating, the accuracy of LVEF

assessments is limited by arrhythmias such as atrial fibrillation [73]. MUGA is

also associated with an average typical effective ionizing radiation dose of 8 mSv

[74, 75]. Thus, in a hypothetical breast cancer patient receiving adjuvant

trastuzumab who is recommended to have LVEF assessment before starting

treatment, every 3 months during, upon completion of treatment, and every

6 months for at least 2 years following completion of treatment [76], the use of

MUGA would result in a cumulative effective dose of 72 mSv. Based on published

estimates of the radiation-related secondary cancer risk from technetium-99 m

myocardial perfusion studies [77], a hypothetical 50-year-old female who

undergoes nine MUGAs would be estimated to have a lifetime risk of 0.64%

for a radiation-related secondary cancer. This is not an insignificant risk when

considered in light of the excellent survival rates for patients diagnosed with breast

cancer today—a 5-year relative survival rate of 89% and a 10-year relative

survival rate of 82% [78]. Finally, the high reproducibility of LVEF measure-

ments reported in the 1970s and 1980s may not apply to current gamma cameras.

Those early MUGA studies were performed using small-field-of-view, single-

headed gamma cameras that allowed optimal positioning of the patient and good

separation between the left and the right ventricles. Current gamma cameras are

primarily large-field-of-view, dual-headed systems that do not permit this degree

of patient positioning [71].

Two-dimensional echocardiography has emerged as the primary cardiac imag-

ing modality in patients who are preparing for, are receiving, or have completed

anticancer therapy. Accurate measurement of LVEF by 2DE requires sufficient

visualization of the LV endocardial border to enable manual tracing of the

end-systolic and end-diastolic volumes from which LVEF is calculated. Visual

LVEF assessments by 2DE are also common in echocardiography laboratories in

clinical practice [79] and prior studies suggest visual LVEF assessments correlate

with quantitative methods [79, 80]. Echocardiography has well-described disad-

vantages, including reliance on adequate acoustic windows and assumptions of LV

geometry (for 2DE). These limitations diminish the reproducibility and accuracy

for assessment of LV volumes and LVEF by 2DE and reduce sensitivity among

serial measurements for detection of small changes in LV function; on occasion,

measurement variability of LVEF by 2DE may be higher than thresholds used to

define cardiotoxicity [81]. However, 2DE has many significant advantages as well,

including wide availability, portability, ease of use, and safety given its lack of

exposure to radiation and to potentially nephrotoxic contrast agents. Finally, 2DE

without contrast does not require intravenous access.
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Novel Imaging Modalities

Transthoracic Echocardiography

Three-dimensional echocardiography (3DE) preserves many of the advantages of

echocardiography while mitigating some of the limitations that exist with 2DE. In

adjuvant breast cancer, 3DE was superior to 2DE in terms of accuracy and repro-

ducibility, and had similar accuracy to MUGA [with cardiac magnetic resonance

(CMR) imaging as the gold standard] for LVEF in early breast cancer [82]. Simi-

larly, 3DE may provide more reliable detection of LVEF changes, which is

clinically important given the threshold magnitude of LVEF decline (10%) used

to adjudicate subclinical cancer therapy-related cardiac dysfunction by existing

criteria [62]. In a prospective comparison of 2DE and 3DE in 56 breast cancer

patients, Thavendiranathan et al. [81] found that the temporal variability of LVEF

by 3DE was 5–6% compared with 10–13% by 2DE. In the same study,

non-contrast 3DE measurement of LVEF had the best intra- and interobserver as

well as test-retest variability, compared with 2DE. Despite its superiority for LVEF

assessments, 3DE requires greater expertise and is less available than 2DE, limiting

its use in standard monitoring at most centers.

While evaluation of contractile function with echocardiography has traditionally

been limited to volume-based assessment of LVEF and assessment of regional wall

motion or visual estimation of regional thickening, there has been interest in the

past few years in techniques that provide more objective and reproducible measures

of contractile function through imaging of myocardial deformation. Deformation

imaging, in the broadest sense, allows for direct assessment of myocardial muscle

shortening and lengthening throughout the cardiac cycle. There are several indices

available to assess myocardial deformation, including strain, strain rate, and tor-

sion. Current echocardiographic assessments of myocardial deformation are based

on tissue Doppler imaging (TDI) or speckle-based tracking (STE), the

two-dimensional tracking of unique speckle patterns created by the constructive

and destructive interference of ultrasound beams within tissue, which has technical

advantages compared to TDI. These speckles are tracked on a frame-by-frame basis

and the accuracy of speckle tracking has been validated against sonomicrometry

and tagged CMR imaging [83]. Strain reflects the global deformation of ventricular

myocardium during the cardiac cycle, is typically measured at peak systole (i.e., at

aortic valve closure), and can be determined in the longitudinal (GLS), radial

(GRS), and circumferential (GCS) planes [83]. Beyond measuring linear deforma-

tions, peak systolic LV torsion by STE can also measure myocardial rotational

deformation due to helical orientation of the myocardial fibers, by calculating the

maximum instantaneous difference between peak systolic apical rotation relative to

basal rotation [84].

These parameters have emerged as more sensitive measures of subclinical LV

dysfunction and may be useful approaches for the early detection of cancer therapy-

induced cardiotoxicity and for following patients longitudinally [85]. Reduced TDI
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strain and strain rate revealed impaired myocardial function prior to LVEF decline

[86–88] and HF symptoms [89] in patients treated with anthracycline-containing

therapy although the predictive value of these parameters was not evaluated. Global

longitudinal strain by STE detects subclinical LV systolic dysfunction among

cancer patients with preserved LVEF, including early-stage breast cancer patients

undergoing anthracycline-trastuzumab therapy [85, 90] and adult survivors of

pediatric malignancies treated with anthracyclines and/or chest radiation [91]. In

separate small studies, Sawaya et al. [90, 92] found that impaired absolute GLS

(>�19%) at 3 months and Negishi et al. [93] found that relative GLS decline

(�11%) from baseline to 6 months predicted LVEF decline in breast cancer

patients treated with trastuzumab with or without anthracyclines (Fig. 3.2). GLS

also appears to provide superior prognostic information to LVEF in non-cancer

populations; a recent meta-analysis showed that GLS independently predicted

mortality better than LVEF in 5721 patients with diverse cardiac conditions includ-

ing HF, acute myocardial infarction, valvular heart disease, and cardiac amyloid-

osis [51]. Impairments in torsion and torsion velocities in the absence of LVEF

changes have been observed 1 month after anthracycline therapy in 25 leukemia/

lymphoma patients [94] and after 7 years in 35 anthracycline-treated childhood

cancer survivors [95]. Finally, three-dimensional (3D) STE is a novel modality that

can comprehensively assess LV myocardial mechanics, tracking linear myocardial

deformation in multiple dimensions simultaneously as well as torsion and mechan-

ical dyssynchrony, and has demonstrated early promise in this context, with

Fig. 3.2 Echocardiographic strain imaging for early detection of cardiotoxicity. In many disease

states, measurements of global longitudinal strain (GLS) by two-dimensional echocardiographic

speckle tracking are more sensitive for detecting impaired myocardial systolic performance than

left ventricular ejection fraction (LVEF) and less susceptible to alterations in loading conditions.

In toxin-induced myocardial damage, both in the preclinical and clinical setting, reduced strain and

strain rate have revealed impaired myocardial function prior to LVEF decline and heart failure

symptoms
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sensitive detection of altered LV mechanics in childhood cancer survivors treated

with anthracyclines [96].

Despite their potential, echocardiographic myocardial deformation indices have

important considerations currently limiting their widespread use in cardio-

oncology. The optimal timing for assessments in relation to chemotherapy com-

pletion and cutoff values for positive tests remain undetermined. Strain echocardi-

ography is dependent on high-quality images, has variability related to different

vendor acquisition and analysis platforms, and has uncertainty regarding the opti-

mal parameter of myocardial deformation and interinstitutional reproducibility

[41]. However, longitudinal strain has been demonstrated to be more reproducible

[97] and the emerging evidence suggests myocardial deformation indices have a

potential role for early detection of therapy-related cardiotoxicity that merits further

investigation and validation in large cohort studies.

Cardiac Magnetic Resonance

Cardiac magnetic resonance (CMR) imaging became a routine clinical test only

about a decade ago. This was made possible by dramatic advances in technology,

which changed this modality from providing mostly static, tomographic images of

organ morphology to high-resolution, dynamic images allowing the assessment of

cardiac function with excellent resolution and contrast. Moreover, advances in

tissue characterization techniques, have made CMR the gold standard for assess-

ment of myocardial viability, fibrosis, infiltrative, and inflammatory diseases

[98, 99]. In this section we will discuss established and routinely available CMR

techniques for cardiotoxicity screening during cancer treatment, which at present

relies primarily on imaging left ventricular systolic function. Furthermore, we will

discuss which additional information can be obtained in the same routine CMR

exam for monitoring cardio-oncology patients, namely, early detection of myocar-

dial tissue damage, impaired myocardial blood flow, tumor involvement of the

heart and pericardium, and thrombus formation. We will also address promising,

new technological developments, which are being explored for use in this patient

population.

CMR for Evaluation of Ventricular Function and Volumes

CMR is widely accepted in the cardiac imaging community as the gold standard for

assessment of cardiac volumes, left ventricular mass, and function [100] and

endorsed by the American College of Cardiology/American Heart Association as

a method to screen for chemotherapy-related cardiotoxicity [101]. From a concep-

tual standpoint, the key parameter for being able to detect changes in ventricular

function on serial imaging is the inter-study reproducibility of the imaging modality

used for LVEF measurements. This is determined by the standard deviation (SD) of

the mean difference between repeat imaging studies. With wider margins in
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variability (usually expressed as �2 SD), the ability to detect these subclinical,

often small, changes in LVEF decreases. As a consequence, patients may develop

HF symptoms without detecting a significant reduction in LVEF in serial imaging.

Conversely, important treatment may be held due to a “measurement error,”

without a true decline in LVEF. Some information of the relative reproducibility

of modalities can be gleaned from prior studies where both image acquisitions and

LVEF measurements were repeated in the same patients. Grothues et al. studied

60 patients twice with 2D echocardiography and CMR and found superior repro-

ducibility of LVEF measurements with CMR compared with 2D echocardiography

with a mean difference and SD of �0.5�1.7 and 0.5�5.6, respectively [102]. Sim-

ilar direct comparisons of LVEF measurements of MUGA vs. CMR are not

available; however, the reported mean differences for repeated MUGA LVEF

measurements are 1.8%, with SD ranging between 4.4 and 6.9% [103, 104]. To

illustrate, a 5% SD of the mean difference means that in repeat assessments,

notably without any true change in LVEF, this imaging modality will produce

LVEF results that are within 20% of each other (i.e., �2 SD). With that in mind, it

may not be surprising that Swain et al. found in their analysis of 630 patients

receiving doxorubicin that 66% of patients who developed HF had no significant

LVEF reduction noticed on serial MUGA scans and many patients had similar EF

changes without HF occurrence [16]. The authors concluded that LVEF measure-

ments [with MUGA] are not an accurate predictor of HF in patients who receive

doxorubicin. The question though is whether the reproducibility of the modality

rather than the physiologic concept of LVEF monitoring is flawed, knowing that

occurrence of HF symptoms in the context of cardiotoxicity is uniformly associated

with a significant drop in LVEF.

Current guideline cutoffs for detecting cardiotoxicity are based on studies using

MUGA showing LVEF variability of 5.4� 4.4% in normal patients and

2.1� 2.0% in abnormal patients [47]. Since the variability of CMR is lower,

using CMR we may be able to reliably detect smaller changes and diagnose

cardiotoxicity earlier, before there is a large (>10%) drop in LVEF. Therefore,

further research is needed on using CMR LVEFs to detect cardiotoxicity, and based

on this research, guidelines may need to be refined. One study supporting this

thought is by Drafts et al. [105] who found smaller changes in LVEF of <10%

(58� 1% to 53� 1%), whereas other features such as strain, pulse wave velocity,

and biomarkers confirmed that these patients did have cardiotoxicity even though

they technically did not meet the current guideline cutoffs for change in LVEF.

Although CMR has been used in cardiotoxicity screening with substantial

improvements in diagnosis of cardiomyopathy after cancer treatment [106], at

present its use in oncology practice is limited. Arguments raised against its use

are primarily concerns regarding availability and cost [62]. Concerning the latter, a

closer look at 2014 Medicare National Coverage Determinations Manual demon-

strates however a de facto lower cost for the pertinent CMR procedure compared to

MUGA and echocardiography procedures (CPT 75557 “cardiac magnetic reso-

nance imaging for morphology and function without contrast material” at $

294.78 vs. CPT 78473 “cardiac blood pool imaging, gated equilibrium wall motion
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with ejection fraction” at $ 397.32 vs. CPT 93306 “echocardiography, transtho-

racic” at $ 427.00) [107, 108]. Second, the USA has a high availability of MRI

scanners with a total of about 12,000 scanners or 38 MRI scanners per million

population, and the basic functionality for LVEF measurements can easily be

implemented on a clinical scanner and performed with little additional cost

and training.

Thus, the main practical limitations to performing MRI for screening in cancer

arise in patients with pathologic claustrophobia, which in most patients is mild and

can be overcome with conscious sedation, and with implantable devices such as

older non-MRI compatible pacemakers and implantable cardioverter-defibrillators.

Some breast tissue expanders have magnetic ports, such as the Contour Profile

Tissue Expander (Mentor, Santa Barbara, CA), and are not considered safe for an

MRI examination. Using current state-of-the-art CMR technology, LVEF measure-

ments can be accomplished within a 15 min examination, which does not require

intravenous access or contrast administration. Off-line image analysis of the 3D

data set can be accomplished on commercially available workstations within 5 min

(Figs. 3.3 and 3.4). Importantly, there are no limitations to visualizing the heart due

to acoustic window (which may be obscured by breast expanders such as saline or

silicone implants, bone or lung tissue), and radiation doses typically in the order of

7 mSv for each serial MUGA scan can be avoided in these patients with already

high radiation exposure due to the need for cancer staging [109].

Delayed Enhancement CMR for Myocardial fibrosis

Cardiac fibrosis can occur without a decrease in LVEF [110, 111] and is a highly

sensitive marker of structural heart disease. Cardiac fibrosis occurs in two forms—

reactive and replacement. In reactive fibrosis, collagen accumulates diffusely in

Fig. 3.3 Example CMR images demonstrating cardiomyopathy. A 47-year-old patient with breast

cancer treated with anthracyclines, demonstrating cardiomyopathy. Panel A shows a diastolic

frame and Panel B shows a systolic frame. The LVEF was quantified at 42%
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perivascular and interstitial tissues without cardiomyocyte loss, while replacement

fibrosis involves loss of cardiomyocytes. Cardiac fibrosis plays an important role in

the development and progression of systolic and diastolic heart failure

[112, 113]. Increasing cardiac fibrosis results in progressive deterioration of cardiac

function, with more extensive cardiac fibrosis identified in patients with advanced

heart failure, regardless of the etiology of cardiomyopathy [114, 115]. The presence

and extent of cardiac fibrosis has been associated with heart failure [114] and death

[115, 116], even in subjects without known cardiac disease [110, 117, 119]. In

recent years, cardiac fibrosis has been demonstrated to have an adverse prognostic

impact in various forms of heart disease such as ischemic heart disease [120],

nonischemic dilated cardiomyopathy [121], hypertrophic cardiomyopathy [122],

cardiac sarcoidosis [123], cardiac amyloidosis [124], myocarditis [125], and aortic

stenosis [126]. Thus, cardiac fibrosis is not only a highly sensitive but also a

prognostically important marker of structural heart disease. Importantly, imaging

techniques that are used routinely for assessment of LVEF in cancer patients—

echocardiography and MUGA scanning [72]—cannot assess cardiac fibrosis. CMR

allows accurate detection and quantification of both reactive and replacement

fibrosis [98, 127–129]—reactive fibrosis by T1 mapping and replacement fibrosis

by delayed enhancement CMR (DE-CMR).

Two retrospective and one prospective studies from the group at the University

of Manitoba described the presence of subepicardial delayed enhancement with a

prevalence of 94–100% in the context of cardiomyopathy in patients with breast

cancer during [130, 131] and at the end of treatment [132] with anthracyclines and

trastuzumab. However, subsequent studies from other groups [105, 133] have

demonstrated that chemotherapy-related cardiotoxicity is not typically associated

with any delayed enhancement during or early after treatment. In our collective

experience, we have also observed no delayed enhancement in patients with

Fig. 3.4 Example CMR images demonstrating valvular disease. A 61-year-old patient with

lymphoma treated with chemotherapy and radiation, demonstrating aortic stenosis (a) and aortic

regurgitation (b)
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cardiotoxicity during or soon after chemotherapy with either anthracyclines or

trastuzumab.

Some patients with chronic cardiomyopathy from cardiotoxicity may develop

delayed enhancement that is basal mid-myocardial or at the right ventricular

insertion points [133]. The prevalence of these patterns is low [133–135]. These

patterns are nonspecific and shared by chronic cardiomyopathies of any etiology. A

study of 62 childhood cancer survivors treated with anthracyclines and imaged

7.8 years later described no delayed enhancement [136]. Thus, there is no pattern of

delayed enhancement or replacement fibrosis that is unique to chemotherapy-

related cardiotoxicity.

Since chemotherapy-related cardiotoxicity is not typically associated with

replacement fibrosis, fibrosis seen on CMR with delayed enhancement imaging in

the setting of a low LVEF could point to an alternative explanation for the

cardiomyopathy, such as an ischemic cardiomyopathy or myocarditis [99]. Thus,

delayed enhancement imaging is nevertheless useful in the evaluation of presumed

chemotherapy-related cardiotoxicity to confirm the etiology of the cardiomyopathy

and to rule out other diagnoses with important implications, such as ischemic heart

disease.

CMR for Assessment of Concomitant Cardiac Disease in Cancer Patients

With the increasing number of older patients newly diagnosed with breast and other

cancers [137], and as a result thereof the increasing prevalence of co-existing

cardiovascular disease, timely diagnosis and initiation of treatment of these is

essential prior to exposure to potentially cardiotoxic drug regimens. This is partic-

ularly important since preexisting cardiac conditions such as coronary artery

disease or cardiomyopathy are known risk factors for both anthracycline-

[55, 138] and trastuzumab-related [139] cardiac complications.

A CMR study is modular allowing the expansion of the basic CMR test protocol

for LVEF assessment to include evaluation for ischemic heart disease and/or

cardiomyopathy as indicated based on patients’ history of risk factors and symp-

toms. For the assessment of myocardial ischemia, there are few additional steps

required, including intravenous access and contrast administration. Most elderly

and cancer patients have limited exercise tolerance; therefore, pharmacological

stress with vasodilators such as adenosine or regadenoson will be more practical

in most cases. This “ischemia” protocol, which is typically combined with assess-

ment of myocardial viability/scar with the delayed enhancement technique

discussed above, adds approximately 20 min to the baseline exam without contrast.

The diagnostic performance of stress CMR for detection of CAD in a recent meta-

analysis was reported having a sensitivity of 91% and specificity of 81%

[140]. Moreover, CMR was shown to be useful in women, who pose in general

challenges for noninvasive CAD diagnosis due to smaller heart size, more frequent

intermediate severity, and limited extent of CAD, with a sensitivity and specificity

of 84 and 88%, respectively [141].
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The pericardiummay be affected in cancer patients as the primary affected organ

such as in pericardial mesothelioma, but this is rarely diagnosed clinically

[142]. However, autopsy studies show that 19–40% of patients dying of lung

cancer, and 10–28% dying of breast cancer have pericardial involvement, which

is typically from direct spread of the primary chest tumor [143]. A sequela of

pericardial tumor involvement is pericardial effusion, which can result in

tamponade. Pericardial effusion can also be the cardiotoxic sequela of various

anticancer agents [12]. Pericardial morphology and the presence of an effusion

can be assessed by the same image data set obtained for LVEF assessment. These

dynamic images also provide information on the hemodynamic relevance, if col-

lapse of the right atrium and ventricle is present and if the inferior vena cava is

dilated [144]. On delayed enhancement images obtained for myocardial tissue

characterization, pericardial enhancement indicates the presence of inflammation.

Pericardial thickening and typical findings of increased ventricular interdependence

on dynamic cine imaging during respiration are hallmarks of constrictive

pericarditis [145].

Strain Imaging by CMR

To better characterize the complex deformation and shortening of the helical

myocardial layers during contraction, and to differentiate passive tethering of

dysfunctional myocardial regions from active contraction, strain imaging was

introduced [146, 147]. Strain is a measurement of the percent change in the fiber

length and can be obtained in radial, circumferential, and longitudinal direction. A

widely validated and reproducible tool for this purpose is tagged CMR, whereby

noninvasive markers (e.g., tags) are placed in a grid-like format by locally induced

perturbations of magnetization with selective radiofrequency saturation. Several

motion quantification techniques are available; the most commonly used is har-

monic phase (HARP) analysis [148]. Normal values for maximal longitudinal strain

(%; mean� SD) depend on age and gender and are highest at the apex and smallest

at the base, ranging from �0.13� 0.04 to �0.15� 0.03 at the base to �0.18� 0.05

to �0.19� 0.04 at the apex [149]. One study assessed myocardial strain by speckle

tracking echocardiography and CMR in childhood cancer survivors exposed to

anthracycline therapy with normal systolic function. The authors found that both

circumferential and longitudinal myocardial strains were reduced in these individ-

uals compared to normal controls [average mid-peak circumferential strain magni-

tude �14.9� 1.4 versus �19.5� 2.1 (P< 0.001) and peak longitudinal strain

magnitude �13.5� 1.9 versus �17.3� 1.4 (P< 0.001) by CMR] [150]. The

added benefit of strain imaging is expected to be the detection of subclinical

cardiotoxicity in patients receiving potentially cardiotoxic chemotherapies. To

investigate changes in circumferential strain over the course of anthracycline

therapy, Drafts et al. performed serial CMR imaging before and 1, 3, and 6 months

after therapy in 53 patients. The authors found deterioration in circumferential

strain (�17.7� 0.4 to �15.1� 0.4; p¼ 0.0003); interestingly this was
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accompanied by a likewise small but significant change in LVEF (58� 1% to

53� 1%; p¼ 0.0002) [105]. This small study raises a question needing further

investigation about how much additional diagnostic information is gained by both

imaging (strain, etc.) and non-imaging (troponin, etc.) tests over small changes in

LVEF that can be detected by CMR as an indication for cardiotoxicity.

T1 and T2 Mapping by CMR to Characterize the Myocardium

T1 and T2 myocardial mapping are promising newer CMR techniques that offer a

quantitative assessment of the myocardium (by using T1 and T2 relaxation times) in

the evaluation of diffuse myocardial disease (fibrosis and edema).

Reactive fibrosis is most often assessed by CMR using the T1 mapping tech-

nique and is expressed using “native” T1 values when performed without contrast

and as extracellular volume fraction (ECV) when performed with contrast. The

longitudinal relaxation time T1 of a tissue indicates how rapidly protons recover

after a radiofrequency pulse. Pre-contrast (or “native”) T1 varies with water content

and may increase due to diffuse myocardial fibrosis, but it reflects a composite

signal from both myocardial cells and the interstitium, and it varies with the

measurement technique and CMR field strength. After gadolinium-based contrast

administration, T1 times are shortened. The T1 times are a primary reflection of and

are inversely proportional to the concentration of gadolinium in the interstitium.

Thus, measuring T1 after contrast administration gives a better measure of the

interstitial space. However, post-contrast T1 also varies with gadolinium dose,

clearance rate, time after contrast administration, body composition, hematocrit,

and the heart rate. If the change in T1 after contrast administration is measured in

both the myocardium and blood after equilibration of the contrast distribution, the

partition coefficient can be calculated. By correcting for the hematocrit level, the

myocardial ECV is derived. The ECV is largely independent of the measurement

technique and CMR field strength and is an inherent measure of the individual’s
myocardial interstitial space.

T1 mapping has great potential for the evaluation of chemotherapy-related

cardiotoxicity because the predominant type of fibrosis seen in cardiotoxicity is

reactive fibrosis and not replacement fibrosis. Diffuse reactive fibrosis is, in fact, a

hallmark of the condition. Animal studies of chronic anthracycline cardiotoxicity

have shown higher native T1 values compared to controls [151, 152]. ECV has

been shown to correlate with anthracycline dose, functional capacity, LV dysfunc-

tion, and markers of adverse LV remodeling in pediatric [153] and adult [154]

patients after completion of anthracycline-based chemotherapy. Similarly, CMR

measures of contrast-enhanced T1-weighted signal intensity were higher 3 months

after initiating potentially cardiotoxic chemotherapy in a study of 65 cancer

patients [155]. Thus, diffuse reactive fibrosis assessed by CMR has an important

role in the pathophysiology and likely the prognosis of chemotherapy-related

cardiotoxicity.
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T2-weighted CMR is useful in distinguishing acute from chronic myocardial

infarction according to the presence or absence of edema. However, T2-weighted

sequences have a number of disadvantages including their susceptibility to artifacts

and relatively lower differences in signal intensity between edematous and normal

myocardium, making the image interpretation difficult. Also, similar to DE-CMR,

T2-weighted imaging is based on identification of focally increased signal intensity

compared to “normal remote” myocardium. Such a technique would not be useful

to identify the presence of diffuse edema in the entire myocardium, as would be

expected with chemotherapy-related cardiotoxicity. It is in this regard that T2

mapping would provide an objective and quantitative measure of diffuse myocar-

dial edema.

In an animal study of early anthracycline cardiotoxicity, T2 values were

increased in explanted hearts of anthracycline-treated rats in comparison to con-

trols, even in the absence of LV dysfunction or histopathologic evidence of cardiac

fibrosis or necrosis [156]. However, another rat study of anthracycline

cardiotoxicity did not show any significant changes in T2 values in explanted hearts

of anthracycline-treated rats [151]. In a human study of 65 cancer patients treated

with anthracyclines who had CMRs before and 3 months after initiation of chemo-

therapy and had small but significant LVEF declines, there was no significant

increase in myocardial relative enhancement (quantified as the ratio of myocardial

to skeletal muscle signal intensity) on T2-weighted images [155]. There are three

main explanations for the negative finding: one, there may be absence of significant

edema with cardiotoxicity; two, this study only noted small declines in LVEF and

edema may be seen in those with larger declines in LVEF; or three, imaging at

3 months may not be the right timing to detect edema from cardiotoxicity. There-

fore, further research is warranted to investigate whether T2 mapping could be used

for the early detection of cardiotoxicity.

Targeted Nuclear Imaging by CMR

Cell death by apoptosis is believed to be an important mechanism in ischemic and

nonischemic cardiomyopathies [157]. An early event in apoptosis is translocation

of phosphatidylserine on the extracellular surface of the cell membrane, where

annexin V, a commercially available soluble protein, can bind. This protein has

been recently conjugated to superparamagnetic iron oxide (SPIO), which is a

negative MRI contrast agent that can be visualized using a T2*-weighted MRI

pulse sequence. Dash et al. have tested this technique to detect apoptosis in a mouse

model of doxorubicin cardiotoxicity. They found a good correlation between CMR

T2* signal loss and number of apoptotic cells in tissue samples. In vivo, they were

able to detect apoptotic activity up to 10 days after doxorubicin exposure and

moreover demonstrated that apoptosis is a reversible and treatable process with

alpha-1-adrenergic receptor agonists [158].
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Detection of Vascular Injury by CMR

In addition to HF from myocardial toxicity, damage to the endothelium and

increased risk for vascular disease have been demonstrated after anthracyclines

[59], hormone therapy [159], and therapies targeting the vascular endothelial

growth factor (VGEF) pathway with bevacizumab [160] and sorafenib

[161]. Using the phase-contrast velocity flow mapping technique, which allows

the measurement of blood flow and the generation of flow velocity time curves,

Chaosuwannakit et al. were able to demonstrate an increase in aortic stiffness after

anthracycline therapy. They studied aortic blood flow in 40 patients before and after

anthracycline treatment and demonstrated an increase in pulse wave velocities and

decrease in aortic distensibility in treated patients but not in controls [59]. Endothe-

lial function can be assessed noninvasively by flow-mediated arterial dilatation

(FMAD) [162] and could be used in studies investigating vascular effects of

chemotherapies.

Nuclear Cardiology Techniques

New radiopharmaceuticals and technical advances in scintigraphy have contributed

to an evolution in nuclear cardiac imaging for cancer patients starting fromMUGA,

used to quantitate LVEF, to higher-order functional techniques capable of visual-

izing pathophysiologic and neurophysiologic processes at the cardiac tissue level.

Molecular imaging techniques including 111In-antimyosin (marker specific for

myocardial cell necrosis) and 123I-metaiodobenzylguanidine (imaging the efferent

sympathetic nervous innervation) have demonstrated potential as early predictors

of chemotherapy-induced cardiotoxicity in anthracycline-treated patients. In one

study, 111In-antimyosin uptake was more intense in patients with low LVEF and

correlated with LVEF values [163] while increased uptake at intermediate cumu-

lative doses identified patients at risk for cardiotoxicity before LVEF deterioration

[164]. The same group showed that patients with more intense 111In-antimyosin

uptake at intermediate doses tended to have more severe cardiac functional impair-

ment at maximal cumulative doses [165]. Another small prospective study found

that at low doxorubicin and epirubicin dose levels, 111In-antimyosin

uptake occurred in the absence of LV systolic and diastolic dysfunction suggesting

that 111In-antimyosin is very sensitive in detecting myocyte damage that precedes

LV dysfunction [166]. Declines in 123I-metaiodobenzylguanidine uptake have also

demonstrated correlation with higher cumulative anthracycline doses and preceded

changes in LVEF [165, 167]. Nevertheless, despite promising results, these tech-

niques, which were investigated more than a decade ago, still have not been

integrated into standard clinical practice.
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Blood-Based Cardiac Biomarkers

Blood-based cardiac biomarkers, specifically troponins, have emerged as poten-

tially useful noninvasive markers of cardiotoxicity in cancer based on the findings

of numerous small studies. Cardiac troponins (troponins I, T, etc.) are released into

the serum as a result of cardiac myocyte death and are the established gold standard

for detecting cardiomyocyte necrosis from any cause. A transient rise in cardiac

troponin I has been demonstrated to predict the occurrence [168, 169] as well as the

magnitude of LVEF decline [169–169] in patients with hematologic and solid

malignancies receiving high-dose anthracyclines (Table 3.3). In women receiving

anthracycline-trastuzumab-containing therapy, detectable troponin I levels

(>0.08 ng/ml) were associated with a 23-fold increased risk of “cardiotoxicity”

(LVEF decline >10% to <50%) and a ~3-fold increased risk of LVEF irrevers-

ibility following drug discontinuation [56]. Early changes in highly and

ultrasensitive troponin I have shown incremental prognostic power, particularly

in combination with STE, to predict HF in early breast cancer patients treated with

anthracycline-trastuzumab therapy [90, 92]. However, as reported by Sawaya et al.

[90], the sensitivity and specificity of ultrasensitive troponin I for predicting

anthracycline-trastuzumab cardiotoxicity are not high at 48% (95% CI, 27%–

69%) and 73% (95% CI, 59%–84%), respectively, and the clinical utility of

troponin measurements is not as well established for non-anthracycline-based

chemotherapeutic regimens [172]. The family of natriuretic peptides (e.g., brain

natriuretic peptide (BNP), N-terminal pro-BNP, and N-terminal pro-atrial natri-

uretic peptide) which measure myocardial stress/stretch and are prognostic in

general HF populations appears to be less reliable than troponins in predicting

LVEF decline in the oncology setting [174, 175].

Overall, the studies of troponins and natriuretic peptides do have notable limi-

tations. The predictive role of these biomarkers has been investigated in small

studies with heterogeneous cancer populations receiving a variety of cytotoxic and

targeted therapies [175]. Moreover, standardization of timing of assessments,

measurement assays, and cutoff points remain undetermined, currently limiting

translation into clinical practice.

Stress-Related Functional Testing

Cancer therapy is associated with reduced cardiovascular reserve attributed to

either the direct effects of therapy or the indirect effects of therapy-associated

lifestyle changes [11, 176]. Application of “system stress” (via pharmacology or

exercise) is an established method to detect subclinical impairments in myocardial

function, and determination of contractile reserve is an independent predictor of

prognosis beyond LVEF in patients with coronary artery disease (CAD), although

these methods have received limited attention in cancer therapy-related

cardiotoxicity [61]. Using exercise stress echocardiography in 57 asymptomatic
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early-stage breast cancer survivors with resting LVEF� 50%, Khouri et al. found

that change in LV stroke volume and cardiac index (from rest) were significantly

reduced by 12 and 24%, respectively, compared to controls, suggesting that

patients have impaired LV contractile reserve (LVCR) [177]. McKillop et al.

[178] examined radionuclide-determined LVEF at rest and during graded exercise

testing in 37 patients receiving doxorubicin; exercise LVEF improved the sensitiv-

ity for detection of cardiotoxicity from 58 to 100%. Civelli et al. [179] measured

LVCR (defined as the difference between peak and resting LVEF) with low-dose

dobutamine during and after high-dose chemotherapy in women with advanced

breast cancer; an asymptomatic decline in LVCR of �5 units from baseline

predicted LVEF decline to <50%. By comparison, multiple exercise and pharma-

cologic stress studies have been performed in anthracycline-treated adult survivors

of pediatric malignancies with mixed results regarding the incremental sensitivity

of exercise [180–183] or pharmacologic [184, 185] stress echocardiography to

detect subclinical therapy-induced cardiotoxicity over resting echocardiography

alone.

Cancer therapy-related cardiac damage also occurs in conjunction with (mal)

adaptation in other organ components [11, 61, 105, 153]. Thus, tools with the ability

to evaluate integrated cross talk between cardiovascular organ components, like

VO2peak, may provide a more comprehensive measure of therapy-related global

cardiovascular effects in the setting of cancer [61]. As a measure of global cardio-

vascular function and reserve capacity, VO2peak is also inversely correlated with

cardiovascular and all-cause mortality in a broad range of adult populations,

including lung cancer [186–189]. In breast cancer, Jones et al. [190] found that

despite preserved resting LVEF� 50%, 130 patients, on average 3 years following

the completion of adjuvant therapy, had VO2peak that was 22% below that of

sedentary age-matched women without a history of breast cancer. Studies investi-

gating the predictive value of VO2peak for acute and late-occurring cardiac dys-

function and other cardiovascular events in cancer patients are warranted.

Genetic Risk Profiling

Future strategies to treat and prevent anticancer therapy-induced cardiotoxicity are

likely to include personalized approaches that tailor patients to specific therapies

using geneomic(s)-based approaches [191]. Gene polymorphisms may explain, in

part, observed heterogeneity in the incidence rates of cardiotoxicity and may

contribute to myocardial injury from trastuzumab [192] and anthracyclines [193–

195]. Homozygosis for the G allele in carbonyl reductase 3 (CBR3) contributed to

increased cardiomyopathy risk among childhood cancer survivors treated with low-

to moderate-dose anthracyclines [193], whereas breast cancer susceptibility gene

2 (BRCA2) deficiency was demonstrated to increase anthracycline-induced DNA

damage, apoptosis, and risk of cardiac failure in mouse models [194]. Furthermore,

analyses of single nucleotide polymorphisms (SNPs) among anthracycline-treated

children found that using patients’ genetic information in combination with clinical
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risk factors improved discrimination of risk for anthracycline-induced

cardiotoxicity beyond clinical risk factors alone [195]. Although preliminary,

these studies support the potential for genetic testing to enhance surveillance and

prediction of cardiotoxicity, and further study is required.

Conclusions

Cardiovascular disease and cancer lead to significant morbidity and mortality in the

North American population. Improvements in cancer therapies have led to

increased survivorship; however, these treatments may contribute to cardiac mor-

bidity and mortality. Guidance on how to best monitor cancer patients during and

following these treatments is lacking. Current imaging modalities used to detect

cardiotoxicity, such as resting LVEF, are insensitive. Many alternative techniques

have been proposed including advanced cardiac imaging modalities, functional

capacity testing, blood-based biomarkers, and genetic testing, but no best approach

or combination of approaches has yet to clearly emerge. Research evaluating the

role of biomarkers, alternate imaging strategies, and the optimal timing and fre-

quency of these detection techniques is needed. Large prospective, multi-

institutional studies will determine whether these techniques can be used practically

to improve not only detection of cardiotoxicity but also prediction of cardiovascular

and overall survival, thereby facilitating early interventions that may reduce risk of

downstream cardiovascular morbidity without compromising the efficacy of anti-

cancer therapy.
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Chapter 4

Management of Chemotherapy-Associated
Cardiomyopathy

Lauren Gilstrap, Mike Harrison, Gretchen G. Kimmick, and Anju Nohria

Introduction

Cardiovascular complications of cancer therapies are not uncommon, especially in

the setting of preexisting heart disease. The frequency of cardiovascular complica-

tions of cancer therapies has increased with the introduction of novel combinations

and with new targeted biologic therapies [1]. There are many well-documented,

long-term cardiovascular complications of chemotherapy including cardiomyopa-

thy, myocardial infarction, and arrhythmia [2]. This chapter will focus on the

management of cancer treatment-induced cardiomyopathy.

Over the past two decades, the survival rate for most cancers has improved

substantially, due to better screening and treatment modalities. However, as

patients survive longer, we are increasingly aware of side effects and toxicities

associated with cancer therapies. Cardiotoxicity, in particular, is of clinical
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significance for two reasons. First, its development may limit or preclude

potentially lifesaving chemotherapy options. Second, among patients who survive

their cancer, the cardiotoxicity associated with chemotherapy exposure can cause

significant clinical symptoms and limit life expectancy, independent of the patient’s
oncologic prognosis [3].

Chemotherapies Most Commonly Associated
with Cardiomyopathy

The chemotherapy agents most commonly associated with the development of

cardiomyopathy are anthracyclines and human epidermal growth factor

receptor-2 (HER-2)-targeted agents. Other agents that have been associated

with cardiomyopathy are shown in Table 4.1. The majority of data on the

management of chemotherapy-induced cardiomyopathy is derived from patients

treated with anthracyclines and trastuzumab. Therefore, these will be discussed

in detail, in addition to the general management of all chemotherapy-induced

cardiomyopathies.

Table 4.1 Chemotherapy

agents associated with

cardiomyopathy

Class of chemotherapy Examples

Anthracycline Daunorubicin

Doxorubicin

Epirubicin

Mitoxantrone

Alkylating agents Cyclophosphamide

Cisplatin

Microtubule-targeting agents Paclitaxel

Docetaxel

Topoisomerase II inhibitors Etoposide

Biologic response modifiers Interferon

Interleukin-2

Antimetabolites Fluorouracil

Antibodies Trastuzumab

Pertuzumab

T-DM1

Bevacizumab

Alemtuzumab

Tyrosine kinase inhibitors Sunitinib

Sorafenib

Imatinib

Lapatinib

Trametinib

Proteasome inhibitors Carfilzomib
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Anthracyclines

As early as 1967, there were reports of congestive heart failure (CHF) in children

treated with daunomycin for leukemia [4]. Anthracyclines, such as doxorubicin,

daunorubicin, epirubicin, and idarubicin, exert their antitumor effects by (1) inter-

calation between base pairs of the DNA/RNA strands to inhibit DNA and RNA

synthesis [5]; (2) inhibition of topoisomerase II, thereby blocking DNA transcrip-

tion and replication [6]; (3) iron-mediated generation of oxygen free radicals [7];

and (4) induction of histone eviction from chromatin that deregulates the DNA

damage response [8].

The exact mechanism of anthracycline-mediated cardiotoxicity remains unclear.

Proposed mechanisms include [9] (1) increased myocardial oxidative stress via

redox cycling of the quinone moiety of anthracyclines and through the formation of

anthracycline-iron complexes, (2) disruption of cellular and mitochondrial calcium

homeostasis, (3) disruption of mitochondrial energetics, (4) degradation of ultra-

structural proteins including titin and dystrophin, (5) direct DNA damage via

inhibition of topoisomerase 2β [10], (6) inhibition of pro-survival pathways such

as neuregulin-1 and ErbB, and (7) direct cytotoxic effects on cardiac progenitor

cells diminishing repair potential after myocardial injury [11].

Clinical Presentation

Anthracycline cardiotoxicity can present as either acute, early-onset chronic pro-

gressive, or late-onset chronic progressive cardiotoxicity [12]. Acute cardiotoxicity

often presents within the first week of anthracycline exposure and usually recovers

with withdrawal of the offending agent. Recent prospective observational data in

2625 adults treated with anthracyclines suggests that the majority (98%) of

anthracycline cardiotoxicity presents early within the first year of therapy

[13]. This can progress to chronic cardiomyopathy, with a predominantly dilated

phenotype in adults and a restrictive phenotype in pediatric patients

[14]. Anthracyclines can also cause a more subtle, chronic cardiomyopathy which

presents years to decades after anthracycline treatment [15]. This form of

anthracycline-associated cardiomyopathy often results in ventricular dysfunction

[15] with the subsequent development of clinical heart failure and arrhythmias [16].

Risk Factors

There are no reported risk factors for the development of acute cardiotoxicity

related to anthracycline administration. Risk factors for early- and late-onset

anthracycline cardiotoxicity include cumulative anthracycline dose, concurrent
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mediastinal radiation, extremes of age, female gender, and cardiac risk factors or

preexisting heart disease [14]. A formula for estimating the likelihood of develop-

ing cardiomyopathy from anthracycline exposure is shown below:

Y ¼ Xð Þ2=a

where Y¼ the likelihood of developing cardiomyopathy, X¼ the number of cycles

of anthracycline therapy, and a¼ a correction constant determined by the cycle

dose and the duration between cycles [3].

Recommended Monitoring

Asymptomatic cardiomyopathy can progress to symptomatic heart failure and

carries an adverse prognosis. Since the physical exam alone may miss over 50%

of early and potentially reversible cases of anthracycline-induced cardiomyopathy

[17], serial and post-therapy monitoring with electrocardiograms (ECGs), echocar-

diograms, and biomarkers, such as troponin I, may be beneficial in high-risk

patients and has been recommended by some groups [18]. However, this strategy

is not universally agreed upon and is an active area of guideline development.

Traditionally, multi-gated blood pool imaging (MUGA) was used to assess serial

left ventricular ejection fractions (LVEF) during chemotherapy. Due to concerns

related to the radiation exposure associated with MUGA, two-dimensional echo-

cardiography has become the accepted modality for assessing serial LVEF in

patients treated with anthracyclines. Based on data using MUGA, a baseline

evaluation of LVEF is recommended prior to starting anthracyclines. If the baseline

LVEF is >50%, serial measurement is recommended after a cumulative

anthracycline dose of 250–300 mg/m2, then after 450 mg/m2, and after each

subsequent cycle at doses >450 mg/m2. Anthracycline therapy should be

discontinued if the LVEF declines�10% from baseline to�50% [19]. For patients

with preexisting LV dysfunction (baseline LVEF <50%), anthracycline therapy is

not recommended for LVEF <30%. Patients with an LVEF 30–50% can receive

anthracyclines, but their LVEF should be carefully monitored before each subse-

quent dose, and anthracyclines should be discontinued if the EF falls �10% from

baseline to <30% [19].

A recent consensus statement released by the American Society of Echocardi-

ography and the European Association of Cardiovascular Imaging updated these

recommendations to suggest that in patients receiving �240 mg/m2 of

anthracyclines, echocardiograms should be performed at baseline, at completion,

and 6 months after the completion of anthracycline therapy [18]. In patients

receiving >240 mg/m2, additional imaging is recommended before each additional

50 mg/m2. Newer echocardiographic techniques such as strain rate imaging, a

marker of myocardial deformation, may predict early cardiotoxicity prior to the
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development of overt LV dysfunction [20]. Measurement of global longitudinal

strain along with LVEF has also been recommended to identify at-risk patients who

may benefit from early intervention [20]. None of these screening recommendations

have been incorporated into guidelines or uniformly accepted in clinical practice.

Biomarkers, such as B-type natriuretic peptide (BNP) and troponins, have been

used in research settings to stratify patients into baseline risk categories prior to

anthracycline administration. There is data to suggest that the presence of an

elevated troponin at any time during anthracycline administration increases the

risk of cardiotoxicity [21]. The likelihood of toxicity is even greater among patients

with a persistently elevated troponin, even after discontinuation of anthracycline

therapy [22]. An elevated troponin, at any time during anthracycline administration,

has been used as a marker to identify high-risk patients who might benefit from

early initiation of cardiac therapy [23].

Prevention of Anthracycline-Induced Cardiomyopathy

The American Heart Association and American College of Cardiology define four

stages of heart failure that reflect progressive disease and can be used to guide heart

failure therapy (Table 4.2). Patients receiving potentially cardiotoxic chemother-

apies are defined as having Stage A heart failure or are deemed to be “at risk” for the

development of heart failure. As such, several strategies have been examined to

reduce the risk of anthracycline cardiotoxicity.

Dose limitation and continuous, rather than bolus, infusions to limit peak serum

concentrations appear to decrease cardiotoxicity [24]. There have been modifica-

tions of doxorubicin which may reduce the overall cardiotoxic effects; liposomal

preparations, epirubicin, and mitoxantrone all appear to be associated with a lower

Table 4.2 American Heart Association/American College of Cardiology Stages of Heart Failure

At risk for HF Heart failure

Stage A Stage B Stage C Stage D

Symptoms Hypertension Prior MI Structural

disease

HF symptoms

at rest despite

maximal medi-

cal therapy
Atherosclerosis,

Diabetes, Obesity

LV hypertrophy AND

Metabolic

syndrome

Decreased EF Dyspnea

OR Valve disease

(asymptomatic)

Fatigue

Prior cardiotoxin

use (including

chemotherapy)

Decreased

exercise

tolerance

Familial

cardiomyopathy

(continued)
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Table 4.2 (continued)

At risk for HF Heart failure

Stage A Stage B Stage C Stage D

Goals of

therapy

Risk factor man-

agement

including:

Risk factor manage-

ment including:

Risk factor

management

including:

Risk factor

management

including:

Treat

hypertension

Treat hypertension Treat

hypertension

Treat

hypertension

Smoking

cessation

Smoking cessation Smoking

cessation

Smoking

cessation

Lipid

management

Lipid management Lipid

management

Lipid

management

Regular exercise Regular exercise Regular

exercise

Regular

exercise

Decrease/elimi-

nate alcohol

Decrease/eliminate

alcohol

Decrease/

eliminate

alcohol

Decrease/

eliminate

alcohol

Eliminate illicit

drug use

Eliminate illicit drug

use

Eliminate

illicit drug

use

Eliminate

illicit drug use

Control meta-

bolic syndrome

Control metabolic

syndrome

Control

metabolic

syndrome

Control meta-

bolic syndrome

Dietary salt

restriction

Dietary salt

restriction

Address goals

of care and

appropriate

level of care

Standard

drug therapy

ACEi/ARBs for

patients with dia-

betes and/or

known vascular

disease

ACEi/ARBs for

patients with diabetes

and/or known vascular

disease

ACEi ACEi

Beta-blockers for

patients with prior MI,

decreased EF or valve

disease (when

appropriate)

Beta-

blockers

Beta-blockers

Diuretics Diuretics

Drug ther-

apy to con-

sider in

selected

patients

Aldosterone

antagonist

Aldosterone

antagonist

ARB’s ARB’s

Digitalis Digitalis

Hydral-

azine/nitrates

Hydralazine/

nitrates

(continued)
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risk of heart failure than doxorubicin [25]. However, the data comparing these

agents are not robust except for liposomal-encapsulated doxorubicin which is

associated with a significantly lower rate of both asymptomatic and symptomatic

heart failure than conventional doxorubicin [26]. Dexrazoxane is an iron chelator

that binds free iron and prevents the formation of anthracycline-iron complexes that

contribute to oxygen free radical formation. Dexrazoxane has proven to be effective

in reducing anthracycline-mediated cardiotoxicity when doxorubicin has been

administered at doses �300 mg/m2, without compromising the efficacy of cancer

treatment [27]. Unfortunately, dexrazoxane treatment in children has been associ-

ated with an increased risk of myelodysplastic syndrome and acute myelogenous

leukemia when given in combination with other drugs known to be associated with

secondary leukemias [28]. While there is considerable debate that this increase in

late hematologic malignancies may be related to other chemotherapies adminis-

tered to children rather than dexrazoxane, this observation has led the US Food and

Drug Administration and the European Medicines Agency to restrict the use of

dexrazoxane to adult patients with advanced or metastatic breast cancer who have

already received a certain amount of the anthracyclines: doxorubicin (300 mg/m2)

Table 4.2 (continued)

At risk for HF Heart failure

Stage A Stage B Stage C Stage D

Additional

therapies to

consider in

selected

patients

Biventricular

pacing

Biventricular

pacing

Defibrillator Defibrillator

Heart

transplant

Chronic

inotropes

Permanent

mechanical

support

Experimental

drugs and/or

surgeries

Compassion-

ate care/Hos-

pice Care

Adapted from ACC/AHA 2005 Guideline Update for the Diagnosis and Management of Chronic

Heart Failure in the Adult—Summary Article A Report of the American College of Cardiology/

American Heart Association Task Force on Practice Guidelines (Writing Committee to Update the

2001 Guidelines for the Evaluation and Management of Heart Failure): Developed in Collabora-

tion With the American College of Chest Physicians and the International Society for Heart and

Lung Transplantation: Endorsed by the Heart Rhythm Society. (Circulation 2005;112:1825–52.)

ACEi Angiotensin converting enzyme inhibitors, ARB Angiotensin receptor blockers, EF Ejection

fraction, HF Heart failure, LV Left ventricle, MI Myocardial infarction
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or epirubicin (540 mg/m2). Novel agents such as engineered bivalent neuregulin-1β
have been shown to reduce the double-stranded DNA breaks associated with

anthracycline exposure and attenuate LV dysfunction in animal models of

anthracycline-induced cardiomyopathy [29]. However, neuregulin analogs may

have pro-neoplastic effects, and further translational studies are needed to evaluate

their utility as cardioprotective agents.

Prophylactic use of angiotensin converting enzyme inhibitors (ACEi) has also

been proposed. In a randomized open-label trial, 125 lymphoma patients who had

received doxorubicin were assigned 1:1:1 to enalapril, metoprolol, or no therapy.

There was no significant difference in left ventricular ejection fraction (LVEF) or

heart failure between the three groups over a median follow-up period of 31 months

[30]. In another study of 473 patients, troponin I levels were measured following

each cycle of anthracyclines. The 114 patients with a positive troponin were

randomized to receive enalapril or placebo starting one month after the final

cycle. None of the patients in the enalapril-treated group developed subsequent

cardiomyopathy (>10% reduction in LVEF from baseline to <50%) compared to

43% in the placebo group [23].

Beta-blockers have also been evaluated for the prevention of heart failure related

to anthracyclines. Carvedilol has been shown in a small, randomized study of

50 patients to prevent LV dysfunction in patients being treated with high-dose

(mean >500 mg/m2) anthracyclines [31]. By 6 months, patients treated with

carvedilol 12.5 mg once daily had no change in their LVEF compared to a mean

reduction in LVEF from 69% to 52% in the placebo-treated group [31]. Similar

findings were noted in a trial of 45 patients being treated with anthracyclines

randomized to nebivolol vs. placebo [32].

The OVERCOME (preventiOn of left Ventricular dysfunction with Enalapril

and caRvedilol in patients submitted to intensive ChemOtherapy for the treatment

of Malignant hEmopathies) trial randomized 90 patients with hematologic malig-

nancies undergoing high-dose chemotherapy, followed by autologous hematopoi-

etic stem cell transplantation, to either placebo or a combination of enalapril (mean

daily dose 8.6 mg) and carvedilol (mean daily dose 23.8 mg) [33]. Patients treated

with enalapril and carvedilol had no significant change in LVEF, compared to an

absolute 3% reduction in LVEF in the placebo group as estimated both with

echocardiography and cardiac MRI at baseline and six months. There was also a

significant reduction in the composite end point of death, heart failure, or LVEF

<45% in the treatment group by 6 months (6.7 vs. 24.4%, p¼ 0.02) [33]. The

recently completed PRADA (PRevention of cArdiac Dysfunction during Adjuvant

breast cancer therapy) trial evaluated the effect of prophylactic candesartan and

metoprolol in 120 patients with early breast cancer treated with

anthracyclines� trastuzumab and radiation [34]. In this study, patients were ran-

domized in a 2� 2 factorial design to candesartan (8–32 mg daily), metoprolol

(25–100 mg daily), or placebo prior to initiating anthracyclines and were evaluated

for change in LVEF by cardiac MRI from baseline to the end of adjuvant chemo-

therapy. LVEF declined less in candesartan-treated patients relative to placebo (0.6

vs. 2.6%, p¼ 0.021). However, there was no difference in LVEF between
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metoprolol- and placebo-treated patients [34]. Thus, in totality, while there is data

supporting the prophylactic use of ACEi, angiotensin receptor blockers, and certain

beta-blockers to prevent anthracycline-induced cardiomyopathy, the small size of

these clinical trials, limited follow-up, and the large number of patients that would

need to be placed on these medications have prevented the routine use of these

medications in clinical practice.

Incidental use of statins has also been associated with a lower rate of heart failure

in a small propensity score-matched retrospective study [35]. However, at this point

there is insufficient data to recommend initiation of statin therapy in patients

without a preexisting indication.

Trastuzumab and HER-2-Targeted Agents

Trastuzumab is a monoclonal antibody that targets HER-2. The HER-2 gene is

amplified in 20–30% of early-stage breast cancers [36, 37]. The HER-2 gene

encodes a transmembrane tyrosine kinase receptor that belongs to the epidermal

growth factor family. This family has four members that function by stimulating

pathways such as PI3kinase-AKT-mTOR pathway. Activation of these pathways

occurs via ligand-mediated hetero- or homo-dimerization. Overexpression of

HER-2 leads to constitutive activation of these signaling pathways, enabling

rapid proliferation of cancer cells [38]. Trastuzumab binds to domain IV of the

extracellular segment of the HER2-neu receptor, thereby blocking this pathway

[39]. This results in cellular arrest during the G1 phase of the cell cycle and a

reduction in cellular proliferation. Members of this family (ErbB2 and ErbB4) are

receptor tyrosine kinases that are also expressed in cardiac myocytes [40]. -

Neuregulin-1 binds to ErbB4 which, along with its coreceptor ErbB2, appears to

be involved in growth and survival signaling pathways and is inhibited by

trastuzumab [40]. The neuregulin-1 signaling pathway is also altered by

anthracyclines, which may explain the synergistic cardiotoxicity of anthracyclines

and trastuzumab [41].

Clinical Presentation

Trastuzumab-induced cardiomyopathy most often presents as an asymptomatic

decrease in LVEF and less commonly as overt heart failure during trastuzumab

treatment. In contrast to anthracyclines, trastuzumab-induced cardiac dysfunction

does not appear to be dose dependent, and the cardiotoxicity is often reversible with

discontinuation of therapy.

In a phase III trial of chemotherapy with or without trastuzumab for metastatic

breast cancer, 33 patients continued therapy with trastuzumab for an additional 6–7

months despite developing a cardiac event (most often an asymptomatic decline in
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LVEF). After stopping trastuzumab therapy, the LVEF was stable or improved for

85% of patients, and heart failure symptoms were completely reversible for 75% of

patients treated with standard heart failure therapy [42].

In the pivotal trial by Slamon et al., the incidence of cardiotoxicity in patients

with metastatic breast cancer treated with trastuzumab alone was 3–7% [43]. The

incidence of cardiotoxicity in patients treated with trastuzumab, anthracyclines, and

cyclophosphamide was as high as 27% [44]. In 2012, a meta-analysis of 8 trials and

almost 12,000 patients with HER-2-positive breast cancer demonstrated a signifi-

cantly increased risk of asymptomatic cardiomyopathy (relative risk 1.83) and

“severe” heart failure (relative risk 5.11) in patients treated with trastuzumab versus

non-trastuzumab chemotherapy. The rate of severe heart failure among those

treated with non-trastuzumab regimens was 0.4% compared to 2.5% among

those treated with trastuzumab-based chemotherapies [45].

Risk Factors

Age greater than 50 years and previous or concurrent anthracycline use are the

primary risk factors for the development of trastuzumab-induced cardiomyopathy

[46]. Patients who receive concurrent anthracyclines, especially when the

anthracycline is doxorubicin and the cumulative dose exceeds 300 mg/m2, are at

the highest risk of developing trastuzumab-induced cardiomyopathy [47–49]. Other

cardiovascular risk factors such as hypertension, obesity, and a prior diagnosis of

heart disease increase the risk of trastuzumab-induced cardiomyopathy

[46, 50]. There is limited data to suggest that in elderly women, the risk of

cardiotoxicity is higher among those with diabetes [51].

Recommended Monitoring

LVEF should be assessed prior to the initiation of trastuzumab therapy. When

trastuzumab therapy follows anthracycline treatment, LVEF should be assessed

after the completion of anthracycline therapy and prior to the initiation of the

trastuzumab [52]. Patients with a normal baseline LVEF can begin trastuzumab

therapy. Patients with a mildly reduced LVEF 40–50% should have the risks and

benefits carefully weighed before initiating trastuzumab and may benefit from

pretreatment cardiology consultation.

There are no established guidelines for LVEF monitoring during trastuzumab

therapy. In the adjuvant setting, echocardiography is recommended at baseline and

every 3 months during trastuzumab therapy [18, 52]. In the metastatic setting, most

recommend LVEF monitoring at baseline and thereafter as clinically indicated. If

the LVEF declines more than 15% from baseline or 10% from baseline to below

50%, trastuzumab should be held for a month before the LVEF is reassessed. If the
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LVEF remains low or there is evidence of symptomatic heart failure, trastuzumab

should be discontinued [53].

Given that an elevation in troponin predicts cardiotoxicity with anthracyclines,

studies have examined the utility of baseline and post-trastuzumab troponin mon-

itoring. In a multivariable analysis of over 250 patients, an elevated troponin at

baseline was a significant predictor of trastuzumab-induced decline in LVEF

[54]. Older patients, those with a positive troponin, those with a marked reduction

in LVEF, or those who develop cardiotoxicity early in the course of trastuzumab

treatment are less likely to recover left ventricular function to baseline values [54].

Prevention of Trastuzumab-Induced Cardiotoxicity

Like anthracyclines, patients receiving HER-2-targeted therapies are believed to

have Stage A heart failure. Data supporting the use of prophylactic beta-blockers in

patients treated with trastuzumab are derived from a retrospective, propensity-

matched cohort study. This study found that breast cancer patients on incident

beta-blockers were less likely to develop trastuzumab-induced heart failure, com-

pared to those who were not treated with a beta-blocker [55]. The recent MANTI-

CORE (Multidisciplinary Approach to Novel Therapies In Cardiology Oncology

REsearch) trial evaluated the cardioprotective effects of prophylactic perindopril

(target daily dose 8 mg) or bisoprolol (target daily dose 10 mg) in 94 patients with

HER-2-positive breast cancer treated with trastuzumab [56]. Neither drug

prevented trastuzumab-induced LV remodeling which was the primary end point

of the study. However, in a secondary analysis, both perindopril (3%) and

bisoprolol (1%) resulted in a smaller decline in LVEF from baseline to 12 months,

compared to placebo (5%). Furthermore, both perindopril (1/33) and bisoprolol

(1/31) resulted in fewer trastuzumab interruptions compared to placebo (8/30)

[56]. Several randomized clinical trials are currently underway to assess whether

prophylactic ACEi and/or beta-blockers reduce the risk of trastuzumab-induced

cardiotoxicity.

General Principles of Heart Failure Management

There is very little data that specifically addresses the management of

chemotherapy-induced cardiomyopathies. As a result, much of the management

of chemotherapy-induced cardiomyopathy is based on the recommended guidelines

for the management of heart failure with reduced ejection fraction (HFrEF) due to

other etiologies (Table 4.2) [54, 57–59]. It is therefore worth reviewing the central

tenets of HFrEF management and any data specific to the post-chemotherapy

setting.
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Guideline Review of Chemotherapy-Induced Cardiomyopathy

The 2013 American College of Cardiology Foundation/American Heart Associa-

tion Task Force guidelines and the 2006 Canadian Cardiovascular Society guide-

lines do not specifically mention chemotherapy-induced cardiomyopathy

[57, 58]. The 2010 Heart Failure Society of America guidelines recommend that

in patients with established heart failure who are undergoing treatment with poten-

tial cardiotoxic chemotherapy, repeat measurements of LVEF should be considered

as long as there is no clinical evidence of deterioration [54]. The 2012 European

Society of Cardiology guidelines contain a paragraph about cardiomyopathy in the

setting of concurrent cancer. These guidelines name anthracyclines and

trastuzumab specifically as the “best recognized” chemotherapy agents associated

with left ventricular systolic dysfunction. The guidelines state that dexrazoxane

may confer some cardioprotection. Finally, the European guidelines recommend at

least pre- and post-anthracycline LVEF assessment. Furthermore, they recommend

that patients who develop systolic dysfunction should have their anthracyclines

stopped and should undergo “standard” treatment for HFrEF [59].

Pharmacologic Management Principles

Pharmacologic therapy in heart failure is intended to reverse or prevent progressive

adverse left ventricular remodeling, improve clinical symptoms, and reduce mor-

bidity and mortality.

Angiotensin Converting Enzyme Inhibitors (ACEi)

ACEi are one of the most important classes of drugs in the management of HFrEF.

ACEi have been shown to improve survival in both asymptomatic (Stage B) and

symptomatic (Stage C) patients with LVEF �40 [60–62]. Notably, similarly pos-

itive results have been seen with angiotensin receptor blockers (ARBs) in patients

who are unable to tolerate ACEi [63].

Serial imaging as per the recommended consensus statements permits the detec-

tion of left ventricular dysfunction prior to the development of symptomatic heart

failure (Stage B). According to published cardiology guidelines, all patients with

Stage B heart failure should receive an ACEi or ARB to promote recovery/stabi-

lization of left ventricular function and prevent the development of symptoms. In a

prospective study of 2625 anthracycline-treated patients followed by serial echo-

cardiography, 9% developed cardiomyopathy (defined as a>10% decline in LVEF

from baseline to <50%) over a median follow-up of 5.2 years. Most of these

patients (81%) had none or minimal heart failure symptoms, and early initiation of
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ACEi and beta-blocker therapy resulted in either full (11%) or partial recovery

(71%) of LV function in majority of patients [54]. Similarly, in a cohort of

251 breast cancer patients treated with trastuzumab and followed by serial echo-

cardiography, 17% developed cardiotoxicity. Interruption of trastuzumab and

initiation of ACEi and beta-blockers facilitated recovery of LVEF to >50% in

60% of patients [54]. In contrast, the effectiveness of ACEi in childhood cancer

survivors with anthracycline cardiotoxicity remains unclear [64].

When initiating an ACEi, it is prudent to start at a low dose (i.e., short-acting

captopril 6.25 mg three times daily or long-acting lisinopril 5 mg daily) to minimize

the risk of hypotension and renal insufficiency [65]. A 10–20% increase in creat-

inine is expected within the first 2 weeks after starting ACEi therapy. If the

creatinine increases >30%, the ACEi should be stopped. In patients with baseline

renal insufficiency (creatinine >1.4 mg/dL), creatinine and potassium levels must

both be monitored 1 week after initiating ACEi and periodically thereafter. There is

evidence that ACEi decrease the progression of renal disease in most patients with

baseline renal insufficiency. Therefore, under careful surveillance, an ACEi should

be continued, even in a patient with renal insufficiency, unless the creatinine

increases >30% from baseline [66].

Once patients are able to tolerate low doses of ACEi (based on blood pressure,

creatinine, and potassium), the dose should be increased every 1–2 days (in an

inpatient setting) or 1–2 weeks (in an outpatient setting) to a target of short-acting

captopril 50 mg three times daily or long-acting lisinopril 40 mg daily (Table 4.3).

Attempts should be made to achieve the target doses used in clinical trials.

However, in patients who cannot tolerate target doses, the maximum dose tolerated

should be continued [67].

The most common reasons ACEi cannot be tolerated or uptitrated include cough,

hypotension, renal insufficiency, and allergic reaction. Patients with cough should

be switched to an ARB. Blood pressure and routine laboratory studies including

electrolytes and renal function should be checked 1–2 weeks after changing or

starting an ACEi. Given the risk of hyperkalemia, anytime there is an abrupt change

in renal function on routine laboratory evaluation; electrolytes should be checked in

patients on ACEi therapy.

Beta-Blockers

There have been numerous clinical trials demonstrating the mortality benefit of

beta-blocker therapy in both asymptomatic (Stage B) and symptomatic patients

(Stage C) with HFrEF [68]. Beta-blocker pharmacology varies greatly between

agents, and therefore the guidelines recommend one of the three beta-blockers

proven to be efficacious in randomized clinical trials. These include carvedilol,

metoprolol, and bisoprolol.

Carvedilol has the most balanced profile of β-1 and β-2 receptor antagonism,

whereas metoprolol and bisoprolol are more selective β-1 receptor blockers.
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Carvedilol is also the only agent with clinically relevant α-1 receptor antagonism.

Of these agents, carvedilol has the greatest blood pressure-lowering effect due to its

α-1blocking properties and has been associated with decreased insulin resistance.

Metoprolol succinate and bisoprolol offer once daily dosing and are associated with

less bronchospasm and hypotension. There is limited data about the efficacy of

commonly prescribed beta-blockers, such as atenolol, in HFrEF, and when possible,

patients with an LVEF <40% should be switched to carvedilol, metoprolol, or

bisoprolol.

In general, beta-blockers should not be initiated when a patient has acute

decompensated heart failure. In compensated patients, beta-blockers should be

started at relatively low doses and increased as tolerated by heart rate and blood

pressure. Carvedilol is dosed twice a day, with a starting dose of 3.125 mg twice

daily and a maximum target dose of 25 mg twice daily. Metoprolol comes in short-

and long- acting formulations. Metoprolol tartrate is the short-acting form and can

be started as low as 12.5 mg twice daily. Metoprolol succinate (the extended release

version) can be dosed daily or twice daily for patient with HFrEF [69]. The target

dose of metoprolol tartrate is 50–100 mg twice daily, while the target dose for

metoprolol succinate is 200 mg daily. The starting dose of bisoprolol is 1.25 mg

daily and the target dose for HFrEF is 5–10 mg daily (Table 4.3).

Common side effects of beta-blockers include bradycardia, hypotension, leth-

argy, and impotence. Depression may also be exacerbated in susceptible patients.

Table 4.3 Drug dosages for the management of heart failure with reduced ejection fraction

Drug class Starting dose Target dose

ACE inhibitors (ACEi)

Captopril 6.25–12.5 mg TID 25–50 mg TID

Lisinopril 2.5–5 mg QD 20–40 mg QD

Enalapril 1.25–2.5 mg BID 10–20 mg BID

Ramipril 1.25–2.5 mg QD 10 mg QD

Angiotensin receptor blockers (ARBs)

Candesartan 4 mg QD 32 mg QD

Valsartan 40 mg BID 160 mg BID

Losartan 12.5 mg QD 150 mg QD

Beta-blockers

Carvedilol 3.125 mg BID 25 mg BID

Metoprolol succinate 12.5–25 mg QD 200 mg QD

Bisoprolol 1.25 mg QD 10 mg QD

Aldosterone antagonists

Spironolactone 12.5 mg QD 50 mg QD

Eplerenone 25 mg QD 50 mg QD

Vasodilators

Hydralazine 10 mg TID 75 mg TID

Isosorbide dinitrate 10 mg TID 40 mg TID

Isosorbide mononitrate 30 mg QD 120 mg QD
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The dose of beta-blockers may need to be decreased in patients with these symp-

toms. Beta-blockers can also exacerbate bronchospasm in patients with concomi-

tant lung disease, and therefore agents that are more β-1 selective, such as

bisoprolol or metoprolol, should be preferentially used in these patients. Similar

to ACEi, the maximum benefit is seen at the higher doses used in clinical trials, but

even lower doses are felt to be beneficial [70].

Other Heart Failure Drugs

There is no data specific to cancer patients as to the efficacy of additional heart

failure treatments such as aldosterone antagonists, hydralazine/nitrates, and

diuretics. Aldosterone antagonists, such as spironolactone or eplerenone, have a

mortality benefit in symptomatic (Stage C) patients with an LVEF <35%

[71, 72]. Therefore, in chemotherapy-induced HFrEF patients with symptomatic

heart failure and LVEF <35% (Stage C), it is reasonable to consider aldosterone

antagonist therapy. The initial dose of spironolactone can be as low as 12.5 mg daily

and the target dose is 50 mg daily (Table 4.3). As this medication causes an increase

in potassium levels, electrolytes should be followed at 3 days, 1 week, and monthly

for the first 3 months after the initiation of therapy. Careful consideration should be

given to patients with borderline renal function or who are receiving nephrotoxic

chemotherapies.

Hydralazine with or without nitrate therapy is clinically used to reduce cardiac

afterload in patients unable to tolerate ACEi/ARB therapy (typically secondary to

renal dysfunction). The combination has a proven mortality benefit compared to

placebo in patients with symptomatic (Stage C) heart failure [73], but is less

effective than ACEi therapy [74]. Interestingly, the addition of hydralazine and

nitrates to standard heart failure treatment has been shown to improve outcomes in

African American patients [64]. Therefore, current guidelines recommend the

addition of hydralazine and nitrate therapy for African American patients with

symptomatic HFrEF, but do not recommend the routine use of hydralazine and

nitrates for non-African American patients who are already tolerating an ACEi/

ARB (Table 4.3) [58].

Digoxin is one of the oldest heart failure drugs, commonly used to control heart

failure symptoms and provide rate control in patients with atrial fibrillation. Nota-

bly, while digoxin has been shown to reduce heart failure hospitalizations, it has no

mortality benefit in HFrEF [75]. The 2013 ACC/AHA guidelines recommend

starting digoxin in patients with LVEF <40% who continue to have heart failure

symptoms, despite maximal medical therapy with ACEi, beta-blocker, and aldo-

sterone antagonists [58]. The typical starting dose of digoxin is 0.125 mg daily. In

patients with impaired renal function, the drug can be started at 0.0625 mg daily or

every other day. After several doses, a serum digoxin level should be checked and

the recommended level is 0.5–0.8 ng/mL. Anytime there is an abrupt change in

renal function, a digoxin level should be rechecked [76].
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Diuretics are used to control symptoms of volume overload in HFrEF. This must

be balanced against the stress that aggressive diuretic therapy places on the kidneys.

The most commonly used diuretic is furosemide. Starting doses in heart failure are

often 20–40 mg daily and can be increased to 200 mg twice daily. In patients with

significant volume overload or recurrent heart failure hospitalizations, other

diuretics with greater bioavailability such as torsemide and bumetanide should be

considered.

Implantable cardioverter-defibrillator (ICD) therapy to reduce the risk of sudden

cardiac death should be considered in symptomatic patients with an LVEF< 35%

who have a life expectancy greater than 1 year [57, 59]. Cardiac resynchronization

therapy (CRT) should be considered in appropriate patients with symptomatic heart

failure, LVEF< 35%, and left bundle branch block to reduce heart failure morbid-

ity and mortality [57, 59].

Chemotherapy-Induced Cardiomyopathy and Advanced
Therapies

Approximately 2–4% of patients with chemotherapy-induced cardiomyopathy

progress to end-stage heart failure (Stage D) and may require consideration of

advanced therapies including cardiac transplantation and mechanical circulatory

support [11]. Among patients with nonischemic cardiomyopathy undergoing car-

diac transplantation, approximately 2.5% have chemotherapy-induced heart failure

[77]. The posttransplant survival rates in these patients are 86% at 1 year and 71%

at 5 years, which are similar to those in patients undergoing transplantation for non-

chemotherapy-related etiologies of heart failure [78]. Similarly, the overall survival

rates after mechanical circulatory support in patients with chemotherapy-induced

heart failure are 73% at 1 year and 63% at 2 years, which are also not significantly

different from other patient populations [78]. Therefore, while end-stage heart

failure due to chemotherapy is not a contraindication to transplantation or mechan-

ical circulatory support, certain factors specific to this patient population must be

considered.

A history of active malignancy within the past 5 years is considered an absolute

contraindication to cardiac transplantation. This is largely driven by the potential

risk of recurrent malignant disease and shortened posttransplant survival in a

resource-constrained environment. While recurrent malignancies are uncommon,

the rates of novel malignancies are higher in patients with chemotherapy-induced

cardiomyopathy compared to other etiologies (5% vs. 2%) [77]. Despite this,

posttreatment malignancy-related death rates at 1 and 5 years do not differ signif-

icantly between patients with chemotherapy-related heart failure and heart failure

due to other causes [77].

Patients with restrictive cardiomyopathy, either due to chest irradiation or

childhood anthracycline exposure, have a significantly worse prognosis compared
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to other patients transplanted for restrictive cardiomyopathies. They have a 1.8-fold

greater risk of mortality, with a 1-, 5-, and 10-year survival of only 71%, 47%, and

32%, respectively [79]. Most of this risk is attributable to the multiple cardiovas-

cular and pulmonary complications of chest irradiation therapy. In addition to

myocardial dysfunction, radiation therapy can affect the coronary arteries, valves,

and pericardium. Thus, many patients undergoing cardiac transplantation may have

had prior cardiac surgery. Furthermore, radiation-induced scarring of the chest wall,

lungs, and intrathoracic vessels further complicates cardiac surgery leading to

greater ischemic times and worse outcomes. In addition, there is an increase in

early mortality due to impaired sternal wound healing and a higher rate of postsur-

gical respiratory complications, postoperative RV dysfunction, and postoperative

bleeding [80]. These patients also have an increased risk of secondary malignan-

cies, limiting long-term posttransplant survival [81]. Thus, while patients with

restrictive cardiomyopathies related to cancer treatment should be considered for

advanced therapies, careful consideration should be given to other treatment-related

comorbidities.

Patients with chemotherapy-induced heart failure are more likely to undergo

mechanical circulatory support as durable, life-prolonging destination therapy

rather than as a bridge to cardiac transplantation [78]. This is either due to the

presence of recent or active malignancy or due to comorbidities that are often

related to their cancer treatment. Furthermore, patients with chemotherapy-induced

cardiomyopathy are more likely to require biventricular support, which carries a

higher risk than isolated left ventricular support. In a retrospective analysis of 3812

patients enrolled in the Interagency Registry for Mechanically Assisted Circulatory

Support, 19% of patients with chemotherapy-induced cardiomyopathy undergoing

mechanical circulatory support required right ventricular support, compared to

11% with other nonischemic etiologies and 6% with ischemic cardiomyopathy

[78]. At present, biventricular assist devices are approved only as a bridge to

transplantation, and therefore transplant-ineligible patients who require

biventricular support cannot receive mechanical circulatory support. However,

these patients can still be considered for home inotropes as palliative therapy.

Additionally, chemotherapy-induced cardiomyopathy is associated with a greater

risk of postoperative bleeding after ventricular assist device implantation, but there

is no increase in the rate of neurologic complications, device malfunction, or

infection compared to patients with non-chemotherapy-induced

cardiomyopathy [78].

Progress in cancer treatment has increased cancer survivorship and the realiza-

tion of long-term toxicities related to cancer therapy. Chemotherapeutic agents such

as anthracyclines and HER-2-targeted therapies have been associated with cardio-

myopathy. Serial monitoring for early markers of left ventricular dysfunction or

asymptomatic disease allows initiation of cardiac therapies that may prevent the

development of progressive heart failure. Further work is needed to identify the

optimal screening tools and medication regimens that would allow successful

delivery of cancer treatment while minimizing long-term cardiac toxicity.

4 Management of Chemotherapy-Associated Cardiomyopathy 97



Summary of Recommendations

• Patients undergoing treatment with potentially cardiotoxic chemotherapies are at

risk for developing heart failure (Stage A) and measures should be taken to

minimize cardiotoxicity.

• Limiting the cumulative anthracycline dose, using less cardiotoxic alternatives,

and concomitant use of agents such as dexrazoxane should be considered to

minimize cardiotoxicity.

• Limited data suggests that prophylactic use of ACEi and/or beta-blockers may

be cardioprotective in patients undergoing potentially cardiotoxic

chemotherapy.

• Serial monitoring of LVEF by echocardiography can help identify asymptomatic

left ventricular dysfunction (Stage B).

• Initiation of ACEi and beta-blockers� interruption/discontinuation of

cardiotoxic chemotherapy can help reverse/prevent further progression of heart

failure in patients with Stage B disease.

• The general principles of the management of heart failure with reduced ejection

fraction apply to chemotherapy-induced cardiomyopathy.

• All patients with symptomatic heart failure (Stage C) should receive guideline-

based therapy with ACEi/ARB, beta-blockers, and aldosterone antagonists as

tolerated.

• Diuretics should be used as needed for symptom relief.

• Hydralazine plus nitrates and digoxin should be considered in certain patient

populations.

• Patients with end-stage heart failure (Stage D) can be considered for advanced

therapies (home inotropes, mechanical circulatory support, and cardiac

transplantation).

• Patients with end-stage heart failure (Stage D) who are cancer-free for �5 years

can be considered for cardiac transplantation.

• Careful consideration should be given to comorbidities that might worsen

surgical outcomes, especially in patients with prior thoracic irradiation.

• Patients undergoing mechanical circulatory support should be carefully evalu-

ated for right ventricular dysfunction to guide appropriate device selection.

• In patients who are ineligible for transplant or mechanical circulatory support,

home inotropes can be considered for palliation.

• Patients with a history of cancer who require advanced cardiac therapy consid-

eration should be referred to a tertiary center with experience dealing with this

unique patient population.
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Chapter 5

Treatment of Hypertension in Patients
Receiving Cancer Therapy

Aaron P. Kithcart, Giuseppe Curigliano, and Joshua A. Beckman

Introduction

Hypertension affects one in three adults in the United States. Epidemiological

studies estimate that high blood pressure contributes to one out of every seven

deaths and nearly half of all cardiovascular disease-related deaths in the United

States [1]. Not surprisingly, hypertension is diagnosed commonly in the oncology

population with important implications for both antineoplastic therapy and long-

term prognosis. The presence of hypertension may be a negative predictor of

morbidity and mortality [2].

High blood pressure is the most common comorbidity in patients with malig-

nancy [3]. While the prevalence of hypertension in cancer patients is similar at the

time of initial diagnosis, the prevalence increases to 37% over the course of cancer

therapy, especially those who have received chemotherapy [4, 5]. The increased

prevalence stems from the effect of many antineoplastic agents on blood pressure,

in part, due to their mechanisms of cancer treatment [6–8].
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The clinician caring for the oncologic patient has a constantly expanding

requirement to be acquainted with the management of hypertension, the associated

risks of antineoplastic therapy, and the impact of cancer therapy on cardiovascular

disease to provide high-quality care. This chapter will define hypertension and

describe a basic approach for management, provide an overview of the association

between cancer and hypertension, review common chemotherapeutic agents that

contribute to hypertension, and discuss the mechanisms by which these agents

increase blood pressure thereby providing insight into the specific treatment of

hypertension.

Hypertension

Hypertension is the most common cardiovascular comorbidity in the United States,

found in nearly one third of all adults [1]. The prevalence among adults is 30.9%,

but among those greater than 65, the prevalence approaches 70% [1]. Rates remain

highest among African-Americans, with Mexican-Americans having the lowest

rates of documented hypertension. Contemporary studies suggest there is no clear

difference across socioeconomic status or education level, although it is worth

noting that the highest rates of hypertension are found in those on Medicare

compared to other forms of public or private insurance, confirming a clear

age-associated risk for hypertension [1].

While the overall prevalence of hypertension has remained steady over the last

10 years, the proportion of those receiving antihypertensive treatment continues to

rise [9]. Hypertension is the most common primary diagnosis, accounting for nearly

35 million office visits annually [10]. Many efforts, including those by the Joint

National Committee, have contributed to the greater number of Americans receiv-

ing therapy. The widespread availability of generic medications has improved the

accessibility and affordability of therapy. Yet, control to target still remains less

than 50% among patients with high blood pressure [1].

Definition

Hypertension has historically been defined as any sustained blood pressure greater

than 140 mmHg of systolic blood pressure or 90 mmHg of diastolic blood pressure.

Current guidelines recommend that the diagnosis be made when the mean of two or

more properly measured seated blood pressure readings on each of two or more

office visits are elevated. Practitioners are advised that patients should be in a quiet

room for at least 5 min prior to taking any recordings. Notably, the US Preventive

Services Task Force is currently reexamining recommendations for blood pressure

screening, and their revised guidelines will likely include ambulatory blood pres-

sure monitoring as a complement to office testing.
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Publication of the Seventh Report of the Joint National Committee on Preven-

tion, Evaluation, and Treatment of High Blood Pressure (JNC7) added an additional

category, termed prehypertension, defined as 120–139 mmHg of systolic blood

pressure or 80–89 mmHg of diastolic blood pressure (Table 5.1) [11]. The authors

described two stages of hypertension: Stage 1, defined as a systolic blood pressure

of 140–159 mmHg or a diastolic blood pressure of 90–99 mmHg, and Stage

2, defined as a systolic blood pressure greater than 160 mmHg or diastolic blood

pressure greater than 100 mmHg. Recent studies, including the SPRINT trial

published in late 2015, suggest that targeting an even lower blood pressure may

lead to fewer events [12]. The method of achieving this level of blood pressure, the

populations to whom to generalize the results, and the relevance to hypertension in

malignancy are currently in development.

Within oncology, the Common Terminology Criteria for Adverse Events is a set

of toxicity assessments during cancer research published by the National Cancer

Institute that defines a number of complications of antineoplastic therapy, including

hypertension. The most recent criteria published in 2009 define five grades of

hypertension, ranging from 1 through 5 (Table 5.2) [13]. Grade 1 hypertension

corresponds with prehypertension, as defined by JNC7 (SBP 120–139 mmHg and

Table 5.1 Classification of normal blood pressure and hypertension

Classification Systolic BP (mmHg) Diastolic BP (mmHg)

Normal <120 <80

Prehypertension 120–139 80–89

Stage 1 140–159 90–99

Stage 2 >160 >100

Table 5.2 Common terminology criteria for adverse events for hypertension

Grade

1 2 3 4 5

Prehypertension

(systolic BP

120–139 mmHg

or diastolic BP

80–89 mmHg)

Stage 1 hypertension

(systolic BP

140–159 mmHg or

diastolic BP

90–99 mmHg);

medical intervention

indicated; recurrent

or persistent

(>¼24 h); symp-

tomatic increase by

>20 mmHg (dia-

stolic) or to >140/

90 mmHg if previ-

ously WNL;

monotherapy

indicated

Stage 2 hyperten-

sion (systolic BP

>¼160 mmHg or

diastolic BP

>¼100 mmHg);

medical interven-

tion indicated; more

than one drug or

more intensive

therapy than previ-

ously used

indicated

Life-threatening

consequences (e.g.,

malignant hyperten-

sion, transient or

permanent neuro-

logic deficit, hyper-

tensive crisis);

urgent intervention

indicated

Death
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DBP 80–89); Grade 2 and Grade 3 hypertension correspond with Stage 1 and Stage

2 hypertension, respectively. Grade 4 is defined as hypertension that results in a

life-threatening condition, including malignant hypertension, transient or perma-

nent neurologic deficit, and hypertensive crisis. Finally, Grade 5 hypertension

includes blood pressure elevation leading to death. These standards are commonly

used for reporting adverse events during clinical trials and thus will serve as a

common reference point in this chapter.

Treatment

The benefits of treating hypertension are clear. Often described as the “silent

killer,” the immediate effects may not be apparent, but the long-term consequences

are well known. The goal of hypertension therapy is to reduce end-organ damage

associated with long-term high blood pressure. Clinical trials have shown that

antihypertensive therapy is associated with marked reductions in stroke, myocardial

infarction, heart failure, and renal failure [14]. Treating just 11 patients with Stage

1 hypertension over 10 years prevents one death [15].

The first line of therapy recommended for all levels of hypertension, whether

prehypertension, Stage 1, or Stage 2, is lifestyle modification [11]. These modifi-

cations include weight reduction, adoption of the Dietary Approaches to Stop

Hypertension (DASH) diet, dietary sodium reduction, physical activity, and mod-

erate alcohol consumption [16–22]. Despite universal recommendation, these

approaches commonly lead to a modest improvement, with the average reduction

in systolic blood pressure between 2 and 20 mmHg [11].

For those who continue to have Stage 1 or Stage 2 high blood pressure despite

lifestyle modification, the initiation of pharmacological therapy is indicated

(Table 5.3). The most recent recommendations advise the use of either a thiazide-

type diuretic, calcium channel blocker (CCB), angiotensin-converting enzyme

inhibitor (ACEI), or angiotensin receptor blocker (ARB) [23]. Each of these

medications has similar effects on mortality and cardiovascular outcomes, so

none is preferred. However, there are certain populations in which specific therapy

is recommended.

In the black population, thiazide-type diuretics and CCBs are preferred. These

agents have been shown to have better outcomes than inhibition of the angiotensin-

renin system in this population [23]. Furthermore, patients with chronic kidney

disease, defined as a GFR of less than 30, should include an ACEI or ARB as part of

their medication regimen. The combination of ACEI and ARB, however, should be

avoided as this may lead to adverse effects on kidney function and a dangerous

elevation in potassium.

When initiating pharmacological therapy, the clinician should begin with one of

the classes of medications reviewed above. Blood pressure should continue to be

assessed, and, if elevated after 1 month despite maximum therapy, a second agent

should be added from a different class of medications. An additional agent should
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not be added, however, until the highest tolerated dose of the first agent is used. For

instance, if an otherwise healthy patient is started on lisinopril and remains hyper-

tensive even on 40 mg daily, then a thiazide-type diuretic or CCB may be consid-

ered. As with any new medication, drug-drug interactions should be evaluated,

especially with concurrent chemotherapy.

If treatment remains insufficient with two medications at maximum tolerated

doses, then a third agent should be added from the remaining classes of medica-

tions. Blood pressure that remains elevated despite three medications is defined as

resistant and may require additional assessment by a specialist. Patients with

cardiovascular comorbidities, including heart failure, coronary artery disease,

chronic kidney disease, and diabetes, should be targeted to a lower systolic blood

pressure.

Hypertension Associated with Antineoplastic Therapy

As discussed previously, hypertension is increasingly recognized as an important

comorbidity in oncology. While some patients will have a history of hypertension at

the time of their cancer diagnosis, others will develop hypertension over the course

of antineoplastic therapy. An important subset of new cases of hypertension will be

the direct result of the therapies they receive for cancer treatment.

Table 5.3 Oral antihypertension therapy

Drug class Name Dose range (mg/d)

Thiazide-type diuretics Chlorothiazide 125–500

Chlorthalidone 12.5–25

Hydrochlorothiazide 12.5–50

Metolazone 2.5–5

Calcium channel blockers Amlodipine 2.5–10

Dihydropyridines Nicardipine sustained release 60–120

Nifedipine long-acting 30–60

Non-dihydropyridines Diltiazem extended release 180–540

Verapamil immediate release 80–320

Verapamil long-acting 120–360

ACE inhibitors Benazepril 10–40

Captopril 25–100

Enalapril 2.5–40

Fosinopril 10–40

Lisinopril 10–40

Quinapril 10–40

Ramipril 2.5–20

Aldosterone receptor blockers Eplerenone 50–100

Spironolactone 25–50
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Advances in cancer therapy have produced a number of new strategies for

treating malignancy, some with serious cardiovascular side effects. One group of

new chemotherapy agents in particular, agents that inhibit the vascular endothelial

growth factor (VEGF) signaling pathway, is highly associated with hypertension.

However other broad categories of chemotherapy may contribute to high blood

pressure as well, including immunosuppressant agents used during the course of

stem cell transplant. There are also several sporadic reports of other antineoplastic

medications and alternative non-pharmacological therapies associated with hyper-

tension that will be reviewed here.

Angiogenesis Inhibitors

The classic group of medications associated with hypertension is the angiogenesis

(VEGF) inhibitors. This class of agents can include tyrosine kinase inhibitors (TKI)

as well as monoclonal antibodies. Angiogenesis is a biological prerequisite for

benign tumors to become malignant. Within the last two decades, highly specific

agents, which encompass both small molecule TKIs and monoclonal antibodies,

have proven to be important inhibitors of angiogenesis. These pharmacological

agents function by inhibiting the steps of the signaling pathways necessary for

vascular growth, which may include vascular endothelial growth factor and/or its

receptor (VEGFR), epidermal growth factor receptor (EGFR), basic fibroblast

growth factor (bFGF), and platelet-derived growth factor receptor (PDGFR) [24].

Bevacizumab is a monoclonal antibody that binds to and inhibits the activity of

VEGF. It has approval for treatment of multiple solid tumors and is one of the more

widely used antiangiogenic therapies [25]. Bevacizumab is prototypical in this class

as a medication shown to cause hypertension. Several retrospective studies have

estimated a prevalence of all-grade hypertension between 4 and 35% with its use

[26–33] and a rate of CTCAE Grade 3 hypertension in 11–18% of patients [26–29,

34]. Rarely, hypertension associated with bevacizumab can be severe enough to

require hospitalization or discontinuation of therapy. There may be a dose-

dependent relationship with the degree of hypertension [29]

Tyrosine kinase inhibitors were first introduced as inhibitors of highly specific

signal transduction in the 1980s and 1990s [35]. Imatinib, released in 2000, was the

first TKI introduced to clinical practice. Antiangiogenic TKIs may target VEGFR,

EGFR, and PDGFR and have been strongly associated with hypertension. Multiple

TKIs targeting angiogenesis have been developed; examples of hypertensive effects

are described below.

Sunitinib is a small molecule TKI used to treat renal cell carcinoma and

imatinib-resistant gastrointestinal stromal tumor (GIST). It is a potent inhibitor of

VEGFR-1, VEGFR-2, and PDGFR. In the initial Phase I and II clinical trials, it was

associated with an overall rate of hypertension of 17%, and at least one patient

developed Grade 4 hypertension [36, 37]. Other rarely observed cardiovascular

complications included myocardial infarction and impaired systolic function. In

110 A.P. Kithcart et al.



larger Phase III clinical trials of sunitinib, a lower risk of hypertension was

observed, with Grade 3 hypertension in 2–8% of patients [37–41]. Hypertension

was typically diagnosed within the first 4 weeks of therapy in this group of

patients [42].

Sorafenib is a small molecule TKI also used to treat advanced renal cell

carcinoma [6]. Like sunitinib, it inhibits VEGFR-2 as well as PDGFR. Initial

Phase I and II clinical trials showed comparable rates of hypertension as sunitinib.

The overall rate of all-grade hypertension was 17%, with a very low rate of Grade

4 hypertension, at 1% [6]. Across all clinical trials, the rates of all-grade hyperten-

sion observed in patients receiving sorafenib were moderate, occurring in 17–43%

of patients [6, 43–46]. Rates of Grade 3/Grade 4 hypertension were variable,

occurring in 1.4–38% of patients. A meta-analysis showed the incidence of Stage

3 or higher hypertension with sorafenib to be 2.1–30.7% [47].

Pazopanib, a recently approved oral TKI for advanced renal cell cancer, is also

associated with hypertension. One meta-analysis showed an incidence of all-grade

hypertension of 35.9%, with a rate of severe hypertension of 6.5% [48]. Like the

other VEGFR inhibitors, close monitoring is recommended for any patients initi-

ating pazopanib therapy.

Significant work has investigated the mechanisms for hypertension when the

VEGF pathway is inhibited [49]. The most likely explanation for TKI-associated

hypertension is the impact on nitric oxide bioavailability. VEGF stimulates endo-

thelial nitric oxide synthase (eNOS), increasing NO production and arterial vaso-

dilation. Inhibition of VEGF signaling reduces eNOS activity and decreases NO

levels, leading to vasoconstriction and hypertension (Fig. 5.1) [49]. Nitric oxide is a

potent vasodilator, so any inhibition of its production will lead to an increase in

vascular tone [50]. Increases in blood pressure have been shown to correlate with

VEGFR-2 inhibition [51].

Other downstream effects of VEGF inhibition include stimulation of plasmino-

gen activator inhibitor-1 expression and increased vascular and renal endothelin

production [50, 52]. Vascular rarefaction is an additional proposed mechanism by

which these angiogenesis inhibitors can cause hypertension through the loss of

peripheral microvessels [53].

Fig. 5.1 Vandetanib

reduced plasma nitrite

levels (Adapted fromMayer

et al. 2011)
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VEGF may also have a role within the renin-angiotensin system, which is a well-

known regulator of blood pressure, although the evidence for this is conflicting

[54, 55]. Finally, inhibition of VEGFmay lead to damage of the glomerulus through

cholesterol emboli syndrome or renal thrombotic microangiopathy [56, 57]. In

reality, a combination of all of the above mechanisms likely contributes to hyper-

tension in patients receiving this class of antineoplastic therapy.

Alkylating Agents

Alkylating agents were among the first antineoplastic medications associated

with hypertension. One retrospective study studied the rates of cardiovascular

disease in testicular cancer patients at least 10 years after receiving ifosfamide-

containing chemotherapy. Their analysis showed a higher rate of hypertension

(39%) and hypercholesterolemia (79%) compared with similar stage I controls

[7]. These patients also had higher rates of coronary artery disease and diastolic

dysfunction.

Another study looked at patients receiving multiple alkylating agents following

bone marrow transplant and showed hypertension developing in 15 of 18 patients

[58]. Busulfan, an alkylating agent used in chronic myelogenous leukemia (CML)

prior to bone marrow transplant, has a reported frequency of hypertension of

36% [3].

Taxanes

The taxane family of chemotherapy agents, including paclitaxel and docetaxel,

derives from the Taxus genus of plants [59]. They are effective through inhibition of
microtubule function and have been used since the 1990s to treat a number of solid

tumors, including breast cancer, ovarian cancer, and non-small cell lung

cancer [59].

When co-administered with doxorubicin, docetaxel has been shown to have a

number of cardiovascular complications, including arrhythmias and hypertension,

although the incidence of these findings is still rare [60]. Up to 3% of patients

receiving paclitaxel have been shown to have severe cardiovascular complica-

tions, including chest pain, cardiac arrest, supraventricular arrhythmias, and

hypertension [2, 61]. The package insert for paclitaxel lists a frequency of

hypertension of 1–10% [3]. Notably, some patients have been shown to exhibit

orthostatic hypotension, likely due to autonomic dysfunction [62]. These effects

appear to be related to administration of the drug and typically resolve with

cessation of therapy [59].
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Neuroendocrine Agents

Certain types of cancers can be targeted through blockage of specific neuroendo-

crine pathways. Since many of these same hormones participate in blood pressure

regulation, there is an association with hypertension with some of these agents.

Men receiving androgen deprivation therapy for prostate cancer are occasionally

found to have worsening high blood pressure. For instance, nilutamide, an

antiandrogen agent, has a reported frequency of hypertension of 1–10%

[3]. Another example is octreotide, a somatostatin inhibitor used in carcinoid

disease, has a reported frequency of hypertension of 5–15% [3]. Most of the

hypertension associated with these agents is transitory and resolves with cessation

of therapy.

Immunosuppression Agents

Hypertension is a well-known complication of bone marrow transplantation,

especially with the introduction of cyclosporine for graft-versus-host prophylaxis

[63–66].

Early clinical trials comparing cyclosporine versus methotrexate showed rates of

high blood pressure of 57% versus 4%, respectively [63]. These rates were in stark

contrast to the relatively normotensive state of most patients prior to transplant. The

effect was compounded by the addition of glucocorticoids, which are commonly

used during and posttransplant [63, 66].

Hypertension occurs in at least 20% of patients receiving glucocorticoids, and

the degree of high blood pressure is typically dose dependent. A dose of 80–200 mg

of cortisol a day can increase systolic blood pressure by 15 mmHg [67]. The

combination of steroids with natural licorice candy or even certain topical agents,

include hemorrhoid creams, can potentiate this effect and lead to further

hypertension [68].

Other Chemotherapy Agents

There are a number of additional chemotherapeutic agents that have been associ-

ated with observational reports of hypertension but do not fit into a single category.

One review identified several drugs whose package inserts included hypertension as

a known side effect [3]. These included alemtuzumab, arsenic, clofarabine, dauno-

rubicin, gemtuzumab, goserelin, interferon, pentostatin, tretinoin, vinblastine, and

vincristine [3]. The use of these agents should prompt close monitoring for rises in

blood pressure.
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Symptomatic Agents

While the adverse effects of antineoplastic agents are well known, one area in

which toxicities may be underappreciated is those medications used to treat the

complications of chemotherapy.

Several commonly used antiemetics, including metoclopramide, alizapride, and

prochlorperazine, are all associated with a transient rise in blood pressure

[67]. There may be a synergistic relationship between metoclopramide and cisplatin

as the elevation in blood pressure was particularly profound in patients receiving

both these medications [68].

Recombinant erythropoietin is an agent commonly used to treat profound ane-

mia secondary to malignancy and antineoplastic therapy [69]. While effective at

stimulating hematopoiesis, it has the side effect of hypertension. Up to 20–30% of

patients receiving erythropoietin will develop or have a worsening of high blood

pressure [70]. This effect may be dose dependent and can be seen as early as

2 weeks or as late as 4 months following therapy [67]. Hypertension due to

erythropoietin is not often serious, although hypertensive urgency has been

reported [71].

Surgery and Irradiation

Although beyond the scope of this chapter, surgery and radiation therapy can also

contribute to hypertension in the oncology patient who may receive a full range of

treatment modalities in addition to pharmacotherapy.

Disruption of the patient’s native baroreflex system can lead to refractory

hypertension that is often difficult to manage. This can be due to direct tumor

invasion of regions within the baroreflex arc, including the carotid sinus,

glossopharyngeal nerve, and vagus nerve [72]. Also, surgical resection and radia-

tion therapy to these regions can lead to refractory hypertension, especially in the

setting of head and neck cancers [72, 73].

Patients with baroreflex failure often present dramatically, typically with

profound hypertensive crisis with systolic blood pressures exceeding

250 mmHg or particularly volatile hypertension with wide variations in blood

pressure [72]. Orthostatic tachycardia, while a common problem, is not typically

due to baroreflex failure but rather neuropathic postural tachycardia syndrome

[74]. Management of high blood pressure in patients with baroreflex dysfunction

often requires multiple antihypertensive medications and consultation with a

specialist.
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A Focused Strategy for Treatment

Today’s oncologist will increasingly encounter hypertension, regardless of his or

her practice setting, whether ambulatory or inpatient. With the increasing ability of

antineoplastic therapies to manage malignancy, the burden of cardiovascular dis-

ease, including hypertension, may continue to rise, both in patients undergoing

active treatment and in cancer survivors. The mechanism by which blood pressure

rises varies based on the type of antineoplastic therapy. Thus, a focused approach to

the treatment of hypertension must be utilized. We will introduce a basic frame-

work with which to approach newly diagnosed hypertension. In some cases,

however, hypertension may be multifactorial, a result of prior risk factors, genetic

predisposition, and the initiation of cancer therapy.

In 2010, the Cardiovascular Toxicities Panel, convened by the Angiogenesis

Task Force of the National Cancer Institute Investigational Drug Steering Commit-

tee, issued a set of recommendations for the approach to patients with hypertension

secondary to VEGF signaling pathway inhibitors [5]. They stopped short of making

guidelines, as the quantity of evidence was limited; however, these recommenda-

tions are a useful start for the management of hypertension related to cancer

therapy. While specifically written for VEGF inhibitors, these recommendations

can be broadened to any oncology patient presenting with hypertension.

Before any antineoplastic therapy is initiated, a comprehensive risk assessment

should be made which includes measurement of blood pressure, review of known

cardiovascular risk factors, and targeted laboratory studies. While not every patient

requires electrocardiographic or echocardiographic evaluation, when indicated,

these studies should be performed prior to initiating therapy. Careful consideration

should be made for the use of known cardiotoxic therapies in patients who already

have cardiovascular disease.

Blood pressure should be actively monitored following the initiation of VEGF

inhibitors, as well as other chemotherapy agents associated with hypertension.

There are no established guidelines; however, biweekly blood pressure checks

while receiving potentially toxic agents would be reasonable. A rise in blood

pressure is typically seen within the first cycle of therapy, and the risk may be

highest in those with preexisting hypertension or known risk factors. The presen-

tation of high blood pressure can be delayed, however, so monitoring should be

ongoing throughout therapy. Routine screening every 2 to 3 weeks is appropriate.

The goals for hypertension control are based on the most recent recommenda-

tions from JNC 7 [11]. Most adults should have a treatment goal of less than

140 mmHg of systolic blood pressure and 90 mmHg of diastolic blood pressure.

Patients with coronary disease and/or heart failure should be targeted to a lower

blood pressure and may require the assistance of a specialist [75].

When the decision to begin pharmacotherapy is made, careful consideration

regarding drug choice should be made based on a number of factors. The mecha-

nism by which chemotherapy increases blood pressure may be directly related to
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the mechanism of action against malignancy. Thus, when an oncologist is treating a

patient with hypertension, it is important to first determine what agents may be

contributing to the patient’s high blood pressure.

Angiogenesis Inhibitors

As discussed above, treatment with angiogenesis inhibitors, including both

bevacizumab and the VEGFR TKIs, can frequently lead to the development of

hypertension. Patients receiving angiogenesis inhibitor therapy who develop hyper-

tension may benefit from early initiation of pharmacotherapy. Clinicians should

consider an ACEI or ARB as a first line of therapy, as there is some evidence that

these classes of medications may be more effective than others [47, 50]. ACEI,

specifically, are preferred as there are in vivo studies demonstrating a reduction in

microcirculatory changes, decreased catabolism of bradykinin, and increased pro-

duction of nitric oxide with ACEI exposure [30].

Selection of an antihypertensive medication also requires careful examination

for drug-drug interactions. Sorafenib, for example, is metabolized by the cyto-

chrome p450 system. Thus, non-dihydropyridine calcium channel blockers which

also inhibit cytochrome p450, including diltiazem and verapamil, should not be

used in combination with sorafenib [76]. It has been observed that development of

hypertension with VEGF antagonist exposure may be associated with greater

response from therapy; therefore, efforts should be made to continue therapy if

hypertension can be controlled and an anticancer effect is observed [77]. Routine

surveillance is recommended for any patient receiving anti-VEGF therapy, with

blood pressure checks at least once every 2 to 3 weeks [67].

Taxanes

Both paclitaxel and docetaxel are generally well tolerated; however, toxicities can

occur which include peripheral neuropathy, neutropenia, alopecia, and hypersensi-

tivity reactions [78]. Hypertension is a rare complication, possibly related to

endothelial damage during drug administration [79]. Thus, unlike other classes of

chemotherapeutic agents, there is no targeted therapy for the management of blood

pressure elevation. Hypertension will typically resolve with the cessation of drug;

however, if symptoms persist, a general approach including CCBs, thiazide-type

diuretics, ACEI, or ARB can be utilized [59].

Immunosuppression Agents

Of all the agents used in conjunction with bone marrow transplantation, perhaps the

most studied and linked to high blood pressure is cyclosporine [80]. It also happens

to be one of the widest studied agents for control of hypertension.
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The mechanism by which cyclosporine causes hypertension is likely multifac-

torial and includes renal afferent vasoconstriction, stimulation of endothelin, and

increase in intracellular calcium [80–82]. For these reasons, the majority of studies

have examined what role calcium channel blockers may have in the amelioration of

cyclosporine-induced hypertension. Some studies have suggested that the addition

of verapamil improves the efficacy of immunosuppression with cyclosporine in

transplant recipients [81, 82]. Thus, CCBs should be considered as a first line of

therapy in patients receiving cyclosporine.

Notably, most patients with cyclosporine-induced hypertension have disturbed

circadian rhythms in which the blood pressure does not exhibit typical diurnal

variation with a decrease at night [83]. This is particularly problematic as the degree

of end-organ damage is worsened with persistently high blood pressure.

Hypertension typically resolves after cessation of therapy, although this is not

usually necessary with appropriate pharmacotherapy [84]. Other immunosuppres-

sive agents, including tacrolimus, rapamycin, and mycophenolate mofetil, have a

modest effect on blood pressure and, if appropriate, may be considered as a

substitute for cyclosporine [85, 86]

Symptomatic Agents

With any of the symptomatic agents, cessation of the offending medication is

typically sufficient to improve blood pressure.

In cases where therapy is indicated, such as recombinant erythropoietin, con-

ventional antihypertensive therapy is usually effective. Risk factors associated with

worsening hypertension in conjunction with erythropoietin include the presence of

preexisting hypertension, a rapid increase in hematocrit, low baseline hematocrit,

high doses of erythropoietin, genetic predisposition to hypertension, and younger

age [87]. Phlebotomy of 500 mL of blood may be considered for those with

refractory hypertension despite medical therapy [68].

A final note should be made regarding the choice of antihypertension therapy in

those patients with serious comorbidities, including cardiovascular disease. For

instance, although beta-blockers are not a first-line therapy in the most recent

guidelines, they should be considered in patients with a history of coronary artery

disease, heart failure, and myocardial infarction. Furthermore, contraindications

should also be considered, including drug-drug interactions or combination ACEI/

ARB therapy.

Certain populations also require particularly close attention. Patients with dia-

betes and chronic kidney disease should have aggressive blood pressure manage-

ment, and, if refractory, selection of a chemotherapeutic agent that does not

increase blood pressure should be considered. Many practitioners will target a

lower blood pressure in these populations, and combination therapy is often

required. Referral to a specialist may be necessary.
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Conclusion

While the prevalence of hypertension has remained constant over the last 10 years,

the rate of treatment continues to rise [1]. As discussed above, management of

hypertension is a critical component of a comprehensive approach to the oncology

patient. As cancer therapies improve, the number of long-term survivors is increas-

ing, creating a large population at risk for cardiovascular disease [88]. The over-

arching goal of hypertension therapy is to reduce end-organ damage, including

kidney disease, heart disease, and stroke. Thus, a proactive approach in the oncol-

ogy patient must be taken, which includes careful monitoring for rises in blood

pressure and focused treatment when necessary.

Contemporary cardio-oncologists must consider the patient’s entire health, and
not just their oncologic diagnosis, when making management decisions. This

necessitates early identification and treatment of known cardiovascular risk factors,

including hypertension. In those patients at the highest risk for developing hyper-

tension, or those who already have hypertension, careful consideration should be

made before starting agents that are associated with high blood pressure.

Once hypertension has been diagnosed, a rational approach should be made to

guide therapy, keeping in mind the underlying mechanism of the disease and

contribution from concomitant anticancer therapy. Careful consideration includes

not only the choice of initial therapy but also comorbidities such as coronary artery

disease, chronic kidney disease, diabetes, or heart failure. The management of

patients with hypertension may follow several paths: upon recognition by an

oncologist, the patient can be treated by the oncologist, may be referred to the

patient’s primary care physician, or may be referred to an expert in hypertension.

The last option may be particularly relevant for patients who require more than

monotherapy for blood pressure control.
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Chapter 6

Preoperative and Pre-transplant Cardiac
Evaluation in the Cancer Patient

Stacey Goodman, Robert Frank Cornell, Gregg F. Rosner,

and Daniel S. O’Connor

Part I: Preoperative Cardiac Evaluation in the Cancer
Patient

Introduction

Background

Perioperative assessment and management of cancer patients is an integral part of

successful patient outcomes. There are many unique issues that arise prior to

surgery in cancer patients, making clinical management complex. Cancer-related
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processes can affect blood counts and the immune system and involve multiple

organs which can impact a patient’s functional status and therefore impact surgical

risk and perioperative management. A timely evaluation and management strategy

is also imperative as delaying surgeries or procedures can adversely affect patient

prognosis.

Clinical Assessment

History

Highest yield information obtained from patient history centers around questions

pertaining to active or unstable cardiac syndromes. Most important are those that

include unstable angina, decompensated heart failure and critical valve disease.

Functional capacity is a proven component of surgical risk assessment; however for

cancer patients, functional capacity can be limited secondary to concomitant

treatment (i.e., chemotherapy) or cancer burden. Therefore in this patient popula-

tion, functional capacity provides only a small portion of overall surgical risk

assessment.

Physical

Key components of the physical exam in the preoperative period are hemodynamic

assessments (blood pressure, heart rate, and heart rhythm), volume status, and the

evaluation for heart valve disease. Blood pressures should be checked in both arms

from the sitting and standing positions. Peripheral pulses are manually palpated and

rhythm checked by electrocardiogram. Determinants of clinical decompensated

heart failure are investigated by jugular venous pressure assessment, pulmonary

auscultation, liver palpation, lower extremity palpation, and cardiac auscultation

for S3 gallop. Aortic valve stenosis represents the most crucial valve disease to

evaluate. Cues to severity of aortic stenosis arise from quality and timing of the

systolic ejection murmur, the intensity and timing of A2 component of S2.

Cardiology Consultation

Patient history and physical exam findings that are concerning for angina, clinical

heart failure, or severe aortic or mitral valve stenosis indicate that the patient should

be referred to a cardiologist for further evaluation. Any prior history of ventricular

arrhythmias, new-onset atrial arrhythmias, or conduction defects should also

prompt referral. A thorough consultative report should include an assessment of

perioperative risk, a management plan to evaluate and stabilize any active cardiac

conditions, and postoperative recommendations.
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Cardiac Risk Indexes

The Goldman Cardiac Risk Index

The Goldman Cardiac Risk Index is an established model to determine cardiac risk

in noncardiac surgery with a point-based system of nine independent variables

obtained from patient cardiac history, physical exam findings, laboratory results,

and type of planned surgery [1].

Revised Goldman Cardiac Risk Index

This is a simplified version of the original Goldman Cardiac Risk Index and uses six

risk factors. Currently, it is the most widely used index and is incorporated in the

ACC/AHA guidelines for perioperative cardiac evaluation (Table 6.1) [2].

Clinical Assessment of Risk

Active cardiac conditions that include unstable coronary syndromes, decompensated

heart failure, cardiac arrhythmias, and severe valve disease should be further evalu-

ated and managed preoperatively with treatment plans in place for the postoperative

period. The ACC/AHA Task Force has developed a stepwise algorithm to frame

clinical decision making in the preoperative period (Table 6.2) [3].

Cardiac Risk with Type and Timing of Surgery

The type of planned surgery is an important determinant of cardiac risk (Table 6.3).

Low-risk procedures are those that are defined by combined surgical and patient

Table 6.1 Goldman revised

cardiac risk index
Risk factor

High risk surgerya

History of heart failure

History of cerebrovascular disease

History of ischemic heart disease

Preoperative creatinine >2 mg/dL

Preoperative treatment with insulin

# of risk factors Event rate %

0 0.4

1 1

2 2.4

3 or more 5.4
aIntrathoracic, intraperitoneal, or suprainguinal vascular

procedures

Event¼ perioperative cardiac death, nonfatal MI, or

nonfatal cardiac arrest

6 Preoperative and Pre-transplant Cardiac Evaluation in the Cancer Patient 127



characteristics which predict the risk for a major adverse cardiac event (MACE) of

death or myocardial infarction<1%. Elevated-risk procedures are those whose risk
for MACE is >1%. Elevated-risk procedures can be further divided into interme-
diate and high risk and are usually managed similarly.

High-risk surgery includes aortic and major vascular surgery including periph-

eral vascular surgery and prolonged surgical procedures with large fluid shifts,

blood loss, or both. Endovascular abdominal aortic aneurysm repair and carotid

endarterectomy are excluded from the high-risk category and are both considered

intermediate risk. Intermediate-risk and low-risk surgeries are the more common

surgical occurrences when caring for cancer patients. Preoperative cardiac testing

Table 6.2 Stepwise approach to perioperative cardiac assessment for coronary artery diseases

(CAD)

Table 6.3 Risk estimation by procedure

A low-risk procedure is one in which the combined patient and surgical characteristics predict a

risk of a major adverse cardiac event (MACE¼ death or myocardial infarction) of <1%.

Examples include: endoscopy, cataract surgery, plastic surgery, superficial skin and oral mucosa

procedures, breast surgery

Procedures with a risk of MACE of �1% are considered elevated risk
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should be limited to those that affect management and reduce perioperative risk for

cardiac events. An example is a preoperative echocardiogram in a patient with

preoperative exam findings concerning for volume overload in order to assist

perioperative fluid management and reduced risk for postoperative acute clinical

heart failure.

Emergent surgery is usually defined as a treatment of a life-threatening illness

and should proceed to the operating room within 6 h without delay of preoperative

testing. Urgent surgeries typically proceed within 6–24 h and therefore allow

limited time for clinical evaluation. A time-sensitive surgery is surgery that if

delayed greater than >1–6 weeks would negatively affect patient outcomes. Most

oncological procedures fall into this category. An elective surgery is one that can be
delayed by up to a year.

Approach to Preoperative Cardiac Testing

Functional Capacity Assessment

Functional capacity is an established predictor of perioperative cardiac events, with

poor functional capacity correlating to increased adverse events. Functional capac-

ity is often defined in terms of metabolic equivalents (METS) and ranges from

1, which is defined as a resting state, to >10. Perioperative risk for cardiac events

increases if an individual cannot achieve 4 METS which is defined as climbing a

flight of stairs, walking up a hill, walking on level ground at >4 mph, or heavy

house or yard work [4].

Preoperative Electrocardiogram

The prognostic significance of a preoperative electrocardiogram is unclear; how-

ever, it provides a baseline standard that can be compared to in the postoperative

period. Timing should be approximately one to three months prior to the planned

procedure. A 12-lead electrocardiogram is reasonable in patients undergoing ele-
vated-risk procedures with history of coronary artery disease, arrhythmias, struc-

tural heart disease, or peripheral/neurovascular disease. There is no benefit of

routine preoperative electrocardiograms in asymptomatic patients undergoing

low-risk procedures.

Left Ventricular Function Evaluation

Reduced left ventricular function with ejection fraction <35% correlates with a

significant increase in perioperative events, particularly with risk for postoperative

acute decompensated heart failure [5]. It is reasonable to evaluate left ventricular

function preoperatively in patients who report dyspnea of unclear etiology or if

there is evidence of clinical heart failure on preoperative examination. For patients

with known left ventricular dysfunction and no assessment within the past 1 year,

6 Preoperative and Pre-transplant Cardiac Evaluation in the Cancer Patient 129



an echocardiogram is also reasonable prior to surgery. There is no evidence that

routine echocardiogram is useful prior to surgery in other patient groups and is not

recommended.

Pharmacological Stress Testing

Pharmacological stress testing may be useful in patients with poor functional

capacity (<4 METS) in which clinical history and physical findings are concerning

for an active or unstable coronary syndrome prior to surgery. Both dobutamine

stress echocardiogram testing and pharmacological stress nuclear perfusion imag-

ing have been studied in numerous studies prior to elevated-risk surgery; however,

no randomized controlled trials exist. Regardless of the modality chosen, the

presence of a moderate to large area of ischemia is associated with increased risk

of perioperative myocardial infarction and/or death [6]. Evidence of prior myocar-

dial infarct on rest imaging, however, is of little predictive value for perioperative

cardiac events. A normal pharmacologic stress test has a high negative predictive

value for myocardial infarction or cardiac death during the perioperative period.

Coronary Angiogram

Routine coronary angiogram is not recommended for patients undergoing elevated-

risk noncardiac surgery. The indication for coronary angiogram in the preoperative

period is the same as the indication in the nonoperative period, i.e., unstable and

active coronary syndromes.

Coronary Revascularization

Preoperative risk stratification may lead the identification of obstructive coronary

artery disease. Many factors play a role in deciding whether preoperative coronary

revascularization should be performed and via which approach, i.e., surgical versus

percutaneous coronary intervention (PCI). PCI should be performed in patients with

high-risk coronary artery anatomy (left main disease) and prohibitive risk for

surgical revascularization and those patients that have active unstable coronary

syndromes and are candidates for revascularization. For patients with planned time-

sensitive surgery, bare-metal stents (BMS) or balloon angioplasty is favorable. In

these circumstances, preferably 4–6 weeks of aspirin and P2Y-12 platelet receptor

blockers are given followed by aspirin perioperatively. If noncardiac surgery can be

delayed >12 months, then drug-eluting stents (DESs) are a therapeutic option and

allow 1 year of aspirin and P2Y-12 receptor blocker therapy. Some data demon-

strate safety in termination of dual antiplatelet therapy with the use of newer-

generation DESs at 6 months. Average recovery times for surgical revasculariza-

tion need to be considered when considering preoperative surgical revasculariza-

tion strategy. Currently, there are no randomized controlled trials demonstrating

that coronary revascularization (either surgical or PCI) reduces hard end points of

postoperative mortality or cardiac events. The Coronary Artery Revascularization

Prophylaxis (CARP) trial is the largest available trial of 510 patients that were
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randomized to either surgical/percutaneous revascularization or medical manage-

ment with the exclusion of urgent/emergent surgery, unstable angina, left main

disease, severe left ventricular function (EF <20%), or aortic stenosis prior to

elevated high-risk vascular surgery [7]. The CARP trial demonstrated no difference

in postoperative death or myocardial infarctions at 30 days but did show that

coronary revascularization led to longer delays in patients getting their planned

surgical procedure.

Perioperative Beta-Blocker Therapy

Patients already receiving long-term beta-blocker treatment should continue in the

perioperative period; this is supported by multiple retrospective and observational

studies [8–10]. If beta-blockers are to be initiated prior to surgery, it is important to

allow sufficient time to assess patient tolerability and safety. It is our practice to

start patients on beta blockade 1 week prior to their surgery. For patients with

moderate- to high-risk myocardial ischemia on preoperative testing, it is reasonable

to start beta-blockers regardless of whether or not a coronary revascularization

approach is decided. In addition, for a patient with greater than three cardiac risk

factors of either coronary artery disease, heart failure, diabetes, chronic renal

disease, or history of cerebrovascular accident, it is reasonable to start a beta-

blocker if not previously prescribed.

Specific Disease States

Several specific disease states warrant detailed review in terms of cardiovascular

preoperative assessment.

Heart Failure

Heart failure is a very common disease which is more prevalent in the elderly.

Estimates are that >10% of patients older than 65 years of age suffer from the

condition [11]. Congestive heart failure is a clinical syndrome characterized by the

heart’s inability to meet the metabolic demands of the body at normal ventricular

filling pressures. Heart failure can be classified according to the predominant

ventricle involved: left ventricular (LV), right ventricular (RV), or mixed LV/RV

failure. In LV heart failure, patients present with shortness of breath, fatigue,

exercise intolerance, and/or signs of RV failure. In RV heart failure, patients

present with lower extremity edema, early satiety, abdominal distension, fatigue,

and exercise intolerance. Heart failure can also be categorized into systolic, dia-

stolic, or mixed systolic/diastolic. In systolic heart failure, there is evidence of

reduced LV function manifest by a reduced EF. In diastolic heart failure, the LV is

non-dilated with normal or near-normal systolic function but may shows signs of

structural changes (i.e., hypertrophy) and/or diastolic dysfunction.

Heart failure is a well-recognized risk factor for perioperative morbidity and

mortality [1, 12]. The single most important piece of information to be obtained
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from a patient with a history of heart failure is their preoperative symptom complex.

Using the standard New York Heart Association scale (Table 6.4) for symptoms,

patient’s status and risk can be determined. The higher the NYHA class, the higher

the risk for perioperative complications.

Transthoracic echocardiography (TTE) is the single most important diagnostic

tool used preoperatively to assess patients with known or suspected heart failure.

Parameters which can be determined on TTE include LV size, wall thickness,

LVEF, right and left atrial size, and RV size and function, as well as assessment

for any significant valvular lesions. Additional information which can be obtained

on a standard 2D TTE include diastolic function, estimated central venous pressure,

and estimated pulmonary artery systolic pressures (PASP). It is our practice to

obtain a preoperative TTE in all patients with a history of HF undergoing elevated-

risk noncardiac surgery.

In addition to TTE, there is significant literature to support the use of perioper-

ative levels of natriuretic peptides (BNP or NTproBNP) in the risk stratification of

heart failure patients undergoing noncardiac surgery [13]. Elevated natriuretic

peptide levels are strongly correlated to perioperative morbidity and mortality.

All patients with HF who are scheduled to undergo elective noncardiac surgery

should be “optimized” from a medical standpoint. This includes diuresis to achieve

a euvolemic volume status, stable heart rates, and adequate blood pressures with

optimal end-organ perfusion. Patients should be instructed to continue their HF

medications (beta-blockers, ACE inhibitors/angiotensin receptor blockers, aldoste-

rone antagonists, diuretics) until the day of surgery. In patients with heart failure,

judicious use of fluids in the perioperative period is required to avoid issues of

volume overload and pulmonary edema. In patients with advanced heart failure, it

is reasonable to have a cardiac anesthesiologist (if available) to perform anesthesia

for the case using invasive monitoring with pulmonary artery catheter and/or

transesophageal echocardiogram as needed. In all patients, HF medications should

be reinstituted postoperatively as soon as clinically indicated.

Valvular Heart Disease

Patients with significant valvular heart disease (VHD) are at increased risk of

perioperative morbidity and mortality [1, 12]. The risk is dependent upon the

type and severity of VHD and the nature of the procedure being performed.

Table 6.4 New York Heart Association (NYHA) functional classification

Class Symptoms

I (Minimal) No symptoms and no limitation in ordinary physical activity

II (Mild) No symptoms at rest. Mild symptoms and slight limitation during

ordinary activity

III (Marked) Marked limitation in activity due to symptoms, even during less than

ordinary activity. Comfortable only at rest

IV (Severe) Severe limitations. Experiences symptoms even while at rest

Symptoms include: fatigue, shortness of breath, angina, palpitations
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As with HF, a comprehensive history and physical exam (looking for overt

signs/symptoms of HF or angina) is the first step in assessing a patient with

VHD. The NYHA HF scale is a useful tool to determine a patient’s functional

status. TTE should be performed in any patient with known or suspected VHD. A

high index of suspicion for VHD should be present in any patient with a history of

cardiac murmur.

Aortic stenosis (AS) is the most common VHD particularly among the elderly

[14]. AS causes a fixed obstruction at the aortic valve level resulting in pressure

overload of the left ventricle resulting in concentric hypertrophy of the LV. Valvular

AS has several causes including congenital, rheumatic, bicuspid, and calcific

(senile). In the USA, severe AS in the elderly (>70 years of age) is most commonly

related to calcific degeneration, while severe AS in younger patients (50–70) is

typically related to the bicuspid aortic valve (1–2% of the general population).

Severe aortic stenosis is defined as an aortic valve area (AVA) <1 cm2, Vmax

>4 m/s, and/or a mean aortic valve gradient >40 mmHg [15].

In patients with severe AS, determination of symptoms directly attributable to

the valve is critical. Cardinal symptoms of AS include angina, HF, and syncope. In

patients with severe symptomatic AS who are scheduled for elective surgery,

serious consideration must be made to intervening upon the AV prior to noncardiac

surgery to lower the risk of perioperative complications. There are essentially three

different interventions that can be performed in a patient with severe symptomatic

AS: balloon valvuloplasty (BAV), percutaneous valve replacement (TAVR), or

surgical valve replacement (SAVR). Balloon valvuloplasty is used as a bridging

strategy aimed at temporarily improving hemodynamics by reducing the severity of

AS. A successful BAV results in a 50% improvement in AVA and a 50% reduction

in pressure gradients [16]. Risks of BAV include stroke (up to 10% of patients),

acute aortic regurgitation, and vascular access site complications [17]. BAV is not

an effective long-term therapy for severe AS, as 50% of patients will have reste-

nosis of the AV within 6 months [18]. TAVR is a newer procedure that has a proven

mortality benefit in inoperable patients with severe AS and is an attractive alterna-

tive for high-risk patients with severe AS [19]. The recovery from TAVR is

significantly shorter than with SAVR, which can require 2–3 months for an elderly

patient to return to their baseline. Uncomplicated TAVR patients are typically

discharged from the hospital within 2–3 days and are back to their baseline with

2–3 weeks post-procedure.

In patients with severe asymptomatic AS, the decision to intervene upon the AV

prior to elective surgery is more difficult and requires a case-by-case analysis. The

absence of symptoms should be confirmed with exercise stress testing. In those

patients with severe symptomatic AS who must undergo an urgent or emergent

noncardiac surgery, if BAV is not available, invasive hemodynamic monitoring,

avoidance of rapid volume shifts/loads, careful administration of vasodilators, and

maintenance of normal sinus rhythm are all essential.

Mitral stenosis (MS) secondary to rheumatic heart disease was once the most

common form of VHD worldwide and is still the leading cause of VHD in

developing nations [20]. With the introduction of rapid screening for strep
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infections and prompt antibiotic treatment, the incidence of rheumatic fever and

its sequelae is now exceedingly rare in the USA except for in patients who have

emigrated from endemic areas [21]. MS can also occur secondary to congenital

malformation, prior mitral valve surgery (including repaired and replaced valves),

and from systemic diseases which can cause valvular fibrosis (e.g., carcinoid,

lupus, rheumatoid arthritis). The normal mitral valve has an orifice which is

4–5 cm2. As the mitral orifice narrows, a pressure gradient between the left

atrium (LA) and LV develops. This pressure gradient is added to the LV diastolic

pressure causing an increase in the LA pressure which leads to LA dilatation,

elevated pulmonary arterial pressures, and pulmonary congestion. As the severity

of MS progresses, LV diastolic filling is impaired, ultimately resulting in reduced

cardiac output. Symptoms of severe MS mimic symptoms of combined LV

systolic/diastolic HF. Severe MS is defined as an MV area (MVA) <1.5 cm2

which corresponds to a transmitral gradient of >5–10 mmHg at a normal heart

rate [15]. In general, noncardiac surgery can be performed safely in patients with

MS with an MVA >1.5 cm2 and in asymptomatic patients with severe MS and

estimated PASP <50 mmHg. As with asymptomatic AS, if feasible, the absence

of symptoms should be confirmed with exercise stress testing. In asymptomatic

patients with severe MS and estimated PASP >50 mmHg and in symptomatic

patients with severe MS, the risk of perioperative morbidity and/or mortality is

significantly increased, and consideration for mitral valve intervention (either

percutaneous BAV or open surgical repair) must be entertained. Medical man-

agement of all patients with significant MS includes optimization of volume

status, avoidance of volume shifts/loads, and maintenance of normal sinus rhythm

with a slow heart rate to allow for diastolic filling.

In general, nonsignificant regurgitant valvular disease (aortic insufficiency or

mitral regurgitation) is well tolerated and does not increase the risk of perioper-

ative complications as the LV is conditioned to tolerate typical volume shifts

associated with perioperative care. Patients with severe asymptomatic regurgitant

valvular disease (aortic insufficiency or mitral regurgitation) and preserved LVEF

can safely be sent to the operating room for noncardiac surgery. For patients with

severe asymptomatic regurgitant valvular disease and reduced LVEF (<30%) or

for those patients with severe symptomatic regurgitant valvular disease, there is

an increased risk of cardiac complications, and management must be tailored

based upon a risk-benefit analysis for the proposed noncardiac procedure [22]. If

a patient requires noncardiac surgery, pharmacologic optimization (with the use

of diuretics and afterload-reducing agents) prior to the OR can lower the

cardiac risk.

In patients with a history of prosthetic valve replacement or repair, there is

no additional risk for noncardiac surgery provided there is no evidence of

valvular and/or ventricular dysfunction. The major risk associated with a history

of valve replacement comes from the perioperative management of

anticoagulation (discussed separately below) in patients who are chronically

anticoagulated.
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Antithrombotic Therapy

Management of antithrombotic (antiplatelet � anticoagulation) therapy in patients

undergoing noncardiac surgery is a common situation facing clinicians. Physicians

must decide upon the safety of interruption of antithrombotic therapy, optimal

timing of preoperative cessation and postoperative resumption of these medica-

tions, as well as bridging strategy (if any). Safety of interruption of antiplatelet

therapy hinges upon the indication for antiplatelet therapy (recent coronary stenting

vs. primary risk reduction in an asymptomatic patient with coronary artery disease)

and the type of procedure being planned. Procedural risk is determined by the

anatomic site and propensity for bleeding (Table 6.5). Similarly, the approach to

anticoagulation is determined by both the indication for anticoagulation (low-risk

atrial fibrillation vs. mechanical heart valves/rheumatic heart disease/recent venous

thromboembolism) and type of procedure being planned.

Antiplatelet agents include aspirin, nonsteroidal anti-inflammatory drugs, plate-

let P2Y12 receptor inhibitors including thienopyridines (clopidogrel, prasugrel) and

the cyclopentyltriazolopyrimidine (ticagrelor), phosphodiesterase inhibitors

(dipyridamole, cilostazol), and glycoprotein IIb/IIIa receptor inhibitors (abciximab,

Table 6.5 Procedural risk according to anatomic site, severity of tissue trauma and the risk of

peri-procedural bleeding

Minimal procedures (little tissue trauma)

Superficial skin and oral mucosal surgery, including skin biopsies

Wound revisions

Non-extraction dental treatment

Minor procedures (little tissue trauma, but relevant bleeding risk)

Transluminal cardiac, arterial, and venous interventions

Pacemaker-related surgery

Pleura and ascites puncture

Cataract surgery

Arthoscopy, endoscopy, laparoscopy

Organ biopsies

Dental extraction

Hernia repair

Intramuscular and paravertebral injections

Major procedures (relevant tissue trauma and high bleeding risk)

Open pelvic, abdominal and thoracic surgery

Brain surgery

Major orthopaedic and trauma surgery

Vascular surgery

Adapted from: J. Beyer-Westendorf, V. Gelbricht, K. Forster, et al., “Peri-interventional manage-

ment of novel oral anticoagulants in daily care: results from the prospective Dresden NOAC

registry,” European Heart Journal, 2014
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eptifibatide, tirofiban). Platelets have a 10-day life span in the blood. As such the

entire platelet pool can be regenerated after 10 days. Aspirin, prasugrel, and

ticagrelor are all inhibitors of platelets. Aspirin and prasugrel are both irreversible

inhibitors of platelet function, while ticagrelor is a potent reversible inhibitor of

platelet function.

In patients (excluding those with a history of coronary stents or recent acute

coronary syndrome) who are taking aspirin monotherapy for cardiovascular risk

reduction, we recommend that aspirin be held for 5–7 days prior to noncardiac/

vascular surgery. Aspirin should be resumed postoperatively once the patient is

tolerating oral intake and the risk of major surgical bleeding has passed. This

recommendation is based largely upon the results of the POISE 2 trial [23]. Briefly,

in POISE 2, investigators used a 2� 2 factorial design that compared clonidine to

placebo and aspirin to placebo in 10,010 patients who were undergoing noncardiac

surgery (excluding carotid endarterectomy, retinal surgery, or intracranial surgery)

and were at risk for vascular complications. Patients were stratified according to

whether they had been taking aspirin (continuation stratum; n¼ 4382) or not

(starting stratum; n¼ 5628) prior to the study. Patients in the initiation stratum

started taking aspirin (at a dose of 200 mg) or placebo just before surgery and

continued it daily (at a dose of 100 mg) for 30 days in the initiation stratum and for

7 days in the continuation stratum; after which, patients resumed their regular

aspirin dosing. The primary outcome of death or nonfatal myocardial infarction

(MI) at 30 days was similar in both the aspirin and placebo group (7.0 vs. 7.1%,

respectively; hazard ratio [HR] 0.99, 95% CI, 0.86–1.15). As expected, major

bleeding was more common in the aspirin group (4.6 vs. 3.8%; HR 1.23, 95% CI,

1.01–1.49).

The approach to perioperative management of antiplatelet therapy in patients

with prior percutaneous coronary intervention (PCI) with stenting warrants specific

discussion (Table 6.6). Each year, approximately 500,000 patients in the USA

undergo cardiac stent implantation [24]. It has been estimated that up to 10% of

patients with coronary stents undergo noncardiac surgery within a year of stent

implantation [25]. Following coronary stent implantation, patients are given aspirin

and a second antiplatelet agent (clopidogrel, prasugrel, or ticagrelor). This is termed

dual antiplatelet therapy (DAPT). The concern over premature cessation of DAPT

following coronary stenting is in-stent thrombosis (acute occlusion of the stent).

In-stent thrombosis is a condition that carries a high degree of morbidity and

mortality. The highest risk for stent thrombosis following either bare-metal stent

(BMS) or drug-eluting stent (DES) is in the first 4–6 weeks after stent implantation

[26]. Discontinuation of DAPT during this high-risk period is a strong risk factor for

in-stent thrombosis. The “recommended” waiting time prior to proceeding with

noncardiac surgery is typically 2–4 weeks following balloon angioplasty (PCI

without stent implantation), 4–6 weeks following BMS, and 12 months following

DES. In those patients who require noncardiac surgery within the recommended

waiting time, strong consideration should be given for continuation of DAPT

whenever feasible. If the risk of bleeding with DAPT is considered prohibitive,

every attempt possible should be made to continue aspirin throughout the operative
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period. Once the surgical risk of bleeding has stabilized, the second antiplatelet

agent should be resumed. It is critical to note that the recommended time frames for

DAPT following coronary stenting are somewhat arbitrary (e.g., in Europe, there

are certain DESs which have a recommended DAPT time frame of only 3 months

compared to 12 months recommended by the FDA for the same stent) and are based

on expert opinions, and thus decisions regarding perioperative management of

DAPT must be individualized on a case-by-case basis. With current third-

generation DES, our practice is to avoid discontinuing DAPT prior to 6 months

post-implantation whenever feasible. To date, there is a lack of evidence to support

“bridging” a patient with anticoagulation or IV glycoprotein IIb/IIIa inhibitor

following discontinuation of DAPT prior to surgery. The specific antiplatelet

management strategy should be communicated and discussed among the cardiolo-

gist, surgeon, anesthesiologist, and patient.

Anticoagulants include warfarin, heparin (unfractionated or low-molecular-

weight), fondaparinux, direct thrombin inhibitors (recombinant hirudins,

bivalirudin, argatroban, dabigatran), and direct Xa inhibitors (rivaroxaban,

apixaban, edoxaban). It has been estimated that over 6 million Americans are on

chronic anticoagulation for prevention of thromboembolism for atrial fibrillation

(AF), mechanical heart valve, or treatment of a thromboembolic disorder. The risks

of bleeding for any procedure must be weighed against the benefit of remaining on

anticoagulation on a case-by-case basis.

The first step is to determine the risk of thromboembolic event during the period

when anticoagulation is to be held. For patients with atrial fibrillation, the daily risk

associated with cessation of anticoagulation is extrapolated from yearly risks

outside of the surgical period. Two commonly used risk prediction calculators are

the CHADS2 and CHA2DS2-VASc score, which can be used to estimate the yearly

Table 6.6 Perioperative management of antiplatelet therapy in patients post percutaneous coro-

nary intervention
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risk of stroke in patients with non-valvular AF (AF in the absence of rheumatic

mitral stenosis, a mechanical or bioprosthetic heart valve, or mitral valve repair)

[27, 28] (Table 6.7). In both of these scoring systems, the higher the total score, the

greater the yearly risk of stroke (Table 6.8).

In patients with mechanical heart valves, the risk of thromboembolism is

determined by the type, number, and location of mechanical valves as well as the

presence or absence of any additional risk factors (i.e., heart failure, prior stroke,

AF) [29] (Table 6.9). In general, mechanical valves in the mitral position portend a

higher risk of embolism compared to the aortic position.

Table 6.7 CHADS2 and CHA2DS2-VASc

Risk factor CHADS2 CHA2DS2-VASc

Congestive heart failure/LV dysfunction 1 1

Hypertension 1 1

Age> 75 1 2

Diabetes 1 1

Stroke/TIA/thromboembolism 2 2

Vascular disease – 1

Age 65–74 – 1

Sex category (female) – 1

Maximum Score 6 9

Table 6.8 Estimated yearly

risk of stroke
Patients (n¼ 1733) Stroke rate (%)/year

CHADS2 score

0 120 1.9

1 463 2.8

2 523 4

3 337 5.9

4 220 8.5

5 65 12.5

6 5 18.2

CHA2DS2-VASc score

0 1 0

1 422 1.3

2 1230 2.2

3 1730 3.2

4 1718 4

5 1159 6.7

6 679 9.8

7 294 9.6

8 82 6.7

9 14 15.2
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In patients with a history of thromboembolic disease, the risk of recurrent

thromboembolism is determined by how recently a clinical event occurred and

whether or not the thromboembolism was “provoked” [30] (Table 6.10). The risk of

recurrent thromboembolism is greatest within 3 months of a blood clot, and the risk

rises in cases of idiopathic thromboembolism. In patients with a history of provoked

thromboembolism, risk of recurrence diminishes greatly once the underlying risk

factor is corrected.

Cancer patients represent a group with elevated risk for thromboembolism

during the perioperative period. Several factors are thought to elevate the risk of

clot including prothrombotic activity, cancer therapies (hormonal, radiation, angio-

genesis inhibitors), and decreased mobility, as well as the presence of an indwelling

central venous catheter (i.e., Mediport) which is common in cancer patients. Many

Table 6.9 Risk estimation for thromboembolic event in patients with a mechanical heart value

Low Risk

Bileaflet aortic-valve prosthesis without any concomitant risk factorsa

High Risk

Any prosthesis in the mitral position

Prosthetic valve in the presence of 1 or more risk factorsa

Caged-ball or tilting-disk aortic valve prosthesis

Double mechanical valve
aRisk factors: atrial fibrillation, LV ejection fraction�35%, left atrial dilation (diameter�50 mm),

previous thromboembolism, spontaneous echocardiographic contrast, or hypercoagulable

condition

Table 6.10 Risk Estimation for Thromboembolic Event in Patients with a History of Venous

Thromboembolism (VTE)

Low annual risk (<5%)

Provoked VTE >12 months prior

Moderate annual risk (5–10%)

Provoked VTE within 3–12 months

Heterozygote for factor V Leiden or prothrombin mutation

Recurrent VTE

High annual risk (>10%)

VTE within the prior 3 months

Unprovoked VTE

Active cancer

Protein C, Protein S or anti-thrombin deficiency

Homozygote for factor V Leiden or prothrombin mutation

Anti-phospholipid antibody

Adapted from: T. Baron, P. Kamath, and R. McBane. “Management of Antithrombotic Therapy in

Patients Undergoing Invasive Procedures,” N Engl J Med 2013;368:2113–24
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cancer patients are also at increased risk of bleeding due to cancer or treatment-

related thrombocytopenia, chemo-related hepatic and renal dysfunction, and tumor

friability.

After the risk of thromboembolic event during the period when anticoagulation

is to be held is determined, the second step for peri-procedural management of

anticoagulation is to determine the risk of bleeding due to the planned procedure.

As stated previously, procedural risk is determined by the anatomic site and

propensity for bleeding (Table 6.5).

In patients at low risk for thromboembolism undergoing high-risk surgery or

patients at high risk for thromboembolism undergoing low-risk procedures, the

management is relatively straightforward. The number of days prior to surgery that

anticoagulation must be held is determined principally by two factors: the pharma-

cokinetics of the specific anticoagulant and the patient’s renal function (Table 6.11).
Patients at highest risk for a thromboembolic complication due to cessation of

anticoagulation can be “bridged” with an alternative anticoagulant with rapid onset

Table 6.11 Overview of anticoagulants

Agent Administration Dosing Mechanism of action

When to

discontinue

preoperatively

Heparin IV or

Subcutaneous

PTT-based

or fixed dose

Antithrombin

activation

IV—2–6 h

SC—12–24 h

Warfarin Oral Per INR Inhibition of vitamin

K-dependent factors

1–5 days (typically

3 days)

Enoxaparin Subcutaneous Weight-

based

Antithrombin

activation

1 day (CrCl 30–90)

2 days (CrCl< 30)

Dalteparin Subcutaneous Weight-

based

Antithrombin

activation

1 day (CrCl 30–90)

2 days (CrCl< 30)

Fondaparinux Subcutaneous Fixed dose Factor Xa inhibitor 1 day (CrCl> 90)

2 days (CrCl

50–90)

3 days (CrCl< 50)

Dabigatran Oral Fixed dose Direct thrombin

inhibitor

1–2 days

(CrCl> 50)

3–5 days

(CrCl< 50)

Rivaroxaban Oral Fixed dose Direct factor Xa

inhibitor

1 day (CrCl> 90)

3 days (CrCl

30–90)

5 days (CrCl< 30)

Apixiban Oral Fixed dose Direct factor Xa

inhibitor

1–2 days

(CrCl> 60)

3 days (Cr Cl

50–59)

5 days (Cr Cl< 50)

Edoxaban Oral Fixed dose Direct factor Xa

inhibitor

1 day
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and shorter duration of action to minimize time without anticoagulation

(Table 6.12). It is important to note that despite this common practice, there is a

lack of clear data showing a reduction in adverse events associated with a bridging

strategy. Common approaches for bridging include stopping Coumadin 5 days prior

to a planned procedure and bringing the patient into the hospital (when the INR is

<2) to initiate an unfractionated heparin drip until the time of surgery. Alterna-

tively, for those patients able to inject themselves (or have somebody else inject

them), LMWH can be used allowing the patient to be bridged in the outpatient

setting. The bridging agent is stopped prior to the procedure, with the timing based

on whether unfractionated heparin or LMWH is used, and is usually resumed within

48 h after the procedure, once hemostasis is secured.

An additional consideration is duration of action and reversibility of the antico-

agulant. In cases where urgent or emergent surgery is a distinct possibility,

Coumadin or LMWH may be preferred over the longer-acting novel oral anticoag-

ulants (NOACs).

Cardiovascular Implantable Electronic Device

The number of patients with a cardiovascular implantable electronic device (CIED)

continues to rise. Perioperative management requires a rudimentary understanding

of these devices and forethought for their management. There are two categories of

CIED: (1) implantable cardioverter-defibrillator (ICD) and (2) pacemaker (PM).

Table 6.12 General approach to bridging therapy
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All ICDs can also function as a PM; however, isolated PMs do not have ICD

capabilities. The main concern in the perioperative management of CIEDs is the

potential for “cross-talk” or interference between the CIED and electromagnetic

interference (EMI), typically from electrocautery (monopolar>>> bipolar) [31].

In patients who are PM dependent, EMI can result in temporary inhibition of PM

function leaving a patient vulnerable for asystole. In patients who have an ICD,

EMI can lead to inappropriate shocks. Prior to elective surgery, reprogramming of

the CIED should be performed to render a PM or ICD “OR ready.” In patients who

are PM dependent, this involves reprogramming the PM into an asynchronous

mode (VOO or DOO). A PM in an asynchronous mode paces at a set rate which

limits the ability of the PM to misinterpret EMI. Reprogramming of ICDs involves

temporarily inhibiting all tachyarrhythmia therapy. This will prevent any ICD

shock from occurring in the OR.

All patients with CIEDs should have continuous monitoring of the heart rhythm

throughout the perioperative period. In those cases where ICD function has been

inhibited, an external defibrillator should be readily available should a life-

threatening arrhythmias arise. The CIED setting should be returned to its preoper-

ative state as soon as possible to prevent accidentally discharging a patient with an

inappropriate CIED setting. In emergency cases where the CIED cannot be

reprogrammed, placement of a magnet over the CIED generator will cause a PM

to switch to an asynchronous mode and will inhibit ICD shocks.

Congenital Heart Disease

Congenital heart disease (CHD) covers a wide spectrum of heart defects ranging

from small defects which are inconsequential and cause no hemodynamic effect to

more severe forms which are incompatible with life if not for various interventions.

As our ability to treat these more serious forms of CHD continues to progress, the

number of adult survivors of complex CHD rises. The risk that CHD imposes upon

an individual undergoing noncardiac surgery is dependent entirely upon the nature

of the CHD lesion and its resultant morbidities. Severe CHD is manifest by HF,

arrhythmia, pulmonary hypertension, and/or systemic deoxygenation. For all but

the most basic CHD lesions, we recommend patients undergoing elective

noncardiac surgery be evaluated in a center with expertise in the care of the CHD

patient.

Part II: Cardiac Evaluation in Stem Cell Transplantation

Introduction

Cardiovascular complications pose a significant challenge in patients that undergo

hematopoietic stem cell transplantation (HSCT). In a retrospective single institution
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analysis of 2821 patients, Murdych et al. reported that 26 patients (0.9%) developed

early cardiotoxicity in the first 100 days following HSCT [32]. Analysis of long-

term (2 or more years post-transplant) survivors revealed that 5.6–13.1% of patient

deaths were attributed to cardiotoxicity following autologous or allogeneic HSCT

[33, 34]. Furthermore, arterial vascular events (i.e., cerebrovascular, coronary

artery, and/or peripheral artery) were found to affect as many as 22% of long-

term survivors that had undergone HSCT [35].

Over the past decade, the chemotherapy and/or radiation regimens given to

patients pre-HSCT have become less myelosuppressive (i.e., reduced intensity or

non-ablative) and more immunosuppressive. Reduced-intensity chemotherapy reg-

imens decrease the risk of organ toxicity. Consequently, organ function eligibility

criteria for HSCT have become less stringent. Enhanced immunosuppressive ther-

apies have allowed for use of partial HLA-matched stem cell donors. Partial

HLA-matched donors and alternative stem cell sources, such as umbilical cord

blood and haploidentical donors, have greatly expanded the potential of HSCT. The

use of post-HSCT cyclophosphamide for haploidentical HSCT has resulted in low

rates of transplant-related mortality and reduced incidence of acute and chronic

GVHD [36]. These changes have led to a broader use of HSCT in patients of

advanced age and those with advanced disease that have undergone multiple lines

of standard-dose chemotherapy. In addition, patients with nonmalignant diseases

such as sickle cell and autoimmune disease are now candidates for HSCT. As the

eligible patient population becomes more diverse and as HSCT technology

advances, new guidelines are necessary to identify patients that exhibit high risk

for cardiac and cardiovascular complications. Careful pre-HSCT screening and

post-HSCT monitoring may reduce the incidence of cardiovascular events and

improve outcomes.

Cardiovascular Stress Associated with HSCT

The cardiovascular system may be exposed to a number of stressors during HSCT,

requiring enhanced function, or cardiac reserve. Changes in volume status, with

shifts both up and down, may occur as a result of chemotherapy infusion, stem cell

mobilization and isolation, stem cell infusion, hematopoietic cell reconstitution,

gastrointestinal loss, or insensible loss due to fever. Prior to red blood cell recon-

stitution, patients are anemic and require increased cardiac output. During periods

of pancytopenia and neutropenia, patients are susceptible to infections and life-

threatening sepsis, which may lead to severe vasodilation and left ventricular

dysfunction [37, 38]. Furthermore, pre-HSCT therapies (i.e., anthracyclines and

radiation therapy) can be directly cytotoxic to the heart, affecting organ function

[39–41].
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Risk Factors for Early Cardiovascular Complications
Following HSCT

Cardiovascular complications that occur early, within 100 days, after transplant are

usually attributed to the condition of the patient prior to transplant and cardiac

comorbidity, the patient’s primary diagnosis and history of disease (Table 6.13),

and transplant-related factors including mobilization, conditioning, and transplant

complications [42].

Pre-transplant Cardiovascular Comorbidities

Pre-existing cardiovascular comorbidities should be considered in determining

HSCT eligibility. An HSCT-specific comorbidity index (Table 6.14), developed

by Sorror et al. in 2005, was shown to be useful in predicting non-relapse mortality

and overall survival following allogeneic transplant [43]. This index includes

arrhythmia, coronary artery disease, congestive heart failure, myocardial infarction,

decreased ejection fraction, heart valve disease, and cerebrovascular disease as

significant risk factors for non-relapse mortality in HSCT.

Risk Factors Related to the Primary Disease

Several autoimmune conditions may predispose HSCT patients to cardiac risk. In

patients with systemic sclerosis, pulmonary hypertension is evident in 7–12% of

patients, and 10% display diastolic dysfunction [44–46]. In early HSCT studies in

Table 6.13 Cardiovascular risk factors in patients undergoing HSCT

Clinical indication for HSCT Cardiovascular concern

Autoimmune conditions:

Systemic lupus erythematosus

Dermatomyositis

Polymyositis

Systemic sclerosis

PHT, PC, VD, CAD, CD, AR

PHT, MCD

PHT, MCD

PCT, DD

Sickle cell disease PHT, LD, RF

Thalassemia MCD, AR, PHT, SCT

Amyloidosis MCD, CHF, CAD, VD, AR

Cancer patients:

Anthracycline therapy

Mediastinal or chest radiation

DSLV, CHF

PC, MF, CAD, VD, CD

PHT pulmonary hypertension, PC pericarditis, MCD myocardial disease, PC pericarditis, VD
valvular disease, CAD coronary artery disease, CD conduction disturbance, AR arrhythmia, DD
diastolic dysfunction, LD lung disease, RF respiratory failure, SCT sudden cardiac tamponade,

CHF congestive heart failure, DSLV decreased systolic left ventricular function, MF myocardial

fibrosis
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patients with sclerosis, a 17% mortality rate was reported, and death was attributed,

in subset of cases, to advanced pulmonary and cardiac fibrosis [45, 47]. Pulmonary

hypertension and myocardial disease have been reported in patients with dermato-
myositis and polymyositis, and these conditions have been associated with cardiac

mortality in HSCT [48, 49]. Pericarditis, valvular disease, conduction disease and

arrhythmias, coronary artery disease, pulmonary arterial hypertension, and myo-

carditis have been reported in patients with systemic lupus erythematosus (SLE)

[49–52]. Of note, cardiac symptoms have been shown to stabilize or improve

Table 6.14 Hematopoietic cell transplant comorbidity index

Comorbidity Score Comorbidity Score

Arrhythmia

Atrial fibrillation

Atrial flutter

Supraventricular tachycardia

Sick sinus syndrome

Heart block

Ventricular arrhythmia

1 Rheumatologic

Systemic lupus erythematosus

Rheumatoid arthritis

Polymyositis

Mixed connective tissue disease

Polymyalgia rheumatica

2

Cardiovascular

Coronary artery disease

Congestive heart failure

Ejection fraction (�50)

Shortening fraction (�26)

1 Infection

Documented infection

Fever of unknown origin

Pulmonary nodules (pneumonia)

PPD positive (tuberculosis)

1

Inflammatory bowel disease

Crohn’s disease
Ulcerative colitis

1 Peptic ulcer

Gastric

Duodenal

2

Diabetes

Diabetes

Steroid-induced

hyperglycemia

1 Renal

Serum creatinine

Current dialysis

Prior renal transplantation

2

Cerebrovascular disease

Transient ischemic attack

Subarachnoid hemorrhage

Cerebral thrombosis

Cerebral embolism

Cerebral hemorrhage

1 Pulmonary

Diffusion capacity of carbon mon-

oxide

Forced expiratory volume

Shortness of breath (active)

Shortness of breath (resting)

Oxygen supplementation

2–3

Hepatic Comorbidity

Bilirubin

Aspartate transaminase

Alanine transaminase

Hepatitis B

Hepatitis C

Liver cirrhosis

1–3 Heart valve disease

Valve stenosis

Valve insufficiency

Prosthetic valve

Symptomatic mitral valve prolapse

3

Psychiatric disturbance

Depression

Anxiety

1 Prior solid tumor 3

Age 40 or older 1

Obesity (BMI) 1

This summary was generated from the HCT Comorbidity Index Calculator (http://www.hctci.org/)
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following successful HSCT in association with SLE remission, suggesting that the

benefits of transplant outweigh the risks [53].

Sickle cell disease, especially in cases with recurrent vaso-occlusive crises in the
lungs, can result in restrictive and obstructive lung disease and respiratory failure

[54]. Hypertension also occurs in 30% of these patients [55, 56]. Such patients

require a thorough evaluation before HSCT.

Thalassemia patients may be at higher risk for cardiac complications in HSCT.

Chronic intravascular hemolysis and regular red blood cell transfusions can lead to

iron deposition within the myocardium, particularly in patients who are poorly

compliant with chelation treatment. This can lead to restrictive or dilated cardio-

myopathy and cardiac arrhythmias. Chronic hemolysis, a high-output state, tissue

hypoxia, and the procoagulant effects of splenectomy may also lead to pulmonary

hypertension in these patients [57]. Patients that present with extensive damage to

the liver due to high levels of iron fare poorly after allogeneic HSCT [32, 58]. Sud-

den cardiac tamponade occurred in 8 of 400 patients with thalassemia either during

pre-transplant conditioning or within 1 month following the transplant, leading to

death in 6 patients [59].

Amyloidosis commonly involves protein deposition and accumulation in the

heart, leading to cardiomyopathy, congestive heart failure, coronary heart disease,

valvular heart disease, or arrhythmia [60]. Historically, transplant-related mortality

(TRM) rates of 15–43% have been reported in patients with amyloid light chain

(AL) amyloidosis [61, 62]. Patients with amyloidosis represent a high-risk popula-

tion for cardiac complications following HSCT. More recent data incorporating

better selection criteria and more modern transplant practices have resulted in a

reduction in TRM. D’Souza et al. compared mortality rates in patients that

underwent autotransplant in 1995–2000, 2001–2006, or 2007–2012 and found

that rates fell from 11–20% to 5–11% and 2–5%, while 5-year survival rates

increased from 55 to 61% and 77%, respectively [63]. Two additional studies

revealed 3-year survival rates as high as 83 and 88% [64, 65]. To aid in determining

patients at high risk for cardiac complications, the Mayo cardiac staging system is

used, which classifies patients into stages I–IV based on elevations in the cardiac

biomarkers troponin T (cTnT) and N-terminal pro-B-type brain natriuretic peptide

(NTproBNP) and the difference between serum levels of involved and uninvolved

light chain (FLC-diff) [66]. In patients with advanced amyloid-associated cardio-

myopathy for which HSCT is not feasible, orthotopic heart transplantation may be

used prior to HSCT with success [67].

Transplant-Related Risk Factors

Peri-transplant Cardiovascular Risks

Cardiovascular-related deaths in a subset of high-risk sclerosis and amyloidosis

patients occurred during stem cell mobilization or infusion [59, 68]. High-dose

cyclophosphamide, which is commonly used as a mobilizing agent in autologous

146 S. Goodman et al.



HSCT, can be cardiotoxic. Acute toxicity, ranging from electrocardiographic

changes to severe pericarditis and myocarditis, was reported in 17–28% of patients

following cyclophosphamide conditioning for HSCT [69, 70]. Early post-transplant

infections are common in HSCT prior to neutrophil recovery. Endocarditis, involv-

ing valves in the left side of the heart, occurs rarely after HSCT but has been

associated with high mortality [71]. In severe cases of infection, sepsis may lead to

organ failure syndrome with cardiopulmonary decompensation [42].

Cardiac Graft-Versus-Host Disease (GVHD)

Although rare, the heart may be a target of GVHD following allogeneic HSCT [72–

79]. Cardiac GVHD is diagnosed by histological evidence of lymphocytic infiltra-

tion, when a biopsy is feasible, or responsiveness to immunosuppressive treatments.

Coronary artery vessel involvement and myocardial infarction, bradycardia,

cardiomyolysis, third-degree atrioventricular block, pericardial effusion, and

acute heart failure have been associated with cardiac GVHD. While the cardiac

GVHD is most common within 100 days after HCT, cardiac effects can manifest

later (e.g., 20 months post-transplant) in cases of chronic GVHD [78]. In two case

reports, cardiac GVHD was fatal [73, 74]. A more recent retrospective analysis of

205 HSCT patients found that nine patients (4.4%) developed pericardial effusions

between 18 and 210 days post-transplant [76]. Seven of the nine patients received

an allogeneic transplant and developed acute or advanced GVHD. Although cardiac

GVHD was not confirmed in these patients, this study suggests that GVHD is

associated with cardiac complications.

Risk Factors for Late Cardiovascular Complications
Following HSCT

Cardiovascular complications that are delayed (i.e., 3 months to 2 years) or occur

late (i.e., 2 years to decades) after transplant have been associated with the

conditioning regimen, previous cardiotoxic chemotherapy or mediastinal radiation

therapy, chronic GVHD and its treatment, and pre-transplant comorbidities

[42, 80].

Cardiotoxic Therapies Prior to HSCT

Anthracyclines, a class of cell cycle-nonspecific drugs commonly used in cancer

chemotherapy (e.g., doxorubicin, daunorubicin, and mitoxantrone), are known to

cause cardiotoxicity [40, 41]. Increasing doses of anthracycline have been associ-

ated with a decrease in systolic left ventricular function and an increased incidence
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of congestive heart failure (Table 6.13) [41, 81]. Of note, cardiac function may be

compromised immediately, within the first year or as late as 10–20 years after

anthracycline treatment [82, 83].

Previous mediastinal or chest radiation in young patients with Hodgkin’s
lymphoma and early-stage breast cancer can lead to pericarditis, myocardial fibro-

sis, coronary artery disease, valvular abnormalities, and conduction disturbances

(Table 6.13) [40]. Cardiovascular disease is the leading cause of non-relapse

morbidity and mortality in long-term survivors of Hodgkin’s lymphoma. The

incidence of congestive heart failure in survivors of Hodgkin’s lymphoma after

mediastinal radiotherapy and anthracyclines was 7.9%, and the risk of cardiovas-

cular disease was increased threefold to fivefold over that of the general

population [84].

Hydroxychloroquine, which is commonly used in the long-term treatment of

malaria, SLE, and rheumatoid arthritis, has been associated with cardiac toxicities,

including conduction disorders, restrictive cardiomyopathy, and arterial ventricular

block [85]. There are no studies to date that have investigated the contribution of

hydroxychloroquine in HSCT-associated cardiac risk. We suggest that a history of

prolonged hydroxychloroquine therapy may increase the risk of cardiac complica-

tions, especially in patients with SLE where underlying cardiac dysfunction may be

exacerbated, and should be considered when determining HSCT eligibility and

monitoring strategy.

Allogeneic HSCT and Chronic GVHD

In a retrospective analysis of 265 long-term survivors that had undergone HSCT,

22% of patients had experienced a cardiovascular event (e.g., cerebrovascular

disease, coronary artery disease, or peripheral artery disease) [35]. Cardiovascular

risk was higher in patients that underwent an allogeneic HSCT (6.8%) compared to

those that received an autologous HSCT (2.1%). It has been proposed that persis-

tent vascular inflammation and endothelial cell death in the context of GVHD may

elicit atherosclerosis, putting long-term survivors of HSCT with GVHD at a higher

risk for cardiovascular events [42]. Although acute and/or chronic GVHD was

evident in 14 of the 18 allogeneic HSCT recipients that developed a cardiovascular

event, no statistically significant correlation was found between GVHD and car-

diovascular disease.11 Of note, endothelial cell damage is known to occur during

the first 21 days after both autologous and allogeneic HSCT and, in combination

with other cardiovascular risk factors, could contribute to the development of late

cardiovascular complications [86–88].

Metabolic Syndrome and Cardiovascular Risk

Metabolic syndrome, the development of obesity, insulin resistance, glucose intol-

erance, dyslipidemia, and hypertension, is growing in both the general population
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and in HSCT survivors and is associated with a higher risk for type 2 diabetes and

cardiovascular disease [89, 90]. HSCT patients were shown to have a higher

incidence of hyperinsulinemia, impaired glucose tolerance, hypertriglyceridemia,

low HDL cholesterol, and abdominal obesity compared to non-HSCT patients or

healthy controls [91]. More recently, HSCT survivors were found to have a higher

risk for diabetes and hypertension compared to sibling controls [92]. Another large

study surveyed HSCT survivors compared to normal controls, using the National

Health and Nutrition Examination Survey, and found higher rates of cardiomyop-

athy (4.0% vs. 2.6%), stroke (4.8% vs. 3.3%), dyslipidemia (33.9% vs. 22.3%),

and diabetes (14.3 vs. 11.7), but not hypertension, in HSCT survivors [93]. Obesity

and poor diet were associated with a higher risk of dyslipidemia and diabetes,

suggesting that lifestyle is an important factor in cardiovascular risk after HSCT.

Patients that adhered to the recommended lifestyle choices had a reduced risk for

cardiovascular events after HSCT [93]. Of note, the presence of at least two

cardiovascular risk factors (i.e., hypertension, diabetes, dyslipidemia, obesity) has

been associated with an increased risk of cardiovascular events following

HSCT [35].

Advanced Age

The age of a patient at the time of HSCT has been associated with morbidity and

mortality. Specifically, in patients receiving allogeneic HSCT for chronic myeloid

leukemia between 1989 and 1997, patients 40 years of age or older had a higher risk

of transplant-related death compared to patients 20–40 or less than 20 years of age

[94]. A more recent study of patients that underwent allogeneic HSCT for acute

myeloid leukemia, acute lymphocytic leukemia, or myelodysplastic syndromes

between 1997 and 2005 found that patients 40 years of age or older had a

significantly higher risk of mortality (hazard ratio¼ 1.8; p¼ 0.001) [95]. Tichelli

et al. specifically investigated the role of age in cardiovascular complications (i.e.,

cerebrovascular disease, coronary heart disease, and peripheral arterial disease)

following HSCT and found that the cumulative incidences after 20 years of follow-

up were 8.7%, 20.2%, and 50.1% in patients 20, 20–40, and 40–60 years of age at

the time of transplant, respectively [35].

Prevention, Monitoring, and Treatment of Cardiovascular
Complications with HSCT

Pre-transplant Evaluation

Judicious patient selection is crucial in prevention of cardiovascular events follow-

ing HSCT. Prior to HSCT, all patients should undergo a full clinical examination,

including evaluation of recent chest pain, dyspnea, heart palpitations, and syncope.

A history of cardiovascular disease, cardiovascular events and risk factors (i.e.,
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familial risk, hypertension, diabetes, lifestyle), and exposure to cardiotoxic thera-

pies (e.g., cyclophosphamide, anthracyclines, radiation) should be obtained. Car-

diac function should be assessed by chest X-ray, electrocardiogram (ECG), and

echocardiogram (ECHO). Cardiac risk can be determined by the presence of

cardiomyopathy, heart failure, coronary artery disease, hypertension, arrhythmia/

syncope, and QTc prolongation (>500 ms) [96].

Evaluation of High-Risk Patients

High-risk patients with evident cardiac abnormalities or a history of cardiovascular

events require consultation with a cardiology or cardio-oncology specialist and

further testing (i.e., NTproBNP, ECHO, 24-h Holter monitoring, and/or exercise

stress test) before proceeding with HSCT (Fig. 6.1). In addition to direct cardio-

vascular screening, patients with an underlying disease that poses enhanced car-

diovascular risk should undergo testing to determine the severity of their disease.

Renal function should be assessed, including glomerular filtration rate, in patients

with systemic sclerosis, lupus, or amyloidosis [48]. International guidelines advise

exclusion of high-risk patients with systemic sclerosis that display elevated pulmo-

nary artery pressure (>50 mmHg), exhibit advanced myocardial disease (>50%

reduction in ventricular ejection fraction and/or uncontrolled dysrhythmias), or

suffer from lung disease or gastrointestinal involvement [47]. Patients with amy-

loidosis are eligible if they maintain a cardiac ejection fraction of 40% or higher

and show no symptoms of pleural effusion, heart failure, treatment-resistant dys-

rhythmias, or elevated blood pressure (�90 mmHg diastolic) [97]. Iron overload

should be evaluated in patients with thalassemia and sickle cell anemia. These

patients can develop hemochromatosis from their underlying condition or from a

multitude of red cell transfusions over many years. The initial evaluations for iron

overload include serum or plasma ferritin and transferrin saturation. A noninvasive

T2* liver MRI may confirm the initial findings [98, 99]. A cardiac T2* by MRI

<20 ms is consistent with cardiac iron overload. If further confirmation is neces-

sary, a liver biopsy should be performed. Hepatic iron levels>2 mg/g are consistent

with iron overload [100].

Pre-transplant Cardiac Intervention

In patients for whom HSCT is essential for a chance of survival, the benefits of

transplant may outweigh the cardiac risk. For example, for a patient with high-risk

acute myeloid leukemia that has achieved remission, the only hope for cure is an

allogeneic HSCT. If the cardiac risk was considered manageable, the patient would

proceed with the transplant. In contrast, other patients may be advised to postpone

HSCT and placed on a regimen to reduce existing cardiovascular risk factors. For

example, a patient with multiple myeloma that is undergoing autologous HSCT as

part of a salvage therapy could be medically managed to optimize cardiac function
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prior to transplant. Medical modification of cardiovascular risks (i.e., diabetes

mellitus, hypertension, hyperlipidemia, smoking), reduced EF, or arrhythmias

should be carried out under the direction of a cardiologist or cardio-oncologist

using standard practices. Patients requiring coronary angioplasty prior to transplant

should be given a bare-metal stent and dual antiplatelet therapy for 30 days prior to

transplant [101].

Pre-transplant 
Evaluation

Cardiovascular History

- Cardiovascular Events
- Cardiovascular Disease
- Family Cardiovascular 

History 
- Life Style Review 

(exercise, diet, smoking)

Additional Testing for High-risk Patients

All High Risk Patients (>40 years of age, History, Underlying Disease, Failed 
Evaluation)
- Cardiac Function: 

NTproBNP <250pg/mL or <30pmol/L
Echocardiography
24-hour Holter Monitoring
Exercise Stress Test 

- Hypercoagulability Testing (History of Thrombosis)

Disease Specific Testing:
- Renal Function / Glomerular Filtration Rate (Systemic Sclerosis, Lupus, Amyloidosis)
- Iron Load Assessment (Thalassemia or Sickle Cell Anemia)
- MRI and Liver Biopsy (Thalassemia)

Clinical Exam and 
Cardiovascular 

Evaluation

- Chest Pain
- Dyspnea
- Heart Palpitations
- Syncope
- ECG 
- ECHO
- Chest Radiography 

Disease and Treatment 
History

- Hodgkin Lymphoma
- Anthracycline Treatment 
- Cyclophosphamide 

Treatment
- Radiation 
- Systemic Sclerosis
- Lupus
- Myositis
- Thalassemia
- Sickle Cell Anemia
- Amyloidosis
- Current Medications

Fig. 6.1 Proposed algorithm for pre-HSCT cardiac assessment
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Preventative Measures

A number of guidelines have been proposed to prevent cardiovascular events in

high-risk patients that are deemed eligible for HSCT. During stem cell mobilization

for autologous HSCT in patients with amyloidosis, granulocyte colony-stimulating

factor (G-CSF) should be used alone if possible, to avoid the cytotoxic effect of

cyclophosphamide. Similarly, reduced-intensity conditioning (e.g., melphalan

only) is preferred in these high-risk patients [62]. Patients that have thalassemia

or have undergone multiple transfusions should be monitored and treated for iron

overload (i.e., >7 mg/g dry weight in the liver or >1000–2000 ug/L serum ferritin)

by regular phlebotomy or chelation therapy to reduce iron deposition in the

myocardium [102]. Long-term cancer survivors (i.e., Hodgkin’s lymphoma and

breast cancer) that develop valvular disease following radiation should be treated

prophylactically to prevent endocarditis [103].

Monitoring of Pre-transplant and Peri-transplant Complications

All patients should be monitored carefully with particular attention paid to fluid

balance during mobilization, conditioning, and stem cell infusion processed. Many

commonly used drugs, including antiemetics and antimicrobials, can prolong the

QT interval, increasing the risk of tachyarrhythmias and sudden death [104]. A

careful review of the patient’s medications and potential drug interactions is critical

throughout the HSCT process. Alternative agents with less effect on QT should be

considered in patients with borderline or prolonged QT. However if this is not

possible, an ECG should be repeated within 1 week. In some cases, patients require

a high-dose cyclophosphamide-containing regimen for conditioning and closer

monitoring of ECG and brain natriuretic peptide (BNP) should be considered

[80]. BNP is released from the ventricles in response to cardiac stress, and levels

of BNP in the plasma are inversely related to cardiac function. Increased plasma

BNP levels were found to correlate with impaired left ventricular function in

patients that underwent HSCT [105]. Peripheral increases were evident days to

weeks prior to clinical manifestation, suggesting that BNP levels may have prog-

nostic value for cardiac events in patients undergoing HSCT. In support of this

hypothesis, BNP levels were an indicator of myocardial dysfunction in patients

with amyloidosis [106]. Patients that develop GVHD following HSCT should be

monitored for the development of dysrhythmia and pericardial effusion [42].

Monitoring and Detection of Late Complications

Guidelines have been proposed for screening and prevention in long-term survivors

after HSCT [42, 80, 107]. All patients undergoing HSCT should be monitored

annually to assess their history of cardiovascular disease and to discuss any lifestyle
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changes since their last visit. A full clinical evaluation should be performed to

address their compliance with any ongoing cardiovascular therapy and to uncover

any new cardiovascular risk factors (e.g., dyslipidemia). Patients in the high-risk

category may require exercise tolerance testing, echocardiography, 24-h electro-

cardiogram, and radiological and echocardiographic assessment of vascular dis-

ease. Ten years of annual follow-up is recommended for autologous HSCT, but

assessment may continue in patients that warrant longer follow-up based on age,

clinical complaints, and history. Allogeneic HSCT patients should continue life-

long annual screening, including clinical assessment and screening for preexisting

cardiovascular risk factors. Patients with thalassemia should be assessed for iron

overload at least one year after HSCT, until transfusions are no longer necessary.

Therapeutic Intervention Following HSCT

The incidence of congestive heart failure associated with anthracycline toxicity

may be reduced following HSCT with angiotensin-converting enzyme (ACE)

inhibitors, which reduce left ventricular end-systolic wall stress [108]. While the

long-term efficacy of ACE inhibitors is controversial, these initial findings

warrant further investigation [109, 110]. In patients with unexplained dysrhyth-

mias, coronary heart disease, or polyserositis following HSCT, GVHD should be

considered as a possible cause. These patients should undergo a GVHD evalua-

tion in a subspecialty clinic, preferably a long-term follow-up HSCT clinic. If

GVHD is confirmed, standard treatment for GVHD should be initiated with

careful monitoring by the treating physician and cardiologist or cardio-

oncologist. Finally, effective management of existing cardiovascular conditions,

such as arterial hypertension, diabetes, and dyslipidemia, is essential in reducing

the comorbidity-associated risk of cardiovascular complications after HSCT.

Lifestyle risk factors (i.e., diet, sedentary lifestyle, and smoking) should be

discussed, and healthy choices should be encouraged to reduce cardiovascular

risk in long-term survivors [42, 107].
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Chapter 7

Radiation Therapy and Cardiotoxicity

Manisha Palta, Chang-Lung Lee, Syed Wamique Yusuf,

and David G. Kirsch

Introduction

Radiotherapy is an integral part of achieving long-term cure in a number of

intrathoracic malignancies. In this chapter the authors provide an overview of the

epidemiology of heart disease after radiotherapy, with specific focus on data from

Hodgkin lymphoma and breast cancer survivors. As clinical manifestation of heart

disease can take years, if not decades, to manifest, animal models can assist in our

understanding of the pathogenesis as well as the cellular and molecular mechanisms

of radiation-induced heart disease, elucidating opportunities for intervention and

prevention. Finally, recommendations for monitoring patients after radiotherapy

and management of cardiac disease in patients with prior thoracic/breast neoplasms

will be discussed.
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Pathogenesis of Radiation-Induced Heart Disease

in Experimental Animals

The pathological effects of ionizing radiation on the heart have been studied in

different species of laboratory animals including mice, rats, rabbits, and dogs

[1–8]. Sequential necropsies to evaluate histological changes to the heart were

performed after either a single fraction (single dose of �15 Gy) or multiple

fractions (cumulative dose of �36 Gy) of radiation to the thorax. Results from

these animal studies demonstrate that focal irradiation results in time-dependent

structural damage in various anatomical areas of the heart. Here, we will focus on

animal studies that examine pathogenesis of radiation-associated cardiovascular

problems commonly observed in the clinic, including pericarditis, cardiomyopathy,

and coronary artery disease [9, 10].

Pericarditis

Acute pericarditis can develop in experimental animals within days to weeks after

irradiation with 20–40 Gy due to inflammation [2, 3, 8]. Although acute inflamma-

tion may resolve with time, chronic changes have been observed over 20 months,

which include a thickened pericardium with edema, inflammatory cells, fibroblast

proliferation, and collagen deposition [5, 6]. The underlying mechanism of chronic

pericarditis is not well understood, but it may be associated with increased inflam-

mation secondary to microvascular injury [11].

Cardiomyopathy

Radiation-induced cardiomyopathy results from severe injury to the myocardium

that subsequently impairs global function of the heart [9]. Animal studies reveal

that radiation causes long-term tissue remodeling of the myocardium [1–3, 6]. For

example, a large cohort study of radiation-induced heart disease (RIHD) using

New Zealand white rabbits exposed to a single dose of 20 Gy showed progressive

pericardial fibrosis, pericardial effusion, myocardial degeneration, and diffuse

myocardial fibrosis 70 days after irradiation [1, 2]. Myocardial injury after irradi-

ation is known to be associated with damage to the microvasculature, which is

demonstrated by decreased microvessel density, focal loss of endothelial alkaline

phosphatase, and increased expression of von Willebrand factor [1, 5]. In addition,

infiltration of certain immune cells, such as mast cells, may also modulate the

formation of myocardial degeneration and fibrosis [12]. The contribution of micro-

vascular injury and mast cells to RIHD will be discussed in more detail later in this

chapter.
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Coronary Artery Disease

Epidemiological studies show that patients who received a mean radiation dose of

2 Gy to the heart have a significantly increased risk of developing ischemic heart

disease more than 10 years after irradiation [10]. However, coronary artery disease

associated with radiation exposure has not often been reported in animal studies of

RIHD. This is likely because normal rodents are known to be relatively resistant to

atherosclerosis as they have very low levels of low-density lipoprotein (LDL) in the

plasma [10].

Several studies have used atherosclerosis-prone animal models to define the

interaction of radiation with additional risk factors for cardiovascular disease,

such as hypertension and hypercholesterolemia [13–16]. For example, Gabriels

and colleagues studied RIHD in hypercholesterolemic and atherosclerosis-prone

ApoE�/� mice, which received a single dose of focal heart irradiation up to

16 Gy. They found that radiation significantly increased the number of inflam-

matory cells, decreased microvascular density, and increased von Willebrand

factor expression in the myocardium of the left ventricle. Most importantly,

they found accelerated coronary atherosclerotic lesions that developed at

20 weeks after 16 Gy. Interestingly, despite these pronounced effects, cardiac

gated SPECT and ultrasound measurements showed only minor changes in

functional cardiac parameters at 20 weeks [15]. It is possible that surviving

cardiomyocytes compensated for the radiation damage to the myocardium, and

therefore these mice may slowly progress to develop cardiac dysfunction and

heart failure with further follow-up.

Cellular and Molecular Mechanisms of Radiation-Induced

Heart Disease

Endothelial Cells

Damage to vascular endothelial cells has generally been considered an underlying

mechanism of RIHD [10, 17–19]. Radiation doses �2 Gy can substantially alter

endothelial cell functions [10, 19]. After irradiation, endothelial cells significantly

upregulate the expression of several cell adhesion molecules, including E-selectin,

P-selectin, intercellular adhesion molecule-1 (ICAM-1), PECAM-1 (CD31), and

CD44 [10, 20]. Increased expression of these adhesion molecules promotes leuko-

cyte adhesion and transmigration, which subsequently elicits a pro-inflammatory

response [10].

In addition to causing functional alterations to endothelial cells, radiation also

leads to cell death of endothelial cells in vivo as radiation decreases microvessel

density and increases permeability of microvessels in the heart. Several studies

have used primary endothelial cells isolated from different types of blood vessels to
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study endothelial cell death after irradiation in vitro. Results from these studies

indicate that radiation can trigger various forms of endothelial cell death in vitro

including apoptosis [21], mitotic catastrophe [22], and senescence [20, 22–24]. It is

possible that the spectrum of endothelial cell death observed in vitro might be

influenced by the origin of the endothelial cells (species, anatomic location, etc) and

the dose of radiation. Given the diversity of gene expression profiles in human

endothelial cells isolated from different tissues [25], how endothelial cells in the

heart die from radiation in vivo remains to be fully understood.

An important question in the field is whether endothelial cell damage following

radiation triggers cardiomyocyte injury or whether cardiomyocyte injury occurs

independently of endothelial cell death. To dissect the role of endothelial cells in

mediating radiation-induced injury to the heart in vivo, investigators can use

genetically engineered mice [26]. For example, Lee and colleagues have used the

site-specific recombinase system, Cre-loxP, to study the role of the tumor suppres-

sor p53 specifically in endothelial cells in a mouse model of RIHD [11]. The tumor

suppressor p53 is a transcription factor that serves as a master regulator of cellular

response to radiation [27–29]. Upon radiation exposure, activation of the DNA

damage response increases the level of p53 protein to induce a variety of down-

stream signaling pathways that mediate cellular response to stress [30, 31]. After

whole-heart irradiation, mice in which both alleles of p53 were deleted specifically

in endothelial cells were sensitized to radiation-induced myocardial injury and

compared to mice that retained one allele of p53 in endothelial cells [11]. After

whole-heart irradiation, mice with endothelial cells lacking p53 showed a focal

decrease in microvessel density in the myocardium, which led to cardiac ischemia

and myocardial necrosis [11]. The progression of myocardial necrosis resulted in

systolic dysfunction and heart failure. Together, these results not only demonstrate

a critical role for p53 in protecting cardiac endothelial cells from radiation in vivo

but also provide compelling genetic evidence to show that damage to the myocar-

dial vasculature leads to cardiac ischemia and myocardial necrosis, which can cause

systolic dysfunction and heart failure [11].

Mast Cells

In rat models of RIHD, focal irradiation to the heart induces infiltration of mast cells

[32, 33], which are tissue-resident sentinel cells that can both positively and

negatively regulate immune responses [34]. It has been shown that infiltration of

mast cells is associated with coronary atherosclerosis and myocardial fibrosis in

animal models [35, 36]. Interestingly, experiments using mast cell-deficient rats

reveal that mast cells play a protective role in RIHD in rats [12, 37]. After focal

heart irradiation, mast cell-deficient rats showed more severe changes in cardiac

function with increased deposition of collagen type III compared to their mast cell-

competent littermates. These results suggest that mast cells may regulate cardiac

dysfunction after irradiation by modulating collagen type III deposition.
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It has been hypothesized that mast cells may protect rats against RIHD by

activating the kallikrein-kinin pathway [37], as mast cell-derived proteases have

been shown to elicit the release of kinins from their precursors, kininogens. To test

this hypothesis, kininogen-deficient rats have been used to investigate the role of

the kallikrein-kinin pathway in RIHD [38]. In contrast to results from studies using

mast cell-deficient mice, changes in cardiac function were less severe in kininogen-

deficient rats after local heart irradiation compared to their kininogen-intact litter-

mates. Irradiated kininogen-deficient rats also showed a significant decrease in the

number of CD68-positive macrophages but showed no difference in the number of

mast cells in the heart compared to their kininogen-intact littermates. These results

suggest that the cardioprotective effect of mast cells is not mediated by the

kallikrein-kinin pathway. Mechanisms by which mast cells protect rats from

RIHD remain to be better defined.

Future Directions in Preclinical Study

Accumulating data from animal models of radiation-induced heart disease have

significantly advanced our knowledge of the pathogenesis of cardiac complications

associated with focal radiation to the thorax or to the whole heart. However, the

etiology of radiation-induced heart disease after partial heart irradiation, which is

more clinically relevant to patients treated for breast cancer and lung cancer,

remains largely unexplored. With the development of image-guided irradiators

for small laboratory animals, it is now possible to more precisely deliver radiation

to part of the heart. For example, in a proof-of-concept study, Lee and colleagues

have developed a mouse model of radiation-induced myocardial injury after partial

heart irradiation [39]. They utilized novel dual-energy microCT and 4D microCT

with nanoparticle-based contrast agents to noninvasively assess the change in

myocardial vascular permeability and cardiac function of mice after irradiation.

This study revealed that animal models of RIHD after partial heart irradiation can

serve as a platform for the development of biomarkers for noninvasive imaging,

such as echocardiography and CT scans, to identify surrogates of cardiac injury that

can be measured in cancer survivors before severe heart disease occurs. Such

studies may shed light on the critical clinical question of the relative importance

of mean radiation dose to the entire heart versus a high radiation dose to part of the

heart in mediating RIHD. Ultimately, findings from animal models of RIHD have

the potential to define new approaches for assessing and treating heart disease from

radiation therapy and to increase the quality and quantity of life for cancer

survivors.
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Epidemiology of Heart Disease After Radiotherapy

Radiotherapy can affect all cardiac structures, resulting in myocardial infarction

(MI), valvular disease, pericardial disease, conduction abnormalities, and cardio-

myopathy. While radiotherapy is associated with cardiac toxicity, various chemo-

therapeutic agents typically delivered sequentially may compound these effects on

the heart. In addition patients with known cardiac comorbidities, such as hyperten-

sion, diabetes, smoking, and hyperlipidemia, are at higher risk of developing

cardiac complications compared to patients with no known risk factors. The

incidence of radiation-induced heart disease (RIHD) is best described from long-

term clinical data in Hodgkin lymphoma and breast cancer survivors. Data suggest

that CD and associated cardiac-related mortality does not manifest until nearly a

decade posttreatment [40–42].

RIHD in Hodgkin Lymphoma Survivors

In Hodgkin lymphoma (HL), cardiac complications appear to be associated with

radiotherapy (RT) dose and radiation field. Historically radiotherapy has been

widely used in the treatment of lymphoma since the 1960s after promising data

from Stanford University. Total nodal field radiotherapy included a classic mantle

(treatment of the supradiaphragmatic nodes including cervical, supraclavicular, and

mediastinal/hilar regions) and inverted Y field (encompassing para-aortic, pelvic,

and inguinofemoral lymph nodes) was the definitive curative approach prior to

utilization of systemic therapy [43]. Over time, systemic therapy has become more

effective, and as a result the radiotherapy dose has reduced. In addition, the size of

radiotherapy volumes have decreased over time from extended field to involved

field (radiation to involved anatomic nodal region) and more recently involved site

radiotherapy [44–47].

Five-year survivors of HL treated prior to age 40 were found to have a

higher relative risk (RR) of 3–5 for cardiac disease (CD) compared with the

general population [48]. A report from the US Childhood Cancer Survivor Study

included 2717 5-year HL survivors, and the RR of death from all cardiac causes

compared with the general population was 11.9. The RR of death from MI

secondary to mediastinal RT was estimated to be as high as 41.5 with historically

higher radiation doses [49]. More recent studies of low-dose thoracic RT are

associated with a lower incidence of CD [50–52]. A study of 1132 HL survivors

who received treatment before age 18 between the years 1978–1995 evaluated

CD incidence. Although the dose of doxorubicin 160 mg/m2 remained uniform

during this time period, the mediastinal RT dose was 0, 20, 25, 30, or 36 Gray

(Gy). A central, expert panel reviewed all reported cardiac abnormalities. CD

was diagnosed in 50 patients, and valvular defects were reported most frequently,
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followed by CAD, cardiomyopathies, conduction disorders, and pericardial

abnormalities. The 25-year cumulative incidence of CD was 21% in the 36 Gy

RT dose, decreasing to 10%, 6%, 5%, and 3% in the respective lower medias-

tinal RT dose cohorts ( p< 0.001) [53].

Coinciding with decreasing RT dose, radiation fields have evolved from total

nodal radiotherapy. With the use of combined modality therapy (chemotherapy and

radiation), chemotherapy is paramount in eradicating subclinical disease. As such,

there is now a shift toward involved field RT (IFRT) with randomized data

demonstrating similar control rates with smaller treatment fields [46, 54, 55]. Ongo-

ing studies are evaluating yet smaller treatment fields including involved site RT

and involved nodal RT based on retrospective data suggesting equivalent outcomes

compared to IFRT [56, 57]. As data emerge suggesting disease control with smaller

RT fields, less heart in RT fields should result in a reduction of RIHD. This assertion

has been corroborated by a series from Stanford in which 2232 HL patients from

1960 to 1991 were treated, and the associated RR for non-MI cardiac death fell

from 5.3 to 1.4 once subcarinal blocking was introduced which decreased cardiac

dose [50].

RIHD in Breast Cancer Survivors

Breast radiotherapy has evolved over time. Use of lower energy radiation, larger

dose per fraction, and routine treatment of the internal mammary nodes were

common practice in the 1970s and associated with increased risk of CD, but are

no longer standard practice [40, 58]. In current treatment of breast cancer, the use of

higher energy photons, CT-based planning to assess cardiac position, and tech-

niques, such as prone positioning and breathing control (in breath hold the lungs

insufflate and the heart is displaced away from the chest wall and inferiorly), help to

minimize cardiac dose and thus decrease treatment-related toxicity. The long-term

impact of these modifications on mitigating risk of CD is unknown as the associated

cardiac-related mortality does not manifest until nearly a decade post-treatment.

One key limitation of the data evaluating cardiovascular toxicity is that patients

evaluated on these studies were typically treated decades ago with now antiquated

techniques.

Long-term follow-up data from breast cancer randomized studies and large

population databases demonstrate that RT can increase the risk of CD, specifically

the risk of ischemic heart disease. A sample of over 4000 10-year breast cancer

survivors treated in randomized studies prior to 1975 demonstrated no increased

all-cause mortality rate; however, an increase in cardiac-related deaths was seen

[58]. A large population-based case-control study of breast cancer patients in

Denmark and Sweden assessed incidence of major coronary events in patients

treated with radiotherapy between 1958 and 2001. Individual patient data were
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obtained from hospital records including the mean RT dose to the whole heart and

left anterior descending (LAD) coronary artery. Major coronary events increased

linearly with mean heart dose by 7.4% per Gy [59].

Imaging tests have been utilized to objectively quantify RT effects on the heart.

Single-photon emission computed tomography (SPECT) scans have been used to

assess subclinical cardiac injury. A prospective study from Duke University

assessed SPECT changes post-RT in women with left-sided breast cancer.

SPECT abnormalities post-RT were visualized in 50% of patients and were con-

sistent with decreased perfusion in the volume of the irradiated left ventricle

[60]. The clinical significance of these imaging findings, however, has not been

fully elucidated. An analysis of a Swedish breast cancer cohort sought to determine

the distribution of coronary artery stenosis and RT. Patients with a diagnosis of

breast cancer were linked to registers of coronary angiography. The odds ratio of

grade 3–5 stenosis (5¼ complete occlusion) in the mid and distal LAD and distal

diagonal for patients receiving left-sided radiotherapy was 4.38 compared to right-

sided breast cancer treatment [61].

Although the aforementioned studies clearly suggest higher rates of cardiac

disease associated with RT, additional data suggest that the incidence of RIHD has

decreased over time with advances in RT planning and delivery. An analysis of

patients treated at New York University calculated the excess absolute risk of

radiation-induced coronary events as defined by Darby et al. with the use of more

modern radiation techniques. For supine-positioned left breast RT, the cardiac dose

was 2.17 Gray (Gy) and 1.03 Gy for prone positioning. Based on more modern

data, the estimated lifetime risk of coronary events for patients receiving radio-

therapy for breast cancer ranges from 0.05 to 3.5% based on baseline risk (deter-

mined by total cholesterol, high-density lipoprotein, systolic blood pressure, and

serum C-reactive protein) [62]. A Surveillance, Epidemiology, and End Results

(SEER) analysis of patients treated between 1973 and 1989 estimated the risk of

death from ischemic heart disease comparing women receiving left- to right-sided

breast radiation. For women diagnosed between 1973 and 1979, there was a

statistically significant 15-year mortality from ischemic heart disease of 13.1%

in left-sided patients compared to 10.2% in right-sided. No differences between

left- and right-sided cancers were seen in the cohorts of patients treated between

1980 and 1984 or 1985 and 1989 [40]. These data suggest that advances in

radiation technique and delivery over time are responsible for the decline in late

cardiac toxicities.

Advances in radiotherapy simulation and treatment planning have reduced the

dose of radiation to the heart. In addition, radiation-associated CD is likely to be

reduced by addressing concurrent cardiac risk factors through lifestyle modification

and medication [62]. Understanding the pathophysiology of RIHD, particularly

with the use of animal models may help clarify our understanding of this toxicity

and create the opportunity for intervention and prevention.
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Management of Cardiac Disease in Patients with Prior

Radiotherapy

Pericarditis

In humans, acute pericarditis usually presents with chest pain and nonspecific ECG

changes or classic ST elevation, while the patient is undergoing radiation therapy.

Chronic pericardial disease may present with enlarging chronic pericardial effusion

or constrictive pericarditis. Acute pericarditis is treated with conventional medical

management including NSAIDs, colchicine, and steroids. For chronic pericardial

effusion, pericardiocentesis may be needed. For symptomatic pericardial constric-

tion, pericardial stripping may be indicated. However, among patients undergoing

surgical pericardiectomy, previous radiotherapy is associated with a poorer

outcome [63].

Cardiomyopathy

Cardiomyopathy and heart failure are treated with usual heart failure medical

therapy, which includes beta-blockers, angiotensin-converting-enzyme inhibitors

(ACE-I), angiotensin receptor blockers (ARB), and aldosterone antagonists,

although mortality data on a large patient population with radiation-related cardio-

myopathy is lacking. Individual cases may be offered pericardial stripping (in cases

of constrictive pericarditis) and mechanical circulatory support. There are limited

data with cardiac transplantation. In a small series of 12 patients undergoing cardiac

transplantation, survival at 1, 5, and 10 years was 91.7%, 75%, and 46.7%,

respectively [64].

Coronary Artery Disease

The clinical presentation, diagnosis, and treatment of radiation-related CAD are

similar to the general population. Patients commonly present with angina, myocar-

dial infarction or sudden death [65]. There are no specific guidelines for the acute

initial stabilization and subsequent management of these patients. Risk factors, e.g.,

hypertension and hyperlipidemia, should be treated as per American College of

Cardiology/American Heart Association (ACC/AHA) guidelines.

For both acute and chronic radiation-induced CAD, treatment is similar to the

atherosclerotic CAD in the general population, either with medical therapy or

revascularization, considering the patient’s symptoms, cancer stage, expected sur-

vival, and comorbidities. For patients with radiation-induced CAD, both percuta-

neous intervention and coronary artery bypass graft (CABG) have been used
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[65]. Because of mediastinal fibrosis, surgical intervention and CABG may be

associated with a higher incidence of complications [65]. In addition, the use of

internal mammary artery as a graft may not always be possible due to radiation

damage within this vessel itself [66]. A more recent study of 12 patients previously

treated for Hodgkin lymphoma with mediastinal radiation therapy who underwent

cardiac surgery, including two patients with coronary artery bypass grafting,

showed that the early postoperative outcome in this population is reasonable [67].

Recommendations for Patient Monitoring After

Radiotherapy

At baseline, in addition to obtaining a 12-lead ECG and an echocardiogram, risk

factors like hyperlipidemia and diabetes mellitus should be identified and treated

according to existing guidelines. At subsequent follow-up, chest x-ray and CT scan,

if obtained, should be reviewed as chronic pericardial effusion (which can develop

months to years after completion of radiation therapy) is usually picked up by

findings of enlarging cardiac silhouette on chest x-ray or pericardial effusion on

routine follow-up CT scan. Any finding of even minimal or small pericardial

effusion should be followed at periodic intervals.

A follow-up echocardiogram should be done for any cardiac symptoms or signs

that merit an echocardiogram. For high-risk asymptomatic patients (patients who

have undergone anterior or left-sided chest radiation with >1 risk factors for

radiation-induced heart disease), a screening echocardiogram should be done at

5 years after completion of radiation therapy, and in others a screening echocardio-

gram should be considered at 10 years after completion of radiation therapy [68]. A

functional noninvasive stress test is recommended 5–10 years after completion of

radiation in high-risk patients [68]. Recent data suggests that coronary CT scan is

also a useful modality for identifying asymptomatic patients with radiation-induced

CAD [69].

Conclusions

Epidemiologic data suggest an increasing risk of CD is patients treated with

intrathoracic or breast radiotherapy. Newer radiation techniques may, in part,

mitigate some of the potential late cardiac toxicities. Animal models can assist in

our understanding of the pathogenesis as well as the cellular and molecular mech-

anisms of radiation-induced heart disease leading to opportunities for intervention

and prevention. Management of pericarditis, cardiomyopathy, and coronary artery

disease in patients with prior radiotherapy mirrors treatment in patients with no

prior radiation therapy.
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Chapter 8

Management of Patients with Coronary
Disease and Cancer: Interactions Between
Cancer, Cancer Treatment, and Ischemia

Ronald J. Krone, Preet Paul Singh, and Chiara Melloni

Introduction

Coronary artery disease (CAD) and cancer share the same demographics and also

lifestyle factors to a certain degree. The age groups where cancer is more common

are also the age groups where CAD is common. After age 25, cardiac disease,

primarily CAD, and malignancy are the two most common causes of death in adults

[1, 2] (Fig. 8.1).

Both diseases are more common with advancing age. In addition to age, cancer

and coronary disease share risk factors: smoking, diabetes, obesity, and hyperten-

sion [3]. The Framingham risk score not only predicts an increased risk of coronary

disease but also colorectal cancer [4]. As a result, management of patients with

cancer is often complicated by the presence of CAD, and the management of

patients with CAD is often complicated by the presence of cancer. In addition,

certain cancer therapies, notably radiation therapy and some antimetabolites

especially 5-FU (fluorouracil) and its prodrug capecitabine, actively interact with

the vascular endothelium leading to activation of atherosclerosis and cardiac events

either concurrently with therapy or after a long latent period (radiation)
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[5–11]. Rarely, as a result of graft versus host disease after bone marrow transplant,

the immunologic attack can affect the arteries [12, 13], both coronary and periph-

eral leading to severe, poorly understood, coronary disease.

The goal of this chapter for the oncologist is to be able to recognize signs that

may presage development of manifest coronary ischemia to begin a dialogue with a

cardiologist to prevent the development of coronary events which would impact

management of the cancer. Once the patient is in the throes of aggressive oncologic

therapy, the options for dealing with coronary disease constrict, and management of

the coronary disease may be compromised. Early identification of patients at risk

for coronary disease may permit the initiation of therapies which may forestall the

overt development of coronary events. The oncologist does not need to actually

treat the coronary disease, but he/she needs to know when there is a risk of this

scenario and start a dialogue.

Pathophysiology of Coronary Atherosclerosis

Atherosclerotic development is a dynamic process which begins early in life, with

injury to the endothelium through a variety of interactions and then progresses over

time until the vessel lumen is compromised and clinical symptoms are produced. It

begins with inactivation of endothelial vasodilation by impairing the production of

nitric oxide, the major vasodilator. Endothelial dysfunction is associated with most

traditional risk factors: hypercholesterolemia, diabetes, hypertension, cigarette

smoking, and especially oxidized low-density lipoprotein (LDL). The oxidized
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Fig. 8.1 Comparison of age specific death rates for malignancy and cancer, showing that their

effects are similar as patients age.
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LDL cholesterol enters the media cell and is taken up by macrophages, forming

foam cells. These cells ultimately die leading to the development of a necrotic core

in the media. This leads to intimal thickening, fibroatheroma formation with a

lesion consisting of a necrotic core with a thin-cap fibroatheroma. This thin-cap

fibroatheroma has been called “the vulnerable plaque” as it has a tendency to

rupture, leading to acute thrombosis of the vessel [14, 15]. Acute thrombosis can

also occur as a result of erosion of the endothelium at the plaque which produces a

thrombogenic stress [16]. The rupture of this plaque or the plaque erosion leads to

the clinical state of acute coronary syndrome (ACS) which may present as an acute

closure of an epicardial artery and subsequent development of ST-segment eleva-

tion acute myocardial infarction (STEMI) (type I myocardial infarction) [17]

leading to a transmural myocardial infarction [18]. If the resulting thrombus is

subtotally occlusive, the ACS can present as a smaller infarction (non-transmural)

without elevation of the ST segments: the non-STEMI (NSTEMI) or NSTEMI-

ACS [17]. In both events, necrosis of myocardial cells leads to release of cardio-

specific proteins and enzymes which constitute cardiac biomarkers such as troponin

and CK-MB. Unstable angina is the third manifestation of ACS, and it is also

caused by a partial occlusion of the lumen of an epicardial artery, but without

myocardial cell death and subsequent elevation in cardiac markers. It has been

convincingly opined that as biomarkers become more sensitive, the distinction

between NSTEMI-ACS and unstable angina will be lost [19], so in this chapter

we will describe ACS as either STEMI or NSTEMI-ACS. ACS is an unstable

condition and, if untreated, frequently progresses to a complete occlusion with a

transmural infarction.

Chronic stable coronary disease follows different pathway. The plaques can

progress into more complicated lesions with fibrosis and calcification, without

rupture. There can be hemorrhage into the lipid core which does not expose the

necrotic center to the circulating blood, so the lumen may be compromised little by

little. ACS does not develop but exercise tolerance or the ability to respond to

increased demand is compromised [20]. In situations of extreme demand, such as

would occur with surgery, sepsis, hypotension, severe anemia, severe hypertension,

and pulmonary embolism with right heart decompensation [17], troponin may be

released which defines a NSTEMI type II infarction, a supply/demand imbalance

[17]. There can be significant atherosclerosis and lipid accumulation without

compromise of the lumen as a result of positive remodeling of the artery where

the plaque essentially expands the outer wall of the artery so the lumen may be

maintained. This can allow a larger plaque burden to be carried without symptoms

[21]. However, these lesions with large plaque burdens may ultimately lead to an

ACS infarction at a later date. A goal of therapy, in these cases, is to lower the

circulating lipid levels, to permit some stabilization of the plaque interrupting this

path to disaster.
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Chemotherapy and Promotion of Acute Coronary Syndrome

A number of chemotherapeutic agents have been associated with ischemic events

and myocardial infarction [22, 23]. In addition to 5-FU and capecitabine which

cause endothelial injury and vasospasm, a wide variety of other agents have been

associated with endothelial injury and vasospasm leading to angina, acute coronary

syndrome, and myocardial infarction. Paclitaxel and docetaxel-antimicrotubule

agents have been associated with these complications [24]. Cisplatin is associated

with endothelial damage, platelet activation, and platelet aggregation [25, 26] and

has been reported to provoke coronary spasm causing ischemia [27]. When cisplatin

is given with bleomycin or vinblastine, endothelial damage can be severe [28]. The

vascular endothelial growth factor signaling pathway inhibitors, sunitinib and

sorafenib, are associated with marked increase in cardiovascular events [29]. Tyro-

sine kinase inhibitors including pazopanib, nilotinib, and ponatinib are also associ-

ated with progression of coronary disease. Bevacizumab is associated with an

increased risk of ischemic heart disease and events [30]. Other drugs which act

using hormonal therapy such as aromatase inhibitors, antiandrogens, and others used

to treat prostate cancer are associated with myocardial infarctions and angina [31].

Thus, many of the drugs used to treat cancer are known by one mechanism or

another to cause or exacerbate cardiac ischemia or even infarction. It has also been

shown that a person can harbor a large atherosclerotic burden without overt

symptoms. The stresses of cancer treatment, surgery, drug-induced vasospasm,

thrombosis, platelet activation, and endothelial damage can “activate” the coronary

disease to cause acute coronary syndrome. Alternatively the demands on the heart

during non-cardiac surgery or the development of sepsis may stress the coronary

reserve and bring coronary disease to the foreground. The similar demographics of

cancer and coronary disease suggests that certainly middle-aged and senior patients

could harbor an atherosclerotic burden that could set the stage for an acute coronary

syndrome. The likelihood of actively developing the coronary complications of

chemotherapy is greater in the presence of coronary disease and the injury can be

greater. This makes the case to evaluate the patient’s risk for coronary disease prior
to or simultaneous with treating the cancer so that coronary risk reduction can be

performed prophylactically. The major modifiable risk factors are abnormal lipids,

hypertension, cigarette smoking, and diabetes (Table 8.1) [32].

Risk Factors and Risk Factor Modification

Standard risk factors such as diabetes, hypertension, hypercholesterolemia,

smoking, and obesity need to be addressed in all cases. Smoking cessation, control

of diabetes, and control of hypertension all reduce inflammatory stresses on the

endothelium and atherosclerotic progression can be controlled in many cases using

available risk modification therapy [32–34].
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While hypertension and diabetes need to be controlled, the most effective

therapy both for primary and secondary prevention of coronary events is with

hydroxymethylglutaryl-CoA reductase inhibitors (statins). Statins have been

shown to improve survival in patients with high cholesterol and those who have

proven coronary disease [35]. The mechanism of this protection is not clear, since

improved survival has been shown by 6 months after the start of the treatment, well

before any change in lesion size has occurred [35, 36]. The reduction in clinical

events was far greater than what one would expect from the limited lesion regres-

sion. This suggests that the statins may cause regression of the lipid-rich lesions

which are prone to rupture and or that statins impact atherosclerosis through

mechanisms not related to anatomic changes [37, 38].

This concept has been carried further in the most recent guidelines for the use of

statins in coronary disease [34] where statin use is indicated over a broad range of

LDL values in persons with documented coronary disease and those at high risk of

developing it.

The risk for coronary disease has been quantified in several models [39]. Amodel

estimating 10-year and lifetime risk for atherosclerotic cardiovascular disease and

calculators are available at http://my.americanheart.org/cvriskcalculator and http://

www.cardiosource.org/scienceand-quality/practice-guidelines-and-quality-standards/

2013-prevention-guideline-tools.aspx. Coronary calcifications, a marker of coronary

disease, may also be seen on staging CT scans in cancer patients (Fig. 8.2).

Because of the results of statin therapy even in patients with cholesterol levels

formerly thought to be “normal,” the recent guidelines for the use of statin therapy

are based more on anticipated risk than on actual levels of LDL cholesterol [34].

The abandonment of targets of LDL has not been without controversy, but identi-

fying populations at risk where statin therapy has been effective may permit

protection to persons at risk for developing manifest coronary disease. In addition

to the usual risk factors for the development of coronary disease, as established by

population studies, the Framingham risk factors, smoking, diabetes, family history

with manifest coronary disease in a first-degree relative at age 55 or below, and

Table 8.1 Risk factors for coronary disease

• Age

• Smoking history (any smoking)

• Family history of coronary disease (coronary interventions, coronary bypass, myocardial

infarctions) in relatives <55 years of age

• Diabetes—especially insulin-requiring

• Lipid profile (need not be fasting 2 h after a meal)

• Peripheral vascular disease (carotid and/or femoral bruits)

• Coronary calcifications (can be seen on non-contrast CT examinations of the chest)(Fig. 8.2)

• Risk can be evaluated at http://my.americanheart.org/cvriskcalculator and http://www.

cardiosource.org/scienceand-quality/practice-guidelines-and-quality-standards/2013-preven

tion-guideline-tools.aspx
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hypertension, treatment with statins has been recommended for four cohorts of

patients [34]:

1. Patients with LDL cholesterol greater than 190 mg%

2. Patients with known coronary or peripheral vascular disease

3. Patients with diabetics and LDL cholesterol levels greater than 70 mg%

4. Patients whose risk calculation is greater than 7.5% in the next 10 years based on

the previously referred model [34]

Assessment before embarking on a course of potentially stressful oncologic

therapy is analogous to assessing the coronary risk in a person undergoing

non-cardiac surgery. That person, much like the cancer patient, will be undergoing

similar stresses, anemia, hypotension, and the potential for sepsis, but the cancer

patient also has the potential addition of thrombocytopenia as a result of therapy as

well as a potential prothrombotic state [40]. Because of the need for prolonged

double antiplatelet therapy (DAPT) after coronary stenting, or the need for hemo-

stasis with coronary artery surgery in the cancer patient, interventions and treatment

options may be limited if there is the development of ACS during cancer treatment.

Thus an aggressive approach to minimizing coronary risk factors is rational [41].

The mainstay of this “prophylactic” approach, in addition to smoking cessation and

control of blood pressure, is aggressive treatment of hyperlipidemia with a statin.

The statins differ in their metabolic pathways. Simvastatin and atorvastatin both

are metabolized by the P450 CPY3A4 pathway [42, 43], so that interactions with

other drugs, especially drugs used in cancer therapy, some antibiotics and antifun-

gals, are a potential concern in cancer patients (Table 8.2). On the other hand,

pravastatin, rosuvastatin, and pitavastatin are excreted largely unchanged and do

not interact with the metabolism of other drugs. For that reason many cardio-

oncologists prefer to use rosuvastatin or pravastatin as their statin of first choice

to avoid interactions. At this time, however, that does pose some real-world

problems. Pravastatin is not as effective in lowering the LDL cholesterol as the

other statins, while rosuvastatin [34] is perhaps the most efficient in reducing

cholesterol.

Fig. 8.2 (a) Frame from CT of chest showing calcium in LAD and right coronary arteries. (b)
Frame from CT of chest showing calcification in left main and proximal LAD and circumflex

180 R.J. Krone et al.



ACS Diagnosis and Treatment

Cardiac troponin (cTN) plays a central role in assessing myocardial injury and,

especially, the management of coronary artery disease [48]. The cardiac troponin

complex has been used for over 15 years as the definitive marker of myocardial

necrosis. The troponin complex, consisting of three subunits is located on the actin

(thin) filament of striated muscle. Troponin C, the subunit that actually binds

calcium is the same in striated and cardiac muscle, but the subunits troponin I

which modulates the binding of actin and myosin and troponin T which binds the

troponin complex to tropomyosin to complete the actin myosin linkage, have

different isoforms in cardiac and skeletal muscle and so are better markers isolating

cardiac injury/infarction [49].

Troponin is released when there is myocardial injury or infarction. A number of

clinical situations can lead to cardiac injury reflected in low-level elevations in cTN

in the absence of coronary disease. These have been enumerated [17, 50] and reflect

supply/demand imbalance or underlying myocardial disease. For the patient with

cancer, the common scenarios leading to elevated troponin, which may not reflect

coronary disease, include atrial tachyarrhythmia, sepsis or septic shock, severe

anemia, severe respiratory failure, severe hypertension, coronary spasm, stress

cardiomyopathy (takotsubo), or significant pulmonary embolism, among others

[17]. Of course, underlying chronic coronary disease, which may not cause symp-

toms, may lower the threshold for myocardial injury in such situations. Before

assuming the limited troponin elevation is due to demand, however, severe

Table 8.2 Drugs commonly used in cancer patients that are CYP3A4 substrates

Chemotherapeutic agents Anti-inflammatory agents Other medications

Etoposide Cyclosporine Alprazolam

Doxorubicin Tacrolimus Carbamazepine

Ifosfamide Sirolimus Macrolide antibiotics

Vincristine Tamoxifen Imidazoles

Busulfan

Everolimus

Targeted antineoplastic agents

Imatinib

Ibrutinib

Olaparib

Ruxolitinib

Sunitinib

Bosutinib

A partial list of medications commonly given to cancer patients which are a substrate of the

CYP3A4 metabolic pathway. The statins simvastatin and atorvastatin also share this pathway so

that serum levels of these drugs change when co-administered and may lead to elevated levels of

the statins leading to rhabdomyolysis or unpredictable changes in the levels of the chemothera-

peutic drugs [44–47].
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underlying coronary disease must be considered. A history of angina, electrocar-

diographic evidence of infarction, or segmental hypokinesia on an echocardiogram

would be clues to a serious underlying coronary stenosis, which may require further

evaluation, before dismissing it as the result of increased demand.

Before addressing the specific problems posed by the patients with cancer, it is

useful to discuss management of patients with coronary disease in general.

Chronic stable angina in most cases can be handled by reducing demand with

beta-blockers; reducing progression of atheroma with aggressive statin administra-

tion, control of blood pressure, and excellent management of diabetes; improving

cardiac metabolism with ranolazine [51–53]; enhancing coronary vasodilation with

nitrates and calcium channel blockers; and reducing thrombogenicity and platelet

inhibition with smoking cessation and aspirin in most cases [32, 54–57]. The

decision to perform revascularization in patients with chronic stable coronary

disease has been a major area of research almost from the development of revas-

cularization procedures [58]. Several studies have shown that in stable patients, in

the absence of certain anatomic lesions, such as left main obstruction or large areas

of jeopardized myocardium, if symptoms can be controlled medically, there is no

survival advantage to revascularization [55, 58–64]. If the symptoms cannot be

controlled medically, then revascularization with either coronary artery bypass

grafting (CABG) or percutaneous coronary intervention (PCI) is beneficial. The

BARI-2D [56] and COURAGE trials compared intervention to medical therapy

[65] in patients with stable coronary artery disease. Only 40% of patients random-

ized to medical therapy in each trial ultimately required revascularization, primarily

to control symptoms which could not be controlled with medical therapy alone

[61]. This has been confirmed in other studies [32].

In contrast, acute coronary syndrome requires immediate action [66]. For the

acutely occluded artery presenting as a myocardial infarction with ST-segment

elevation (STEMI) on the electrocardiogram, success in salvaging myocardium is

measured in minutes from the time of occlusion (severe symptoms) until some flow

is restored. PCI is the treatment of choice if technically feasible, since surgery in

these situations will take longer to institute and results are not necessarily better. In

situations with severe multivessel disease, the infarct artery is opened, and then

treatment of the other lesions is individualized, with acute multivessel interventions

or a staged PCI. If PCI is not technically feasible, then CABG at a later date can

complete the revascularization.

In patients presenting with an acute infarction without ST-segment elevation

NSTEMI-ACS or “unstable angina,” the situation is quite unpredictable, usually a

lesion has been unroofed, and a thrombus is forming at the site, which is not yet

totally occlusive but certainly has a high likelihood of progressing in a short time

[67, 68]. This situation also requires prompt evaluation and treatment. The presence

of elevated troponin or ECG changes with symptoms or continuing or recurrent

pain identifies patients at high risk [69]. Delay beyond 24 h in high-risk patients is

associated with increased 30-day mortality (Table 8.3) [71]. Almost all patients

who have suitable anatomy and acceptable procedural risk are revascularized [50].

Medical therapy is usually not adequate to control the situation in the long term, but
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anticoagulation and platelet inhibition can usually cool the process down. The

decision as to type of definitive therapy can only be made after the coronary

anatomy is visualized and is made on an individual basis. An experienced interven-

tionalist can stent most complex anatomies, left main, ostial or proximal LAD, or

ostial circumflex lesions or bifurcation lesions, but certain situations are best

treated, ideally, with coronary artery bypass graft surgery (CABG). In a substudy

by Holvang of the FRISC study of dalteparin in patients with NSTEMI-ACS [49],

patients with more ST depression were more likely to undergo bypass surgery

because of a higher prevalence of two- and three-vessel disease or left main disease.

The choice of therapy requires consideration of the type of cancer, the expected

effect of cancer therapy especially on platelets, and the need for cancer surgery in

the near future so that in this situation, active consultation with the oncologist is

essential.

Revascularization Options for Coronary Disease

Percutaneous coronary intervention (PCI) has been evolving since its introduction

by Andreas Gruentzig in 1977 [72, 73]. The initial problems of consistency,

stability in the acute setting, and restenosis have been minimized if not solved,

and many devices are available to conquer difficult problems such as plaque burden

in grafts (filters), thrombotic burden in acute infarction, and heavily calcified

lesions (rotational [74] or orbital athrectomy) [75]. The introduction of coronary

stents in 1985 by Sigwart et al. [76] revolutionized PCI [77], essentially eliminating

the need for standby cardiac surgery. Although stents presented many serious

problems, most notably thrombosis of the stent and restenosis of the lesion, these

problems have been reduced so that the incidence of these complications is low.

The problem of immediate and late stent thrombosis has been minimized by

emphasis on perfect stent positioning and sizing, out to the medial elastic lamina

of the vessel and avoiding stent edge dissections aided by routine use of intravas-

cular ultrasound [78, 79]. In cancer patients where there is a possibility of

Table 8.3 Criteria for high-risk NSTEMI-ACS with indication for invasive management

Primary

Relevant rise or fall in troponin

Dynamic ST- or T-wave changes (symptomatic or silent)

Continuing or recurrent pain

Secondary

Diabetes mellitus

Renal insufficiency (eGFR <60 mL/min/1.73 m2)

Reduced LV function (ejection fraction <40%)

Early postinfarction angina

Recent PCI

Prior CABG

Intermediate to high GRACE risk score [70] http://www.outomes.org/grace
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premature termination of DAPT because of a need for additional cancer surgery or

severe thrombocytopenia, perfect stent positioning using ultrasound is essential

[41]. The recognition of the role of the platelet in thrombosis and the development

of effective antiplatelet agents has minimized the occurrence of stent thrombosis

[80–82]. Drug-eluting stents (DESs) using an anti-inflammatory agent bonded to

the stent were introduced to reduce the occurrence of restenosis, but these early

versions of the drug-eluting stents were susceptible to late thrombosis [83] from

hypersensitivity to the polymer [84] or delayed healing or endothelialization

[83, 84]. Current stents have been redesigned to limit that problem and have

reduced [83] the thrombogenicity, but concern remains [85–87]. A recent study

by Valgimigli (ZEUS) [88] and reviewed by Kandzari [89] compared the perfor-

mance of Endeavor zotarolimus-eluting stent (ZES), designed to improve the rate of

endothelialization, with that of bare-metal stents (BMS) in patients thought to be at

risk for noncompliance with double antiplatelet therapy (DAPT)-aspirin plus a

thienopyridine. In this study, by 30 days 43.6% of patients had discontinued

DAPT (aspirinþ a thienopyridine) and by 60 days 62.5% had done so. The rates

of death, myocardial infarction, and stent thrombosis were all lower than the BMS,

and the rate of 1-year target vessel revascularization was lower (10.7% vs 5.9%)

with the ZES.

The original recommendation for duration of DAPT had been to continue the

DAPT for 1 year, but the question as to the (minimal) optimal duration with DAPT

remains open [90]. Several studies have been reported, and others are in progress to

determine if a 6-month DAPT treatment plan would be adequate [91, 92]. Gilard

et al. evaluated patients who obtained a Xience V everolimus-eluting stent and who

demonstrated responsiveness to aspirin and found non-inferiority in a study, com-

paring 6 and 12 months of DAPT [93]. On the other hand, Yeh et al. in a review

found a lower risk of stent thrombosis and infarction (although a doubling of the

risk of bleeding) in patients remaining on DAPT for 30 months [92]. There are no

studies comparing optimal duration of DAPT in patients with cancer, so recom-

mendations need to be extrapolated from the available data in patients without

cancer, a process that is not necessarily justified [94].

Prasugrel and ticagrelor have since been approved for preventing stent throm-

bosis. Studies have shown improved results over clopidogrel for stent thrombosis

but at a higher risk of bleeding, especially intracranial hemorrhage [95–97]. Patients

with cancer were not studied, and there is no experience with these drugs in patients

who are thrombocytopenic—for obvious reasons.

Non-cardiac Surgery in Recently Stented Patients:
Considerations About Stent Type and Timing of Surgery

Non-cardiac surgery after an artery is stented carries a high risk of stent thrombosis,

especially until the stent is incorporated into the vessel wall. This was first reported

following surgery within 2 weeks of stenting with BMS with four deaths in patients
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operated within 1 day of the stenting [98]. The evaluation of the risks following

DES placement was based on the first-generation DES which is known to have a

higher risk of stent thrombosis than the subsequent generations of stents. Surgery

has traditionally been delayed 1 year for elective procedures with semi-elective

procedures put off for 6 months [32]. The risk of major adverse cardiac events

(MACE) in the experience of the Erasmus Medical Center was reported, and a very

high risk of complications was found with both DES and BMS within 30 days, with

the complication rate dropping off with delays up to a year [99]. The rate of MACE

during non-cardiac surgery for the intervals of <30 days, 30 days to 3 months, and

>3 months was 50%, 14%, and 4% in patients getting BMS and for patients

getting DES was 35%, 13%, 15%, 6%, and 9% for patients undergoing

non-cardiac surgery <30 days, 30 days to 3 months, 3–6 months, 6–12 months,

and > 12 months, respectively (Table 8.4). This is consistent with other reports

[100–108].

Recent guidelines for performing non-cardiac surgery in patients after PCI show

a conservative recommendation delaying all elective surgery for 1 year after a drug-

eluting stent and 4–12 weeks after a BMS stent [106, 109, 110]. The European

guideline permits surgery after a new-generation DES after 6 months [106], but the

US guideline recommends delaying elective surgery 1 year for all DESs [111]. The

ACC/AHA guidelines do permit surgery after 6 months if the risks of waiting

outweigh the risk of the surgery. The recent data on the everolimus-eluting stents,

the Endeavor or the Xience V, have not yet been incorporated into these guidelines,

but the data are only on spontaneous MACE, not on the MACE following

non-cardiac surgery. The prothrombotic state of both surgery and cancer [40]

could be expected to increase the occurrence of MACE in the perioperative period.

A careful analysis of the relative advantages of coronary bypass surgery and PCI

has been presented in the European Guideline for the Diagnosis andManagement of

Patients with Stable Ischemic Heart Disease [32, 54] and the American counterpart

[54]. The decision as to whether PCI with a drug-eluting stent is the superior

treatment when compared with CABG even in patients without cancer is somewhat

limited by the paucity of randomized clinical trials [112]. However, it seems

reasonable to conclude from SYNTAX which quantified the complexity of the

coronary anatomy that outcomes of patients undergoing PCI or CABG in those with

relatively uncomplicated and lesser degrees of CAD are comparable, whereas in

Table 8.4 MACE after surgery after percutaneous coronary interventions with stents: the impor-

tance of time from procedure [99]

Time from

surgery <30 days 30–90 days 3 months 3–6 months

6-

12 months >12 months

MACE after

bare-metal

stent

50% 14% 4%

MACE after

drug-eluting

stent

35% 13% 15% 6% 9%
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those with complex and diffuse CAD, CABG appears to be preferable [54]. Most

studies have shown that patients with diabetes with three-vessel disease do better in

the long run with CABG than with PCI [113]. The long-term results are in part

dependent on the complexity of the lesion as well as other factors such as impaired

renal function which will be taxed if repeated procedures are required, which is

often the case with PCI (Table 8.5).

The circumstance of a cancer patient diagnosed with CAD during active cancer

therapy carries a different risk/benefit ratio, and the algorithms that guide ACS

management may not apply in the setting of ongoing cancer management.

Decision-making needs to consider multiple priorities, both related to the acuity/

severity of the cardiac condition, as well as the stage, treatment plan, and goals of

care for the cancer. This requires active communication between the oncologist and

the cardiologist, The severity and acuity of the coronary disease, the severity and

stage of the cancer, the renal function which may be damaged with repeated PCI

procedures, the anticipated long-term toxicity of the cancer therapy, the likelihood

of developing severe thrombocytopenia on treatment, and the need for cancer

surgery within 6 months of the cardiac event all need to be considered by both

the oncologist and cardiologist to optimize the overall treatment of the patient. In a

patient actively receiving cancer therapy, the primary indication for urgent revas-

cularization is acute coronary syndrome (ACS), where the risks of inaction are high.

Additionally, revascularization could be considered in a patient with chronic stable

coronary disease where complex cancer surgery is urgently needed and it is felt that

the patient would be unable to tolerate the procedure unless some revascularization

was done in advance (usually limited to severe left main disease or very proximal

anterior descending involving the left main) (Fig. 8.3).

PCI poses several specific problems to the cancer patient but has several

important positive aspects. The advantage for PCI is that the procedure is well

tolerated and recovery is fast. Frailty and the physical stress of recovery as well as

delaying chemotherapy (if thrombocytopenia is not an issue) are not a concern.

However:

1. Bare-metal stents are associated with a high rate of restenosis, possibly as high

as 50% in a year, but only require DAPT for 4–6 weeks at a minimum.

2. Drug-eluting stents reduce the rate of restenosis but require long term,

6–12 months of dual platelet suppression therapy with aspirin and clopidogrel

Table 8.5 Recommendations for timing of surgery after previous percutaneous coronary

intervention

Type of PCI 2014 ESC/ESA guidelines [106] 2014 ACC/AHA guidelines [111]

BMS 4 weeks to 3 months (I, B) �30 days (I, B)

DES �12 months (IIa, B) �12 months (I, B)

�6 months (IIb, B)

New-generation DES �6 months (IIa, B)

Balloon angioplasty �2 weeks (IIa, B) �2 weeks (I, C)

PCI percutaneous coronary intervention, BMS bare-metal stent, DES drug-eluting stent [109]
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[93, 102]. While there is some optimism that the newest generation of stents will

endothelialize sooner so that the double platelet therapy can be stopped ear-

lier [88, 89], there are no studies in cancer patients to justify that, and frankly,

none are expected.

Fig. 8.3 The coronary vessels. The left main divides into the anterior descending and circumflex

arteries which supply most of the heart. The anterior descending usually supplies the septum, the

apex, and much of the anterolateral wall. The circumflex supplies the lateral wall and a variable

amount of the inferior wall. The right coronary supplies the right ventricle and the inferior septum

and a variable amount of the inferior–posterior and occasionally lateral wall
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3. Complex “off-label” stenting (which is used about 50% of the time [83] and

includes long lesions and bifurcation lesions with multiple stents) is associated

with delayed endothelialization, which may increase the risk of stent thrombosis

under stress. The prothrombotic state found in cancer may be that stress [40, 114].

4. There is some theoretical concern that cancer therapy, designed to inhibit cell

growth or inflammation, may impact the endothelialization of the stent

[115, 116] which could make it less desirable to reduce the period of DAPT

therapy, but there are no data to support this.

5. Non-cardiac surgery in a patient with recent PCI with stent placement carries a

high risk of major adverse cardiac events (MACE), death, nonfatal MI, and need

for urgent revascularization which is quite high in the 30 days after the stent is

placed, and it declines over the first 6 months after the stent is in place. Surgery is

commonly employed in the treatment of cancer so this becomes a great concern

and can have a major impact on the choice of cancer treatment.

In hematological malignancies, after bone marrow transplant, or as a side effect

of gemcitabine, carboplatin, TDM-1 (ado-trastuzumab emtansine), nucleoside

inhibitors and others or multi-agent chemotherapy, thrombocytopenia can be

severe. The need for DAPT after the stent is placed is a great concern in these

patients, although actual data are sparse, but surprisingly encouraging

[41, 117]. The development of newer DESs that may not require a year of DAPT

[88] has the potential to reduce the risk of this therapy in the future. The limited

experience reported suggests that DES may be used, and perhaps ZES, but a

prospective study or registry is needed to state this with confidence.

Coronary artery bypass surgery is the alternative method of revascularization. If

the therapy for the cancer is expected to lead to severe thrombocytopenia or if

non-cardiac surgery is planned in the near future, CABG may be considered as

alternative since it poses less of a problem than placing a DES with the need for

DAPT, regardless of severe thrombocytopenia. If the patient will require major

surgery to remove a cancer, it may be possible to perform both the CABG and the

cancer surgery at the same “sitting” or as a two-stage procedure to minimize the

delay in the cancer surgery [118, 119]. Frailty adds to CABG risk and may be

present in cancer patients [120–123].

1. Recovery from CABG will take at least 2–4 weeks with major impact on quality

of life plus draining strength. This is something to consider in the setting of

advanced cancer when much time may be spent recovering from CABG.

2. CABG may also delay initiation of chemotherapy to allow for satisfactory

wound healing.

3. Immune suppression with chemotherapy and/or the cancer puts patients at risk

for non-healing and postoperative infections, most importantly sternal

infections.

The cardiologist needs to understand goals of cancer therapy. A sizeable pro-

portion of patients with cancer are treated with curative intent with primary surgery

and preoperative or postoperative chemotherapy (generally for fixed duration of
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3–6 months). It is important for these patients to receive timely cancer therapy, so

interventions for CAD should be chosen to minimize delay or interference with

cancer therapy. Definitive treatments like CABG may be delayed till after comple-

tion of cancer therapy. Other patients with cancer (typically metastatic cancer or

stage IV disease) are seldom cured with anticancer therapy. The patient’s
non-cardiac prognosis must be a part of the decision-making for selecting the

appropriate cardiac intervention, and “the objectives for such patients may be

limited to symptom relief and improved quality of life, obtained with the minimum

of early hazard and with the shortest duration of functional recovery” [124].

Patients with chronic stable angina usually can be managed in the short run

without revascularization. Consider these outcomes of PCI:

• PCI reduces the incidence of angina.

• PCI has not been demonstrated to improve survival in stable patients.

• PCI may increase the short-term risk of MI.

• PCI does not lower the long-term risk of MI [54].

Since the major indication for most patients is a relief of symptoms, there is no

imperative to “protect” the patient from cardiac events by performing revascular-

ization. Thus in patients with chronic stable angina or underlying silent ischemia,

aggressive medical therapy with the aim of avoiding PCI or surgery during ongoing

chemotherapy should be considered until the cancer is stable.

The situation with ACS is quite different. STEMI is a true emergency. The

prognosis of a patient with an occluded infarct-related artery is orders of magnitude

worse than the prognosis of a patient whose artery is opened promptly and myo-

cardium is protected or salvaged. Myocardium is infarcting and the only way to

prevent that or to minimize it is to open the infarct-related artery as promptly as

possible. In the case of the active cancer or chemotherapy, this means to develop a

technique that permits operating in the setting of possible neutropenia and/or

thrombocytopenia.

PCI requires placing a catheter in an artery to access the central circulation,

passing the catheter to the ostia of the two coronary arteries, and usually inserting a

stent in the “culprit” artery to prevent immediate vessel closure and long-term

restenosis. Anticoagulation of the patient with a thrombin inhibitor, usually hepa-

rin, is routinely performed to avoid thrombosis in the radial or coronary artery

during the procedure.

There are essentially two techniques for access: the femoral artery approach and

the radial artery approach. The brachial artery was the original access site, entered

with a cut down and suturing the vessel after completion of the procedure, but the

simplicity and speed of the percutaneous technique aided by the development of

smaller equipment has essentially made the brachial cutdown approach obsolete.

Percutaneous brachial access, especially in a thrombocytopenic patient, includes a

high risk of brachial hemorrhage with the potential for a compartment syndrome

entrapping the median nerve. In thrombocytopenic patients where femoral or radial

access is not feasible, brachial artery access utilizing direct entry with direct suture

after the procedure remains an option.
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With either the femoral or radial approach, care must be taken to avoid uncon-

trollable bleeding. Although the radial approach takes advantage of the very

superficial artery, which simplifies hemostasis after the procedure, there are certain

pitfalls that can negate that advantage. The radial approach is a bit more technically

challenging so it should not be attempted in thrombocytopenic persons by inexpe-

rienced operators. Anatomical variations can lead to failure in 3–7% of procedures

[125], and technical difficulties, mostly with the guide wire, have led to severe

bleeding in the arm leading to a compartment syndrome and mediastinal hemor-

rhage when the right internal thoracic (mammary) artery was entered instead of the

ascending aorta and perforated with the wire [126]. Occasionally severe spasm can

develop, especially when the radial recurrent artery is inadvertently entered, but

hemostasis after the procedure is simpler and more definite using wristband pres-

sure devices.

The femoral approach suffers from the potential to enter the external iliac artery

in the retroperitoneum if the entry is too proximal, with the result that hemostasis

after the procedure (when the patient is on heparin and antiplatelet agents) is not

possible, and thrombosis must be depended upon for hemostasis after the procedure

[127]. Entry into the common femoral artery can be assured by entering the artery

over the lower half of the femoral head. This approach can be made safer using a

“micropuncture set” to establish the safety of the entry prior to enlarging the entry

or ultrasound guidance [41, 128]. Closure devices have been devised to plug the

hole or suture it, but these devices not infrequently fail, or if arterial entry is in a

branch, the closure device cannot be used so that a femoral approach under the best

of circumstances carries a risk of uncontrolled bleeding after the procedure [41]. In

an obese individual, this becomes more of an issue since pressure on the entry site is

not assured and considerable bleeding can be hidden in the obese thigh. In addition,

in an immunocompromised thrombocytopenic person, there is concern that the

collagen plug of the puncture site can get infected.

Special Considerations in Thrombocytopenic Patients
with ACS

Sarkiss et al. showed the importance of aspirin treatment even in patients who were

thrombocytopenic [129]. In a group of 27 patients with ACS and with cancer and

platelets <100,000 (mean of 32,000), after 7 days, only 6% were alive if they had

not been given aspirin, and 90% were living at 7 days if they were. There is also

experience using double platelet therapy (DAPT) usually with clopidogrel in

patients with thrombocytopenia, with good outcomes [41].

Paradoxically, the safest management strategy is to perform a catheterization

and then intervene on the culprit artery if possible. Iliescu describes his experience

in the first 50 of his over 200 patients with cancer and thrombocytopenia

[117, 130]. The results were excellent and several patients were treated with
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DAPT for many months with platelet counts less than 25,000. Patients whose

thrombocytopenia was due to sepsis, active bleeding, or disseminated intravascular

coagulopathy (DIC) were not candidates for the invasive strategy. Most of the

patients were thrombocytopenic as a result of their cancer or its treatment. Patients

with myeloid dysplastic syndromes (MDS) or leukemias, bone marrow transplant

patients, or patients undergoing chemotherapy, most commonly with taxanes or

gemcitabine, constituted the majority of patients, and 94% of patients he intervened

on had ACS. All patients were studied using the radial approach. Glycoprotein (GP)

IIb/IIIa platelet receptor inhibitors were not used. There are other considerations in

these patients which are yet to be tested. What is the role of the newer-generation

drug-eluting stents vs the bare-metal stents? The first-generation DES was known to

be thrombogenic, and the vascular endothelium covering was delayed often for

1 year or more. Newer stents have been devised to solve that problem with more

rapid elution of the drug to avoid delays in endothelialization, metal scaffolds

causing less inflammation, and more flexible to distort the artery less. This has

raised the question with at least the Endeavor stent that this stent, which was not as

efficient in preventing restenosis as other DESs, might be able to compete favorably

with a bare-metal stent in terms of thrombogenicity with a limited period of DAPT

[88, 89].

The process of stenting itself needs to be optimal. Early in the experience with

stents, when there was great concern about thrombosis with the first bare-metal

stents, Colombo et al. [79] showed that with careful stent placement using ultra-

sound to insure optimal interaction with the vessel wall and overstenting edge

dissections, they were able to do almost as well with aspirin alone as using DAPT

to prevent stent thrombosis. That principle still applies, and it may be critical in this

setting, since it may be necessary to prematurely reduce the antiplatelet therapy if

the thrombocytopenia becomes extreme [41]. Strut malposition remained important

in late stent thrombosis with the first-generation stents [131]. Other questions

remain, especially with complex stenting, bifurcation lesions, etc. In the study by

Nakazawa et al., stent placement “off label” (bifurcation complex lesions) was

associated with poor coverage of the stent by the endothelium [114]. A number of

techniques have been devised to simplify the approach to bifurcation lesions, and it

is unproven but logical to use the simplest approach possible, minimizing stenting

both branches if possible, using a technique of stenting the side branch only if the

stenosis remained severe (provisional stenting using the “jailed” wire

technique) [132].

Coronary Artery Bypass Grafting for Coronary Stenosis

Coronary insufficiency can also be treated with coronary artery bypass surgery.

Coronary bypass often improves the completeness of the revascularization. Studies

comparing PCI and bypass often show that while the survival may be similar in

most cases, the percutaneous route ends up with more repeat procedures
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[133]. However, there may be an increased risk of strokes, and the morbidity is

greater with CABG. Importantly for cancer patients, recovery is a problem for a

frail person who is dealing with an aggressive cancer. On the other hand, if there is a

concern about needing major surgery soon after revascularization, coronary bypass

may be safer [134], since even after 6 months there still is concern for stent

thrombosis even with continuation of the DAPT [108, 135]. This risk of stent

thrombosis needs to be balanced against the morbidity of the CABG surgery.

Hawn et al. in a large VA study found a rate of 11.6% MACE for people operated

within 6 weeks of a stent, falling to 6.4% for operations up to 6 months, 4.2% if

operated within 6–12 months, and 3.5% after 12 months whether or not DAPT was

maintained [136].

Non-cardiac Surgery in the Patient with Stable Coronary
Artery Disease

A common role for the cardiologist is “clearing” a patient for major non-cardiac

cancer surgery. Recent guidelines from the European Society of Cardiology and the

European Society of Anesthesiology [106, 109] have emphasized evaluation in

three domains: functional evaluation of the patient, characterization of the patient’s
risk for coronary disease, and the risk of the surgery itself.

The risk of the surgery itself has been characterized as low, intermediate, and

high (Table 8.6). Patients are evaluated by functional capacity and are at low risk if

they are able to walk 100 m at 3–6 km/h or climb two flights of stairs, the number of

cardiac risk factors based on the Revised Cardiac Risk Index (history of ischemic

heart disease, history of congestive heart failure, history of cerebrovascular disease,

preoperative treatment with insulin, and preoperative serum creatinine >2.0 mg/

dL), and the risk of the surgery [137]. The preoperative risk of perioperative cardiac

arrest or infarction can also be calculated using an interactive risk calculator based

Table 8.6 Risk of surgery: modified from ESC/ESA guidelines on non-cardiac surgery [106, 109]

Low-risk

surgery <1% Intermediate risk 1–5% High risk >5%

Superficial

surgery

Intraperitoneal splenectomy, hiatal hernia

repair, cholecystectomy

Major abdominal surgery involv-

ing pancreas, liver, etc

Breast surgery Head and neck surgery Esophagectomy

Endocrine

thyroid

Hip and spine surgery Repair of perforated bowel

Major urological surgery Pulmonary or liver transplant

Nonmajor intrathoracic Pneumonectomy

Total cystectomy

Adrenal resection
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on the American College of Surgeons National Surgical Quality Improvement

Program (NSQIP) database (http://www.surgicalriskcalculator.com/miorcardia

carrest). The five predictors of perioperative myocardial infarction or cardiac arrest

using the NSQIP database were type of surgery, dependent functional status,

abnormal creatinine, American Society of Anesthesiologists’ class, and increasing

age.

Preoperative ECG is recommended only for patients with more than one clinical

risk factors and if over age 65. Stress testing can be considered in patients with

excellent or good functional status undergoing high-risk surgery if they have risk

factors for coronary disease; otherwise it is discouraged. There is a stronger

recommendation for stress testing with imaging in patients with poor functional

capacity with three or more risk factors undergoing high-risk surgery.

Preoperative coronary revascularization is rarely indicated since there is no

convincing evidence that preoperative revascularization is beneficial in the stable

patient [138]. Studies have not shown reduction of complications after presurgical

revascularization with the non-cardiac surgery, but there may be some long-term

benefit. This decision must be individualized bringing together the risk of the

surgery and the likelihood of severe coronary disease [111].

Recommendations for Adjunct Medications During
Non-Cardiac Surgery [106, 111]

There are three classes of medication which deserve special mention:

1. Beta-blockers have been advocated to reduce the cardiac stress on patients

undergoing non-cardiac surgery, but the results obtained with randomized stud-

ies have been disappointing. The first large randomized trial, the POISE study,

testing this concept failed to show benefit, but rather showed increased mortality

and stroke with a large (100 mg) dose of metoprolol started just before surgery.

The controversy is whether the dose of metoprolol was too high and/or whether

metoprolol itself is not the right drug. A large VA study showed a benefit for

perioperative beta-blocker with a reduced 30-day mortality [139]. Because of

concern that metoprolol might predispose to stroke by attenuating β2-
adrenoceptor-mediated cerebral vasodilation, more cardioselective beta-

blockers were studied in this context. Patients getting bisoprolol with a high

β1/β2 affinity of 13.5/1 were compared to patients getting atenolol with a β1/β2
affinity of 4.7/1 and to metoprolol, which is a relatively weak cardioselective

beta-blocker with a β1/β2 affinity of 2.3/1. In this single-center retrospective

cohort study, patients taking bisoprolol had a fivefold reduction in strokes

compared to metoprolol [140]. The European guidelines recommend atenolol

or bisoprolol may be considered as the first choice beta-blocker in patients
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undergoing non-cardiac surgery [106]. The American Guidelines do not mention

this distinction [111]. Current recommendations suggest beta-blockers are pro-

tective in patients with several cardiac risk factors undergoing non-cardiac

surgery [110, 139] and in patients at risk should be started several weeks in

advance and up-titrated as tolerated.

2. Aspirin is another drug that may provide benefit to patients at risk for coronary

events during non-cardiac surgery. Clearly anyone who has had a previous stent

is advised to continue aspirin. If continuation of aspirin is not recommended

during surgery (such as spinal cord surgery), then surgery and aspirin interrup-

tion should be delayed at least a year after the stent implantation. Patients at low

risk for coronary events without previous PCI based on the Lee revised cardiac

index [141] can have aspirin stopped if bleeding is a great concern.

3. Statins have been shown to reduce the coronary complications in patients

undergoing vascular surgery and are recommended for preoperative treatment

[106, 111]. The data for nonvascular surgery is weaker but generally favorable

[142], so statin treatment remains in the European and American guidelines

[106, 110, 111]. There really are no data for perioperative statins in patients

undergoing nonvascular surgery, but the ACC/AHA guidelines, as well as the

European guidelines, do recommended it, with the caveat that there are no data

to support its use [110].

These recommendations have been independently reviewed, and after deleting

the discredited studies that contributed so heavily to the original guidelines [143],

the authors found very little in the way of randomized controlled studies to support

the use of statins or beta-blockers in the postoperative period. With beta-blockers,

the possible increased mortality in some studies does give pause, but there seems to

be no downside to pretreating with statins (as long as possible drug interactions are

monitored) [110, 142].

We have shown that coronary disease and cancer inhabit the same demographic,

so it is not uncommon to have coronary disease in patients with cancer. Treatment

of the known disease and aggressive risk factor reduction is hoped to minimize the

likelihood of acute coronary disease becoming manifest and influencing the

choices for managing the cancer. For that reason, the oncologist would be wise

to screen for coronary risk factors in the cancer patient, and if risk is high, referral

to a cardiologist to maximally reduce risk factors and hopefully prevent an

interruption or alteration of the cancer therapy. The risk factors were enumerated

in Table 8.1 and could be incorporated into a simple history form. In a very real

sense, embarking on comprehensive cancer therapy is similar to undergoing

surgery (although over a much more protracted time). If treatable risk factors are

found, smoking, elevated cholesterol, hypertension, and partnering with a cardiol-

ogist can reduce the risk of a cardiac event, which has major implications for

cancer treatment.
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Special Considerations

5-Fluorouracil and Capecitabine: Cardiotoxicity Patterns
(Table 8.7)

The pyrimidine analogue 5-flurouracil and its oral prodrug capecitabine are the

most common cause of cardiotoxicity after anthracyclines [144], but their toxicity

has a special predilection to cause problems with cardiac ischemia. The mechanism

of cytotoxicity of 5-FU has been ascribed to the misincorporation of

fluoronucleotides into RNA and DNA and to the inhibition of the thymidylate

synthase enzyme [145]. While 5-FU has been used in head and neck and breast

cancers, its greatest impact has been in gastrointestinal cancers, usually in combi-

nation with other agents [146, 147]. While response rates with 5-FU in colorectal

cancer are only 10–15% when used alone, in combination with other agents (e.g.,

oxaliplatin) response rates of 40–50% have been reported [145].

Capecitabine is an oral prodrug which through a series of enzymatic steps

involving thymidine phosphorylase (TP) in the tumor gets converted to 5-FU

[148]. Since TP is at higher concentration in tumors, the capecitabine can develop

higher concentrations of 5-FU in the tumor than in the body overall, but it still

causes systemic or coronary vascular problems, although at a lower frequency than

infusional 5-FU and not necessarily in the same patients [149]. However, its

cardiotoxicity is similar to that of 5-FU itself [150–152]. The most common

symptom of cardiotoxicity with 5-FU is angina, and the most accepted hypothesis

attributes 5-FU cardiotoxicity to coronary vasospasm, which seems to be triggered

by 5-FU or its metabolites. The risk of cardiotoxicity is highest with protracted

infusions of 5-FU (48 h or 5 days), less common with capecitabine and probably

least with bolus administration of 5-FU [153]. As chemotherapeutic drugs are often

Table 8.7 Cardiac toxicities

associated with 5-FU and

capecitabine

1. Vasospasm

2. Angina pectoris

3. Acute coronary syndrome

4. Myocardial infarction

5. Acute myocarditis

6. Takotsubo stress cardiomyopathy

7. Global cardiomyopathy

8. Sinus bradycardia

9. Ectopic ventricular beats

10. Prolonged QT with torsade de pointes

11. Ventricular tachycardia

12. Cardiogenic shock

13. Sudden death

14. Acute pericarditis
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given in combination, cardiotoxicity from other agents should also be considered—

especially with agents like trastuzumab, lapatinib, or bevacizumab. The actual

frequency of cardiac toxicity is low (2–8% in various series), but because of the

widespread use of 5-FU primarily in gastrointestinal tumors, the cardiologist is

frequently called to deal with 5-FU-related cardiotoxicity. In a large randomized

clinical trial of patients with colon cancer, approximately 8% of 2094 patients

receiving infusional 5-FU-based chemotherapy reported grade 3 or higher cardio-

vascular side effects (http://www.ncbi.nlm.nih.gov/pubmed/19451425). An early

study by Akhtar followed 100 patients with no history of cardiac disease and found

cardiotoxicity in 8, mostly angina-like pain (5/8) followed by sweating and palpi-

tations, ECG changes in 3, and cardiogenic shock in one patient. The symptoms

were reversible within 1 h of stopping the infusion and no one died [154]. De Forni

in an early study followed 367 patients given first cycle high-dose 5-FU continuous

infusion [155]. Almost 90% were receiving concomitant additional chemotherapy.

Cardiac events occurred in 28 patients (7.6%), nine of whom had a history of

cardiac disease. The inaugural symptom was angina in 18 patients (64%). After

5-FU was stopped, the angina returned to baseline in six, but unstable angina

occurred in eight patients. Sudden death occurred in four patients with an overall

mortality of 2.2%. Additionally, 65% of patients with cardiac events had repolar-

ization changes on the ECG and low voltage was found in 22% of these patients.

Wacker et al. followed 102 unselected patients treated with 5-FU for 3 months with

ECGs, echocardiograms, and radionuclide ventriculograms [11]. Nineteen percent

of patients developed reversible angina symptoms with ECG changes in most,

which were severe in six. Coronary angiograms in these six were normal. Two

patients demonstrated ejection fractions less than 50% which did not improve.

Bradycardia and PVCs were more common during the infusion than afterwards.

Stewart et al. reported a patient developing bradycardia during 5-FU infusion

[151]. Kosmas et al. followed 644 patients undergoing therapy with 5-FU and

capecitabine-based therapy, and 4.03% developed symptoms and ECG changes.

Those with continuous 5-FU infusion developed these in 6.7% compared to 2.3%

in the others. Seven of the 20 patients had an acute myocardial infarction. Four

patients had ECG changes suggesting coronary vasospasm, and three developed

conduction abnormalities, one of which was fatal. Saif et al. reviewed the literature

from 1969 to 2007 and were able to evaluate 377 of 448 reported cases of toxicity.

Sixty-nine percent of episodes occurred during or within 72 h of the first infusion of

5-FU. Angina occurred in 45% of the patients with the reported complications, and

myocardial infarction occurred in 22% of patients. ECG changes were seen in 69%

of patients, but abnormal enzymes were seen in only 12%. On the basis of their

analysis, they concluded that preexisting cardiac risk factors were not predictive of

cardiotoxicity. They also felt that toxicity may be more commonly related to

continuous infusion of 5-FU [156].

Additional case reports describing other toxic effects have been reported. A case

of reversible severe stress cardiomyopathy (takotsubo-like) developing 24 h after a

FOLFOX treatment was described in a patient who was stabilized using an intra-

aortic balloon with an initial total recovery. After 4 months the left ventricular
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function was normal. (He developed a cardiac arrest at the end of his third course

with the development of acute heart failure. His heart function returned to normal

several days later [157].) Grunwald et al. described a takotsubo cardiomyopathy in

a 60-year-old woman who developed chest pain 26 h into her first infusion which

resolved within 8 h. Her ECG was abnormal with 1 mm ST deviations, and an

echocardiogram showed an ejection fraction of 15–20%. Her coronaries were

normal on a subsequent coronary angiogram. Four weeks later her LV function

returned to normal [158]. Canale et al. reported on a 56-year-old man with no prior

heart disease who suffered a myocardial infarction. The troponin peaked at 6.51 and

the ECG showed Q waves in V2 and V3, with akinesis of the apical segments on

echocardiogram and an ejection fraction of 45%. The coronaries were normal on

catheterization [159]. Sasson et al. reported two cases of cardiomyopathy develop-

ing during 5-FU infusion. One presented with symptoms of angina, but the other

developed irreversible cardiogenic shock. Acute myocarditis was found on patho-

logic examination [160].

The mechanism of the cardiotoxicity of 5-FU is still unknown. Clearly vaso-

spasm plays a central role with the angina. Coronary angiography has been normal

in most cases. The effectiveness of vasodilators, nitrates, and calcium channel

blockers in some cases is consistent with this hypothesis [161, 162]. It is well

established that 5-FU has a very short half-life (10–15 min), and it is catabolized in

the liver by dihydropyrimidine dehydrogenase (DPD) into 5,6-dihydrofluorouracil

and eventually to α-fluoro-β-alanine (FBAL) [163]. It is hypothesized that the gen-

eration and potential accumulation of FBAL is associated with cardiotoxicity, as

there are no reports of cardiotoxicity when 5-FU is administered together with the

DPD inhibitor eniluracil [164]. In addition, there are reports of patients who

experienced 5-FU cardiotoxicity but did not develop any symptoms when treated

with the 5-FU derivate S-1, which does not metabolize to FBAL [163]. FBAL may

accumulate in patients receiving continuous 5-FU infusion (6.7% cardiotoxic

events) or capecitabine (5.5% cardiotoxic events), compared with bolus 5-FU

therapy (2.3%; P< 0.012) [153].

It is becoming clear that the cardiotoxicity is more than just vasospasm

[151]. Cwikiel et al. looked at the endothelium in small arteries in a rabbit ear

using scanning and transmission electron microscopy at intervals after in vivo

treatment with 5-FU. Severe cell damage with accompanying thrombus formation

was found which they interpreted as a thrombogenic effect secondary to direct

cytotoxic effect on the endothelium [165]. Eskandari et al. studied the effects of

5-FU and capecitabine on cardiomyocytes freshly isolated from rats and found

cytotoxic effects on the mitochondrial membrane leading to mitochondrial dys-

function activating caspase-3 and cell death [148]. Focaccetti et al. provided a

comprehensive review of the problem of cardiotoxicity of 5-FU and performed a

series of experiments designed to better understand the clinical uncertainties. They

examined the effects of 5-FU on primary cell cultures of human cardiomyocytes

and endothelial cells and showed autophagic features at the ultrastructural and

molecular levels in exposed cardiomyocytes and reactive oxygen species (ROS)

elevation in the endothelial cells. Thus they found that 5-FU can affect these cell
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types which may explain some manifestations of its cardiovascular toxicity. The

endothelial response could be prevented with an ROS scavenger [166].

The role of preexisting coronary disease must also be considered. Although many

patients who develop coronary symptoms, including vasospasm or myocardial

infarction, have no demonstrable coronary disease on catheterization, Meyer et al.

reporting on a prospective cohort study in 34 hospitals detailing patients who

developed a cardiac event during 5-FU infusion found a relative risk of 6.83 in

patients with underlying coronary disease compared to others in developing cardiac

toxicity [167]. This was corroborated by Anand [168]. Thymidine phosphorylase is a

key enzyme required for the conversion of capecitabine to 5-FU and 5-FU to its active

metabolites. Because of higher levels of TP in the tumors 5-FU and capecitabine are

more active in tumors than in other tissues. TP expression is upregulated in athero-

sclerotic plaques and during myocardial infarction, potentially contributing to the

higher prevalence of cardiotoxicity in patients with previous cardiovascular disease

or 5-FU-induced damage [166]. It is not known whether aggressive treatment of

coronary disease with statins will reduce these complications.

Since the mechanism is not clearly known, treatment of 5-FU cardiotoxicity is

empirical. The first step should be to discontinue the drug. The second step should

be to treat vasospasm with either nitrates or calcium channel blockers. Cases have

been reported treating the angina, presumably due to vasospasm, with vasodilators,

nitrates, and calcium channel blockers [161, 162, 169]. Others have reported that

nitrates and calcium channel blockers are of no or limited value, especially in

preventing symptoms upon rechallenge [170, 171]. Patel et al. gave vasodilators on

rechallenge and five of six patients had recurrent cardiotoxicity [172]. The cardio-

myopathies that have been reported have been generally reversible after stopping

administration, so aggressive heart failure management, including devices such as

intra-aortic balloons and ECMO, to support these patients until their hearts can

recover, would seem appropriate if simpler afterload reduction or even low-dose

inotropes are inadequate. There is unpredictable, potentially high risk in

rechallenging a patient with documented cardiotoxicity to 5-FU or capecitabine.

Patients with previous 5-FU cardiotoxicity other than infarction may be

rechallenged. There is no way to predict or avoid potential serious complications.

Saif et al. [156] and Sorrentino et al. [144] have recommended the following

approach to rechallenging a patient with capecitabine or 5-FU who has documented

symptoms. They recommend that a careful evaluation for cardiac or coronary

disease should be done prior to the administration of 5-FU or capecitabine. One

should be very clear about the need for the 5-FU/capecitabine treatment.

Rechallenging should be avoided and consideration given to alternative therapy,

if available. The form of treatment should be reevaluated, considering bolus 5-FU,

lowering the dose, switching to capecitabine in patients with toxicity from

infusional 5-FU or changing to bolus 5-FU in patients with capecitabine therapy.

If the patient needs to be rechallenged, close monitoring should be done in the

hospital setting with ECG monitoring and cessation of therapy at first signs of

cardiotoxicity. Consider coadministration of calcium channel blockers to protect

against vasospasm, but recognize that this has not shown consistent benefit in

prevention of 5-FU cardiotoxicity.
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An alternative to rechallenging is administration of a different fluoropyrimidine

[144, 173]. Raltitrexed, was developed as a direct and specific inhibitor of

thymidylate synthase, and, although it is not approved by US FDA, is available in

Canada, Australia, and some European countries for treatment of colorectal cancer

when there is intolerance to 5-FU or capecitabine. In an Australian study, all

42 patients who had experienced cardiac toxicity (most commonly angina) with

5-FU or capecitabine alone or in combination with other chemotherapy did not have

further cardiac toxicity after switching to raltitrexed [174]. In another retrospective

review of 111 patients who all were given raltitrexed because of high cardiac risk or

previous reactions to 5-FU or capecitabine, only 4.5% patients had cardiotoxicity,

all in patients with intolerance to capecitabine [173]. Certainly 5-FU or

capecitabine represent the cornerstone component of chemotherapy in patients

with multiple cancers. With such widespread use of these two drugs in outpatient

settings, this rare but serious side effect of cardiac toxicity should be discussed with

patients. Careful patient selection and close monitoring for symptoms are important

to minimize the impact of the cardiotoxicity. Vigilance and caution should be used

when treating any patient who develops chest pain within hours of an initial

infusional dose of 5-FU. Rapid cessation of the drug and appropriate management

may prevent serious events, including possible sudden cardiac death.

Radiation Therapy and Coronary Disease

Approximately half of cancer patients receive radiotherapy as part of their treat-

ment, and it is now well recognized that mediastinal radiotherapy is associated with

increased risk of cardiovascular disease including myocardial infarction, angina

pectoris, heart failure, and valvular disorders [175].

The majority of the evidence for this risk has been abstracted from data obtained

from patients treated decades ago for Hodgkin lymphoma (HL), although radiation

doses were higher than those that are currently used and techniques are now in place

to shield the vital structures, namely, the coronary arteries [176].

Radiotherapy techniques have improved progressively in the past years, but the

heart still receives considerable exposure during radiotherapy for several cancers as

(left) breast, lung, or HL [177–179].

Modern techniques of radiation therapy allow radiologists to deliver doses with

increased accuracy, radiating the target tumors with three-dimensional modeling to

minimize direct radiation to the heart and the anterior vessels more effectively than

in the past. Patients treated with modern techniques of radiotherapy, however, have

had a shorter follow-up so far, so it is not well defined yet as to what degree the

theoretical benefits of these methods’ reduced dose and volume will obtain.

Although radiation doses have decreased significantly in the past few years, recent

data have demonstrated that mean heart doses<20 Gy and even<5 Gy can increase

the risk of heart damage [178, 180, 181]. A recently developed dose-response

relationship seems to suggest that the risk of ischemic heart disease increases by
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approximately 7% (95 CI, 3–14%) for each 1-Gy increase in the mean dose of

radiation to the heart. Data from the same analysis found no evidence of a threshold

dose below which no risk occurs, but this still needs to be confirmed [177].

All structures of the heart such as the pericardium, myocardium, especially of

the right heart, valves especially mitral and aortic valves, and coronary arteries

[182] can potentially be damaged by irradiation; therefore, the spectrum of

radiation-induced cardiac disease can be very broad, ranging from acute and

chronic effusion of the pericardium to constrictive pericarditis, from myocardial

fibrosis to restrictive cardiomyopathy, and from accelerated atherosclerosis of the

vessels to obstructing lesions that are typically located at the proximal segments or

ostium of coronary arteries. The morphology of radiation-related coronary artery

disease (CAD) appears to be the same as CAD resulting from atherosclerosis from

other causes [182, 183]. Thoracic radiation is therefore now considered as a risk

factor for CAD.

Clinical presentation of coronary artery disease in cancer survivors who have

received radiotherapy is overall similar to that in general population, although data

suggest that silent myocardial infarction may occur more frequently in these

patients. Risk of fatal ischemic cardiovascular disease seems also to be higher in

patients who have received radiation to the chest, perhaps because of the involve-

ment of the proximal left main [184] and proximal right arteries [185].

Konings et al. showed that in rabbits, radiating the carotid artery allowed

increased penetration of the vessel by circulating lipid and allowed atherosclerosis

to develop. These data suggest that lipid control may be important to limit the

development of atherosclerosis in radiated patients [186].

Patients who receive mediastinal radiotherapy need to be followed for years since

radiation-related CAD is usually detected decades after exposure and the risk of

cardiotoxicity increases overtime [176]. Those most at risk are survivors treated as

children and those with HL treated decades ago with higher doses. Based on this it

appears evident that one-time screening of survivors is not enough. Girinsky et al.

followed 111 survivors of radiation for HL using coronary CT angiography (CCTA).

Five years after treatment, lesions were found in 15% of patients, but by 10 years the

number had grown to 34%. Ten of the patients underwent revascularization. Most

defects were non-ostial (89%) but ostial lesions were found in 28%. Appropriate

timing and length of follow-up needs to be defined [187].

Unfortunately at present it is not known yet if any type of intervention such as

administration of antiplatelet drugs, statins, or ACE inhibitor after exposure can be

of any benefit and reduce the subsequent risk of cardiovascular disease.

Percutaneous coronary intervention and coronary artery bypass graft are both

valuable options to treat symptomatic coronary obstructions. There is not much

evidence but the available data demonstrate that non-ostial, isolated coronary artery

lesions can be treated with percutaneous coronary intervention and coronary artery

bypass graft can represent a better option in good surgical candidate [188]. How-

ever, percutaneous treatment of coronary stenosis may be associated with a higher

rate of restenosis than non-radiated arteries [188]. Surgery in these patients must
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contend with radiation fibrosis frequently of the right ventricle, plus coexistent

valve disease which may progress and require a second operation in the future. The

vessels may have thinner media and fibrotic adventitia [5] which may influence the

anastomoses, and frequently the internal mammary artery is damaged, precluding

its use, possibly compromising the long-term results. Stenting of left main lesions in

non-radiated persons has been shown to be equivalent to CABG in the short term if

the complexity of the disease is low [189]. There are no data at present on the rate of

stent restenosis in radiation-induced coronary artery disease.

Treating patients with severe coronary disease and aggressive cancer presents

the physician with a true dilemma. The physician must prioritize therapy: can the

cancer be treated without revascularizing the coronary disease or does the coronary

disease manifest so acutely that it must take priority? This is epitomized in two

recent cases where the treating physicians reached out for opinions to experienced

cardio-oncologists, surgeons, and oncologists (Parashar S. Patient with severe

coronary disease and gastric cancer. Personal communication, 2015).

Patient 1

The patient is a 66-year-old male with a history of diabetes, hypertension, hyper-

lipidemia, and a previous TIA who presented 2 days earlier with reports of

worsening shortness of breath for at least 2 weeks. He noticed some right thigh

fullness and swelling and right leg edema starting several weeks ago. Around the

same time, he noticed a gradual onset of dyspnea, primarily dyspnea on minimal

exertion without chest discomfort. In the emergency room, his troponin was

minimally elevated, and chest X-ray showed three masses thought to be metastases.

He was noted to have a firm right thigh mass. His ECG showed an anterior MI of

unknown age with Q waves V1 to V4. A biopsy of the mass showed a high-grade

malignant spindle cell lesion composed of large pleomorphic spindled cells with

myxoid stromal background. He was in intense pain, determined to be due to the

tumor encircling the femoral nerve. A diagnostic catheterization on the day after

admission showed a 90% lesion in the proximal right coronary and a 90%

ulcerated lesion in the proximal left anterior descending artery with a second long

diffuse lesion in a large diagonal branch. His echocardiogram showed normal left

ventricular function.

Thus the situation that presented was a previously active 67-year-old man with

multivessel complex coronary disease, with diabetes, in intense pain in his right

thigh from the presumed sarcoma with some evidence of pulmonary metastases.

Consultation was obtained with a cardiovascular surgeon and interventional

cardiologist. The key features to consider were the impending nature of his coro-

nary disease which, with his severe symptoms of dyspnea, needed to be treated with

revascularization, the question whether treatment of the sarcoma would lead to

severe thrombocytopenia which would put him at risk for bleeding if kept on double

antiplatelet therapy, and the feasibility of a percutaneous approach—it was
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complex but all major lesions could be treated. After discussion which considered

his poor prognosis, the convalescent time required for CABG, the intense pain in his

thigh which required immediate treatment with radiation, and the anticipated lack

of thrombocytopenia, it was elected to proceed with the PCI which successfully

treated all three lesions.

His postoperative course was marred by a fall with small intracerebral bleed

leading to some confusion. Platelet function both for aspirin and Plavix was normal,

i.e., unresponsive to the antiplatelet agents which were increased.

Two and one-half months later, he presented dyspneic and septic with marked

increase in the metastatic lesions and elected to discontinue chemotherapy. Post-

mortem was not performed.

This patient demonstrates several important points. First there is the presentation

with two severe problems needing immediate attention, acute coronary syndrome

with an unstable plaque in a large coronary artery and intense pain from the tumor

which would seriously compromise surgical recovery, but a poor overall prognosis

so that the recovery period from cardiac surgery might well encompass his

remaining functional life. In addition, the lack of platelet response to standard

DAPT in this patient with metastatic sarcoma was unexpected. PCI was able to

deal with the unstable coronary situation, permitting prompt treatment of the severe

pain with radiation, and the treatment of the sarcoma could proceed without

interruption. Unfortunately in this man, the tumor did not respond.

Patient 2

The patient’s oncologist reached out to a wide group of cardio-oncologists and

oncologists by internet so their comments could all be recorded.

A 75-year-old man was admitted to the hospital with chest pain. Cardiac

catheterization showed a 60% ostial left main lesion, a 90% proximal

LAD lesion, 80% sequential left circumflex lesions, and an occluded proximal

RCA. His ejection fraction was 35–40%. He was being considered for CABG

when the workup for a concomitant anemia led to a diagnosis of stage IV

metastatic gastric adenocarcinoma. The tumor was shown to overexpress HER2.

The chemotherapies considered were trastuzumab which could have a spectacular

result but risks worsening CHF and 5-FU which risks angina/MI in the face of this

severe CAD.

The Responses

Cardiologist 1

What is the prognosis and do they see any gastric surgery in the future?

Trastuzumab is off the table since he is bordering on serious decompensated heart

failure already. But what about PCI with bare-metal stents (to limit the duration of
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double platelet therapy to 1 month)? This approach would of course increase the

long-term risk of restenosis. If he is in good shape, the better approach may be

CABG so there would be less concern about thrombocytopenia and less concern

with the use of 5-FU in a patient with such severe underlying cardiac disease. It may

also be that the revascularized LV would improve its contractility which could open

the door to trastuzumab.

Cardiologist 2

Try to optimize the hematological problems and put him on appropriate cardiac

meds. Then PCI of the LAD lesion (our preference would be DES—not BMS—new

data indicates less stent thrombosis with modern DES) likely that LVEF will

improve after revascularization. Then 5-FU (bolus may be better than continu-

ous—less coronary spasms)—coronary vasodilators if needed. I would not categor-

ically deny this patient this sometimes incredibly effective therapy (Trastuzumab).

Oncologist 1

Any role for radiating his stomach if he’s bleeding to control ongoing blood loss?

Also early palliative care involvement might be helpful.

Oncologist 2

He is not a surgical candidate nor can he currently receive trastuzumab. I would

recommend optimizing his cardiac function and plan on 5-FU. If cardiac function

improves, then trastuzumab can be added.

Cardiologist 3

The goal here is palliation. I would not go down the CABG route, which is far more

likely to cause downside/discomfort than upside. I agree with the recommendation

of a sequential plan of transfusion/medical therapy with beta-blockers/nitrates to

see if he still has angina; depending on what his baseline Hgb and hemodynamics

were, it is very conceivable option that he will be angina-free at that point. In

addition, his systolic function could be significantly be improved by medical

therapy alone. I would not rush to do PCI in this patient unless he had refractory

angina despite maximal medical therapy.

Oncologist 3

1. From an oncology standpoint, prognosis is not good

2. If the tumor is HER2 positive, would try trastuzumab. The cardiac effects seem

to be mild and reversible. This is probably the best palliative option
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3. Coronary spasm from fluorouracil is rare and reversible. If 5-FU is deemed

appropriate, consider giving small IV test dose, probably preferable to oral

capecitabine which could theoretically cause coronary vasospasm too, but it

takes longer to clear from the system. (I have an elderly lady with terrible CAD

who has done marvelously on Xeloda (capecitabine) for a couple of years.)

4. It will be important to carefully maintain Hgb with transfusions, with diuretics to

avoid fluid overload.

Result

He had a pyloric stent placement for the obstructing pyloric mass. Oncology

proceeded with mFOLFOX (5-FU-based chemotherapy). His repeat echo during

the admission showed normalized EF. He was discharged home after he finished his

first cycle.

Comment

This case demonstrates the problems posed by patients with both coronary disease

and severe cancer. The treatment for the coronary disease was clearly

compromised. On its own, with the severe three-vessel disease (left main, 90%

LAD, 80% circumflex, and complete RCA), CABG would ordinarily be

recommended, but the morbidity in this man with such a poor prognosis was

unacceptable. PCI would potentially open the culprit artery, but if he could be

controlled medically, that would be just as good. The chemotherapy was similarly

impacted by the cardiac situation. Trastuzumab, which was the choice of several of

the oncologists, was a major concern based on the potential for further cardiac

dysfunction, with a high potential for developing clinical failure. The 5-FU-based

therapy had its unknown risks but was ultimately chosen as the best of the available

options. Obviously, the cardiac situation can deteriorate at any time which would

force another crisis, but hopefully by then, the prognosis based on response to

therapy could be better defined.

A major aspect to this “virtual conference” as it is presented is the importance of

the collaboration of the players; the oncologist, the cardiologist, and the gastroen-

terologist all contributed important insight from their unique points of view. This

then developed a strategy which could provide the patient the best quality of life,

while avoiding unnecessary treatment-related morbidity.

References

1. Murphy SL, Xu J, Kochanek KD. Deaths: final data for 2010. Natl Vital Stat Rep.

2013;61:1–117.

204 R.J. Krone et al.



2. Driver JA, Djousse L, Logroscino G, Gaziano JM, Kurth T. Incidence of cardiovascular

disease and cancer in advanced age: prospective cohort study. BMJ. 2008;337:a2467.

3. Koene RJ, Prizment AE, Blaes A, Konety SH. Shared risk factors in cardiovascular disease

and cancer. Circulation. 2016;133:1104–14.

4. Basyigit S, Ozkan S, Uzman M, et al. Should screening for colorectal neoplasm be

recommended in patients at high risk for coronary heart disease: a cross-sectional study.

Medicine (Baltimore). 2015;94, e793.

5. Virmani R, Farb A, Carter AJ, Jones RM. Pathology of radiation-induced coronary artery

disease in human and pig. Cardiovasc Radiat Med. 1999;1:98–101.

6. Mulrooney DA, Ness KK, Huang S, et al. Pilot study of vascular health in survivors of

osteosarcoma. Pediatr Blood Cancer. 2013;60:1703–8.

7. Tzonevska A, Chakarova A, Tzvetkov K. GSPECT-CT myocardial scintigraphy plus calcium

scores as screening tool for prevention of cardiac side effects in left-sided breast cancer

radiotherapy. J BUON. 2014;19:667–72.

8. Takahashi I, Ohishi W, Mettler Jr FA, et al. A report from the 2013 international workshop:

radiation and cardiovascular disease, Hiroshima, Japan. J Radiol Prot. 2013;33:869–80.

9. Plummer C, Henderson RD, O’Sullivan JD, Read SJ. Ischemic stroke and transient ischemic

attack after head and neck radiotherapy: a review. Stroke. 2011;42:2410–8.

10. Hicks Jr GL. Coronary artery operation in radiation-associated atherosclerosis: long-term

follow-up. Ann Thorac Surg. 1992;53:670–4.

11. Wacker A, Lersch C, Scherpinski U, Reindl L, Seyfarth M. High incidence of angina pectoris

in patients treated with 5-fluorouracil. A planned surveillance study with 102 patients.

Oncology. 2003;65:108–12.

12. Rackley C, Schultz KR, Goldman FD, et al. Cardiac manifestations of graft-versus-host

disease. Biol Blood Marrow Transplant. 2005;11:773–80.

13. Prevost D, Taylor G, Sanatani S, Schultz KR. Coronary vessel involvement by chronic graft-

versus-host disease presenting as sudden cardiac death. Bone Marrow Transplant.

2004;34:655–6.

14. Virmani R, Kolodgie FD, Burke AP, Farb A, Schwartz SM. Lessons from sudden coronary

death: a comprehensive morphological classification scheme for atherosclerotic lesions.

Arterioscler Thromb Vasc Biol. 2000;20:1262–75.

15. Vancraeynest D, Pasquet A, Roelants V, Gerber BL, Vanoverschelde JL. Imaging the

vulnerable plaque. J Am Coll Cardiol. 2011;57:1961–79.

16. Niccoli G, Montone RA, Di Vito L, et al. Plaque rupture and intact fibrous cap assessed by

optical coherence tomography portend different outcomes in patients with acute coronary

syndrome. Eur Heart J. 2015;36:1377–84.

17. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial infarction.

Circulation. 2012;126:2020–35.

18. Lind PA, Pagnanelli R, Marks LB, et al. Myocardial perfusion changes in patients irradiated

for left-sided breast cancer and correlation with coronary artery distribution. Int J Radiat

Oncol Biol Phys. 2003;55:914–20.

19. Braunwald E, Morrow DA. Unstable angina: is it time for a requiem? Circulation.

2013;127:2452–7.

20. Fuster V, Moreno PR, Fayad ZA, Corti R, Badimon JJ. Atherothrombosis and high-risk

plaque: Part I: evolving concepts. J Am Coll Cardiol. 2005;46:937–54.

21. Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ. Compensatory enlarge-

ment of human atherosclerotic coronary arteries. N Engl J Med. 1987;316(22):1371–5.

22. Yeh ETH, Bickford CL. Cardiovascular complications of cancer therapy: incidence, patho-

genesis, diagnosis, and management. J Am Coll Cardiol. 2009;53:2231–47.

23. Curigliano G, Mayer EL, Burstein HJ, Winer EP, Goldhirsch A. Cardiac toxicity from

systemic cancer therapy: a comprehensive review. Prog Cardiovasc Dis. 2010;53:94–104.

24. Shah K, Gupta S, Ghosh J, Bajpai J, Maheshwari A. Acute non-ST elevation myocardial

infarction following paclitaxel administration for ovarian carcinoma: a case report and review

of literature. J Cancer Res Ther. 2012;8:442–4.

8 Management of Patients with Coronary Disease and Cancer: Interactions. . . 205



25. Jafri M, Protheroe A. Cisplatin-associated thrombosis. Anticancer Drugs. 2008;19:927–9.

26. Togna GI, Togna AR, Franconi M, Caprino L. Cisplatin triggers platelet activation. Thromb

Res. 2000;99:503–9.

27. Berliner S, Rahima M, Sidi Y, et al. Acute coronary events following cisplatin-based

chemotherapy. Cancer Investig. 1990;8:583–6.

28. Samuels BL, Vogelzang NJ, Kennedy BJ. Severe vascular toxicity associated with vinblas-

tine, bleomycin, and cisplatin chemotherapy. Cancer Chemother Pharmacol. 1987;19:253–6.

29. Choueiri TK, Schutz FA, Je Y, Rosenberg JE, Bellmunt J. Risk of arterial thromboembolic

events with sunitinib and sorafenib: a systematic review and meta-analysis of clinical trials. J

Clin Oncol. 2010;28:2280–5.

30. Chen XL, Lei YH, Liu CF, et al. Angiogenesis inhibitor bevacizumab increases the risk of

ischemic heart disease associated with chemotherapy: a meta-analysis. PLoS One. 2013;8,

e66721.

31. Cuppone F, Bria E, Verma S, et al. Do adjuvant aromatase inhibitors increase the cardiovas-

cular risk in postmenopausal women with early breast cancer? Meta-analysis of randomized

trials. Cancer. 2008;112:260–7.

32. Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC guidelines on the management of

stable coronary artery disease: the Task Force on the management of stable coronary artery

disease of the European Society of Cardiology. Eur Heart J. 2013;34:2949–3003.

33. Goff Jr DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the assessment

of cardiovascular risk: a report of the American College of Cardiology/American Heart

Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014;63:2935–59.

34. Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline on the treatment of

blood cholesterol to reduce atherosclerotic cardiovascular risk in adults: a report of the

American College of Cardiology/American Heart Association Task Force on Practice Guide-

lines. J Am Coll Cardiol. 2014;63:2889–934.

35. Vaughan CJ, Gotto Jr AM, Basson CT. The evolving role of statins in the management of

atherosclerosis. J Am Coll Cardiol. 2000;35:1–10.

36. Furberg CD, Byington RP, Crouse JR, Espeland MA. Pravastatin, lipids, and major coronary

events. Am J Cardiol. 1994;73:1133–4.

37. Brown BG, Zhao XQ, Chait A, et al. Simvastatin and niacin, antioxidant vitamins, or the

combination for the prevention of coronary disease. N Engl J Med. 2001;345:1583–92.

38. Go AS, Iribarren C, Chandra M, et al. Statin and beta-blocker therapy and the initial

presentation of coronary heart disease. Ann Intern Med. 2006;144:229–38.

39. DeFilippis AP, Young R, Carrubba CJ, et al. An analysis of calibration and discrimination

among multiple cardiovascular risk scores in a modern multiethnic cohort. Ann Intern Med.

2015;162:266–75.

40. Lip GY, Chin BS, Blann AD. Cancer and the prothrombotic state. Lancet Oncol.

2002;3:27–34.

41. Iliescu CA, Grines CL, Herrmann J, et al. SCAI Expert consensus statement: evaluation,

management, and special considerations of cardio-oncology patients in the cardiac catheter-

ization laboratory (endorsed by the Cardiological Society of India, and Sociedad Latino

Americana de Cardiologia Intervencionista). Catheter Cardiovasc Interv. 2016;87(5):

E202–23.

42. Shitara Y, Sugiyama Y. Pharmacokinetic and pharmacodynamic alterations of 3-hydroxy-3-

methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors: drug-drug interactions and

interindividual differences in transporter and metabolic enzyme functions. Pharmacol Ther.

2006;112:71–105.

43. Neuvonen PJ, Niemi M, Backman JT. Drug interactions with lipid-lowering drugs: mecha-

nisms and clinical relevance. Clin Pharmacol Ther. 2006;80:565–81.

44. Neuvonen PJ, Kantola T, Kivisto KT. Simvastatin but not pravastatin is very susceptible to

interaction with the CYP3A4 inhibitor itraconazole. Clin Pharmacol Ther. 1998;63:332–41.

206 R.J. Krone et al.



45. Zhou SF, Xue CC, Yu XQ, Li C, Wang G. Clinically important drug interactions potentially

involving mechanism-based inhibition of cytochrome P450 3A4 and the role of therapeutic

drug monitoring. Ther Drug Monit. 2007;29:687–710.

46. Ogu CC, Maxa JL. Drug interactions due to cytochrome P450. Proc (Bayl Univ Med Cent).

2000;13:421–3.

47. Guengerich FP. Cytochrome p450 and chemical toxicology. Chem Res Toxicol.

2008;21:70–83.

48. Christenson RH, Assasy HME. Biomarkers of myocardial necrosis. Totowa, NJ: Humana

Press; 2006.

49. Christenson RH, Azzazy HM. Biochemical markers of the acute coronary syndromes. Clin

Chem. 1998;44:1855–64.

50. Hamm CW, Bassand JP, Agewall S, et al. ESC Guidelines for the management of acute

coronary syndromes in patients presenting without persistent ST-segment elevation: the Task

Force for the management of acute coronary syndromes (ACS) in patients presenting without

persistent ST-segment elevation of the European Society of Cardiology (ESC). Eur Heart

J. 2011;32:2999–3054.

51. Wilson SR, Scirica BM, Braunwald E, et al. Efficacy of ranolazine in patients with chronic

angina observations from the randomized, double-blind, placebo-controlled MERLIN-TIMI

(Metabolic Efficiency with Ranolazine for Less Ischemia in Non-ST-Segment Elevation

Acute Coronary Syndromes) 36 Trial. J Am Coll Cardiol. 2009;53:1510–6.

52. Stone PH, Chaitman BR, Stocke K, Sano J, DeVault A, Koch GG. The anti-ischemic

mechanism of action of ranolazine in stable ischemic heart disease. J Am Coll Cardiol.

2010;56:934–42.

53. Chaitman BR. Ranolazine for the treatment of chronic angina and potential use in other

cardiovascular conditions. Circulation. 2006;113:2462–72.

54. Fihn SD, Gardin JM, Abrams J, et al. ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline

for the diagnosis and management of patients with stable ischemic heart disease: a report of

the American College of Cardiology Foundation/American Heart Association Task Force on

Practice Guidelines, and the American College of Physicians, American Association for

Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular

Angiography and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol.

2012;60:e44–164.

55. Boden WE. Interpreting the COURAGE trial. It takes COURAGE to alter our belief system.

Cleve Clin J Med. 2007;74:623–5. 9–33.

56. The BARI 2D Study Group. A randomized trial of therapies for type 2 diabetes and coronary

artery disease. N Engl J Med. 2009;360:2503–15.

57. Chow CK, Jolly S, Rao-Melacini P, Fox KA, Anand SS, Yusuf S. Association of diet,

exercise, and smoking modification with risk of early cardiovascular events after acute

coronary syndromes. Circulation. 2010;121:750–8.

58. CASS Principal Investigators and Their Associates. Myocardial infarction and mortality in

the coronary artery surgery study (CASS) randomized trial. N Engl J Med. 1984;310:750–8.

59. Chaitman BR, Hardison RM, Adler D, et al. The Bypass Angioplasty Revascularization

Investigation 2 Diabetes randomized trial of different treatment strategies in type 2 diabetes

mellitus with stable ischemic heart disease: impact of treatment strategy on cardiac mortality

and myocardial infarction. Circulation. 2009;120:2529–40.

60. Fuster V, Farkouh ME. General cardiology perspective: decision making regarding revascu-

larization of patients with type 2 diabetes mellitus and cardiovascular disease in the Bypass

Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) trial. Circulation.

2010;121:2450–2.

61. Krone RJ, Althouse AD, Tamis-Holland J, et al. Appropriate revascularization in stable

angina: lessons from the BARI 2D trial. Can J Cardiol. 2014;30:1595–601.

62. Stergiopoulos K, Brown DL. Initial coronary stent implantation with medical therapy vs

medical therapy alone for stable coronary artery disease: meta-analysis of randomized

controlled trials. Arch Intern Med. 2012;172:312–9.

8 Management of Patients with Coronary Disease and Cancer: Interactions. . . 207



63. Kottke TE. The lessons of COURAGE for the management of stable coronary artery disease.

J Am Coll Cardiol. 2011;58:138–9.

64. Coronary artery surgery study (CASS): a randomized trial of coronary artery bypass surgery.

Comparability of entry characteristics and survival in randomized patients and

nonrandomized patients meeting randomization criteria. J Am Coll Cardiol. 1984;3:114–28.

65. Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical therapy with or without PCI for

stable coronary disease. N Engl J Med. 2007;356:1503–16.

66. Anderson JL, Adams CD, Antman EM, et al. 2011 ACCF/AHA Focused Update Incorporated

into the ACC/AHA 2007 Guidelines for the Management of Patients with Unstable Angina/

Non-ST-Elevation Myocardial Infarction: a report of the American College of Cardiology

Foundation/American Heart Association Task Force on Practice Guidelines. Circulation.

2011;123:e426–579.

67. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC Guideline for the Manage-

ment of Patients with Non–ST-Elevation Acute Coronary Syndromes: a report of the Amer-

ican College of Cardiology/American Heart Association Task Force on Practice Guidelines. J

Am Coll Cardiol. 2014;64:e139–228.

68. Thanavaro S, Krone RJ, Kleiger RE, et al. In-hospital prognosis of patients with first

nontransmural and transmural infarctions. Circulation. 1980;61:29–33.

69. Wright RS, Anderson JL, Adams CD, et al. ACCF/AHA focused update of the Guidelines for

the Management of Patients with Unstable Angina/Non-ST-Elevation Myocardial Infarction

(updating the 2007 guideline): a report of the American College of Cardiology Foundation/

American Heart Association Task Force on Practice Guidelines developed in collaboration

with the American College of Emergency Physicians, Society for Cardiovascular Angiogra-

phy and Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol.

2011;57:1920–59.

70. Fox KA, Dabbous OH, Goldberg RJ, et al. Prediction of risk of death and myocardial

infarction in the six months after presentation with acute coronary syndrome: prospective

multinational observational study (GRACE). BMJ. 2006;333:1091.

71. Sorajja P, Gersh BJ, Cox DA, et al. Impact of delay to angioplasty in patients with acute

coronary syndromes undergoing invasive management: analysis from the ACUITY (Acute

Catheterization and Urgent Intervention Triage strategY) trial. J Am Coll Cardiol.

2010;55:1416–24.

72. Gruntzig AR, Senning A, Siegenthaler WE. Nonoperative dilatation of coronary-artery

stenosis: percutaneous transluminal coronary angioplasty. N Engl J Med. 1979;301:61.

73. Krone R. Thirty years of coronary angioplasty. Cardiol J. 2008;15:201–2.

74. Tomey MI, Kini AS, Sharma SK. Current status of rotational atherectomy. JACC Cardiovasc

Interv. 2014;7:345–53.

75. Chambers JW, Feldman RL, Himmelstein SI, et al. Pivotal trial to evaluate the safety and

efficacy of the orbital atherectomy system in treating de novo, severely calcified coronary

lesions (ORBIT II). JACC Cardiovasc Interv. 2014;7:510–8.

76. Sigwart U, Puel J, Mirkovitch V, Joffre F, Kappenberger L. Intravascular stents to prevent

occlusion and restenosis after transluminal angioplasty. N Engl J Med. 1987;316:701–6.

77. Topol EJ. The stentor and the sea change. Am J Cardiol. 1995;76:307–8.

78. Hall P, Nakamura S, Maiello L, et al. A randomized comparison of combined ticlopidine and

aspirin therapy versus aspirin therapy alone after successful intravascular ultrasound-guided

stent implantation. Circulation. 1996;93:215–22.

79. Colombo A, Hall P, Nakamura S, et al. Intracoronary stenting without anticoagulation

accomplished with intravascular ultrasound guidance. Circulation. 1995;91:1676–88.

80. Karrillon GJ, Morice MC, Benveniste E, et al. Intracoronary stent implantation without

ultrasound guidance and with replacement of conventional anticoagulation by antiplatelet

therapy: 30-day clinical outcome of the French Multicenter Registry. Circulation.

1996;94:1519–27.

208 R.J. Krone et al.



81. Morice MC, Zemour G, Benveniste E, et al. Intracoronary stenting without coumadin: one

month results of a French multicenter study. Cathet Cardiovasc Diagn. 1995;35:1–7.

82. Albiero R, Hall P, Itoh A, et al. Results of a consecutive series of patients receiving only

antiplatelet therapy after optimized stent implantation. Comparison of aspirin alone versus

combined ticlopidine and aspirin therapy. Circulation. 1997;95:1145–56.

83. Krone RJ, Rao SV, Dai D, et al. Acceptance, panic, and partial recovery the pattern of usage

of drug-eluting stents after introduction in the U.S. (a report from the American College of

Cardiology/National Cardiovascular Data Registry). JACC Cardiovasc Interv.

2010;3:902–10.

84. Virmani R, Farb A, Guagliumi G, Kolodgie FD. Drug-eluting stents: caution and concerns for

long-term outcome. Coron Artery Dis. 2004;15:313–8.

85. McFadden EP, Stabile E, Regar E, et al. Late thrombosis in drug-eluting coronary stents after

discontinuation of antiplatelet therapy. Lancet. 2004;364:1519–21.

86. Grines CL, Bonow RO, Casey Jr DE, et al. Prevention of premature discontinuation of dual

antiplatelet therapy in patients with coronary artery stents: a science advisory from the

American Heart Association, American College of Cardiology, Society for Cardiovascular

Angiography and Interventions, American College of Surgeons, and American Dental Asso-

ciation, with representation from the American College of Physicians. Circulation.

2007;115:813–8.

87. Chieffo A, Park SJ, Meliga E, et al. Late and very late stent thrombosis following drug-

eluting stent implantation in unprotected left main coronary artery: a multicentre registry. Eur

Heart J. 2008;29:2108–15.

88. Valgimigli M, Patialiakas A, Thury A, et al. Zotarolimus-eluting versus bare-metal stents in

uncertain drug-eluting stent candidates. J Am Coll Cardiol. 2015;65:805–15.

89. Kandzari DE. Stent selection and antiplatelet therapy duration: one size does not fit all. J Am

Coll Cardiol. 2015;65:816–9.

90. Montalescot G, Brieger D, Dalby AJ, Park SJ, Mehran R. Duration of dual antiplatelet

therapy after coronary stenting: a review of the evidence. J Am Coll Cardiol.

2015;66:832–47.

91. Colombo A, Chieffo A, Frasheri A, et al. Second-generation drug-eluting stent implantation

followed by 6- versus 12-month dual antiplatelet therapy: the SECURITY randomized

clinical trial. J Am Coll Cardiol. 2014;64:2086–97.

92. Yeh RW, Mauri L, Kereiakes DJ. Dual antiplatelet platelet therapy duration following

coronary stenting. J Am Coll Cardiol. 2015;65:787–90.

93. Gilard M, Barragan P, Noryani AA, et al. 6- versus 24-month dual antiplatelet therapy after

implantation of drug-eluting stents in patients nonresistant to aspirin: the randomized,

multicenter italic trial. J Am Coll Cardiol. 2015;65:777–86.

94. Kahneman D. Thinking, fast and slow. New York, NY: Farrar, Straus and Giroux; 2011.

95. Wallentin L, Becker RC, Cannon CP, et al. Review of the accumulated PLATO documen-

tation supports reliable and consistent superiority of ticagrelor over clopidogrel in patients

with acute coronary syndrome: commentary on: DiNicolantonio JJ, Tomek A, Inactivations,

deletions, non-adjudications, and downgrades of clinical endpoints on ticagrelor: serious

concerns over the reliability of the PLATO trial, International Journal of Cardiology, 2013.

Int J Cardiol. 2014;170:e59–62.

96. Lindholm D, Varenhorst C, Cannon CP, et al. Ticagrelor vs. clopidogrel in patients with non-

ST-elevation acute coronary syndrome with or without revascularization: results from the

PLATO trial. Eur Heart J. 2014;35:2083–93.

97. Udell JA, Braunwald E, Antman EM, Murphy SA, Montalescot G, Wiviott SD. Prasugrel

versus clopidogrel in patients with ST-segment elevation myocardial infarction according to

timing of percutaneous coronary intervention: a TRITON-TIMI 38 subgroup analysis (Trial

to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with

Prasugrel-Thrombolysis In Myocardial Infarction 38). JACC Cardiovasc Interv.

2014;7:604–12.

8 Management of Patients with Coronary Disease and Cancer: Interactions. . . 209



98. Kaluza GL, Joseph J, Lee JR, Raizner ME, Raizner AE. Catastrophic outcomes of noncardiac

surgery soon after coronary stenting. J Am Coll Cardiol. 2000;35:1288–94.

99. van Kuijk JP, Flu WJ, Schouten O, et al. Timing of noncardiac surgery after coronary artery

stenting with bare metal or drug-eluting stents. Am J Cardiol. 2009;104:1229–34.

100. Alshawabkeh LI, Banerjee S, Brilakis ES. Systematic review of the frequency and outcomes

of non-cardiac surgery after drug-eluting stent implantation. Hellenic J Cardiol.

2011;52:141–8.

101. Botto F, Alonso-Coello P, Chan MT, et al. Myocardial injury after noncardiac surgery: a

large, international, prospective cohort study establishing diagnostic criteria, characteristics,

predictors, and 30-day outcomes. Anesthesiology. 2014;120:564–78.

102. Brilakis ES, Patel VG, Banerjee S. Medical management after coronary stent implantation: a

review. JAMA. 2013;310:189–98.

103. Devereaux PJ, Goldman L, Cook DJ, Gilbert K, Leslie K, Guyatt GH. Perioperative cardiac

events in patients undergoing noncardiac surgery: a review of the magnitude of the problem,

the pathophysiology of the events and methods to estimate and communicate risk. CMAJ.

2005;173:627–34.

104. Gandhi NK, Abdel-Karim AR, Banerjee S, Brilakis ES. Frequency and risk of noncardiac

surgery after drug-eluting stent implantation. Catheter Cardiovasc Interv. 2011;77:972–6.

105. Khan J, Alonso-Coello P, Devereaux PJ. Myocardial injury after noncardiac surgery. Curr

Opin Cardiol. 2014;29:307–11.

106. Kristensen SD, Knuuti J, Saraste A, et al. 2014 ESC/ESA Guidelines on non-cardiac surgery:

cardiovascular assessment and management: the Joint Task Force on non-cardiac surgery:

cardiovascular assessment and management of the European Society of Cardiology (ESC)

and the European Society of Anaesthesiology (ESA). Eur Heart J. 2014;35:2383–431.

107. Luckie M, Khattar RS, Fraser D. Non-cardiac surgery and antiplatelet therapy following

coronary artery stenting. Heart. 2009;95:1303–8.

108. Sanon S, Rihal CS. Non-cardiac surgery after percutaneous coronary intervention. Am J

Cardiol. 2014;114:1613–20.

109. Guarracino F, Baldassarri R, Priebe HJ. Revised ESC/ESA guidelines on non-cardiac sur-

gery: cardiovascular assessment and management. Implications for preoperative clinical

evaluation. Minerva Anestesiol. 2015;81:226–33.

110. Patel AY, Eagle KA, Vaishnava P. Cardiac risk of noncardiac surgery. J Am Coll Cardiol.

2015;66:2140–8.

111. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline on perioper-

ative cardiovascular evaluation and management of patients undergoing noncardiac surgery:

a report of the American College of Cardiology/American Heart Association Task Force on

Practice Guidelines. J Am Coll Cardiol. 2014;64:e77–137.

112. Serruys PW, Morice MC, Kappetein AP, et al. Percutaneous coronary intervention versus

coronary-artery bypass grafting for severe coronary artery disease. N Engl J Med.

2009;360:961–72.

113. The BARI Investigators. Seven-year outcome in the Bypass Angioplasty Revascularization

Investigation (BARI) by treatment and diabetic status. J Am Coll Cardiol. 2000;35:1122–9.

114. Nakazawa G, Otsuka F, Nakano M, et al. The pathology of neoatherosclerosis in human

coronary implants bare-metal and drug-eluting stents. J Am Coll Cardiol. 2011;57:1314–22.

115. Smith SC, Winters KJ, Lasala JM. Stent thrombosis in a patient receiving chemotherapy.

Cathet Cardiovasc Diagn. 1997;40:383–6.

116. Lee JM, Yoon CH. Acute coronary stent thrombosis in cancer patients: a case series report.

Korean Circ J. 2012;42:487–91.

117. Iliescu C, Durand JB, Kroll M. Cardiovascular interventions in thrombocytopenic cancer

patients. Tex Heart Inst J. 2011;38:259–60.

118. Saxena P, Tam RK. Combined off-pump coronary artery bypass surgery and pulmonary

resection. Ann Thorac Surg. 2004;78:498–501.

210 R.J. Krone et al.



119. Tsuji Y, Morimoto N, Tanaka H, et al. Surgery for gastric cancer combined with cardiac and

aortic surgery. Arch Surg. 2005;140:1109–14.

120. Soong J, Poots AJ, Scott S, Donald K, Bell D. Developing and validating a risk prediction

model for acute care based on frailty syndromes. BMJ Open. 2015;5, e008457.

121. Herman CR, Buth KJ, Legare JF, Levy AR, Baskett R. Development of a predictive model for

major adverse cardiac events in a coronary artery bypass and valve population. J Cardiothorac

Surg. 2013;8:177.

122. Cervera R, Bakaeen FG, Cornwell LD, et al. Impact of functional status on survival after

coronary artery bypass grafting in a veteran population. Ann Thorac Surg. 2012;93:1950–4.

Discussion 4–5.

123. Sundermann S, Dademasch A, Praetorius J, et al. Comprehensive assessment of frailty for

elderly high-risk patients undergoing cardiac surgery. Eur J Cardiothorac Surg.

2011;39:33–7.

124. Teo KK, Cohen E, Buller C, et al. Canadian Cardiovascular Society/Canadian Association of

Interventional Cardiology/Canadian Society of Cardiac Surgery position statement on

revascularization-multivessel coronary artery disease. Can J Cardiol. 2014;30:1482–91.

125. Vorobcsuk A, Konyi A, Aradi D, et al. Transradial versus transfemoral percutaneous coro-

nary intervention in acute myocardial infarction Systematic overview and meta-analysis. Am

Heart J. 2009;158:814–21.

126. Tatli E, Gunduz Y, Buturak A. Hematoma of the breast: a rare complication of transradial

angiography and its treatment with handmade stent graft. J Invasive Cardiol. 2014;26:E24–6.

127. Pitta SR, Prasad A, Kumar G, Lennon R, Rihal CS, Holmes DR. Location of femoral artery

access and correlation with vascular complications. Catheter Cardiovasc Interv.

2011;78:294–9.

128. Seto AH, Abu-Fadel MS, Sparling JM, et al. Real-time ultrasound guidance facilitates

femoral arterial access and reduces vascular complications: FAUST (Femoral Arterial Access

with Ultrasound Trial). JACC Cardiovasc Interv. 2010;3:751–8.

129. Sarkiss MG, Yusuf SW, Warneke CL, et al. Impact of aspirin therapy in cancer patients with

thrombocytopenia and acute coronary syndromes. Cancer. 2007;109:621–7.

130. Iliescu C. Cardiovascular procedures in patients with cancer and thrombocytopenia. MD

Anderson Practices (MAP) in Onco-Cardiology. 2014.

131. Nakazawa G, Finn AV, Vorpahl M, Ladich ER, Kolodgie FD, Virmani R. Coronary

responses and differential mechanisms of late stent thrombosis attributed to first-generation

sirolimus- and paclitaxel-eluting stents. J Am Coll Cardiol. 2011;57:390–8.

132. Singh J, Patel Y, Depta JP, et al. A modified provisional stenting approach to coronary

bifurcation lesions: clinical application of the “jailed-balloon technique”. J Interv Cardiol.

2012;25:289–96.

133. Al Ali J, Franck C, Filion KB, Eisenberg MJ. Coronary artery bypass graft surgery versus

percutaneous coronary intervention with first-generation drug-eluting stents: a meta-analysis

of randomized controlled trials. JACC Cardiovasc Interv. 2014;7:497–506.

134. Albaladejo P, Marret E, Samama CM, et al. Non-cardiac surgery in patients with coronary

stents: the RECO study. Heart. 2011;97:1566–72.

135. Assali A, Vaknin-Assa H, Lev E, et al. The risk of cardiac complications following

noncardiac surgery in patients with drug eluting stents implanted at least six months before

surgery. Catheter Cardiovasc Interv. 2009;74:837–43.

136. Hawn MT, Graham LA, Richman JS, Itani KF, Henderson WG, Maddox TM. Risk of major

adverse cardiac events following noncardiac surgery in patients with coronary stents. JAMA.

2013;310(14):1462–72.

137. Gupta PK, Gupta H, Sundaram A, et al. Development and validation of a risk calculator for

prediction of cardiac risk after surgery. Circulation. 2011;124:381–7.

138. McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery revascularization before elective

major vascular surgery. N Engl J Med. 2004;351:2795–804.

139. London MJ, Hur K, Schwartz GG, Henderson WG. Association of perioperative beta-

blockade with mortality and cardiovascular morbidity following major noncardiac surgery.

JAMA. 2013;309:1704–13.

8 Management of Patients with Coronary Disease and Cancer: Interactions. . . 211



140. Ashes C, Judelman S, Wijeysundera DN, et al. Selective beta1-antagonism with bisoprolol is

associated with fewer postoperative strokes than atenolol or metoprolol: a single-center

cohort study of 44,092 consecutive patients. Anesthesiology. 2013;119:777–87.

141. Lim W, Qushmaq I, Cook DJ, et al. Elevated troponin and myocardial infarction in the

intensive care unit: a prospective study. Crit Care. 2005;9:R636–44.

142. Nowbar AN, Cole GD, Shun-Shin MJ, Finegold JA, Francis DP. International RCT-based

guidelines for use of preoperative stress testing and perioperative beta-blockers and statins in

non-cardiac surgery. Int J Cardiol. 2014;172:138–43.

143. Poldermans D, Boersma E, Bax JJ, et al. The effect of bisoprolol on perioperative mortality

and myocardial infarction in high-risk patients undergoing vascular surgery. Dutch Echocar-

diographic Cardiac Risk Evaluation Applying Stress Echocardiography Study Group. N Engl

J Med. 1999;341:1789–94.

144. Sorrentino MF, Kim J, Foderaro AE, Truesdell AG. 5-fluorouracil induced cardiotoxicity:

review of the literature. Cardiol J. 2012;19:453–8.

145. Longley DB, Harkin DP, Johnston PG. 5-fluorouracil: mechanisms of action and clinical

strategies. Nat Rev Cancer. 2003;3:330–8.

146. Shields AF, Zalupski MM, Marshall JL, Meropol NJ. Treatment of advanced colorectal

carcinoma with oxaliplatin and capecitabine: a phase II trial. Cancer. 2004;100:531–7.

147. Hoff PM, Ansari R, Batist G, et al. Comparison of oral capecitabine versus intravenous

fluorouracil plus leucovorin as first-line treatment in 605 patients with metastatic colorectal

cancer: results of a randomized phase III study. J Clin Oncol. 2001;19:2282–92.

148. Eskandari MR, Moghaddam F, Shahraki J, Pourahmad J. A comparison of cardiomyocyte

cytotoxic mechanisms for 5-fluorouracil and its pro-drug capecitabine. Xenobiotica.

2015;45:79–87.

149. Fernandez-Martos C, Nogue M, Cejas P, Moreno-Garcia V, Machancoses AH, Feliu J. The

role of capecitabine in locally advanced rectal cancer treatment: an update. Drugs.

2012;72:1057–73.

150. Ng M, Cunningham D, Norman AR. The frequency and pattern of cardiotoxicity observed

with capecitabine used in conjunction with oxaliplatin in patients treated for advanced

colorectal cancer (CRC). Eur J Cancer. 2005;41:1542–6.

151. Stewart T, Pavlakis N, Ward M. Cardiotoxicity with 5-fluorouracil and capecitabine: more

than just vasospastic angina. Intern Med J. 2010;40:303–7.

152. Frickhofen N, Beck FJ, Jung B, Fuhr HG, Andrasch H, Sigmund M. Capecitabine can induce

acute coronary syndrome similar to 5-fluorouracil. Ann Oncol. 2002;13:797–801.

153. Kosmas C, Kallistratos MS, Kopterides P, et al. Cardiotoxicity of fluoropyrimidines in

different schedules of administration: a prospective study. J Cancer Res Clin Oncol.

2008;134:75–82.

154. Akhtar SS, Salim KP, Bano ZA. Symptomatic cardiotoxicity with high-dose 5-fluorouracil

infusion: a prospective study. Oncology. 1993;50:441–4.

155. de Forni M, Malet-Martino MC, Jaillais P, et al. Cardiotoxicity of high-dose continuous

infusion fluorouracil: a prospective clinical study. J Clin Oncol. 1992;10:1795–801.

156. Saif MW, Shah MM, Shah AR. Fluoropyrimidine-associated cardiotoxicity: revisited. Expert

Opin Drug Saf. 2009;8:191–202.

157. Basselin C, Fontanges T, Descotes J, et al. 5-Fluorouracil-induced Tako-Tsubo-like syn-

drome. Pharmacotherapy. 2011;31:226.

158. Grunwald MR, Howie L, Diaz Jr LA. Takotsubo cardiomyopathy and Fluorouracil: case

report and review of the literature. J Clin Oncol. 2012;30:e11–4.

159. Canale ML, Camerini A, Stroppa S, et al. A case of acute myocardial infarction during

5-fluorouracil infusion. J Cardiovasc Med (Hagerstown). 2006;7:835–7.

160. Sasson Z, Morgan CD, Wang B, Thomas G, MacKenzie B, Platts ME. 5-Fluorouracil related

toxic myocarditis: case reports and pathological confirmation. Can J Cardiol. 1994;10:861–4.

161. Farina A, Malafronte C, Valsecchi MA, Achilli F. Capecitabine-induced cardiotoxicity: when

to suspect? How to manage? A case report. J Cardiovasc Med (Hagerstown). 2009;10:722–6.

212 R.J. Krone et al.



162. Senturk T, Kanat O, Evrensel T, Aydinlar A. Capecitabine-induced cardiotoxicity mimicking

myocardial infarction. Neth Heart J. 2009;17:277–80.

163. McDermott BJ, van den Berg HW, Murphy RF. Nonlinear pharmacokinetics for the elimi-

nation of 5-fluorouracil after intravenous administration in cancer patients. Cancer

Chemother Pharmacol. 1982;9:173–8.

164. Jensen SA, Sorensen JB. Risk factors and prevention of cardiotoxicity induced by

5-fluorouracil or capecitabine. Cancer Chemother Pharmacol. 2006;58:487–93.

165. Cwikiel M, Eskilsson J, Wieslander JB, Stjernquist U, Albertsson M. The appearance of

endothelium in small arteries after treatment with 5-fluorouracil. An electron microscopic

study of late effects in rabbits. Scanning Microsc. 1996;10:805–18. Discussion 19.

166. Focaccetti C, Bruno A, Magnani E, et al. Effects of 5-fluorouracil on morphology, cell cycle,

proliferation, apoptosis, autophagy and ROS production in endothelial cells and

cardiomyocytes. PLoS One. 2015;10, e0115686.

167. Meyer CC, Calis KA, Burke LB, Walawander CA, Grasela TH. Symptomatic cardiotoxicity

associated with 5-fluorouracil. Pharmacotherapy. 1997;17:729–36.

168. Anand AJ. Fluorouracil cardiotoxicity. Ann Pharmacother. 1994;28:374–8.

169. Kleiman NS, Lehane DE, Geyer Jr CE, Pratt CM, Young JB. Prinzmetal’s angina during

5-fluorouracil chemotherapy. Am J Med. 1987;82:566–8.

170. Akpek G, Hartshorn KL. Failure of oral nitrate and calcium channel blocker therapy to

prevent 5-fluorouracil-related myocardial ischemia: a case report. Cancer Chemother

Pharmacol. 1999;43:157–61.

171. Eskilsson J, Albertsson M. Failure of preventing 5-fluorouracil cardiotoxicity by prophylactic

treatment with verapamil. Acta Oncol. 1990;29:1001–3.

172. Patel B, Kloner RA, Ensley J, Al-Sarraf M, Kish J, Wynne J. 5-Fluorouracil cardiotoxicity:

left ventricular dysfunction and effect of coronary vasodilators. Am J Med Sci.

1987;294:238–43.

173. Kelly C, Bhuva N, Harrison M, Buckley A, Saunders M. Use of raltitrexed as an alternative to

5-fluorouracil and capecitabine in cancer patients with cardiac history. Eur J Cancer.

2013;49:2303–10.

174. Ransom D, Wilson K, Fournier M, et al. Final results of Australasian Gastrointestinal Trials

Group ARCTIC study: an audit of raltitrexed for patients with cardiac toxicity induced by

fluoropyrimidines. Ann Oncol. 2014;25:117–21.

175. Darby SC, Cutter DJ, Boerma M, et al. Radiation-related heart disease: current knowledge

and future prospects. Int J Radiat Oncol Biol Phys. 2010;76:656–65.

176. Hancock SL, Donaldson SS, Hoppe RT. Cardiac disease following treatment of Hodgkin’s
disease in children and adolescents. J Clin Oncol. 1993;11:1208–15.

177. Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart disease in women after

radiotherapy for breast cancer. N Engl J Med. 2013;368:987–98.

178. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans V, Godwin J, Gray R, Hicks C,

James S, MacKinnon E, McGale P, McHugh T, Peto R, Taylor C, Wang Y, Early Breast

Cancer Trialists’ Collaborative Group (EBCTCG). Effects of radiotherapy and of differences
in the extent of surgery for early breast cancer on local recurrence and 15-year survival: an

overview of the randomised trials. Lancet. 2005;366:2087–106.

179. Brenner DJ, Shuryak I, Jozsef G, Dewyngaert KJ, Formenti SC. Risk and risk reduction of

major coronary events associated with contemporary breast radiotherapy. JAMA Intern Med.

2014;174:158–60.

180. Carr ZA, Land CE, Kleinerman RA, et al. Coronary heart disease after radiotherapy for peptic

ulcer disease. Int J Radiat Oncol Biol Phys. 2005;61:842–50.

181. Taylor CW, Nisbet A, McGale P, Darby SC. Cardiac exposures in breast cancer radiotherapy:

1950s–1990s. Int J Radiat Oncol Biol Phys. 2007;69:1484–95.

182. Orzan F, Brusca A, Conte MR, Presbitero P, Figliomeni MC. Severe coronary artery disease

after radiation therapy of the chest and mediastinum: clinical presentation and treatment. Br

Heart J. 1993;69:496–500.

8 Management of Patients with Coronary Disease and Cancer: Interactions. . . 213



183. Veinot JP, EdwardsWD. Pathology of radiation-induced heart disease: a surgical and autopsy

study of 27 cases. Hum Pathol. 1996;27:766–73.

184. Chinnasami BR, Schwartz RC, Pink SB, Skotnicki RA. Isolated left main coronary stenosis

and mediastinal irradiation. Clin Cardiol. 1992;15:459–61.

185. Gyenes G, Rutqvist LE, Liedberg A, Fornander T. Long-term cardiac morbidity and mortality

in a randomized trial of pre- and postoperative radiation therapy versus surgery alone in

primary breast cancer. Radiother Oncol. 1998;48:185–90.

186. Konings AW, Smit Sibinga CT, Aarnoudse MW, de Wit SS, Lamberts HB. Initial events in

radiation-induced atheromatosis. II Damage to intimal cells. Strahlentherapie.

1978;154:795–800.

187. Girinsky T, M’Kacher R, Lessard N, et al. Prospective coronary heart disease screening in

asymptomatic Hodgkin lymphoma patients using coronary computed tomography angiogra-

phy: results and risk factor analysis. Int J Radiat Oncol Biol Phys. 2014;89:59–66.

188. Veeragandham RS, Goldin MD. Surgical management of radiation-induced heart disease.

Ann Thorac Surg. 1998;65:1014–9.

189. Morice MC, Serruys PW, Kappetein AP, et al. Outcomes in patients with de novo left main

disease treated with either percutaneous coronary intervention using paclitaxel-eluting stents

or coronary artery bypass graft treatment in the Synergy between Percutaneous Coronary

Intervention with TAXUS and Cardiac Surgery (SYNTAX) trial. Circulation.

2010;121:2645–53.

214 R.J. Krone et al.



Chapter 9

Vascular Complications of Cancer
and Cancer Therapy

Gary H. Lyman, Anna Catino, and Bonnie Ky

The Risk of Venous Thromboembolism in Patients
with Cancer

The risk of venous thromboembolism (VTE) is increased considerably in patients

with cancer, most notably hospitalized patients, the elderly, and those with major

medical comorbidities [1–4]. Of particular importance is the primary site of cancer

with the highest rates observed in those with cancers of the brain, pancreas,

stomach, kidney, ovary, and lung as well as in those with hematologic malignancies

[4–6]. Additional risk factors for VTE include comorbid conditions such as infec-

tion, pulmonary or renal disease, and obesity, elevations in leukocyte and platelet

counts, and reductions in hemoglobin.

As discussed later in this chapter, the risk of VTE is further increased in patients

receiving systemic therapies including chemotherapy, hormonal therapy, and
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certain targeted agents, especially the anti-angiogenesis agents which appear to be

associated with an increased risk of arterial and potentially venous thrombosis

[7–12]. While the risk of arterial thrombotic events is increased with bevacizumab,

it remains unclear whether the risk of VTE is increased after adjustment for

treatment duration [13]. The use of the erythropoiesis-stimulating agents, epoetin

alfa and darbepoetin alfa, as well as blood transfusions has also been associated

with an increased risk of VTE [3, 14, 15]. Due to the multiple disease, treatment,

and patient-specific risk factors associated with VTE, a predictive risk model for

VTE in ambulatory cancer patients receiving systemic chemotherapy based on

clinical and laboratory measures has been developed [16, 17]. The risk score has

now been validated in multiple retrospective and prospective studies [16, 18–20]

(Table 9.1). Retrospective evaluations of randomized controlled trials have also

shown that the risk of VTE in high-risk patients identified on the basis of the risk

score is significantly reduced in those receiving thromboprophylaxis [21, 22].

Consequences of Venous Thromboembolism in Patients
with Cancer

VTE in patients with cancer is associated with several adverse consequences

including early mortality [2, 23–26]. Additional serious clinical complications

include recurrent VTE, major bleeding associated with anticoagulation, and inter-

ruption of optimal cancer treatment along with an impact on quality of life and

healthcare costs [27, 28]. Importantly, the risk of recurrence, bleeding, and mortal-

ity in cancer patients with incidental or unsuspected VTE appears to be similar to

those with symptomatic VTE [29]. The majority of patients with unsuspected

pulmonary embolism (PE) identified on staging computerized tomography scans

are symptomatic with similar clinical consequences [20, 30–32]. Clinical symp-

toms of chest pain, shortness of breath, and fatigue are often attributed to the

underlying malignancy [20, 31, 32].

Table 9.1 Risk score for predicting outpatient VTE in cancer patients [16]

Patient characteristics Risk score

Site of cancer

Very high risk (stomach, pancreas)

High risk (lung, lymphoma, gynecologic, bladder, testicular)

2

1

Prechemotherapy platelet count 350,000/mm3 or more 1

Hemoglobin level less than 10 g/dL or use of red cell growth factors 1

Prechemotherapy leukocyte count more than 11,000/mm3 1

Body mass index 35 kg/m2 or more 1

High-risk score �3

Intermediate-risk score¼ 1–2

Low-risk score¼ 0
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Prevention and Treatment of Cancer-Associated Venous
Thromboembolism

There is experimental evidence that the heparins may interfere with cancer cell

proliferation, angiogenesis, and the formation of metastases [33]. Several RCTs in

patients with cancer but without VTE have evaluated whether anticoagulants

improve overall survival with varied results [34–40]. In a meta-analysis of

11 RCTs of patients with cancer receiving anticoagulants or no anticoagulants, a

significant reduction in 1-year mortality with LMWHs but not with warfarin was

observed with relative risks for all-cause mortality of 0.88 [95% CI, 0.79–0.98;

P¼ 0.015] and 0.94 [95% CI, 0.85–1.04; P¼ 0.239], respectively [41]. Greater risk

of major bleeding was reported in patients receiving anticoagulation reaching

statistical significance in warfarin studies [41]. Therefore, while anticoagulation

is not recommended in this situation due to the recognized limitations of these trials

and the increased risk for bleeding, a number of clinical practice guidelines address

the appropriate role of thromboprophylaxis in the treatment and preventions of

VTE in patients with cancer [42–46]. As summarized in Table 9.2, recommenda-

tions cover treatment and prevention of VTE in hospitalized medical and surgical

cancer patients, the current limited role of prophylaxis in the ambulatory setting,

and secondary prophylaxis of patients with established VTE. These guidelines also

recommend that patients with cancer be educated about the symptoms and signs of

VTE and that VTE risk be assessed at the time of chemotherapy initiation and

periodically over the course of treatment.

Treatment of VTE in Patients with Cancer

The initial treatment of established VTE in cancer patients is generally patterned

after therapeutic approaches in other non-cancer settings. However, the duration of

therapy to prevent early recurrence is often extended in cancer patients with

persistent disease or continuing on cancer treatment [47]. Current recommendations

call for low molecular weight heparin (LMWH) for the initial 5–10 days of

anticoagulation in cancer patients with established VTE, as well as for secondary

prevention of recurrence for at least 6 months. Patients with unsuspected or

incidental VTE should be treated the same as symptomatic VTE. High-risk patients

on systemic therapy for persistent malignancy should be considered for extended

anticoagulation to prevent VTE recurrence. The development of a number of new

oral and parenteral antithrombotic agents is likely to have future application to

patients with cancer [48, 49].

9 Vascular Complications of Cancer and Cancer Therapy 217



Table 9.2 VTE treatment and prophylaxis recommendations [46, 124]

ASCO recommendations

Inpatient
1.1 Hospitalized patients who have active malignancy with acute medical illness or reduced

mobility should receive pharmacologic thromboprophylaxis in the absence of bleeding

or other contraindications

1.2 Hospitalized patients who have active malignancy without additional risk factors may

be considered for pharmacologic thromboprophylaxis in the absence of bleeding or

other contraindications

1.3 Data are inadequate to support routine thromboprophylaxis in patients admitted for

minor procedures or brief infusional chemotherapy or in patients undergoing stem cell/

bone marrow transplantation

Outpatient
2.1 Routine pharmacologic thromboprophylaxis is not recommended in cancer outpatients

2.2 Based on limited RCT data, clinicians may consider LMWH prophylaxis on a case-by-

case basis in highly selected outpatients with solid tumors receiving chemotherapy.

Consideration of such therapy should be accompanied by a discussion with the patient

about the uncertainty concerning benefits and harms, as well as dose and duration of

prophylaxis in this setting

2.3 Patients with multiple myeloma receiving thalidomide- or lenalidomide-based regimens

with chemotherapy and/or dexamethasone should receive pharmacologic

thromboprophylaxis with either aspirin or LMWH for low-risk patients and LMWH for

high-risk patients

Perioperative
3.1 All patients with malignant disease undergoing major surgical intervention should be

considered for pharmacologic thromboprophylaxis with either UFH or LMWH unless

contraindicated because of active bleeding or a high risk of bleeding with the procedure

3.2 Prophylaxis should be commenced preoperatively

3.3 Mechanical methods may be added to pharmacologic thromboprophylaxis, but should

not be used as monotherapy for VTE prevention unless pharmacologic methods are

contraindicated because of active bleeding or high bleeding risk

3.4 A combined regimen of pharmacologic and mechanical prophylaxis may improve

efficacy, especially in the highest-risk patients

3.5 Pharmacologic thromboprophylaxis should be continued for at least 7–10 days in all

patients. Extended prophylaxis with LMWH for up to 4 weeks postoperatively should

be considered for patients undergoing major abdominal or pelvic surgery for cancer who

have high-risk features such as restricted mobility, obesity, history of VTE, or with

additional risk factors

Treatment and secondary prophylaxis
4.1 LMWH is preferred over UFH for the initial 5–10 days of anticoagulation for the cancer

patient with newly diagnosed VTE who does not have severe renal impairment (defined

as creatinine clearance <30 mL/min)

4.2 For long-term anticoagulation, LMWH for at least 6 months is preferred due to

improved efficacy over vitamin K antagonists. Vitamin K antagonists are an acceptable

alternative for long-term therapy if LMWH is not available

4.3 Anticoagulation with LMWH or vitamin K antagonist beyond the initial 6 months may

be considered for select patients with active cancer, such as those with metastatic

disease or those receiving chemotherapy

4.4 The insertion of a vena cava filter is only indicated for patients with contraindications to

anticoagulant therapy. It may be considered as an adjunct to anticoagulation in patients

with progression of thrombosis (recurrent VTE or extension of existing thrombus)

despite maximal therapy with LMWH

(continued)
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Thromboprophylaxis of Hospitalized Medical or Surgical
Patients with Cancer

Although reported rates vary considerably, VTE is a common cause of death in

hospitalized cancer patients [2, 4, 50–53]. Although three large randomized con-

trolled trials (RCTs) have demonstrated that thromboprophylaxis reduces VTE risk

in hospitalized patients with acute medical illness, cancer represented only a small

proportion of the study populations [54–57]. Nevertheless, due to the increased risk

of VTE associated with malignancy, prophylactic anticoagulation of most hospi-

talized patients with major medical illnesses including cancer or reduced mobility is

recommended in the absence of a serious bleeding risk with anticoagulation.

Likewise, patients undergoing major cancer surgery are at an increased risk for

VTE as well as for bleeding complications [58]. Patients undergoing major surgical

procedures for cancer should receive thromboprophylaxis unless contraindicated,

while combined mechanical prophylaxis and anticoagulation may be considered in

high-risk patients [59]. Prophylactic anticoagulation should be initiated preopera-

tively when possible and continued for at least 7–10 days. Extended prophylaxis for

Table 9.2 (continued)

4.5 For patients with central nervous system malignancies, anticoagulation is recommended

for established VTE as described for other patients with cancer. Careful monitoring is

necessary to limit the risk of hemorrhagic complications

4.6 Use of novel oral anticoagulants for either prevention or treatment of VTE in cancer

patients is not recommended at this time

4.7 Incidental PE and DVT should be treated in the same manner as symptomatic VTE.

Treatment of splanchnic or visceral vein thrombi diagnosed incidentally should be

considered on a case-by-case basis, considering potential benefits and risks of

anticoagulation

Anticoagulation and survival
5.1 Anticoagulants are not recommended to improve survival in patients with cancer

without VTE

5.2 Patients with cancer should be encouraged to participate in clinical trials designed to

evaluate anticoagulant therapy as an adjunct to standard anticancer therapies

Risk assessment
6.1 Cancer patients should be assessed for VTE risk at the time of chemotherapy initiation

and periodically thereafter

6.1a In the outpatient setting, risk assessment can be conducted based on a validated

risk assessment tool

6.1b Solitary risk factors, including biomarkers or cancer site, do not reliably identify

cancer patients at high risk of VTE

6.2 Oncologists should educate patients regarding VTE, particularly in settings that increase

risk such as major surgery, hospitalization, and while receiving systemic antineoplastic

therapy. Patient education should at least include a discussion of the warning signs and

symptoms of VTE, including leg swelling or pain, sudden-onset chest pain, and short-

ness of breath
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up to 4 weeks postoperatively should also be considered in high-risk patients

including those with restricted mobility, obesity, or a history of VTE. Of note,

there remain inadequate data to support routine thromboprophylaxis in those with

short admissions for chemotherapy or for minor procedures [46, 60].

Thromboprophylaxis of Ambulatory Patients with Cancer

The risk of VTE in ambulatory cancer patients varies widely with the type of cancer

and treatment and associated comorbid conditions. As discussed further in this

chapter, the emergence of more aggressive interventions and a number of new

cancer therapies and supportive care agents with an increased risk of VTE has

resulted in increased interest in the potential value of VTE prophylaxis in this

setting [8, 61–72]. Several RCTs of thromboprophylaxis in ambulatory cancer

patients have been reported including nine with LMWHs. The greatest impact on

the absolute risk of VTE has been observed in patients with advanced pancreatic

cancer receiving specified chemotherapy [73, 74]. A meta-analysis has estimated a

relative risk for symptomatic VTE across studies of 0.47 (0.36–0.61; P< 0.001) but

with only an absolute reduction in VTE risk of 2.8% (1.8–3.7%; P< 0.001) [75].

Due to the small incremental benefit observed in most trials of ambulatory cancer

patients, routine thromboprophylaxis is not recommended with the exception of

patients with multiple myeloma receiving thalidomide or lenalidomide with che-

motherapy and dexamethasone where the risk of VTE is very high. However, real-

world studies in unselected ambulatory cancer patients receiving cancer chemo-

therapy have suggested rates of VTE twofold to threefold greater than those

reported in selected patients in reported RCTs (Fig. 9.1) [76]. Therefore,

thromboprophylaxis may be considered on an individual basis in selected high-

risk patients with solid tumors receiving chemotherapy balancing the potential

benefits and harms [46, 77].

Vascular Complications of Endocrine Cancer Therapies

VTE is a recognized adverse event associated with estrogens as well as certain

estrogen-like agents such as tamoxifen and other selective estrogen receptor mod-

ulating agents (SERMS) [78–81]. Increased risk of VTE with these agents has been

observed both in patients receiving endocrine treatment for cancer but also in those

receiving SERMs as chemoprevention to reduce cancer risk [82]. Despite an

apparent lower risk, an increased risk of VTE has also been associated with

endocrine treatment with the aromatase inhibitors [83].
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Vascular Complications Associated with Targeted Cancer
Therapeutics

While several traditional cytotoxic chemotherapeutic agents including

5-fluorouracil and cisplatin have been associated with vascular toxicities such as

coronary vasospasm and arterial thrombotic events [84, 85], newer targeted bio-

logical agents, including monoclonal antibodies and tyrosine kinase inhibitors, are

also associated with a significant risk of vascular complications. In the following

sections, we will provide an overview of these cardiovascular toxicities and spe-

cifically focus on the vascular complications of newer anti-VEGF (vascular endo-

thelial growth factor) therapies, tyrosine kinase inhibitors, and immunomodulatory

therapies.

Monoclonal Antibodies: VEGF Inhibitors

The relationship between vascular endothelial growth factor and tumor angiogen-

esis was first introduced in the 1970s by Dr. Judah Folkman, when an association

between solid tumor growth and vascular supply was observed. He identified a

soluble factor released from tumors (“tumor angiogenesis factor”), which promoted

neovascularization, and he proposed that inhibition of this factor could halt tumor

neo-angiogenesis [86]. Dr. Napoleone Ferrara’s group subsequently sequenced this

Fig. 9.1 Cumulative risk for VTE in patients with cancer undergoing chemotherapy. VTE venous

thromboembolism [76]
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factor, now known as VEGF, and since then this signaling pathway has been the

target of multiple pharmacotherapies for the treatment of various malignancies

[86]. Bevacizumab (Avastin™), a humanized monoclonal antibody that binds and

neutralizes VEGF, was the first VEGF inhibitor approved by the FDA in 2004 after

a landmark study demonstrated that the addition of bevacizumab to fluorouracil-

based combination chemotherapy resulted in improved survival among patients

with metastatic colorectal cancer [87]. It has since been approved as monotherapy

for the treatment of advanced non-squamous non-small cell lung cancer, metastatic

renal cell carcinoma, and recurrent glioblastoma [86–88]. VEGF, while crucial to

tumor angiogenesis, is also fundamental for endothelial cell function and prolifer-

ation and thus the formation of new vessels. As might be expected, VEGF inhibition

has been associated with a significant increase in vascular complications, in partic-

ular arterial thrombotic events and bleeding [86, 87].

Mechanism of Action and Toxicity

VEGF is essential for tumor angiogenesis and increased VEGF expression is

associated with increased tumor invasiveness, metastatic ability, and recurrence

[87, 88]. There are three receptors (VEGFR-1/Flt-1, VEGFR-2/Flk-1/KDR,

VEGFR-3/Flt-4). The ligand VEGF-A, generally referred to as VEGF, binds to

VEGFR-2 on endothelial cells leading to pro-angiogenic effects [89]. By binding to

the VEGF receptor, bevacizumab disrupts downstream VEGF signaling, preventing

tumor angiogenesis and increasing the delivery of cancer therapy to tumor cells

[90]. It is hypothesized that the vascular toxicities of bevacizumab, which include

both thrombosis and bleeding, occur through similar mechanisms and are the result

of an imbalance in the tightly regulated hemostatic system. This system includes a

balance of pro- and anticoagulant proteins, platelet-activating and platelet-

inhibiting factors, and pro- and antifibrinolytic products [12, 90]. Inhibition of

VEGF results in decreased endothelial cell survival, platelet aggregation and

thrombosis, increased platelet reactivity, and downregulation of several factors.

The vasculature is susceptible to damage induced by trauma [12, 90], and disruption

of the endothelial barrier results in exposure of the subendothelial von Willebrand

factor and tissue factor, platelet aggregation, and thrombus formation [86, 91]. The

increase in platelet-endothelial interactions may further precipitate thrombosis

[92]. Finally, downregulation of several factors that are modulated by VEGF

including nitric oxide, prostacyclin, and thrombolytic serine proteases (u-PA and

t-PA) contributes to increased vascular toxicity such as vasoconstriction, endothe-

lial cell apoptosis, and increased arterial stiffness [86, 90]. Several other mecha-

nisms have been proposed as contributing to VEGF inhibitor-induced vascular

toxicity. Drug-induced hypertension generating high shear stress at plaque sites

may accelerate atherothrombosis [88, 91]. Associated inflammation and cell lysis

have also been shown to increase thrombogenicity, and apoptotic cell blebs may

sustain vascular inflammation and activate the complement cascade [88, 91]. Anti-

angiogenic drugs are known to hinder the recognized insulin anti-atherogenic

222 G.H. Lyman et al.



actions, including glucose uptake, lipogenesis, and antilipolysis, ultimately produc-

ing a thrombophilic hyperglycemic, atherogenic lipoprotein prone to thrombosis

[9]. Finally, VEGF inhibition may result in lack of protective growth factors,

potentially resulting in plaque instability and thrombosis [93]. Figure 9.2 illustrates

the proposed mechanisms for the vascular toxic effects of bevacizumab.

Clinical Presentation and Epidemiology

The major cardiovascular toxicities of bevacizumab are hypertension, hemorrhage,

perforation, and thrombosis [90]. Thrombotic events include thrombosis and throm-

boembolism, generally in the form of acute coronary syndrome, stroke, and periph-

eral vascular disease, although coronary ischemia is the most frequent arterial

thrombotic event (ATE) [94]. While initial trials of bevacizumab only reported an

insignificant increase in thrombotic or bleeding events, multiple subsequent larger

clinical studies have demonstrated an elevated risk of vascular events [87]. A meta-

analysis of 1745 patients from five randomized trials showed combination treat-

ment with bevacizumab and chemotherapy, compared with chemotherapy alone,

was associated with an increased risk of ATE (HR 2.0, 95% CI 1.05–3.75,

P¼ 0.031), but not venous thromboembolism [10]. A meta-analysis published in

2010 to evaluate the incidence of arterial thromboembolic events associated with

bevacizumab included over 12,500 patients with various advanced solid tumors and

found a 3.3% incidence of ATE (95% CI 2.0–5.6) and a 2.0% incidence of high-

grade arterial thrombotic events (95% CI 1.7–2.5), defined as acute coronary

syndrome, transient ischemic attack, stroke, life-threatening peripheral arterial

thrombosis or requiring surgery, and death [94]. Compared to controls,

bevacizumab was associated with a relative risk of ATE of 1.44 (95% CI

1.08–1.91, p< 0.013). In particular, this meta-analysis found that bevacizumab

was associated with a significantly increased risk of cardiac ischemia (RR 2.14,

95% CI 1.12–4.08, p< 0.021) [94]. Vascular events have been noted early after

starting VEGF inhibitor therapy, with a median time of event occurrence after drug

initiation of 7 months (1–12 months is general range) [88, 95]. Moreover, the risk of

ATE associated with bevacizumab may differ by tumor type. One meta-analysis

found a significantly higher risk of high-grade ATE in patients with renal cell

carcinoma (RR 5.14 95% CI 1.35–19.64) [94]. Patients with pre-existing cardio-

vascular disease are at an increased high risk for thrombotic complications [96, 97].

Specifically, patients older than 65 years of age, with diabetes, with known athero-

sclerosis, or with a history of a prior cardiovascular event, appear to be at a higher

risk for bevacizumab-associated ATE [97].

Management

Traditionally arterial thrombotic events have been associated with grave prognosis

in cancer patients [98]. Once an arterial thrombotic event develops in a patient
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receiving VEGF inhibitor therapy, it is generally recommended therapy be perma-

nently stopped and the ATE treated as per guidelines for the particular event, such

as the American College of Cardiology/American Heart Association (ACC/AHA)

recommendations for acute coronary events [99, 100]. Some clinicians advocate for

avoiding anti-VEGF therapies in patients with a history of coronary or peripheral

vascular disease. Others recommend prophylactic antiplatelet therapy such as

aspirin or clopidogrel [86]. Aspirin therapy has been shown to be associated with

a significant improvement in short-term cardiovascular outcomes [10, 88]. Theoret-

ically, statins and angiotensin-converting-enzyme inhibitors (ACE-inhibitors) may

also exert antioxidant and anti-inflammatory effects resulting in a decrease in

atherothrombotic risk [10]. However, the use of anticoagulants and antiplatelet

agents in patients receiving VEGF inhibitors remains controversial, especially in

the setting of thromboembolic events given their association with bleeding.

Despite the increased frequency of thromboembolic events in cancer patients,

there are limited data on the use of bevacizumab concurrently in patients being

treated with therapeutic anticoagulation. A post hoc analysis of three phase III

clinical trials of bevacizumab compared to control evaluated the incidence of

thrombotic and bleeding in patients receiving therapeutic anticoagulation (warfarin

and low molecular weight heparin) [95]. The incidence of thrombotic adverse

events for patients receiving bevacizumab compared to the placebo group was

primarily venous and on the order of 9.6–17.3%. The overall rates of severe

bleeding for all patients in the control group were 2.5% versus 3.3% in the

bevacizumab group. The authors concluded that combining bevacizumab with

therapeutic anticoagulation did not substantially increase the risk of bleeding

beyond the risk of bleeding expected from therapeutic anticoagulation alone [95].

Similarly, a prospective observational cohort study including 1953 patients to

assess the safety of bevacizumab for treatment of metastatic colorectal cancer

(BRiTE study) showed serious bleeding events were comparable among patients

on prophylactic anticoagulation therapy versus not [101]. In the absence of formal

guidelines, it is generally recommended that patients be treated for thrombotic

events with anticoagulation albeit cautiously with close monitoring for adverse

bleeding events. There are insufficient data and therefore no standard recommen-

dations to use prophylactic anticoagulation in this setting. Of course, an individual

approach for patients should be conducted based on comorbidities and prior throm-

botic and bleeding events. Furthermore, a cardiovascular risk assessment is

recommended in all patients undergoing such therapy, with consideration for

additional testing in certain patient populations.

Small Molecule Tyrosine Kinase Inhibitors: VEGF
Inhibitors

Tyrosine kinase inhibitors (TKIs) are a growing and widely used group of therapies

for various malignancies, and many TKIs have anti-angiogenic properties. Exam-

ples include, but are not limited to, sunitinib (Sutent™), sorafenib (Nexavar™), and
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pazopanib (Votrient™). These agents, used widely in metastatic renal cell cancer,

as well as for the treatment of other malignancies, have been associated with

coronary ischemia and small vessel disease [12, 86].

Mechanisms of Action and Toxicity

Similar to bevacizumab, these small molecule TKIs work by blocking the intracel-

lular domain of the VEGF receptor leading to inhibition of the VEGF pathway.

Moreover, these TKIs affect multiple additional pathways. Sunitinib has activity

against all three VEGFRs, platelet-derived growth factor receptor (PDGF) α and β,
stem cell factor receptor (KIT), and fms-like kinase receptor 3 (FLT3). It is

approved for treatment of advanced renal cell carcinoma, gastrointestinal stromal

tumors (GIST), and advanced pancreatic neuroendocrine tumors [86, 88, 97].

Sorafenib has activity against all VEGFRs, PDGF-β, KIT, FLT3, and RET, as

well as the intracellular kinases CRAF, BRAF, and mutant BRAF. It has been

approved for the treatment of advanced hepatocellular carcinoma, thyroid cancer,

and advanced renal cell carcinoma [86, 88, 97]. Pazopanib also has activity against

VEGFRs, PDGFRs, fibroblast growth factor receptors (FGFRs) 1 and 3. It has been

approved for the treatment of metastatic renal cell carcinoma and advanced soft

tissue sarcomas that have received prior chemotherapy [86, 88, 97].

The mechanisms for vascular toxicity in these TKIs with VEGF pathway

inhibiting characteristics may be similar to those proposed for bevacizumab. Indi-

vidual response to VEGF inhibition and variation in response to the growth factor

pathway blocking lends to variation in vascular complications and individual

vulnerability to off-target effects [12, 86, 88, 97]. Figure 9.2 illustrates proposed

mechanisms for vascular toxic effects of VEGF signaling pathway inhibitors.

Clinical Presentation and Epidemiology

The major cardiac vascular toxicities of small molecule tyrosine kinase inhibitors

with VEGF-inhibiting properties include hypertension, hemorrhage, perforation,

and thrombosis [90]. As it relates to thrombosis, there is an increased incidence of

acute coronary syndrome, cerebrovascular accidents, peripheral vascular disease,

and bleeding observed with these anti-angiogenic TKIs.

Cardiac ischemia and related coronary artery disease has been a common

manifestation of ATE associated with TKIs (Fig. 9.3). One observational study

showed that among patients treated with sorafenib or sunitinib, there was an

extremely high rate of cardiac events (33.8%) leading to interruption or discontin-

uation of TKI therapy in 60% of those patients [102]. Of the patients who

experienced cardiac events, 52% were symptomatic with angina, dyspnea, and

dizziness while 48% of the patients were asymptomatic with cardiac biomarker
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elevation or ECG changes [102]. In a large meta-analyses of over 38,000 patients

evaluating the vascular complications of VEGF inhibitors, including both TKIs and

bevacizumab, there was an increased risk of myocardial infarction, hypertension,

and arterial thromboembolism [103]. Compared to the control group, recipients of

VEGF inhibitors had significantly higher risk of myocardial infarction (RR 3.54,

95% CI 1.61–7.80, I2¼ 0%, tau2¼ 0), arterial thrombotic events (RR 1.80, 95%

CI 1.24–2.59, I2¼ 0%, tau2¼ 0), and hypertension (RR 3.46, 95% CI 2.89–4.15, I2

¼ 58%, tau2¼ 0.16) [103]. In 2010, Choueiri et al. published a meta-analysis of

clinical trials with sorafenib or sunitinib that included over 10,000 patients [91].

The rate of arterial thrombotic events was increased threefold (2% absolute risk)

with these drugs, and this finding was independent of type of malignancy or TKI

[91]. Again, the most common type of ATE was coronary ischemia, followed by

stroke [91].

Interestingly, a newer agent under investigation semaxanib, a potent and selec-

tive inhibitor of VEGFR-2/Flk-1/KDR, with activity against VEGFR-1, KIT, and

FLT3, was aborted because of a remarkably high thrombosis rate of 42% during a

phase I trial [12, 88, 104]. The authors concluded that semaxanib likely causes

Fig. 9.2 Proposed mechanisms for the “off-target” vascular toxicities from VEGF signaling

pathway inhibitors [12, 86, 88, 90–92, 97]
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endothelial cell activation, and in the setting of chemotherapy-induced triggered

coagulation cascade, high thrombosis rates can occur. However, it is speculated that

this high rate of thrombosis (both arterial and venous) is most likely related to the

combination of semaxanib with cisplatin and gemcitabine, which are also associ-

ated with vascular events independently [104, 105].

Management

As with bevacizumab, there are no standardized recommendations on specifically

how to manage these patients within the realm of cardio-oncology. Withdrawal of

TKI therapy and treatment of arterial thrombosis as per oncology and cardiology

guidelines is currently advised [99, 100]. The role of screening and prophylactic

anticoagulation is not defined. Furthermore, large studies assessing the role of

various risk stratification tools to evaluate patients vulnerable to the

atherothrombotic effects of TKIs are lacking [12, 86].

Small Molecule Tyrosine Kinase Inhibitors: Bcr-Abl
Inhibitors

Bcr-Abl tyrosine kinase inhibitors are also small molecule TKIs that appear to have

anti-angiogenic activity, although they do not directly inhibit the VEGF pathway.

Bcr-Abl TKIs are first-line therapy for treatment of chronic myelogenous leukemia

Fig. 9.3 Coronary angiogram of a 60-year-old male with metastatic renal cell cancer treated with

multiple angiogenic inhibitors over a 9-year period. (a) Shows pre-percutaneous coronary inter-

vention with occlusion of the left circumflex. (b) Shows post-percutaneous coronary intervention

with restoration of flow in the left circumflex
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(CML). More than 90% of CMLs are caused by a chromosomal abnormality with

formation of a “Philadelphia chromosome” which is essentially the fusion between

the Abelson (Abl) tyrosine kinase gene on chromosome 9 and the breakpoint cluster

(Bcr) gene at chromosome 22 [106]. Therapy targeting this specific mutation has

been developed and the first approved therapy was imatinib (Gleevec™) by the

FDA in 2001 [107]. The therapeutic benefits from this targeted therapy have been

astounding and truly revolutionized CML therapy. However, resistance has since

emerged to imatinib in more than 20% of patients. Therefore, second- and third-

generation Bcr-Abl inhibitors (dasatinib (Sprycel™), nilotinib (Tasigna™),

bosutinib (Bosulif™), and ponatinib (Iclusig™)) have been developed to overcome

imatinib resistance. These are promising therapies from an oncologic standpoint,

but they have been associated with significant vascular complications. Specifically

these agents have been associated with acute coronary syndromes, stroke, and acute

limb ischemia [96, 107].

Mechanisms of Action and Toxicity

The mutated fusion protein, Bcr-Abl, is expressed only on malignant cells, and

thus Bcr-Abl-inhibiting TKIs are theoretically specific to leukemic cells. The

TKIs bind to the amino acids of the Bcr-Abl tyrosine kinase ATP-binding site

and stabilize the inactive form of the protein, preventing tyrosine

autophosphorylation and downstream phosphorylation of its substrates [108]. Sec-

ond- and third-generation Bcr-Abl-inhibiting TKIs target the genetic mutations

leading to imatinib resistance. Ponatinib is an example and has activity against

the specific T3151 mutation in Bcr-Abl implicated in many imatinib-resistant

cases [107]. The mechanisms underlying the association between the second- and

third-generation Bcr-Abl-inhibiting TKIs and vascular complications are largely

unknown. Unlike other anti-angiogenic therapies, these small molecule TKIs do

not have established VEGF receptor or pathway inhibiting properties. However,

they are often referred to as “accidental” angiogenesis inhibitors as they likely

still affect the angiogenesis pathway [88, 96, 109]. There is some speculation that

the vascular toxicity associated with these agents may be related to unrecognized

kinase targets being inhibited or at least preferentially blocked by the second- and

third-generation TKIs which have demonstrated acute atherothrombosis and

accelerated atherosclerosis [110]. These TKIs have been demonstrated to have

effects on the discoidin domain receptor 1 (DDR1), which has been implicated in

plaque formation in atherosclerosis [110]. Additional targets of these TKIs, KIT

and PDGFR, appear to be involved in regulation of various vascular and

perivascular cells, and thus disruption may lead to vascular events [110]. Some

small prospective trials show evidence that nilotinib may also result in metabolic

derangements including glucose intolerance and even diabetes, altered lipid pro-

files, and atherogenesis [110–112].
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Clinical Presentation and Epidemiology

Clinically the adverse vascular events attributed to Bcr-Abl-inhibiting TKIs appear

to be dose related and have manifested as acute thrombotic events and accelerated

atherosclerosis [88]. Ponatinib has been associated with acute myocardial infarc-

tion, cerebral vascular accidents, and severe peripheral vascular disease (PAD)

including acute limb ischemia [96, 113]. Rapid development and progression of

atherosclerosis has been observed in the absence of significant cardiovascular risk

factors, underlying atherosclerosis, or other vascular trauma [96]. The phase II

Ponatinib for CML Evaluation and Philadelphia Chromosome-Positive Acute

Lymphoblastic Leukemia (PACE) trial [34], evaluating ponatinib in patients with

resistant forms of CML, showed an 11.8% incidence of serious arterial thrombotic

events (cardiovascular 6.2%, cerebrovascular 4.0%, and peripheral vascular

3.6%,) and 17.1% incidence of all arterial thrombotic events at 24 months. The

majority of these events occurred within the first 11 months of therapy. These

adverse vascular events were seen across all age groups and in patients with and

without cardiovascular risk factors [113]. However, 55% of these patients had a

history of ischemic vascular disease prior to initiation of ponatinib, and 95% had

one or more cardiovascular risk factors including hypertension, diabetes, hyper-

cholesterolemia, or obesity [113]. Since then, the FDA has placed a black box

warning and announced an investigation into the frequency of “serious and life-

threatening blood clots and severe narrowing of blood vessels” among patients

taking ponatinib [107, 110, 114, 115]. Nilotinib is also associated with high rate of

arterial thrombotic events and accelerated atherosclerosis [96, 107]. In the initial

studies evaluating nilotinib, the therapy was associated with rapidly progressive

peripheral artery disease, acute myocardial infarction, spinal infarction, and even

sudden death in 25% of the 24 patients [110]. Moreover, renovascular hypertension

and thrombotic events including ischemic nephropathy and mesenteric ischemia

have also been observed [19, 96]. A study of nilotinib in 129 CML patients treated

with imatinib or nilotinib showed the development of PAD occurred quickly in the

nilotinib group compared to imatinib (median 30 versus 102 months, respectively),

despite similar cardiovascular risk factors [116]. Pathological peripheral artery

disease (using ankle-brachial index (ABI) of <0.9 for screening in asymptomatic

patients being treated with TKI therapy) was seen in 6.3% of patients receiving

first-line imatinib and up to 26–35.7% receiving nilotinib as first- or second-line

therapy [116]. Interestingly the original Bcr-Abl inhibitor, imatinib, with less

potent activity has not been associated with the same rate of arterial vascular

complications despite similar underlying patient characteristics [96, 117]. Levato

et al. evaluated 82 CML patients at their institution treated with imatinib or

nilotinib. While none of the patients treated with imatinib developed peripheral

vascular disease, 14.8% treated with nilotinib developed peripheral vascular

disease [117].
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Management

There is little guidance regarding treatment of patients who suffer from such

adverse vascular events, and very little is known about the progression/regression

of disease once discontinuation of these more potent Bcr-Abl TKIs. However there

are data that suggest limiting dose and avoiding use of successive TKIs may lessen

the risk [112]. Similar to the thrombotic events that occur with other cancer

therapies, it is generally recommended that therapy be permanently discontinued

[110, 112]. As noted above, a black box warning has now been issued outlining a

risk of arterial vascular events of up to 27% of patients with ponatinib [96, 107,

114, 115]. Nilotinib is still in clinical use however. As these highly potent therapies

remain an essential treatment to certain patients with resistance to other TKIs, the

significant vascular events associated with the second- and third-generation TKIs

raise the importance of considering the risk/benefit ratio for individual patients.

Accordingly, some oncologists are now proposing first-line therapy with imatinib

and turning to the second- and third-line agents in the presence of less than

complete hematological or molecular remission [111]. There are no formal recom-

mendations addressing screening patients for cardiovascular events prior to initiat-

ing second- and third-line Bcr-Abl TKIs. Accelerated atherosclerosis and acute

arterial thrombosis occurred in the absence of pre-existing vascular disease. There

is a general consensus in the literature that caution must be taken in patients with

underlying cardiovascular disease [86] and comorbidities that increase the risk of

CV disease such as hypertension, hyperlipidemia, diabetes, and obesity should be

aggressively controlled [88, 97].

Immunomodulatory Therapies: Thalidomide
and Lenalidomide

Immunomodulatory therapies including thalidomide (Thalomid™) and its deriv-

atives such as lenalidomide (Revlimid™) and pomalidomide (Pomalyst™) alter

the immune response against cancer cells. Thalidomide was first of this class to

be used for patients with multiple myeloma refractory to other chemotherapy.

Used alone, there has been no significant increase in vascular complications

associated with thalidomide or with lenalidomide beyond those associated with

multiple myeloma [71, 118]. However, there is a more potent anti-angiogenic and

antitumor effect when these agents are used in combination with other therapies,

and a significant rate of venous thromboembolic (VTE) emerged when used in

combination with other agents in the treatment of multiple myeloma and solid

tumors [118].
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Mechanism of Action and Toxicity

The anticancer activity of immunomodulatory agents is not well understood.

However in myeloma, it appears that these drugs cause direct downregulation of

critical tumor cell survival functions such as cell adhesion and cytokine production

[119]. The mechanism for venous thrombotic events associated with thalidomide

and its derivatives is likely multifactorial. Studies on the teratogenic effects of

thalidomide indicate an anti-angiogenic effect possibly associated with the gener-

ation of reactive oxygen species [12, 85]. Architectural alterations in endothelial

cells treated with thalidomide and dexamethasone have been noted, and bone

marrow-derived endothelial cells have shown a dose-dependent downregulation

of important angiogenic genes when exposed to thalidomide [12, 85]. Additionally,

serum levels of the anticoagulant thrombomodulin have been shown to decrease in

response to thalidomide [120], and von Willebrand factor antigen and factor VIII

have been noted to be upregulated during thalidomide treatment [121]. In the

setting of thalidomide and doxorubicin, upregulation of endothelial expression of

PAR-1 has been observed, potentially leading to increased vascular endothelial

thrombin binding and subsequent clot formation [97, 122].

Clinical Presentation and Epidemiology

Thrombotic events in patients treated with thalidomide or its derivatives tend to be

venous thrombosis, although arterial thrombotic events have also been reported.

Immunomodulatory therapy-related venous thrombosis occurs in the form of deep

or superficial vein thrombosis and embolic events such as pulmonary embolism

[12]. The risk of VTE with thalidomide and its derivatives appears to be variable

and as previously noted is primarily observed when used in combination with other

therapies. Thalidomide alone is associated with an incidence of VTE of 3–4% in

newly diagnosed multiple myeloma and 2–4% in relapsed or refractory multiple

myeloma [118]. Similar rates of VTE exist for lenalidomide as single therapy. It is

estimated that the rate of thalidomide associated VTE when used in combination

with dexamethasone is 14–26% in newly diagnosed multiple myeloma patient and

approximately 2–8% in patients with recurrent disease [118]. The highest inci-

dence of venous thromboembolism observed in multiple myeloma were in patients

treated with thalidomide and doxorubicin-containing chemotherapy with a VTE

rate of up to 34 and 43% in renal cell carcinoma [12, 85, 123]. VTE also occurs

with greater frequency when thalidomide derivatives (lenalidomide and

pomalidomide) are used in combination with dexamethasone or standard chemo-

therapy. Lenalidomide with dexamethasone or chemotherapy has been associated

with an 11% risk of thrombotic events [12]. However, some reports suggest up to a

75% incidence in newly diagnosed patients [118]. Interestingly, when used in
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combination with bortezomib, the increase in VTE is not observed as it is with other

therapies, and the etiology for this remains unclear [12, 72, 118]. Zangari et al.

analyzed risk factors associated with the development of VTE in a large group of

myeloma patients treated either with thalidomide in combination with multi-agent

chemotherapy or with dexamethasone. They found an overall incidence of VTE of

15%. Multivariable analysis suggests that regimens with doxorubicin were associ-

ated with a 4.3-fold increase in VTE and newly diagnosed disease was associated

with a 2.5-fold increase of VTE compared to relapsed/refractory disease [120].

Newly diagnosed myeloma and combination of thalidomide with anthracycline are

the two strongest predictors of VTE [12, 72]. Obesity, stasis, prior VTE, indwelling

catheters, hormone therapy, and inherited thrombophilias are also important risk

factors [118].

Management

Observational studies using aspirin in the setting of immunomodulating therapy

with dexamethasone or chemotherapy have reduced cardiovascular complica-

tions, but there are no randomized trial data. Aspirin, low-dose LMWH, and

fixed low-dose warfarin have all been shown to decrease risk of thrombotic

events in patients treated with thalidomide and high-dose dexamethasone or

chemotherapy in observational studies [12]. A prospective randomized study of

enoxaparin versus aspirin or low fixed-dose warfarin in patients with myeloma

treated with thalidomide, corticosteroids, and bortezomib was performed and

showed no significant difference in cardiovascular episodes between the three

arms of the study, but the prophylaxis was instituted only during the induction

phase of the trial [12]. Larger experiences with aspirin are available for

lenalidomide, and aspirin seems to be effective in reducing the VTE risk in

some studies [12, 118]. In 2007, the International Myeloma Working Group

devised a set of recommendations to address venous thromboembolism in the

setting of myeloma and immunomodulatory therapy [118]. They recommended

tailoring therapy according to the individual patient based upon risk factors (age,

obesity, previous VTE, central catheter, immobility, comorbidities, myeloma risk

factors such as diagnosis and viscosity, as well as other treatment-related risk

factors) [118]. No specific prophylaxis in patients being treated with single-agent

thalidomide or lenalidomide was advised. However, they did suggest the use of

aspirin for none or one risk factor if patients are treated with combination therapy

(thalidomide/lenalidomide with dexamethasone or doxorubicin). They also

recommended low molecular weight heparin or full-dose warfarin for two or

more risk factors or on concomitant high-dose dexamethasone or

doxorubicin [118].
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Conclusions

Patients with cancer are at an increased risk for thrombosis. Due to the complex

interaction of the coagulation system with cancer growth, angiogenesis, and metas-

tases, the potential role of anticoagulants in improving cancer patient survival

represents an intriguing but unrealized possibility requiring the results of additional

clinical trials. At the same time, current evidence-based clinical practice guidelines

recommend that hospitalized cancer patients including those undergoing major

surgery should be considered for routine thromboprophylaxis. Additional studies

are needed to better define the appropriate role of thromboprophylaxis in ambula-

tory patients receiving systemic cancer therapies. Clinical practice guidelines based

on rigorous systematic reviews and evidence summaries can provide clinicians with

a balanced resource for the use of anticoagulants in the specific management of

patients with cancer. While the use of clinical risk models for VTE among ambu-

latory cancer patients is promising, identification and validation of new clinical and

molecular biomarkers for VTE are awaited to further improve the selection of high-

risk patients for more personalized prophylactic strategies. Through optimal appli-

cation of current strategies along with increased investment into basic and transla-

tional clinical research, further reductions in the morbidity and mortality associated

with thromboembolic complications in patients with cancer can be realized. At the

same time, many newer therapies, ranging from anti-angiogenic antibodies, to

tyrosine kinase inhibitors, to immunomodulatory therapies, have significant

cardiotoxic effects involving the vasculature. Arterial thrombotic events are pri-

marily observed with bevacizumab and the anti-angiogenic TKIs. The Bcr-Abl

TKIs are also associated with a surprising incidence of acute thrombotic events and

accelerated atherosclerosis. Finally, the immunomodulating agents have an

increased incidence of venous thromboembolism, particularly when used in con-

junction with additional agents. Additional translational and epidemiologic studies

are needed to understand these complications and guide clinical management

strategies.
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Chapter 10

Breast Cancer Cardio-Oncology

Angela Esposito, Carmen Criscitiello, Douglas B. Sawyer,

and Giuseppe Curigliano

Introduction

Cardiovascular toxicity is a potential short- or long-term complication of breast

cancer therapy, involving direct effects on the cardiovascular system, as well as

potential exacerbation and/or unmasking of preexisting heart disease. In recent

years, the awareness of cardiac toxicity related to anticancer treatment has

increased, likely related to improvements in patient survival, the aging of cancer

patients, and the introduction of new anticancer drugs with unique effects on the

cardiovascular system. The advent of novel biologic agents, including monoclonal

antibodies and tyrosine kinase inhibitors, has led to substantial improvement in the

treatment of breast cancers. Although targeted therapies in general are considered

less toxic and better tolerated by patients compared with classic chemotherapy

agents, rare serious complications have been observed, and longer-term follow-up

is needed to determine the exact cardiovascular side-effect profile.

Many breast cancer patients have multiple risk factors for both cardiac and

coronary disease, such as cigarette smoking, diabetes, dyslipidemia, alcohol con-

sumption, and obesity, that may increase risk for the detrimental effects of

cardiotoxic drugs used in conventional breast cancer treatment. Preexisting
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cardiovascular disease may significantly limit the diagnosis, staging, and choice of

therapy for the breast cancer patient. In patients with either breast cancer or

cardiovascular disease such as heart failure or ischemia, a wealth of evidence

helps guide choices of therapies that maximize an individual’s likelihood of

successful treatment. However in a patient with both breast cancer and cardiovas-

cular disease, known adverse cardiovascular effects and lack of clear evidence

create uncertainty and complexity for patients and providers. This is a particularly

common problem in the older patient because of the strong age-associated risk for

both breast cancer and cardiovascular disease.

Cardiac toxicity associated with breast cancer therapies can range from asymp-

tomatic subclinical abnormalities, including electrocardiographic changes and tem-

porary left ventricular ejection fraction decline, to life-threatening events such as

congestive heart failure or acute coronary syndromes. Assessment of the preva-

lence, type, and severity of cardiac toxicity caused by various cancer treatments is a

critical topic for patient management and specifically for new drug development.

The purpose of this chapter is to attempt to summarize the current state of knowl-

edge of common cardiovascular complications, such as left ventricular dysfunction

(LVD), cardiac ischemia, hypertension (HTN), venous thromboembolism (VTE),

and QT prolongation associated with frequently used breast anticancer medications.

Anticancer Drugs and Cardiovascular Toxicity

The use of specific chemotherapeutic agents and molecular targeted therapies can

affect the cardiovascular system, either through a direct effect on the myocardium

or coronary circulation or peripherally through hemodynamic flow alteration

(hypertension and/or thrombotic events). The literature describes several kinds of

cardiotoxicities induced by anticancer chemotherapeutic agents (Table 10.1). Ewer

et al. [1] proposed a system distinguishing therapeutics that have the potential to

cause irreversible damage (type 1) versus those that with reversible effects (type

Table 10.1 Potential cardiac toxicity induced by anticancer chemotherapeutic agents

DRUG Toxic dose range Cardiac toxicity %

Doxorubicin

Epirubicin

>450 mg/m2

>900 mg/m2
Left venticular dysfunction 3–12%

0.9–3.3%

Paclitaxel

Docetaxel

Conventional dose Left venticular dysfunction 5–15%

2.3–8%

Cyclophosphamide >100–120 mg/kg Left venticular dysfunction 3–5%

Capecitabine

Fluorouracil

Conventional dose Cardiac ischemia 3–9%

1–68%

Paclitaxel

Docetaxel

Conventional dose Cardiac ischemia <1–5%

1.7%

Paclitaxel Conventional dose QTc prolongation 0.1–31%
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II). In type I cardiac toxicity, exemplified by anthracyclines, permanent cellular

and tissue damage occurs via loss of cardiac myocytes by one or more mechanisms

(described further below). Given the limited regenerative capacity of the heart, the

number of cardiomyocytes progressively falls, leading to ventricular dysfunction

and progressive remodeling [2]. On the other hand, type II cardiac dysfunction is

exemplified by trastuzumab. The mechanisms of trastuzumab-induced

cardiotoxicity are not fully understood, but some evidence suggests disruption of

the ErbB2-neurgulin 1 (NRG1) signaling cascade may play a central role [3, 4].

However, this classification system has some limitations and should be used with

caution. For example, trastuzumab can trigger irreversible cardiac damage in

patients with severe preexisting cardiac disease or potentiate anthracycline type I

cardiotoxicity. In type I cardiotoxicity, typical pathophysiology is related to cell

loss; in type II cellular dysfunction, mitochondrial and protein alterations underlie

the reversible damage. Type I toxicity may appear after considerable delay from

exposure, thus could be missed during early phase clinical trials. Moreover, modern

therapy for cardiovascular disease can normalize function in a way that makes it

difficult to distinguish permanent from reversible effects. For example, in the

setting of left ventricular dysfunction during cancer treatment, standard of care

includes introduction of neurohormonal antagonists such as beta-adrenergic recep-

tor blockers, a therapy associated with improvement in ventricular function regard-

less of the mechanism for cardiac injury. Does normalization of cardiac function in

this setting suggest that this type of cardiotoxicity is type II? This is an important

concept that can impact decisions related to selection of therapies. Perhaps “type II

toxicity” should be reserved for effects that have no associated marker of cardiac

injury and do not require other therapy for normalization of cardiovascular

function.

Left Ventricular Dysfunction

One of the most common manifestations of cardiotoxicity associated with exposure

to anticancer therapies is the development of left ventricular dysfunction (LVD)

and overt heart failure. According to the Cardiac Review and Evaluation Commit-

tee [5], LVD is characterized by [1] decrease in cardiac left ventricular ejection

fraction (LVEF) that was either global or more severe in the septum; [6] symptoms

of congestive heart failure (CHF); [7] associated signs of CHF, including but not

limited to S3 gallop, tachycardia, or both; and [2] decline in LVEF of at least 5% to

less than 55% with accompanying signs or symptoms of CHF or a decline in LVEF

of at least 10% to below 55% without accompanying signs or symptoms. Several

chemotherapeutic agents may cause LVD such as antimetabolites, alkylating

agents, antitumor antibiotics, and anthracyclines.

Anthracyclines, including doxorubicin and epirubicin, are a class of chemother-

apeutics widely used in the management of breast cancer. Risk factors for

anthracycline toxicity include cumulative dose; intravenous bolus administration;
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higher single doses; history of prior mediastinal irradiation; the use of other

concomitant agents known to have cardiotoxic effects including cyclophospha-

mide, trastuzumab, and paclitaxel; female gender; underlying cardiovascular dis-

ease; age (young and elderly); increased length of time since completion of

chemotherapy; and increase in cardiac biomarkers during or after administration

[8–11]. Anthracycline-induced LVD occurs in part from direct myocyte damage

that has been ascribed to the production of oxygen free radicals and subsequent rise

in oxidative stress [6], either directly through redox cycling of the quinone moiety

or indirectly through inhibition of topoisomerase IIb, leading to mitochondrial

dysfunction. Iron homeostasis might also have a role in the myocardial injury as

anthracyclines inhibit the iron metabolism pathways and induce iron accumulation

in the cardiomyocytes [7]. A consequence is cardiac cell death by apoptosis or

necrosis after exposure to anthracyclines. Genetic studies have identified several

loci associated with sensitivity to anthracycline-induced cardiac damage including

polymorphisms of multidrug resistance proteins (MDR) 1 and 2, carbonyl reduc-

tase, subunits of NADPH oxidase, and phase II detoxification enzymes such as

glutathione-S-transferase P and most recently retinoic acid receptor gamma [12].

Cardiotoxicity induced by anthracyclines can be categorized into acute, early-

onset chronic progressive, and late-onset chronic progressive. Acute cardiotoxicity

occurs in 1% of patients, and it is usually observed within 14 days from the

beginning of the treatment. It manifests as an acute, transient decline in myocardial

contractility, which is usually reversible. The early-onset chronic progressive form

occurs in 1.6–2.1% of patients, during therapy or within the first year after treat-

ment. Late-onset chronic progressive occurs at least 1 year after completion of

therapy in 1.6–5% of patients. Early- and late-onset chronic progressive

cardiotoxicity typically present as a dilated cardiomyopathy in adults, which can

be progressive. The risk of cardiac complications is relatively lower with the use of

liposome-encapsulated doxorubicin, which is associated with lower myocardial

accumulation. Some clinical data suggest that patients who previously received

conventional anthracyclines can still receive liposomal preparations even if they

have received the maximum cumulative dose of the drug [13, 14].

LVD has also been described for two other classes of cytotoxic agents:

alkylating agents and inhibitors of microtubule polymerization. In the first case

the risk of cardiotoxicity appears to be dose related (�150 mg/kg and 1.5 g/m2/day)

[15]. Cyclophosphamide cardiotoxicity is not well understood. Extravasation of

blood, interstitial edema, and myocardial necrosis associated with fibrin microthrombi

could have a role in this process [16]. The incidence of heart failure associated with

the inhibitors of microtubule polymerization is relatively low. In the Breast Cancer

International Research Group trial 001, the overall incidence of congestive HF

(including that during follow-up) was 1.6% among patients treated with TAC regimen

(docetaxel, doxorubicin, cyclophosphamide) and 0.7% for those treated with FAC

regimen (5-fluorouracil, doxorubicin, cyclophosphamide) (P50.09) [17].

Within the past decade, the advent of biologic targeted agents has brought

into the clinic additional therapies with cardiotoxic concerns. Trastuzumab,
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a humanized monoclonal antibody against the HER2 receptor, has revolutionized

the treatment for HER2-positive breast cancer, with landmark adjuvant phase 3 tri-

als demonstrating a 50% reduction in recurrence of disease and a 33% improvement

in survival [18–21]. Rates of cardiac toxicity reported in the adjuvant trials of

trastuzumab are variable and reflect differences in trial design, chemotherapy

administration, and definitions of cardiac events. In the trastuzumab adjuvant trials

[18–20, 22] (Table 10.2), the highest reported incidence of symptomatic or severe

cardiac heart failure (CHF) with trastuzumab was 4%, which occurred when

trastuzumab was administered with paclitaxel after anthracycline exposure. A low

rate of 0.4% CHF was reported in the BCIRG 006 adjuvant trial examining the

trastuzumab/docetaxel/carboplatin combination regimen without prior anthracycline

therapy [18]. The exact pathogenesis of trastuzumab-induced cardiac damage

remains unclear. Trastuzumab is thought to cause cardiac dysfunction through the

interruption of the HER2/ErbB2 signaling pathway in myocardium, thus interfering

with normal growth, repair, and survival of cardiomyocytes [24]. Another suggested

mechanism of trastuzumab cardiotoxicity is linked to the effect on cardiomyocytes

of cytotoxic immune reactions triggered by the IgG1 domain of trastuzumab [25]

Table 10.2 Cardiac toxicity induced by trastuzumab

Trial Design

Asymptomatic drop

in LVEF (�10

percentage points to

<55%)

Severe

CHF/cardiac events

(NYHA class III/IV

CHF or death)

Discontinued

for cardiac

reasons

NSABP B31

[19] n¼ 2043

ACþTHþH

vs ACþT

34% vs 17% 4.1% vs 0.8% 19%

NCCTG

N9831 [22]

n¼ 2766

ACþTHþH

vs ACþTþH

vs ACþT

5.8–10.4% vs

4.0–7.8% vs

4.0–5.1%

3.3% vs 2.8% vs

0.3%

n/a

BCIRG

006 [18]

n¼ 3222

ACþT vs

ACþTHþH

vs TCaH(2)

11% vs 19% vs 9% 0.7% vs 2.0% vs

0.4%

n/a

HERA [20]

n¼ 5102

Adj chemo

(3)!H vs Adj

chemo alone

7.1% vs 2.2% 0.6% vs 0.06% 4.3%

FinHer [23]

n¼ 232

V or TþH vs V

or T (4)!
FEC� 3

3.5% vs 8.6% 0% vs 3.4% n/a

Note that 6.7% did not receive H after A due to unacceptable drops in LVEF; included a

non-anthracycline arm. In addition, 96% of chemotherapy was A containing. No prior

anthracycline before H exposure; H exposure limited to 9 weeks

A anthracycline, C cyclophosphamide, T taxane, H trastuzumab, Ca carboplatin, V vinorelbine,

F 5-flourouracil, E epirubicin, n/a information not available
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and the modulation of mitochondrial integrity via the Bcl-X family proteins that

leads to ATP depletion and to contractile dysfunction [26]. There is also emerging

evidence for a role of NRG/ErbB signaling in regulation of sympathetic tone, which

may also play a role in the observed effects on cardiac function [65].

Lapatinib is an oral receptor tyrosine kinase inhibitor of HER2 and EGFR and is

estimated to have a risk of cardiotoxicity of 1.6%. In clinical study, asymptomatic

cardiac events were reported in 53 patients (1.4%), and symptomatic events

occurred in 7 (0.2%). In patients treated with prior anthracyclines, trastuzumab,

or neither, the incidence of cardiac events was 2.2%, 1.7%, and 1.5%, respectively.

The mean time to onset of cardiac events was 13 weeks [27].

Bevacizumab is a humanized monoclonal antibody directed against vascular

endothelial growth factor (VEGF) and is not longer an approved regimen for breast

cancer. Cardiac toxicity associated with bevacizumab appears to be relatively low.

In the major phase III trials in metastatic breast cancer, reported rates of CTCAE

grade 3/4 congestive heart failure were 0.8–2.2% in a mostly anthracycline-

pretreated population [28]. To date, clinical trial data do not suggest significant

increases in cardiac toxicity during treatment with bevacizumab, even in the setting

of concurrent treatment with other cardiotoxic agents.

At present, the most frequently used modality for detecting LVD is the periodic

measurement of LVEF by either echocardiography or multigated acquisition scan-

ning. However, LVEF measurement is a relatively insensitive tool for detecting

cardiotoxicity at an early stage because there is little change in resting LVEF until a

critical amount of myocardial damage has taken place, and it may only be apparent

after compensatory mechanisms are exhausted. In addition, measurement of LVEF

presents a number of challenges related to image quality, assumption of left

ventricular geometry, load dependency, and expertise. Multiple-gated acquisition

(MUGA) scan can reduce interobserver variability; however disadvantages include

exposure to radioactivity as well as limitations in information that can be obtained

about cardiac structure and diastolic function. Magnetic resonance imaging (MRI)

is considered the gold standard for the evaluation of LV volumes, mass, and

function. However, lack of availability and high cost limit its routine use. Novel

ultrasound imaging techniques, such as contrast echocardiography and real-time 3D

echocardiography, are under investigation.

The treatment of LVD induced by anticancer drugs includes standard therapy for

heart failure with ACE inhibitors (ACE-I) and beta blockers (BB), which may be

highly effective [29, 30]. Randomized prospective clinical trials are evaluating the

use of prophylactic ACE inhibitors and beta blockers in the prevention of

chemotherapy-induced LVD [31]. The OVERCOME trial showed that the com-

bined treatment with enalapril and carvedilol may prevent heart failure in patients

treated for hematologic malignancies [31]. The MANTICORE study is evaluating

the efficacy of perindopril and bisoprolol in the prevention of trastuzumab-

mediated left ventricular remodeling in HER2-positive breast cancer

[32]. Dexrazoxane, an iron-chelating agent and topoisomerase II inhibitor, signif-

icantly reduces anthracycline-related cardiotoxicity in adults with different solid

tumors including breast cancer and in children with acute lymphoblastic leukemia
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and Ewing’s sarcoma [33]. Dexrazoxane is not routinely used in clinical practice,

and it is recommended as a cardioprotectant only for patients with metastatic breast

cancer who have already received more than 300 mg/m2 of doxorubicin.

Ischemia

Although rare, acute coronary syndromes including myocardial infarction have

been associated with administration of cytotoxic, hormonal, and targeted agents

for cancer treatment. Antimetabolites and inhibitors of microtubule polymerization

are most frequently responsible for ischemic heart disease. The antimetabolite 5-

Fluorouracil (FU) is associated with cardiac ischemia, including angina pectoris

and acute myocardial infarction [34]. Ischemia can take place in patients without

underlying coronary artery disease (CAD) (incidence, 1.1%), but the incidence is

higher in patients with known CAD (4.5%) [35]. Cardiac events typically occur

early (within 2–5 days of starting therapy) and with return of risk to baseline after

cessation of the 5-FU and implementation of preventative medical therapy. High

doses (>800 mg/m2) and continuous infusions of 5-FU have been associated with

higher rates of cardiotoxicity (7.6%) as compared with bolus injections (2%)

[36, 37]. Other commonly cited risk factors include history of cardiovascular

disease, prior mediastinal radiation, and the concurrent use of additional chemo-

therapy [38]. The incidence and risk factors of cardiotoxicity of capecitabine, an

oral 5-FU analog, are poorly defined. From the four retrospective reviews

published, the incidence of cardiotoxicity ranges from 3 to 9% [39–42]. Coronary

artery thrombosis, arteritis, or vasospasm secondary to drug exposure have been

proposed as the most likely underlying mechanisms of acute coronary syndromes

associated with 5-FU and capecitabine. Other alternative mechanisms could be

involved, including direct toxicity on myocardium, interaction with coagulation

system, and autoimmune responses [43].

Paclitaxel administration has been associated with cases of myocardial ischemia

and infarction. In a large study of approximately 1000 patients, the incidence of

cardiac toxicity was 14% [44]. The etiology of myocardial ischemia associated with

paclitaxel is thought to be multifactorial, with other drugs and underlying heart

disease as possible contributing factors [45]. In addition, the Cremophor EL vehicle

in which paclitaxel is formulated may play a role in its cardiac toxicity, which has

been attributed to its induction of histamine release [45].

Endocrine agents, such as tamoxifen [46], and aromatase inhibitors [47], which

are widely used in the treatment of hormone receptor-positive breast cancer, are

associated with rare cardiac ischemia risk. Cardiac events, including myocardial

infarction and cardiac failure, have been reported at very low frequency in the

major adjuvant trials comparing use of AIs to a control arm of 5 years of tamoxifen

[48]. Differential changes in lipid profile have been proposed as an etiology for

these observations; however, a strong signal linking AIs and relevant changes in

lipid levels is lacking.
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The management of cardiac ischemia and coronary heart disease is similar to the

management of patients with coronary artery disease without cancer, with an

emphasis after intervention on platelet inhibition [49].

Venous Thromboembolism

Venous thromboembolism represents one of the most important causes of morbid-

ity and mortality in cancer patients. According to population-based case-control

studies, the 2-year cumulative incidence of VTE is between 0.8 and 8%. The

increased risk of recurrent VTE in cancer patients is greatest in the first few months

after malignancy is diagnosed and can persist for many years after an initial episode

of symptomatic VTE [50–54]. Because the natural history of cancer is dynamic, the

risk for VTE may increase and subside over time as a result of hospitalization,

chemotherapy, metastasis, remission, and many other factors. Potential factors that

may contribute to chemotherapy-induced thrombogenesis include the release of

procoagulants and cytokines by chemotherapy-induced tumor cell damage,

and direct endothelial damage, as well as hepatotoxicity from chemotherapeutic

agents leading to decreased production of normally produced anticoagulants [55].

Breast anticancer agents correlated with an increased risk of VTE include

antiangiogenic agents, cisplatin, and tamoxifen. The anti-vascular endothelial

growth factor agent bevacizumab has been associated with an increased risk of

VTE in one meta-analysis [56], in contrast with three other analyses that showed no

increased risk of VTE in patients treated with bevacizumab [57–59]. Hurwitz

showed that the risk of grade 3–5 bleeding in patients treated with anticoagulant

after a VTE was low and was not increased by bevacizumab treatment [59]. These

results are concordant with other reports indicating that patients with cancer can be

safely treated with anticoagulation therapy while on chemotherapy [60] and that the

risk of serious bleeding is not increased by bevacizumab [57, 61].

Based on the results of several studies, routine VTE prophylaxis for advanced

cancer patients receiving chemotherapy is not recommended but may be considered

and discussed with high-risk cancer patients [62], while prophylaxis with low-

molecular-weight heparin or fondaparinux in hospitalized cancer patients confined

to bed with an acute medical complication is recommended.

QT Prolongation

Prolongation of the QT interval can lead to life-threatening cardiac arrhythmias,

including torsades de pointes (TdP) [63]. Although prolongation of the QT interval

is not the best predictor of proarrhythmic risk, it represents the principal clinical

surrogate marker by which to evaluate the arrhythmic risk of a drug, and it has led to

withdrawal of several anticancer drugs from the market. QT prolongation has been
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reported as infrequent in association with many anticancer therapies used in the

course of treatment for breast cancer. Tamoxifen has the most well-established

effect at on QT interval, where the mechanism appears to involve a direct effect on

the expression and activity of channels involved in cardiac repolarization

[64]. While TdP is uncommon during the treatment of breast cancer, patients

with a history of QT interval prolongation, patients who are taking antiarrhythmics,

or patients with relevant cardiovascular disease, bradycardia, thyroid dysfunction,

or electrolyte disturbances should be screened and monitored. Periodic monitoring

with on-treatment ECGs and electrolytes should be considered.

Conclusion

The therapeutic options for patients with breast cancer now include increasingly

complex combinations of medications, radiation therapy, and surgical intervention.

Many highly effective agents in contemporary oncology, including anthracyclines,

trastuzumab, and anti-VEGF, are associated with potential adverse cardiac effects

and are likely to have significant effects on patient outcomes. The development of

cardiovascular disease during the course of breast cancer treatment can adversely

impact the management of the underlying malignancy. Therefore, understanding

cardiac toxicity is crucial to optimize outcome. Given the growth of novel biologic

therapies, efforts are needed to promote strategies for risk detection and manage-

ment and to avoid dangerous toxicities that may impede development as well as

patient access to new agents. Progress in understanding of treatment-related cardiac

toxicity requires the development of clear definitions of cardiac toxicity and

standardized measurements that predict long-term outcomes. Studies are also

needed to more accurately predict which patients are at highest risk of developing

treatment-related cardiotoxicity; these studies might include genomic testing that

identifies those at highest risk. Thus, more research is needed to assess and manage

patients with heart disease and breast cancer. To that end it is necessary to forge a

dynamic partnership between oncologists and cardiologists with the development

of a new generation of “cardio-oncology” investigators with the aim of obtaining

optimal patient outcomes.
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Chapter 11

Cardiac Toxic Chemotherapy
and Cancer Survivorship

Dava Szalda, Monica Ahluwalia, and Joseph R. Carver

Introduction

With remarkable progress in cancer diagnosis and therapy, there are growing

numbers of cancer survivors with almost 15 million current survivors in the United

States whose number is estimated to grow to 19 million by 2024 [1, 2]. This

population is composed of adult survivors of pediatric cancer and adult survivors

of adult cancer. Because of the recognition that cardiovascular morbidity and

mortality play an important role in outcomes of cancer survivors, especially those

exposed to potentially cardiac toxic cancer therapy, understanding the unique

cardiac needs of cancer survivors and existing evidence for care is essential to

comprehensive cardio-oncology and general survivorship care. Cancer survivors

are a heterogeneous group of patients in that they may have had pre-existing cardiac

conditions or risk factors and varied treatment exposures that impact the risk of

chemotherapeutic regimens and radiation exposure. Treatment information, along

with current age, family history, and other modifiable risk factors (i.e., smoking or
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obesity), continue to be important considerations for patients. This heterogeneity,

coupled with the potentially long asymptomatic latency period from treatment

completion to symptomatic recognition, has meant that universally accepted guide-

lines for surveillance and prevention have been slow to develop.

Adult survivors of pediatric cancer are addressed as a distinct group, and their

care will also be covered in this chapter. Though childhood cancer is thankfully rare

and childhood cancer survivors make up a small percentage of the overall number

of cancer survivors, childhood cancer survivors are growing rapidly in number.

Over 80% of children diagnosed with cancer today will be cured [3]. For these

survivors, treatment regimens, particularly treatment intensity, is distinct from

treatment of adult cancers, and these survivors ideally have decades of survivorship

in which they are increasingly vulnerable to cardiovascular disease. Indeed, the

Childhood Cancer Survivor Study, the largest and most complete cohort study of

childhood cancer survivors, has found that childhood cancer survivors suffer from

chronic conditions at alarming rates, with cardiovascular disease being a major

cause of morbidity and mortality [4, 5], and more often than not, these late-

occurring cardiac problems become apparent at times when survivors are no longer

followed by their oncologists. A recent scientific statement from the American

Heart Association by Lipshultz et al. provides an exhaustive review of all current

data regarding the long-term cardiovascular toxicity of cancer therapy in children,

adolescents, and young adults. This review includes detailed descriptions of path-

ophysiology, natural history, monitoring, and management [6].

Cancer treatments (chemotherapy and therapeutic radiation) can result in diverse

late-appearing (i.e. following treatment completion) cardiovascular issues affecting

the vascular system as well as all of the cardiac structures. Manifestations are often

initially asymptomatic and potentially can affect all structures of the heart, with a

disease-free latency period that may last decades before the emergence of overt,

symptomatic disease and an incidence that increases in most instances with

increased cumulative dosing and duration of survival. Cardiomyopathy secondary

to chemotherapeutic agents including anthracyclines and HER2-targeted therapies

has been the most well described and studied [7, 8]. Radiation exposure may lead to

premature atherosclerosis and valvular, pericardial, and conduction system disease

[9, 10]. In addition, other vascular structures exposed to therapeutic radiation can

develop premature atherosclerosis, e.g. carotid disease after mantle radiation and

renal artery disease after retroperitoneal radiation exposure [11]. Asymptomatic

disease manifested by echocardiographic abnormalities and/or subtle clinical exam-

ination signs are more common than symptomatic disease and, depending on the

definitions applied, can be found in up to 50% of all survivors of anthracycline or

radiation-based therapy [12, 13]. Although there is an acceptance of the potential

risks and need for surveillance, there is still currently a lack of agreement about the

details of standards for follow-up and testing.

In 2005, the American Society of Clinical Oncology (ASCO) convened an

expert panel to develop guidelines for the ongoing cardiac surveillance and care

of adult and pediatric survivors of cancer. Because of a lack of direct, high-quality

evidence on the benefits of screening and treatment, the document, published in
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2007, became an evidence review that summarized the then-current literature

regarding late-cardiopulmonary effects among cancer survivors [14]. A more recent

update from Memorial Sloan Kettering Cancer Center was published in 2013

[15]. Since then, many professional organizations have attempted to stratify risk

in cancer survivors and provide recommendations for follow-up care based on best

available evidence and expert consensus. These include, but are limited to, the

Heart Failure Association of the European Society of Cardiology, the European

Society of Medical Oncology, the Children’s Oncology Group (COG), and the

National Comprehensive Cancer Network (NCCN). At the time of writing of this

chapter, a preliminary article from the International Cardio-Oncology Society is in

press, and a combined workgroup from ASCO and the ACC/AHA to develop

guidelines has been convened.

What has been the problem? Since the original ASCO endeavor, we still lack

solid randomized clinical trial evidence that demonstrates an improvement in out-

comes related to screening and cardioprotection, a persistent belief that cancer

treatment-associated cardiac disease is different from non-cancer-related cardiac

disease, a medical-legal fear that guidelines will increase liability for care providers

and financial concerns about over-testing. In addition, there is still a lack of

consensus about definitions, type of cardiac imaging, and biomarker testing

strategy.

Cardiac toxicity from anthracycline chemotherapy in adult survivors of adult

cancer is manifested mainly by a dilated cardiomyopathy and characterized by a

reduction in systolic function as measured by a reduction in left ventricular ejection

fraction (LVEF) or fractional shortening (FS). This may be preceded by isolated

diastolic dysfunction, a decrease in global longitudinal strain (GLS), or right

ventricular dysfunction. Cardiac toxicity from anthracycline-based chemotherapy

in survivors of pediatric cancer develops as a restrictive process with diastolic

dysfunction and early preservation of systolic cardiac function.

Cardiac toxicity from platinum-based chemotherapy includes a high prevalence

of hypertension and metabolic syndrome and premature vascular disease consis-

tently demonstrated compared to matched untreated cohorts [16].

Cardiac toxicity from radiation includes restrictive cardiomyopathy and valvu-

lar, pericardial, coronary, and conduction system disease.

Chemotherapy and radiation damage the heart through many potential mecha-

nisms, including oxidative stress, mitochondrial dysfunction, myofilament degra-

dation, endothelial cell damage and dysfunction, and progenitor cell depletion/

dysfunction. Because of an innate cardiac “functional reserve,” damage can occur

without the manifestation of overt symptoms. After treatment completion, there is a

variable period of asymptomatic risk, i.e., latency period, that may persist for

decades. This duration of asymptomatic latency and progression of disease is likely

related to genetic factors because everyone does not develop cardiotoxicity, even

with the progressive hemodynamic burden of stress related to comorbidity and

environmental factors. There has been exciting new research characterizing genetic

abnormalities that are associated with an increased risk for anthracycline-related
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cardiac toxicity [17–19]. The alteration in cardiac reserve is a target for investiga-

tion to predict and diagnose asymptomatic cardiac toxicity.

It is logical to extend the American College of Cardiology (ACC)/American

Heart Association (AHA) definition and guidelines for care delineating four stages

of heart failure [20] to the cancer survivor population. This is especially useful since

the natural history of cancer treatment-related cardiac toxicity moves along a

pathway from asymptomatic abnormalities of left ventricular function, ACC/AHA

stages (A/B), to symptomatic disease, ACC/AHA stages (C/D). This construct is

detailed in Table 11.1, and the working postulate is that early intervention at stages

A/B can prevent progression to C/D [21, 22]. This construct also takes advantage of

evidence-based recommendations for the care of heart failure patients with already

accepted risk-benefit analyses and published strength of recommendations. This

classification also has been incorporated into the management of pediatric heart

failure [23].

Risk Assessment: An Overview

For left ventricular systolic dysfunction, we propose an approach that incorporates

the ACC/AHA staging when evaluating and managing the care of cancer survivors.

It is accepted that the risk of anthracycline-induced cardiac toxicity increases with

cumulative dosing. The higher the dose of anthracycline the higher the risk of

cardiac toxicity. There is disagreement about the cutoff in dosing to define high risk

and for purposes of our classification, we have chosen a doxorubicin dose>240 mg/

m2 or its equivalent. A detailed discussion about acute treatment phase

cardioprotective strategies (beta blockers/ACE inhibitors/ARBs, continuous

Table 11.1 Stages of heart failure

Heart failure staging

At risk 
for heart 

failure

Heart
failure

present

Stage A
Stage B Stage C Stage D

(Without 
structural heart 

disease or 
symptoms 

of heart failure)

(Structural 
heart disease

but without
signs/symptoms
of heart failure)

(Structural heart
disease with 
concurrent or 
past symptoms
of heart failure)

(Refractory heart
failure requiring 

specialized 
interventions)
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infusion, anthracycline formulation choice, use of dexrazoxane, etc.) is beyond the

scope of this chapter.

From a population standpoint, the direct relationship between cumulative dose

exposure and cardiac risk has predictive value and helps to define a high-risk

population; however, for the individual survivor, there is wide variation in risk,

i.e., toxicity may occur at low doses so that there is no “safe” dose [24–26] or may

not occur at high doses. The amount of excess risk, derived from a meta-analysis of

eight trials, demonstrated that anthracyclines increased the risk of clinical cardiac

toxicity 5.43-fold, subclinical cardiac toxicity by 6.25-fold, any cardiac toxicity

by 2.27-fold, and the risk of cardiac death by 4.94-fold compared with

non-anthracycline regimens [27]. “High risk” has been associated with several

factors: (1) sex, such that women are at higher risk compared to men; (2) age,

such that risk is higher at extremes of age (children and elderly); and (3) preexisting

risk factors for or diagnosis of cardiovascular disease. Associated mediastinal

radiation also increases the risk associated with chemotherapy [28].

For all forms of radiation-induced cardiac toxicity, it is generally accepted that

the approximate risk is 1% at 5 years and doubles every 5 years. Clinically

significant radiation changes more commonly occur 10 or more years posttreatment

completion and are unusual but possible before that time. At 20 years posttreatment

completion, the risk for clinically significant cardiomyopathy, CAD, valvular

disease, pericardial disease, and carotid artery stenosis is 8%, 10%, 7%, 1%–

3%, and 6%, respectively.

In assessing and defining risk, radiation treatment that involves the chest (medi-

astinal, mantle, left side for breast cancer, craniospinal, or total body radiation)

should be considered as an additional risk factor for premature or accelerated

atherosclerotic vascular disease and may be considered as an additional potent

risk factor comparable to diabetes, cigarette smoking, and hypertension, to guide

risk stratification and set treatment targets for those risk factors that can be

modified, e.g., aggressive lipid management to “secondary” prevention targets.

Screening Strategies

With knowledge of the impact of cardiac toxicity on long-term survivors of cancer,

early detection of asymptomatic cardiac toxicity has become a primary goal.

Current standards for screening patients and for cardiac monitoring rely primarily

on the measurement of left ventricular ejection fraction (LVEF) by echocardiogra-

phy or multigated acquisition scanning.

To date, there are no evidence-based guidelines for cardiac toxicity monitoring

after treatment completion. There are “guidelines” based on consensus with weak

evidence for both adults and pediatric survivors that are listed and referenced in

Table 11.2. Screening guideline development has been slowed by the focus on a

single test and the assumption that cardiac toxicity risk is binary. A combination of

tests, e.g., imaging and biomarker(s) coupled with a comprehensive history and
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physical examination rather than a single test, may be the most effective

population-based strategy that achieves an appropriate balance between lack of

screening and over-screening. In the continuum of cardiac toxicity, every long-term

survivor is at risk for the future development of cardiac disease. The main goals of

screening are to identify the presence of structural heart disease and the patient’s
place in the continuum. This theoretically allows early intervention to prevent

progression by identifying the presence of asymptomatic cardiovascular disease

before symptomatic progression and resultant cardiovascular morbidity. Many of

the outstanding questions regarding type, frequency, and intensity of screening

survivors are being considered by an ASCO-charged working group to compliment

the current existing “guidelines” listed in Table 11.2.

The Role of Biomarkers

The measurement of cardiac biomarkers (troponin I and T, B-type natriuretic

peptide [BNP], and N-terminal pro-BNP [NTproBNP]) to predict late cardiac

toxicity has been explored [29]. Biomarkers are attractive as a screening tool

because of the ease of measurement, low cost compared to imaging, and ability

to use in a serial or longitudinal manner. It is also conceivable that they have

potential predictive value allowing early diagnosis and then early initiation of

preventive strategies or altered monitoring schedules prior to the development of

overt heart failure. Troponin in its various forms has been studied during the

treatment phase as a predictor of early and late cardiac toxicity with inconsistent

results that have prevented universal adoption of its use in existing

“guidelines” [30].

Table 11.2 Existing survivorship guidelinesa

• American Society of Clinical Oncology

– J Clin Oncol 2007; 25:3991–4008

• European Society of Medical Oncology

– Ann Oncol 2010;21:277–282

• Heart Failure Association of the European Society of Cardiology

– Eur J Heart Fail 2011;13:1–10

• American Society of Echocardiography/European Association of Cardiovascular Imaging

– J AM Soc Echocardiography 2014;27:91–939

• NCCN Clinical Practice Guidelines in Oncology: Survivorship

– Anthracycline-induced cardiac toxicity (2015)

• Harmonization of Surveillance Guidelines

– Lancet Oncology 2015;16: e123–e136

• American Society of Clinical Oncology Working Group

– (in progress)

• International Cardio-Oncology Society Working Group

– (in progress)
aModified from Sara Armenian, MD
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Natriuretic peptides such as BNP and NTproBNP are secreted from the myo-

cardium in response to increased hemodynamic stress and have been widely used in

the management of heart failure. Elevated levels of these peptides have been found

in asymptomatic patients treated with anthracyclines and the elevation precedes the

development of overt heart failure. However, natriuretic peptides have not shown to

be consistently effective for population-based screening, with little incremental

value over standard clinical variables. Their major strength, however, may be in

their negative predictive value, as it is atypical to have clinically significant

structural heart disease with LV dysfunction and a normal BNP or NTproBNP

level [7, 30]. Current consensus opinion concludes that the strength of the evidence

is not strong enough to make this a standard recommendation in screening and

follow-up of cancer survivors. Other biomarkers currently being investigated dur-

ing the acute cancer treatment phase as predictors of late toxicity include topo-

isomerase 2B, myeloperoxidase, growth-differentiation factor 15, soluble fms-like

tyrosine kinase receptor-1, and galectin-3 [31].

The Role of Echocardiography

The single most useful diagnostic test in the evaluation of cardiac function before,

during, and after cancer treatment has been the two-dimensional echocardiogram

coupled with Doppler flow studies to quantitate systolic and diastolic function,

cardiac chamber dimensions, wall thickness/mass, valvular disease, and the peri-

cardium. In addition to systolic function, the echocardiogram provides a compre-

hensive assessment of diastolic function that also is critical, as early abnormalities

that precede decreases in systolic function have long-term consequences in the

anthracycline-treated population. Furthermore, echocardiograms provide insight

into the degree of cardiac remodeling from hypertension, wall motion abnormalities

from CAD, and valvular/pericardial disease that may result from radiation

exposure.

Cardiac toxicity via echocardiography has been defined as an LVEF decline of

�5 to <53% with heart failure symptoms or an asymptomatic decrease of LVEF

�10 to <53% [32].

All current echocardiographic-derived measurements of left ventricular function

(LVEF and FS) are load dependent and comorbidity dependent (fluid overload,

sepsis, ischemic heart disease, or other drug therapy) and limited by multiple

technical considerations. As a measure of global LV function, they are currently

unable to consistently detect subtle, early changes in regional myocardial wall

motion.

A normal LVEF or FS does not exclude cardiac dysfunction. There is a critical

need to develop more robust and sensitive measures of LV dysfunction to improve

our current methods of monitoring patients. Currently, there is an expanding

interest in the measurement of tissue Doppler-derived strain. Each adult survivor

of pediatric or adult cancer who was treated with at-risk therapy, e.g.,
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anthracyclines or chest radiation, has ACC/AHA stage A heart failure and, as

such, has defined goals of therapy that can be used to target modifiable cardio-

vascular risk factors. The goal of screening is to recognize and then prevent

progression to the more advanced stages B, C, and D. Within this population, a

high- and low-risk group can be identified to help guide frequency of assessment

and surveillance.

Newer methods to assess cardiac function have been extensively reported and

include cardiac MRI, three-dimensional echocardiography, and various tissue

Doppler-derived measurements of regional myocardial strain. Strain imaging in

the adult cancer survivor population demonstrates abnormalities that occur and

persist in survivors despite preserved LVEF. To date, no modality has emerged as

the “winner.” A recent extensive review of the current state of imaging in cancer

patients endorsed by the American Society of Echocardiography and the European

Association of Cardiovascular Imaging has been published [32].

Screening for CAD

Tests available to screen for CAD include the electrocardiogram (ECG), exercise

treadmill test, exercise myocardial perfusion imaging, exercise (stress) echocardi-

ography, electron-beam computed tomography (CT) scanning for coronary cal-

cium, coronary CT angiography, cardiac magnetic resonance imaging, and carotid

intima-media thickness measurement. The sensitivity, specificity, and predictive

accuracy of these tests for the noncancer population have been reviewed in

detail [33].

The US Preventive Services Task Force guidelines for CAD detection in asymp-

tomatic patients in the noncancer population do not recommend routine ECG,

exercise treadmill test, exercise myocardial perfusion imaging, exercise (stress)

echocardiography, and other nontraditional testings (scanning for coronary cal-

cium, coronary CT angiography, magnetic resonance imaging, measurement of

carotid intima-media thickness) for either the presence of severe coronary artery

stenosis or the prediction of coronary heart disease (CHD) events in adults at low

risk for CHD events. For higher-risk patients, they found inadequate evidence that

testing (beyond that obtained by a detailed cardiac history and assessment of

conventional CHD risk factors) would result in interventions that lead to improved

CHD-related health outcomes [34, 35].

However, these recommendations did not specifically address the survivor

population at risk for radiation-induced premature CAD, which differs from ath-

erosclerotic CAD in pathophysiology, onset (beginning at 8–10 years posttreatment

completion), and lesion location (ostial or proximal left main, left anterior

descending, or right coronary artery). Therefore, application of their recommenda-

tions to the survivor population may not be generalizable, but may be used to help

in decision making and should guide the needed future research in this area. We are
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sensitized to the increased risk of CAD in the post-radiation-treated cancer survivor

and have a low threshold to pursue screening (stress testing, coronary CT angiog-

raphy) for any symptoms that may even remotely suggest coronary ischemia.

Is There a High-Risk Population?

It can be assumed that every survivor exposed to anthracyclines and/or chest

radiation is at stage A and “at risk.” Subsequent sub-characterization as low- or

high-risk should be matched and drive the frequency and intensity of screening.

Patient and treatment high-risk variables are listed in Table 11.3. The presence of

any one variable defines a high-risk patient who should be considered at stage A.

Guidelines/Recommendations: The Landscape

Long-term survivors of cancer have a myriad of health issues that are increased in

prevalence compared to age-matched siblings or controls; among these, cardiac

toxicity is the most prevalent noncancer condition. This recognition that there are

long-term health concerns after chemotherapy prompted the Institute of Medicine

to publish two reports providing general recommendations for ongoing care and

research for survivors of childhood and adult cancers [36, 37]. Specific recommen-

dations about the nature and frequency of cardiac testing were not addressed.

The Children’s Oncology Group also has published revised guidelines [38] for

long-term care for pediatric cancer survivors. The guidelines are expert panel,

consensus-derived, based on a recognized risk, with monitoring frequency matched

to risk. After baseline screening, specific testing is recommended from yearly to

Table 11.3 High risk characteristicsa

• Patient Factors

– Age (<15 years and >65 years)

– Female gender

– Any cardiac symptoms or abnormal

physical exam

– Associated cardiac co-morbidity

(hypertension, CAD, LV dysfunction)

– Obesity

• Treatment Factors

– Acute cardiac toxicity during treatment,

includes asymptomatic decrease in LVEF

– Cumulative anthracycline dose >240 mg/m2

doxorubicin or its equivalent

– Chest radiation >30 Gy

– Combination chest radiation with any

anthracycline

– Pre-modern (before 1975) radiation

treatment

– Length of follow-up 10 years or more post

treatment end

CAD coronary artery disease, LV left ventricular, LVEF left ventricular ejection fraction
aAny 1 factor implies “high risk” Stage A
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every 5 years based on age at treatment, dose of anthracycline, and associated

exposure to radiotherapy. In addition, the panel recognized that the risk of CAD

associated with radiotherapy is manifested between 5 and 10 or more years after

treatment completion, and they recommend testing strategies. For survivors of adult

cancer, the landscape is less clear. Current existing guidelines include the ASCO,

European Society of Medical Oncology, Heart Failure Society of the European

Society of Cardiology, American Society of Echocardiography/European Associa-

tion of Cardiovascular Imaging, and the National Cooperative Cancer Network

(NCCN) and are referenced in Table 11.2. All include a baseline CV assessment at

the start of potentially cardiac toxic therapy, assessment of the treatment of

associated comorbidity prior to, during, and after treatment. They suffer from

varied definitions of cardiac toxicity, the role of cardioprotective strategies during

and after cancer treatment, and the frequency and modality of posttreatment

completion follow-up. All recommend monitoring of cardiovascular risk factors

and reinforce the value of a healthy lifestyle. The “concordances” of the “harmo-

nization” group for pediatric survivors described above could easily be extended to

the adult survivors of adult cancer [39].

Surveillance Suggestions

This section describes a general approach to the screening and care of adult cancer

survivors and does not represent an absolute standard of care but provides a

clinically relevant approach to guide the care of these patients based on existing

data defining cardiac risk and the value of therapeutic intervention. These recom-

mendations can be used as a roadmap allowing for individual practitioner discretion

and are subject to change as knowledge and technological advances are made. The

goal is the early detection of preclinical lesions/disease that are actionable, in other

words, discovery when interventions should have the greatest beneficial impact.

Although there are no universal guidelines, we reinforce the concept that the

echocardiogram is the modality of choice for the long-term monitoring of cardiac

structure and function in cancer survivors exposed to potentially cardiac toxic

treatments.

For all patients, the approach can be simplified into five questions that guide

subsequent testing:

1. What are the details of previous cancer treatment?

2. What is the patient’s cardiovascular risk independent of treatment?

3. What is the patient’s current functional status?
4. Is there any current or prior clinical evidence of structural heart disease or CAD?

5. How does the knowledge from 1 to 4 predict risk and dictate potential

cardioprotective strategies based on existing knowledge and associated

comorbidity?
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Assess Prior Cancer Therapy

A detailed treatment summary should be obtained that includes the cancer diagnosis,

age at diagnosis, all treatments, previous cardiac testing, and treatment-related cardiac

complications. Particular attention should be made to cumulative dose of

anthracycline, use of trastuzumab, and field, dose, and site of radiation. One user-

friendly and detailed online treatment summary form is offered by Oncolink™ and is

available at: http://livestrongcareplan.org/pdf/CancerTherapyTreatmentSummary.pdf.

Assess Risk Status Independent of Treatment

Patients should be specifically asked about traditional cardiac risk factors and

comorbidity (which magnify and increase the risk for cardiac toxicity), current

medications, and lifestyle/behavior. History should include detailed conversation

about diet, physical activity, and tobacco use. Current BMI and blood pressure

should be obtained with routine physical exam. A fasting lipid measurement should

be obtained with routine blood work. A thorough family history helps to define the

potential for atherosclerotic disease and inherited cardiomyopathy.

A complete physical examination should include determination of blood pres-

sure in both arms in the supine, sitting, and standing positions because there is an

increase in autonomic dysfunction after chemotherapy and radiotherapy. Body

mass index and waist circumference should be recorded. Examination of the jugular

pulse provides information about filling pressures, and examination of the ocular

fundus provides information about the overall arterial vasculature and the presence

of other cardiac risk factors. Fluid status assessment, cardiac palpation, and aus-

cultation should be included. Any abnormality should result in a referral for

cardiology consultation.

Fasting lipid levels should be measured at baseline, given the high incidence of

obesity, metabolic syndrome, and potential atherosclerosis in cancer survivors [40].

Prior exposure to therapeutic radiation or platinum-based chemotherapy each

individually helps define “high risk,” and treatment should be targeted to the

highest tolerable statin dose or the achievement of an LDL <70. In addition to

counseling about healthy lifestyle and risk factor modification, treatment guidelines

aligned with stage A should be applied: treatment of diabetes and hypertension,

encouraging smoking cessation, encouraging regular exercise, discouraging exces-

sive alcohol intake and recreational drug use, and controlling the metabolic syn-

drome. Patient education about symptom recognition and requirement for

immediate follow-up for any subtle change in performance or new symptom

development should be provided.
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Assess Current Functional Status at Initial and Follow-Up
Examinations

At each encounter, a thorough history should be obtained, with special focus on

dyspnea, cough, chest pain, palpitations, edema, orthopnea, orthostatic symptoms,

and syncope. Attention should be paid to symptoms and minor, subtle longitudinal

changes in exercise and performance status.

For patients previously exposed to therapeutic radiation, there is an increased

risk of premature cerebro-arterial vascular disease manifested as transient ischemic

attacks and stroke; patients should be specifically asked about transient neurologic

symptoms, such as weakness, speech problems, or visual changes [41].

Assess Cardiac Structure

We propose that all at-risk survivors should have a baseline ECG, two-dimensional

transthoracic echocardiogram, and NTproBNP level measured at initial examina-

tion. Coupled with a thorough history and physical examination, screening for the

major structural manifestations of cardiac toxicity is accomplished. It is

recommended that echocardiographic-derived LV systolic function be quantified

and not “eyeballed” and that contrast be used when the endocardial borders are not

well defined. We propose the use of NTproBNP for its negative predictive value.

With no abnormal results on these three tests, the patient is at stage A.

Each stage A patient can be subclassified as low or high risk, according to

Table 11.3. For the low-risk stage A patient, in the absence of new symptoms or

a change in performance status, reevaluation can be scheduled approximately every

2 years. At each visit, in addition to a detailed history and thorough physical

examination, measurement of a NTproBNP level may be helpful as a follow-up

screening tool, given its negative predictive value. This blood test is easier to

perform, has less dependence on technician skill, does not require insurance

pre-authorization, and is less expensive than any imaging modality. No regular

cardiac imaging is recommended in the absence of a change in performance status,

development of new cardiac symptoms, or new abnormal examination findings, and

normal NTproBNP. We currently have been using a Vscan (GE™) handheld

cardiac ultrasound to confirm the absence of global left ventricular dysfunction

during follow-up visits. This adds 1–2 min to the office visit, does not require

precertification by insurance or appointment scheduling with the echocardiographic

lab, and has no economic impact to the patient. When normal, we have also avoided

measurement of NTproBNP and serial echocardiograms.

For any low-risk stage A survivor who has borderline normal findings on ECG

(minor ST-T wave changes, nonspecific intraventricular conduction delay, or

arrhythmias) or who has borderline normal echocardiogram findings (LVEF at

lower limit of normal for the laboratory or mild diastolic dysfunction), we treat
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cardiovascular comorbidity and then reevaluate with a follow-up ECG and echo-

cardiogram at 1 year. If the results have normalized, the patient remains stage A and

can be managed according to the aforementioned outline. If these borderline abnor-

malities persist, the patient has progressed to stage B and is managed accordingly.

High-risk stage A and stage B patients should be followed yearly, and we

encourage a baseline evaluation by a cardiologist knowledgeable in the late effects

of cancer treatment for these patients. At follow-up, any change in performance,

symptoms, examination findings, or elevation of the NTproBNP level should result

in further evaluation with a formal transthoracic echocardiogram. In the absence of

any change in status or biomarker level, echocardiograms can be repeated at 5-year

intervals or at the discretion of the treating practitioner.

The patients who have received chest radiation less than 30 Gy without chemo-

therapy are managed as low-risk stage A patients with the addition of treating lipids

to secondary prevention targets (low-density lipoprotein less than 70 mg/dl, high-

density lipoprotein more than 45 mg/dl). These patients can be evaluated every

2 years. Special emphasis regarding symptoms related to CAD and carotid disease,

as well as diligence in looking for subtle changes in exercise activity and endur-

ance, should be part of their routine evaluation. Those who received 30 Gy or more

of therapeutic radiation should be considered high-risk stage A and reevaluated

yearly. In the absence of any change in status or evidence of vascular disease on

physical examination, there is no current recommendation for stress testing or

coronary artery calcium scoring. Any subtle change in overall status or any hint of

exertion-related symptoms, regardless of radiation dose, should trigger stress testing.

Because there is a documented increased risk of atherosclerotic risk factors,

vascular disease, and arterial events in patients treated with platinum-based che-

motherapy, aggressive management of cardiac risk factors is recommended along

with regular reinforcement of weight control, smoking cessation, lipid control, and

temperance with alcohol.

Special Caveats

With the development of hypertension, preferred treatment should bewith angiotensin-

converting enzyme inhibitors/angiotensin receptor blockers and β-blockers to take

advantage of their potential beneficial effects on cardiac remodeling.

For cancer survivors who have been exposed to potentially cardiac toxic che-

motherapy or chest radiation, cardiac decompensation is a concern during preg-

nancy. The hemodynamic stress is due to an increase in blood volume approaching

50% that begins soon after gestation and peaks at 26–30 weeks. However, limited

analysis shows that risk is low [42]. Because cardiac dysfunction may first become

apparent during pregnancy, we encourage management input from a cardiologist

before, during, and after pregnancy. Increases in cardiac output and heart rate begin

early, and evaluation in the first trimester is helpful in predicting the subsequent

course. Because the increase in maternal blood volume peaks at 26–30 weeks of

pregnancy, we routinely reassess these patients early in the third trimester and
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communicate directly with their obstetrician for labor, delivery, and postpartum

management.

Any low-risk stage A survivor who has a cancer recurrence and/or further

malignancy requiring additional chemotherapy or radiotherapy should subse-

quently be considered and managed as high-risk stage A, with consideration for a

cardiology consultation to help guide treatment decisions prior to, during, and after

treatment.

Survivors of allogeneic stem cell transplantation are at risk for the late devel-

opment of accelerated atherosclerosis and the metabolic syndrome [43], and they

should be followed up according to the high-risk stage A pathway.

Carotid artery stenosis also is a recognized radiation treatment complication

with an increased late incidence of transient ischemia and stroke [44, 45]. Carotid

bruits may be audible on physical examination. A baseline carotid duplex study can

be obtained 5 years after treatment completion.

All patients should also be given a treatment summary and survivorship care

plan that outlines their future cardiac follow-up in addition to the remainder of their

survivorship care. Ideally this care plan is updated at appropriate intervals should a

change in status occur. This care plan should include information on healthy

lifestyle and signs/symptoms that should be brought to a practitioner’s attention.
We have reviewed some of the common cardiac conditions and cardiac risk in

cancer survivors and provided a practical framework for addressing these issues

clinically. The following clinical vignettes explore common patient presentations

and the “big” issues that may occur in the longitudinal outpatient care of adult

cancer survivors. This information will be helpful to cardiologists, cardio-

oncologists, oncologists, as well as primary care specialists in nursing and medicine

who care for this population. Each case will address presentation, evaluation,

treatment, and anticipatory guidance for survivors and incorporate known clinical

guidelines when available.

Cases

Case 1 A 28-year-old male diagnosed with nodular sclerosing Hodgkin lymphoma

(NSHL) at age 10 years presents to your office. He received six cycles of ABVD

chemotherapy without CV side effects and remains in complete remission. His last

“EF” was 33% at treatment completion. He remains asymptomatic and is physically

active. He jogs more than 2 miles a week. His performance status is 0. On physical

examination, his vital signs include a blood pressure of 110/74 mmHg and heart rate

66 beats per minute. His body mass index is 21.3 kg/m2. His cardiovascular exam is

unremarkable. Electrocardiogram revealed normal sinus rhythm and normal axis.

Hodgkin lymphoma accounts for 10% of all lymphomas and 0.6% of all cancers

diagnosed annually worldwide. Prognosis and treatment are largely dependent on

staging of the lymphoma. Treatment protocols consist of a combination of chemo-

therapy and/or radiation therapy. As more patients are being cured of lymphoma

with advancements in treatment options, 5-year survival has improved. As a result,

266 D. Szalda et al.



treatment-related toxicities primarily contribute to late-term morbidities and mor-

tality including secondary malignancies, cardiac toxicity, or radiation-induced

hypothyroidism.

What Are His Cardiovascular Risks?

Cardiovascular toxicity is the most common nonmalignant cause of mortality in

survivors of cancer treatment with a hazard ratio (HR) of 10.9 (95% CI 4.5–26.0)

for the development of heart failure compared to siblings [5]. ABVD is a standard

chemotherapy regimen for Hodgkin’s lymphoma and consists of doxorubicin,

bleomycin, vinblastine, and dacarbazine. Bleomyocin can cause pulmonary toxicity

that can be a noncardiac cause of dyspnea. Anthracycline-based chemotherapy can

cause left ventricular dysfunction (cardiomyopathy). Based on his anthracycline

dose, most would place him in a high-risk category (see Table 11.3). Luckily this

patient did not receive radiation therapy, but this is an important point to confirm

with Hodgkin’s lymphoma survivors as treatment regimens vary based on stage of

disease/response to initial treatment and protocol/treatment era.

What Instructions Would You Provide?

The patient should receive information and counseling on treatment side effects.

Surveillance should primarily focus on preventative health, i.e., primary preven-

tion. Thus, patients should be counseled on routine health habits: diet, achieving/

maintaining an “ideal” weight, exercise, and avoidance of tobacco. He may con-

tinue to perform activity as tolerated but should be monitored closely for long-term

toxicities of chemotherapy as described above. We generally promote regular

aerobic “cardio” exercise and discourage isometric exercise (beyond simple muscle

toning) because of the effects of isometric exercise on raising systolic blood

pressure and increasing myocardial stress.

What Tests Would You Send?

There is limited information on routine testing with cardiac biomarkers and cardiac

imaging for screening purposes to detect cardiac injury. Initial assessment should

include a complete blood count, basic metabolic panel, and lipid screen. Baseline

electrocardiogram and echocardiogram are recommended. Currently, measurement

of NTproBNP and troponin is optional and left to the discretion and bias of the

medical professional.
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Follow-Up

The patient should receive routine follow-up with a primary care physician and

preferably someone who is familiar with survivorship care. Screening frequency

has not been well established in low-risk patients who remain asymptomatic.

Therefore, further testing is not advised in this patient population other than annual

visits, but the patient having ongoing communication with a practitioner who is

familiar with cancer survivors will allow for additional testing as clinically indi-

cated. There are expert and consensus guidelines for cardiac follow-up in subgroups

of patients who develop stage B/C/D disease, and these patients should be referred

to a cardiologist for disease-specific management.

For all cancer survivors, life-long annual check for blood pressure, glucose, and

fasting lipid panel with an emphasis on cardiovascular disease prevention should be

performed.

What if He Was a Woman and Asked You About Getting
Pregnant?

In the absence of any current CV issues—and assuming she has the ability to get

pregnant—we generally reevaluate patients with knowledge of gestation and then

late in second trimester, at the time of peak increase in blood volume, which is

consistent with the Children’s Oncology Group Long-Term Follow-Up guidelines.

We stress communication and joint management with a high-risk obstetrician about

fluid management at delivery and postpartum to avoid over-hydration.

Case 2 Same patient as Case 1 who had additional mantle radiation in addition to

anthracycline-based chemotherapy.

With the Exposure to Therapeutic Radiation: How Would You
Modify the Answers to the Above Questions?

Mantle radiation increases the risk not only for myocardial disease but late con-

duction, valvular, pericardial, and vascular disease related to the exposed field. For

mantle radiation, the vascular risk is CAD with a relative risk of myocardial

infarction or sudden death reported at 6.7% in a cohort of Hodgkin’s survivors at
a mean of 11 years post-radiation completion [46].

For all possible cardiac toxicity, Mulrooney et al. reported an increased risk of

heart failure with a HR of 5.9 (95% CI 3.4–9.6), myocardial infarction HR of 5.0

(95% CI 2.3–10.4), pericardial disease HR of 6.3 (95% CI 3.3–11.9), and valvular

disease HR of 4.8 (95% CI 3.0–7.6). The risk of cardiac toxicity is increased with

higher doses of radiation administered. Additionally, Mulrooney also demonstrated
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that radiation therapy administered with anthracycline-based chemotherapy results

in a higher incidence of congestive heart failure and valvular disease [47].

There is an agreement that the risk of CAD is increased post therapeutic

radiation exposure and that the risk, like that of anthracycline chemotherapy for

cardiomyopathy, is related to cumulative dosing and increased with associated

traditional cardiac risk factors. All published studies suffer because they are

predominantly retrospective, small, from a single center, mix a variety of radiation

treatment techniques, and describe/compare a spectrum of screening techniques.

To date, we still believe that testing for silent ischemia should be based on risk

factors and clinical presentation—with individual decision making based on these

clinical findings.

The most appropriate modality for CAD screening is still uncertain [48, 49].

Although NCCN recommends a stress test/echocardiogram 10 years after radi-

ation treatment completion, we still rely on clinical judgment for decision making.

In addition, testing may be performed earlier with screening intervals depending on

baseline screening results, presence of symptoms, cardiovascular risk factors, and

their modification coupled with the amount and historical period of mediastinal

radiation. Although there are several limitations to cardiac computed tomography

angiography (CTA) including radiation dose, contrast administration, and less

reliability to evaluate smaller vessels, small studies suggest that CTA with calcium

scoring as an alternative to stress testing for the evaluation for coronary artery

disease in patients previously treated with chest radiation [49].

For this patient, he should have testing for any symptom that sounds like CAD

according to the “best test” (expertise and availability) at his local institution—

either nuclear stress, coronary CTA, stress echo, or stress MRI.

If the radiotherapy field includes the head and neck, the carotid arteries and

thyroid are at risk for late toxicity, and this has cardiovascular implications. In this

population, we recommend obtaining a baseline carotid duplex study early in

follow-up encounters. Thyroid function should be checked annually as thyroid

dysfunction may occur 1–10 years from initial treatment, and thyroid cancer

surveillance should be considered by physical exam or formal ultrasound

depending on practitioner discretion.

For this patient, asymptomatic carotid disease might also be a consideration

based on prior treatment and the current presence of carotid bruits.

We would also recommend aggressive lipid management to secondary preven-

tion targets. For females at risk, who are in their childbearing years and capable of

becoming pregnant, we like to wait until after family completion to initiate statin

therapy.

After radiation therapy, the presence of one isolated cardiac toxicity is unusual,

i.e., isolated conduction disease, pericardial disease, myocardial disease, coronary

disease, or valvular disease generally do not occur alone but usually in some

combination; thus, the presence of aortic valve disease and conduction disease

(LBBB) is not surprising and is a common occurrence.

We continue to offer him yearly follow-up.
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Case 3 The same male with NSHL returns for follow-up 10 years after initial

evaluation. He is totally without functional impairment and has no exertional

symptoms.

Exam now shows bilateral carotid bruit, paradoxical splitting of the second heart

sound and a 2/6 SEM along the LSB followed by a 1/4 decrescendo diastolic

murmur.

ECG shows sinus rhythm and new left bundle branch block (LBBB).

The presumed diagnosis is aortic stenosis and insufficiency and possible asso-

ciated carotid disease.

He needs a transthoracic echocardiogram to quantitate the degree of aortic valve

disease and to reassess his left ventricular function as well as a carotid duplex study.

Studies were completed: There was non-obstructive atherosclerotic disease
bilaterally in the carotid arteries and mild-moderate aortic stenosis with aortic
valve area of 1.5 cm2 (mean/peak gradient 10/28 mmHg).

Management includes risk factor reduction with at least yearly follow-up. He

should be educated about “red flag” symptoms suggesting progression of aortic

valve and conduction disease.

Case 4 A 35-year-old female was diagnosed with non-Hodgkin’s mediastinal

lymphoma at age 30 years and treated with R-CHOP and mantle radiation. At her

baseline, and most recent past evaluation by you, she was asymptomatic with no

cardiac abnormality.

She now returns at her “5-year anniversary” at age 35 years. She tells you that

she has reduced jogging distance and duration because of subtle fatigue and maybe

some associated shortness of breath.

Vital signs and examination are virtually unchanged and unremarkable.

What is the cause of her symptoms? The differential includes late effects from

anthracycline chemotherapy (cardiomyopathy) versus CAD and ischemia related to

XRT or chronotropic incompetence with failure to achieve an increased cardiac

output with exercise due to her prior treatment. In any event, she now has stage C

disease.

Studies should include a repeat ECG, CAD investigation, PFTs, and an echo-

cardiogram to look at valvular disease, pericardium, and LV function. Treatment

depends on the results of these investigations and ranges from medical management

of left ventricular dysfunction to treatment of ischemia with either medical therapy

or revascularization.

ECG showed sinus rhythm with diffuse nonspecific T wave flattening. Voltage
was normal. PFTs were normal. A stress echocardiogram showed a reduction in
LVEF from prior 60% to current 40% at rest with normal increment of LVEF with
exercise and no wall motion abnormality.

The testing suggests LV systolic dysfunction as a working diagnosis. Treatment

includes standard pharmacologic measures for heart failure with continued aggres-

sive risk factor management and frequent follow-up.

Case 5 A 28-year-old male was diagnosed with CLL. He was treated with multi-

agent chemotherapy (including doxorubicin 240 mg/m2, cyclophosphamide,
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ARA-C, and etoposide) followed by 10/10 sibling-matched allogeneic stem cell

transplant.

He has all of the risks described in Case 1 with additional risk conferred by stem

cell transplant. Excluding graft-versus-host disease (GVHD), in general, those

patients post allotransplant show an increased incidence of metabolic syndrome,

diabetes, and hypertension. We tend to be more aggressive in screening and

management of these risks.

He returns after 2 years.
He has no symptoms but on exam his blood pressure is 160/96 and his BMI is 30.
He has hypertension. It is recognized that there is a marked increase in cardio-

vascular risk when modifiable cardiac risk factors are also present. Armstrong

reported that the coexistence of exposure and hypertension increased the relative

risk of heart failure among survivors with anthracycline exposure with hypertension

which was 88.5 (95% CI 45.2–161.8) and is more than a simple effect [50].

Armenian et al. showed the additive and somewhat proportional effect of

traditional cardiac risk factors in patients with prior hematopoietic stem cell

transplant: from 4.7% with no factors to 7.0% and 11.2% with one factor and

>1 factor, respectively [51].

We would start therapy with either an ACE inhibitor/ARB or beta blocker to

control blood pressure and to take advantage of any potential cardioprotective

effect of these drugs. We would redouble our efforts to aggressively manage his

lipids and provide more frequent follow-up.

Case 6 A 55-year-old female presents for cardiovascular risk evaluation. She was

diagnosed with left hormone receptor-positive breast cancer at 48 years of age. She

was treated with a lumpectomy and 5000 cGy radiation and 5 years of tamoxifen.

She is now on an aromatase inhibitor. She has no functional limitation, vital signs

are normal, and her cardiac examination is unremarkable.

Breast cancer is the most common cancer in women worldwide, with more than

one million new diagnoses each year. The overall 5-year survival rate is approxi-

mately 90%. Radiation for early-stage breast cancer can reduce the rates of local

recurrence and of death from breast cancer and has led to a large proportion of

survivors who have received radiation as a part of their treatment.

Today, there are an estimated 2.8 million survivors of breast cancer who have an

increased risk of cardiovascular disease and that has become the leading cause of

death in this group of survivors [52, 53]. As such, prevention and management of

cardiac risk has become an important focal point.

What Are Her Cardiovascular Risks?

For the majority of women who survive breast cancer, late cardiac toxicity resulting

from their cancer therapies may have a greater impact on their overall survival than

recurrent breast cancer.
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Treatment-Related Factors: Medical Therapy

She did not receive anthracycline-based chemotherapy. As a hormone receptor-

positive breast cancer patient, she received adjuvant tamoxifen and/or an aromatase

inhibitor. Tamoxifen is a nonsteroidal triphenylethylene derivative that binds to the

estrogen receptor. It has both estrogenic and antiestrogenic actions, depending on

the target tissue. It is strongly antiestrogenic on mammary epithelium hence its use

in both the prevention and treatment of breast cancer. Clinical trials assessing the

effects of tamoxifen on breast cancer recurrence have not demonstrated an

increased cardiovascular risk and, in fact, some reduction in cardiovascular risk

due to favorable lipid-lowering effects, i.e., lower LDL and raised HDL [54].

Aromatase inhibitors (AIs) are also commonly used as adjuvant therapy in

postmenopausal women with hormone receptor-positive early breast cancer. AIs

stop the production of estrogen, and long-term safety data show that AIs may have a

more favorable overall safety profile compared with tamoxifen (less hot flushes,

endometrial cancer, and fewer cardiovascular events including thromboembolism).

AIs lack any lipid-lowering effect [55], and when women are transitioned from

tamoxifen to an AI, a lipid panel should be measured after therapy initiation.

Overall, cardiovascular risk appears low with either of these types of hormonal

therapy.

Radiation Therapy

As previously noted, radiation-related heart disease may affect any cardiac structure

resulting in coronary artery disease, myocardial dysfunction, pericarditis, conduction

disease, and valvular heart disease. Although there has been controversy, it is now

generally accepted that left-sided radiation has significant risk compared to right-

sided radiation, and the risk is increased with increasing dosing. With information

about the radiation field (i.e., left vs. right breast, breast only, or breast plus internal

mammary chain), it may be possible to estimate dose of radiation to the heart to assist

in risk stratification. Dose-volume histograms for the whole heart or specific cardiac

structures can be useful in understanding the risk of ischemic heart disease and

cardiac events—the latter may be obtained for more recent radiation exposure but

do not exist for treatment dating back to at least the last decade.

Rates of major coronary events, like other radiation-related effects of cancer

therapy, increase linearly with the mean dose to the heart. There is no apparent

threshold at which this begins, i.e., there should be considered no safe dose of

radiation and even low-dose radiation can lead to increased risk. Moreover, this

increased dose-dependent risk occurs independent of tumor type but may be

magnified with comorbid CV risk factors.
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Patient-Level Factors

Evaluation of pre-existing medical conditions, as in the general population, are

essential to estimate overall late CV risk and may drive screening decisions; more

comorbidity equals more risk and a lower threshold for testing.

What Tests Would You Order?

In this women coming for initial assessment, a baseline ECG and echocardiogram

may be obtained as well as a baseline NTproBNP level. Because risk factor

reduction is a primary concern, measurement of fasting lipids is essential.

What Instructions Do You Give?

Women should be counseled as to their excess risk of cardiovascular disease due to

radiation. She is 55 years old, has no other cardiovascular risk factors, and was

exposed to 5000 cGy XRT to her left chest. Depending on the radiation techniques

used to shield her heart, there is a small absolute risk of late cardiac toxicity that is

no more than 1–2% over the next 20+ years.

We would reinforce a healthy lifestyle and be aggressive in managing her lipids.

Follow-Up

Risk factor management may be managed by a primary care doctor or specialized

survivorship clinic for routine survivorship care. Periodic cardiology collaboration

may be valuable.

Case 7 A 55-year-old female presents for cardiovascular risk evaluation. She was

diagnosed with left hormone receptor-positive, HER2/neu-positive breast cancer at

45 years of age. She was treated with lumpectomy followed by chemotherapy that

included doxorubicin [240 mg/m2] and cyclophosphamide (AC)� 4, trastuzumab/

Taxol (TH)� 4, a year of trastuzumab, 5 years of tamoxifen and is now on an

aromatase inhibitor. She had serial echocardiograms prior to and after anthracycline

treatment and every 3 months during trastuzumab treatment. There was no change

in LV systolic function—LVEF remained constant through the end of treatment.

She remains in complete remission 9 years post treatment completion.
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How Is She Different from Case 6?

She was exposed to potentially cardiac toxic chemotherapy. To date, the incidence

of late-appearing cardiomyopathy from trastuzumab alone is close to zero. There-

fore, her late cardiac toxicity risk is from anthracycline exposure and the risk is

cardiomyopathy. The classic relationship for the risk of developing cardiac toxicity

was described by Von Hoff who showed an association with the total cumulative

dose of anthracycline. We have subsequently learned that the real-world risk,

although generally proportional to the total accumulated dose, actually can occur

in a less linear fashion and may be more time dependent. It is increasingly

recognized that asymptomatic abnormalities in noninvasive studies can be found

in greater frequency and at a lower cumulative anthracycline dose than previously

reported. Although less studied than doxorubicin, the incidence of cardiac toxicity

with daunorubicin, idarubicin, mitoxantrone, and epirubicin (a semisynthetic deriv-

ative) is similar with equivalent dosing regimens.

What Instructions Would You Give Her?

Adopt a healthy lifestyle—no smoking, maintain weight, exercise, and treat mod-

ifiable risk factors. She should avoid extreme stressors, e.g., running a marathon,

especially if not adequately trained.

We would provide education about recognition and reporting of subtle symp-

toms that would suggest LV dysfunction including any change in functional

capacity or new symptoms of breathlessness, palpitation, or chest pain.

In view of her risk, she should be evaluated yearly by a health-care professional

knowledgeable about the late cardiac toxicity associated with anthracycline

exposure.

Case 8 Same woman as in Case 7 except that during active treatment, she had

asymptomatic drop in LVEF to 42% with 6-month post treatment completion

LVEF returned to pretreatment baseline EF of 58%.

What Are Her Cardiovascular Risks?

With demonstrable LV systolic dysfunction during treatment, she has a life-long

risk for LV dysfunction, even if the EF normalizes after treatment.

If she received heart failure medication, this should be continued indefinitely as

there is a documented risk of relapse after stopping these medications.
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What Testing Should She Have at This Time?

Since she is going to continue a heart failure regimen, there is little need for serial

testing of LV function or in measuring or trending serial biomarkers.

If her EF is �35%, there should be consideration for prophylactic ICD.

What Instructions Would You Give Her?

In addition to what is listed in Case 7, prompt recognition of any change in status

should be emphasized.

She should not stop or let any intervening doctor stop heart failure medication.

What Is Her Follow-Up Plan?

In the absence of a change in status, yearly follow-up is recommended.

Case 9 Same woman as in Case 8. Now age 58 years on cardiac medications (ACE

inhibitor and beta blocker) with new diagnosis of AML with hemoglobin of 6.9 g.

Only complaint is fatigue. No exertional chest pain or shortness of breath. No fluid

retention or subjective awareness of dysrhythmia.

What Are Her Cardiovascular Risks?

The drop in hemoglobin is a relative stress test, and the absence or presence of

cardiac decompensation may help predict the future risk of treatment-related

cardiac toxicity. Because of her prior exposure to 240 mg/m2 of doxorubicin and

her prior history of anthracycline-induced cardiac dysfunction, induction therapy

should not include an anthracycline. It is well established that a rechallenge with

anthracyclines in a patient with anthracycline-induced cardiac toxicity has a

high risk.

During induction, consolidation, and transplant (if that is the course), there are

frequent and sometimes dramatic fluctuations in fluid status, renal and hepatic

function, and blood pressure. Associated sepsis may impact continuous dosing of

her heart failure medications. Any decision to hold any of these drugs during these

“crises” should be routinely reassessed as clinical status improves with

re-institution of baseline medications to avoid long-term interruption of these

therapies.
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Because fluid resuscitation is common along with hydration for chemotherapy,

over-hydration is a common occurrence, and this can be easily assessed and

avoided with serial monitoring of weight.

What Are the Gaps in Survivorship Care in 2017?

There are three major gaps that impact the care of cancer survivors exposed to

potentially cardiac toxic cancer treatment. In a broad sense, they are related to

knowledge and personnel and process:

1. The lack of validation of markers, biomarkers and/or imaging, that reliably

predict late cardiac toxicity and the development of cardioprotective strategies

in this high-risk population.

2. Currently there is a lack of care providers knowledgeable about the late cardiac

effects of cancer treatment to deal effectively with this exponentially growing

population.

3. Lack of universal adoption of treatment summaries to help guide future risk

assessment; this assumes some degree of patient education about these risks at

treatment completion.

Directions for Future Research

With current understanding of the complexity of care for long-term cancer survi-

vors, a model of comprehensive, multi-specialty care teams and cardio-oncology

has emerged [56]. Future research should be focused on defining a care delivery

model that is consistent with the projected healthcare work force and scalable to the

rapidly increasing survivor population. In the future, we will need to make more use

of telemedicine and allied health personnel.

For long-term survivors of cancer, the factors affecting the rate of progression

from stage A to symptomatic, structural cardiovascular disease are still incom-

pletely defined. Global risk models specific to community-based populations

predicting the risk of heart failure have been validated [57]. There is a need for

refinement to develop a comparable and easily useable tool specific for late

chemotherapy cardiac toxicity.

With wide individual variation in the development of late cardiac toxicity, a

genetic predisposition seems like a likely factor; although there has been prelimi-

nary identification of target genes and mutations, this important link is just in its

infancy and lags behind the volume of research related to biomarkers and imaging.

The establishment of an international group to organize the banking of blood

samples coupled with long-term clinical follow-up to accelerate the process and

knowledge is critical.
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Future screening recommendations require an accurate quantification of the risk

of sudden death as the first manifestation of radiation-induced CAD in the survivor

population and whether revascularization intervention in asymptomatic patients has

true benefit. Existing bias has emerged from small series of patients, generally

treated with premodern radiotherapy techniques and before the contemporary

treatment of coronary risk factors. Understanding the risk also would help to define

the role of nontraditional testing in this population.

Finally, the predictive value of biomarkers, such as the monitoring of troponins/

BNP during high-dose chemotherapy, and the benefit of early intervention have not

been consistent. A large-scale study to define the true benefit of single or multiple

biomarkers and early intervention also is needed.

Many of the current knowledge gaps and questions posed could be resolved by

adequately addressing both early and late cardiac toxicity routinely in cancer

clinical trials [58].

We suggest that clinicians maintain a heightened awareness of the prevalence

and need for surveillance and early treatment for all long-term cancer survivors

who were exposed to potentially cardiac toxic therapy. We reiterate that no

evidence-based guidelines currently exist but recognize that there is a real risk for

late cardiac toxicity. We provide these recommendations for long-term follow-up

and care until there is ample research and data to create evidence-based guidelines.
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Chapter 12

Geriatric Cardio-oncology

Anne Blaes and Chetan Shenoy

Introduction

The incidence of cancer increases with age. As cancer therapies improve and the

population as a whole increases, there are rising numbers of elderly patients with

cancer. More than half of patients newly diagnosed with cancer are age 65 years or

older [1]. In January 2012, it was estimated that more than eight million cancer

survivors were older than 65 years, comprising 59% of the prevalent population of

cancer survivors. Estimations predict that by 2050, there will be over 19 million

cancer survivors over the age of 85 years [2]. To complicate matters, elderly

patients have been underrepresented in cancer clinical trials [3]. Patients older

than 65 years historically represented only 38% of enrolled patients on clinical

trials [4]. Concern for toxicity, particularly cardiac-related toxicity and treatment-

related mortality, has led to lower-intensity regimens in older patients. These

factors ultimately have led to relatively few scientific data on how current cancer

therapies impact the aging population.
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Impact of Aging

Aging cancer patients are particularly vulnerable to cardiotoxicity from cancer

treatment because of their baseline risk resulting from their age [5–7]. In general,

older patients have a number of factors, including concomitant medical conditions

(comorbidities) and physiologic and functional changes that can affect prognosis,

treatment, and outcomes of cancer [6–8]. Approximately 80% of older adults have

one comorbid condition, and 50% have at least two comorbid conditions. This

number increases to over 70% in patients over 80 years of age [9].

For many of these patients, one of their comorbid illnesses is underlying cardiac

disease; in men, approximately 20% between 60 and 79 years of age and 32% over

80 years of age have coronary artery disease. In women, approximately 10%

between 60 and 79 years of age and 19% over 80 years of age have coronary artery

disease [10]. When cardiovascular disease is defined as coronary artery disease,

heart failure, stroke, or hypertension, the prevalence for men is 69% between

60 and 79 years of age and 85% over 80 years of age. Similarly, in women,

approximately 68% of women between 60 and 79 years of age and 86% over

80 years of age have cardiovascular disease [10].

Not surprisingly, cardiovascular risk factors are frequently present in cancer

patients: in a hospital-based registry of >19,000 cancer patients, 38% of patients

had hypertension and 11% had diabetes mellitus [11]. Data from the SEER-

Medicare database show that patients with non-Hodgkin lymphoma aged 65 years

or older have a high prevalence of cardiovascular risk factors—diabetes in 32%,

hypercholesterolemia in 54%, and hypertension in 73% [12]. In a study of

205 patients with non-Hodgkin lymphoma aged 80 years or older, 87% had at

least one comorbidity, and 50% had cardiovascular disease [13].

The presence of comorbidities can lead to polypharmacy and potential drug

interactions with chemotherapy [6, 7, 14, 15]. The presence of comorbidities may

also lead to alterations in cancer outcome [8]. Additionally, kidney and liver

function decline with age [6]. Ultimately, these factors may lead to modifications

in treatment. These factors may also lead to excess cardiac toxicity depending on

the clearance of the used drug [16]. Chemotherapy medications can also result in

direct cardiac injury [5, 6, 17]. The sequential impact of these factors, illustrated in

Fig. 12.1 and previously described by Shenoy et al., can be conceptualized as a

“snowball effect,” whereby the “snowball” formed of older age and age-related

factors is “set into motion” by a cancer diagnosis and then “momentum” is gained

as the cancer drugs result in direct injury on tissues or functional status is changed

by the cancer [6]. Ultimately, this leads to symptoms and cardiovascular

manifestations.

In order to help care for the aging population with cancer, a multidimensional,

interdisciplinary diagnostic process focusing on looking at an older person’s med-

ical, psychosocial, and functional capacity has been recommended [7]. This coor-

dinated care has been recommended through comprehensive geriatric assessments

(CGAs) [18, 19]. A number of recent publications have examined various CGAs.
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The common themes of the various tools are to provide a comprehensive assess-

ment of the patient looking at functional status, cognitive abilities, emotional

conditions, comorbid conditions including cardiovascular disease and heart failure,

nutritional status, polypharmacy, as well as the existing social and environmental

situation of the patient (Table 12.1).

While there are a number of tools available, the International Society of Geri-

atric Oncology has provided consensus guidelines that the following domains be

evaluated in a geriatric assessment: functional status, comorbidity, cognition,

mental health status, fatigue, social status, nutrition, and presence of geriatric

syndromes defined as dementia, delirium, failure to thrive, incontinence, osteopo-

rosis, neglect/abuse, falls, constipation, polypharmacy, pressure ulcers, and

sarcopenia [19]. Classic oncology tools like the Eastern Cooperative Oncology

Group (ECOG) or Karnofsky performance status have been shown to reflect poorly

the functional impairment in the geriatric population [20]. Incorporating a geriatric

assessment tool into the care of the geriatric cardio-oncology patient is important.

The use of CGAs has been shown to improve overall survival, quality of life, and

physical function, and to decrease hospitalizations and nursing home placement in

the geriatric population [21–24]. CGAs also have the potential to predict several

relevant treatment-related complications (post-op complications, toxicity related to

systemic treatment) [25]. There are several ongoing clinical trials in oncology

looking at the utility of CGAs in improving functional status, quality of life, and

outcomes in elderly patients with a variety of cancers (NCT02025062,

Fig. 12.1 The “snowball effect” leading to cardiovascular complications of breast cancer therapy

in older patients. Reproduced with permission from Shenoy et al. [6]
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NCT02000011, NCT01188330, NCT02072733, NCT01829958, NCT02315469).

The results of these studies are much anticipated.

In addition to the increasing prevalence of coronary heart disease with age [10],

the geriatric cancer population is also more susceptible to cardiac injury from

cancer treatment [6]. Many cancer agents have known cardiac toxicities [26].

These can include left ventricular dysfunction (decrease in cardiac contractile

function) and heart failure, myocardial ischemia and infarction, hypertension, and

arrhythmias such as QT prolongation [6, 26–32]. Less common injuries including

myocarditis, pericarditis, and atrial fibrillation also occur. Multiple recent reviews

have described in detail the pathophysiology, diagnosis, and management of this

cardiotoxicity [26, 27, 29–32]. Data is limited, however, regarding how age impacts

these adverse effects of cancer therapy.

One factor contributing to our limited understanding of the effects of age on

cardiovascular effects of cancer treatment is the limited experience with geriatric

populations in clinical trials [3, 4]. Despite a high incidence of cancer in the elderly,

older patients make up only 20% of those in phase 2 clinical trials and approxi-

mately 38% of overall clinical trials for cancer [33]. While clinical trials remain the

main approach for evaluating the cardiac safety and efficacy of cancer treatment,

few elderly are actually enrolled in these trials. Until elderly-specific data are

available, we are left extrapolating data from studies of all ages to the geriatric

population.

Disease Specifics

One of the most commonly used classes of chemotherapeutic drugs known to cause

cardiac injury and most specifically heart failure are the anthracyclines (e.g.,

doxorubicin, epirubicin, and idarubicin) [34, 35]. Anthracyclines are used as part

of curative intent therapy most commonly in breast cancer, lymphoma, sarcoma,

and leukemia [27, 36]. Doxorubicin cardiac injury, causing type 1 cardiomyopathy,

Table 12.1 Factors

influencing cancer care

in the elderly

Functional status

Cognitive abilities

Emotional conditions

Comorbid conditions

Nutritional status

Polypharmacy

Alterations in pharmacokinetics

Social environment

Fatigue

Presence of a geriatric syndromea

aGeriatric syndromes are dementia, delirium, failure to

thrive, incontinence, osteoporosis, neglect/abuse, falls,

constipation, pressure ulcers, and sarcopenia
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is serious and can be associated with impaired survival. The risk of cardiomyopathy

from doxorubicin is proportional to cumulative dose also, in addition to age. The

incidence of congestive heart failure is estimated to be 2% at 200 mg/m2, 5% at

400 mg/m2, 16% at 500 mg/m2, and 26% at 550 mg/m2 [37–39]. However, those

over 65 years old had a twofold increased risk of doxorubicin-related congestive

heart failure as compared to those younger than 65 years when adjusting for a

history of cardiac disease, ejection fraction, performance status, and gender

[39, 40]. The risk of congestive heart failure also appeared to be threefold higher

in the elderly receiving 400 mg/m2 or higher [39, 40].

Breast Cancer

Approximately 50–60% of patients newly diagnosed with breast cancer are women

aged >65 years [41]. In examining 31,748 elderly women with early-stage breast

cancer using the Surveillance, Epidemiology, and End Results (SEER)-Medicare

database, women who received any chemotherapy were 2.5 times more likely to

develop cardiomyopathy than if they received no chemotherapy [42]. When

looking specifically at anthracycline chemotherapy, the incidence of cardiotoxicity

was 1.55% for patients not receiving chemotherapy and 4.09% for patients receiv-

ing anthracyclines (odds ratio, 3.51; 95% confidence interval [CI], 2.63–4.69) in

the first year after breast cancer diagnosis. After 5 years of follow-up, the cumula-

tive incidence had increased to 4.97% in patients not receiving chemotherapy and

10.23% in patients receiving an anthracycline-containing regimen. In a follow-up

study by Pinder et al. of 43,448 women ages 66–80 years with a diagnosis of breast

cancer, 38% of the group who had anthracycline exposure developed congestive

heart failure by year 10 compared to 33% in the non-anthracycline group and 29%

in the no-chemotherapy group [43]. Risk factors for the development of congestive

heart failure in this patient population included advancing age, black race, use of

trastuzumab, stage of cancer, and a personal history of hypertension, diabetes

mellitus, coronary artery disease, peripheral vascular disease, and chronic obstruc-

tive pulmonary disease. Similarly, in an evaluation of the SEER-Medicare database

looking at elderly women ages of 67 and 94 years (mean 76 years) between 2000

and 2007, the incidence of heart failure or cardiomyopathy 3 years after a breast

cancer diagnosis was 20.2% in those who received anthracyclines without

trastuzumab [44].

In approximately a quarter of women with breast cancer, their tumors

overexpress the human epidermal growth factor-2 (HER2) oncogene. In this case,

trastuzumab is recommended. Trastuzumab is a monoclonal antibody that targets

the human epidermal growth factor (HER2 or ErbB2). It is used in both the adjuvant

and metastatic settings [45, 46]. Trastuzumab has been associated with type 2 car-

diomyopathy, in which contractility loss occurs as opposed to cardiac myocyte

death as is seen with the anthracyclines [47]. In the initial trials of trastuzumab in

the metastatic setting, the incidence of cardiac dysfunction when trastuzumab was
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given alone, with paclitaxel, or with an anthracycline was 3–7%, 13%, and 27%,

respectively [46]. Subsequent trials in the adjuvant setting suggest the rates of grade

3 or 4 heart failure are 0–3.9% in trastuzumab-treated patients as compared to

0–1.3% in those not receiving trastuzumab [45]. In the PHARE trial, the rates were

higher in those who received trastuzumab over 12 months versus 6 months (5.7%

vs. 1.9%, p< 0.0001), demonstrating an association in terms of cardiotoxicity with

more trastuzumab exposure [48].

In real-world evaluations of cardiac dysfunction and trastuzumab in the elderly

population, the rates of cardiac dysfunction appear much higher than expected

[44, 49–51]. Some of this may be explained by the fact that women in the clinical

trials were typically younger and healthier. In one evaluation of the SEER-Medi-

care database looking at elderly women ages 67–94 years (mean 76 years) between

2000 and 2007, the incidence of heart failure or cardiomyopathy 3 years after a

breast cancer diagnosis was 18.1% in those with no chemotherapy, 30% in those

who received trastuzumab alone, and 41.9% in those who received trastuzumab

and anthracyclines [44]. In a subsequent retrospective population-based study of

12,500 women diagnosed with locoregional breast cancer treated in eight integrated

health systems that looked at women with a mean age of 60 years and a median

follow-up of 4.4 (2.6–6.9) years, the 5-year cumulative risk of heart failure for

women who received anthracyclines and trastuzumab was 7.5% in those less than

55 years, 11.4% women ages 55–64 years, 35.6% women ages 65–74 years, and

40.7% in those over the age of 75 years [49]. In this analysis, the risk was not felt to

be attributable to anthracyclines alone. While these analyses have limitations and

may have some misclassification, it certainly appears that the elderly population is

at a higher risk for cardiotoxicity both with anthracyclines and trastuzumab; this

risk may also continue to increase even 10 years after the completion of therapy.

There are now several new agents used to treat HER2-positive breast cancers

including lapatinib, pertuzumab, and trastuzumab emtansine. Lapatinib, an orally

active tyrosine kinase inhibitor that affects both HER2 and the epidermal growth

factor receptor, appears to have a safer cardiac profile than trastuzumab, even in

those who have received prior anthracyclines [52]. Though age was not specifically

evaluated as a risk factor, treatment-related cardiac events have occurred <1% of

the time [52, 53]. Cardiac toxicity also does not appear to be higher when lapatinib

is given in conjunction with trastuzumab compared with when trastuzumab is given

alone [54–58]. Trastuzumab emtansine (TDM-1), an antibody drug conjugate

composed of trastuzumab and a derivative of the antimitotic agent maytansine,

and pertuzumab, a monoclonal antibody that binds to a different epitope of the

HER2 extracellular domain than does trastuzumab, both approved by the Federal

Drug Administration in 2012 and 2013, also do not appear to increase the rates of

cardiac dysfunction. While neither long-term data nor geriatric-specific data are

available, the early studies of TDM-1 and pertuzumab do not appear to increase the

risk of cardiac dysfunction with rates of cardiomyopathy being 0–1.6% [59–61]. In

one study, combinations of pertuzumab in conjunction with anthracyclines appear

safe from a cardiac perspective [62]. There is, however, limited follow-up available

at this time. Finally, there are newer clinical trials published looking at the use of
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trastuzumab with less combination chemotherapy. Tolaney et al. demonstrated

excellent clinical outcomes in using 12 weekly doses of paclitaxel with trastuzumab

followed by every-3-week trastuzumab to complete 12 months [63]. This regimen

appears safe and effective and, given there is less systemic combination chemo-

therapy, has the potential for less cardiac toxicity. Long-term cardiac follow-up is

warranted.

In addition to the cardiac concerns from doxorubicin and trastuzumab-based

therapies in breast cancer patients, approximately three-fourths of breast cancer

cases are hormone-responsive tumors, in which endocrine therapy using tamoxifen

or aromatase inhibitors will be prescribed. Aromatase inhibitors have been shown

to reduce both disease recurrence and breast cancer-related mortality in women

with ER-positive, early disease [64]. The major clinical trials that have examined

the efficacy and safety of the aromatase inhibitors include the Arimidex, Tamox-

ifen, Alone, or in Combination (ATAC) study [64], the Breast International Group

(BIG 1–98) [65], and the Intergroup Exemestane Study (IES) [66]. In these studies,

the use of aromatase inhibitors was associated with higher rates of hypertension,

hypercholesterolemia, angina pectoris, and ischemic cardiovascular disease [66–

68]. After 33 months of follow-up of the ATAC trial, there were 2.3% ischemic

cardiovascular disease events, 0.8% myocardial infarction, and 1.7% angina rates

associated with the aromatase inhibitor anastrazole compared to 1.9%, 0.8%, and

1.0% rates, respectively, with tamoxifen [69]. In the BIG 1–98 trial, cardiac event

rates were 4.1% at 25.8 months and 5.5% at 51 months with letrozole compared to

3.8 and 5.0% with tamoxifen [70]. In the exemestane study, the incidence of

ischemic cardiovascular disease was higher for exemestane (9.9%) compared

with tamoxifen (8.6%) [66]. Two recent meta-analyses have suggested a small

increase in cardiovascular events in patients taking AIs as compared to those on

tamoxifen [68, 71]. In women with a history of cardiovascular disease, the use of

anastrazole was associated with a 17% incidence of cardiac events; this ultimately

resulted in a black-box warning of anastrazole for those with a history of cardio-

vascular disease. These studies were not specifically in elderly women; however,

the median age in the ATAC trial at the time of the 10-year analysis was 72 years

and was similar in the other trials in which postmenopausal women were enrolled.

Given women are now taking adjuvant endocrine therapy for not only 5 years but up

to 10 years and are using aromatase inhibitors in the chemoprevention setting [72],

there is concern about the long-term effects of aromatase inhibitors on the vascular

system. It is important for clinicians to monitor lipids and other cardiovascular risk

factors while on adjuvant endocrine therapy.

Non-Hodgkin Lymphoma

Risk factors for the development of non-Hodgkin lymphoma (NHL) have been

identified and are not specific for age. However, age, specifically over 60 years, was

12 Geriatric Cardio-oncology 287



the most important factor independently associated with outcome. An advanced age

resulted in lower response rates and a decrease in survival [73].

From a therapy perspective, the standard approach to diffuse large B-cell

lymphoma, one of the most common subtypes of NHL, is a combination of

chemotherapy using anthracyclines. In a large analysis of the elderly using the

SEER database, 9438 patients with DLBCL were evaluated [74]. Despite doxoru-

bicin being a backbone of chemotherapy for those with diffuse large B-cell lym-

phoma, only 42% received doxorubicin. Any doxorubicin use was associated with

a 29% increase in risk of CHF; CHF risk was associated with an increased number

of doxorubicin claims, increasing age, prior heart disease, comorbidities, diabetes,

and hypertension [74]. This was also confirmed in another study looking at early-

stage diffuse large B-cell lymphoma, regardless of whether individuals received

radiation therapy [75].

While alternative non-anthracycline-containing regimens have been studied in

prospective studies, these combinations of therapy resulted in lower complete

response rates and shorter survival compared with anthracycline-containing regi-

mens [76, 77]. The substitution of liposomal doxorubicin has also been studied in

the elderly. In these small studies, it appears to be an acceptable alternative, even in

those with known cardiac disease in which ejection fractions remained stable

[78]. However, the follow-up of these patients was limited. In those patients with

an absolute contraindication to anthracycline in which their ejection fraction is

below 30%, there are non-anthracycline-containing regimens that could be con-

sidered, such as CEPP (B) [79]. Consideration of the use of an angiotensin-

converting enzyme inhibitor or beta-blocker concomitantly with chemotherapy

could be considered as will be discussed below.

Sarcomas

Ewing sarcoma typically occurs in young adults, while other types of sarcoma such

as leiomyosarcomas tend to occur in older adults, in which anthracyclines and

platinums are the backbone of therapy. Little literature exists on the cardiac impact

of these treatment regimens on elderly patients with sarcomas. A number of

sarcoma regimens substitute liposomal doxorubicin for standard doxorubicin, thus

theoretically reducing the cardiac damage seen from this class of drugs. Monitoring

left ventricular ejection fraction is still recommended when any anthracycline is

recommended. Similarly, while the platinum chemotherapy drugs are known to

cause endothelial dysfunction in childhood cancer survivors, it is unclear whether

this complication applies to the elderly.

Tyrosine kinase inhibitors have been studied in the treatment of some subtypes

of sarcoma, including leiomyosarcomas [80]. Tyrosine kinase inhibitors have been

associated with a small increase in congestive heart risk. The overall incidence of

all-grade and high-grade CHF associated with tyrosine kinase inhibitors was 3.2%

(95% CI 1.8%, 5.8%) and 1.4% (95% CI 0.9%, 2.3%), respectively, in a recent
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meta-analysis of over 10,000 patients [81]. Age did not appear to be associated with

increased risk, nor did tumor subtype.

Finally, sarcomas and lymphomas can manifest as cardiac tumors.

Ovarian Cancer

Ovarian cancer is the leading mortality of gynecologic cancers. More than half of

these cases occur in women over the age of 65 years, with the primary treatment

consisting of debulking surgery and postoperative chemotherapy with platinum and

paclitaxel chemotherapies. Despite the disease occurring primarily in elderly

women, in an analysis of all Southwestern Oncology Group trials of 16,396 patients

in 164 trials in the 1990s, only 30% of those individuals in the trials were over the

age of 65 years [3]. Similarly, in another analysis of elderly women with ovarian

cancer using the SEER registries, 9% of the women in clinical trials using new

therapies were over the age of 75 years. Elderly women are underrepresented in

clinical trials [82]. Elderly women also appear to have poorer outcomes than their

younger counterparts with only half receiving standard platinum chemotherapy,

regardless of comorbidity [83].

From a cardiac perspective, the primary risk for elderly women with ovarian

cancer consists of their surgical risk and then their chemotherapy exposure. The

platinum and paclitaxel regimens are not known to be particularly cardiotoxic at

any age. There are studies suggesting the platinum chemotherapies can cause

endothelial dysfunction and can result in increased clotting risks [84, 85]; however,

these features are not unique to the elderly population. In recurrent ovarian cancer,

chemotherapy consisting of bevacizumab, liposomal doxorubicin, gemcitabine, and

topotecan can be utilized. It appears the risk of hypertension and arterial thrombosis

may be increased in the elderly [86]. For liposomal doxorubicin, it appears that

doses up to 550 mg/m2 are safe from a cardiac perspective [87]. When administered

at modified doses of 45 mg/m2 every 4 weeks, no cardiac toxicity has been observed

[88]. In these studies, however, no description of the impact on the elderly was

outlined [88]. In similar analyses, frequent determinations of LVEF, as routinely

done for other anthracyclines, did not appear to have any clinical value in patient

follow-up. In these studies though, the median age was 53 years; it is thus difficult

to conclude what monitoring is necessary in the elderly receiving prolonged

liposomal doxorubicin [89, 90].

Other Cancers

Lung cancer, bladder cancer, and colon cancer are all common cancers for which

the prevalence increases as the population ages. Traditionally cardiotoxic medica-

tions such as anthracyclines and trastuzumab are not typically used in these cancers.
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Platinum therapies, known to increase clotting risk and endothelial dysfunction,

may be used. In many of these diseases, further work with selective tyrosine kinase

inhibitors as well as vascular endothelial-growth factor inhibitors continue are

being studied. Many of these medications, particularly bevacizumab and

regorafenib, are known to cause hypertension. Additionally, multiple new agents

have been approved recently for melanoma including BRAF inhibitors vemurafenib

and dabrafenib. Both of these medications are known to cause QT prolongation

[91]. Hypertension and QT prolongation are side effects not unique to the aging

population. However, as individuals age, it is also more likely that they may have

hypertension or be on concurrent medications that may result in arrhythmias. As a

result, monitoring for side effects remains vital in the care of these patients. Further

ongoing work is being done evaluating the association between many of these

targeted therapies and incident heart failure.

Unique Situations

Hematopoietic stem cell transplantation (HSCT) is a potential cure for various

hematologic malignancies, which carries a risk of treatment-related complications

and mortality. To lower these risks, reduced intensity conditioning regimens have

now been adapted, allowing older patients up to the age of 70 years to become

eligible for stem cell transplantation.

Currently available data suggest that cardiac complications from HSCT are

infrequent, occurring <1% of the time [92]. However, the median age of patients

in this study was 22 years [92], and it is likely that older patients will have a higher

incidence of cardiac complications. The geriatric patient often presents with

comorbidities indicating that a complete geriatric assessment may be beneficial.

There are little data available on the role of CGAs in the hematopoietic stem cell

transplantation population. Through the HSCT-specific comorbidity index, a car-

diac comorbidity (defined as the presence of coronary artery disease, congestive

heart failure, myocardial infarction, or an ejection fraction <50%) is considered as

a low-risk comorbidity. Further, recent data suggests that those with an ejection

fraction <50% can still be eligible for HSCT, and patients with borderline left

ventricular systolic dysfunction can safely undergo HSCT without alterations in

overall survival or treatment-related complications [93].

Prevention of Chemotherapy-Related Cardiac
Complications

Risk factors for chemotherapy-related cardiac complications should be assessed in

all patients diagnosed with cancer who are being considered for cancer therapy

whether it be the administration of biologics, chemotherapy, or radiation therapy.
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Given that advancing age has consistently been associated with cardiac complica-

tions from chemotherapy using anthracyclines or trastuzumab-based treatments, it

is highly recommended that all elderly patients scheduled for anthracyclines or

trastuzumab-based therapies should receive a multidisciplinary consultation for risk

stratification, risk modification, and primary prevention of cardiotoxicity

[5, 6]. These patients should ideally consult with a multidisciplinary team

consisting of oncologists, cardiologists, primary care physicians, geriatricians,

pharmacists, and nurses [94]. Consideration for a consultation should also occur

in geriatric cancer patients with a cardiovascular history who are being prescribed

tyrosine kinase inhibitors, chest radiation, left-sided breast radiation, or combina-

tion systemic chemotherapy. Depending on the individual risk for cardiotoxicity,

the multidisciplinary team should discuss the choices of cardiotoxic standard-of-

care therapies or less cardiotoxic—but potentially less effective—alternatives

[95]. A lower-intensity chemotherapy regimen, however, should not be prescribed

based simply on a patient’s risk factors or concern for potential cardiac complica-

tion as this has been shown to alter clinical cancer outcomes. Cardiologists should

address the extent of baseline cardiac evaluation, the frequency of surveillance to

detect cardiotoxicity, and possible use of cardioprotective therapy such as beta-

blockers and angiotensin-converting enzyme inhibitors for the primary prevention

of cardiotoxicity [6].

Current prevention strategies are based primarily on pretreatment evaluation of

cardiac left ventricular ejection fraction. However, this approach has been shown in

multiple studies to have a low clinical impact, primarily due to the low prevalence

of asymptomatic left ventricular systolic dysfunction [96–108]. Alternative strate-

gies that show promise in risk stratification include strain imaging by echocardiog-

raphy and the assessment of cardiac fibrosis by cardiac magnetic resonance

imaging. However, data are sorely lacking regarding the role of these newer

imaging techniques in the risk stratification and prevention of cardiotoxicity in

the older adult.

Polypharmacy is a significant issue in caring for the geriatric population

[6, 7]. Drug interactions should be avoided; careful review of a patient’s medica-

tions, prescription and over the counter, is imperative in ensuring additional

toxicities will not occur [109, 110]. Consultation with pharmacists at the time of

oncology evaluation has been shown to reduce medication errors as well as

minimize drug interactions and subsequent toxicity [111–113].

In deciding on potentially cardiotoxic drugs, alternative classes of drugs may be

available that are equally efficacious and less cardiotoxic [114]. When possible,

these agents should be considered in the geriatric population. Analogs of doxoru-

bicin such as epirubicin [115–119], idarubicin [120, 121], and liposomal doxoru-

bicin [122, 123] have been shown to have less cardiac complications than

doxorubicin. The overall cumulative lifetime dose of doxorubicin or its analogs

should also be considered; consideration should be given to not exceed 450 mg/m2

lifetime cumulative dose of doxorubicin in those over the age of 65 years

[99, 124]. Calculators are available to calculate cumulative doxorubicin equivalent

dosing when using doxorubicin analogs. Alternative schedules for doxorubicin
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administration may also be helpful in reducing cardiac toxicity. A continuous

schedule of doxorubicin has been shown to be less cardiac toxic than a bolus

schedule in adults [125–129], while a shorter schedule rather than a longer schedule

for trastuzumab has been demonstrated to be less cardiotoxic [48].

In addition to changes in doxorubicin dosing and administration, the use of

cardioprotective agents has also been studied in combination with chemotherapy.

The best-studied cardioprotective agent is dexrazoxane. This iron chelator has been

evaluated and found to protect the hearts of older women with metastatic breast

cancer receiving >300 mg/m2 of doxorubicin or >540 mg/m2 of epirubicin for

cardiac protection [130]. The medication has not, however, been more widely used

due to concerns about its roles in clinical efficacy and secondary malignancies.

Other cardiac protective agents such as angiotensin-converting enzyme inhibitors,

beta-blockers such as carvedilol, and lipid-lowering agents have been evaluated to

help prevent cardiac dysfunction [131–138]. There are also several ongoing clinical

trials looking at the impact of these medications on preventing cardiac toxicity,

particularly in breast cancer (NCT01009918, NCT02177175, NCT01724450).

While none of these studies were performed in a geriatric population, the current

studies are not excluding the elderly, and the published studies appear to be

effective in minimizing risks of cardiac dysfunction when given in conjunction

with chemotherapy in patients of all ages.

Patients should be counseled about lifestyle changes such as smoking cessation,

physical exercise, and weight loss that can also potentially prevent cardiovascular

complications.

Surveillance

Surveillance during and after potentially cardiotoxic therapy is critical because

early detection and treatment of cardiac dysfunction can prevent further

cardiotoxicity and improve cardiac outcomes [139]. The earlier the onset of treat-

ment, the better will be the results. An asymptomatic decrease in left ventricular

ejection fraction is universally accepted as an indication for treatment with

angiotensin-converting enzyme inhibitors and beta-blockers. While data are not

available specifically for the elderly, it is likely that these treatments are equally

effective in them.

While age is considered an important risk factor for cardiotoxicity, surveillance

recommendations are generally not tailored to the elderly. The International Society

of Geriatric Oncology recommends regular monitoring of the left ventricular

ejection fraction by echocardiography or multiple-gated acquisition scan after

every two to three cycles of anthracyclines in patients age 70 years or older [40].

They also recommend consideration of liposomal formulations, prolonged infu-

sions, or use of dexrazoxane if there is a decrease of more than 10% in left

ventricular ejection fraction, even if it remains within the normal range.
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This recommendation applies especially to patients with hypertension, diabetes, or

coronary artery disease [40].

Cardiac monitoring with echocardiography or radionuclide ventriculography

(multiple-gated acquisition [MUGA] scans) is the standard of care among patients

receiving trastuzumab-based chemotherapy. The National Comprehensive Cancer

Network (NCCN) guidelines recommend cardiac monitoring at baseline and at 3, 6,

and 9 months after initiating trastuzumab therapy. In a recent study from the SEER-

Medicare and the Texas Cancer Registry-Medicare-linked databases, the patterns of

cardiac monitoring of 2203 patients aged 66 or older with breast cancer who were

treated with adjuvant trastuzumab-based chemotherapy were studied [140]. The

investigators found that 64% of the patients had inadequate monitoring, defined as

the absence of a baseline (within 4 months before first trastuzumab dose) cardiac

evaluation (with echocardiogram or MUGA scan) and subsequent follow-up car-

diac evaluation at least every 4 months while receiving trastuzumab therapy

[140]. Because trastuzumab-related cardiotoxicity is reversible, efforts to improve

the adequacy of cardiac monitoring are needed, particularly in the elderly.

Consideration should be given to cumulative radiation exposure and the risk of

secondary cancers with the use of MUGA scans for surveillance. Guidelines such as

those from the International Society of Geriatric Oncology and the United Kingdom

National Cancer Research Institute for cardiac monitoring after trastuzumab ther-

apy recommend the use of the same imaging modality throughout the course of

treatment [40, 141]. A breast cancer patient receiving adjuvant trastuzumab therapy

is recommended to undergo cardiac monitoring before starting treatment, every

3 months during and upon completion of treatment, and every 6 months for at least

2 years following completion of therapy [142]. More frequent monitoring is

recommended if trastuzumab is withheld for a significant drop in left ventricular

ejection fraction [142]. With 12 months of adjuvant trastuzumab therapy as the

standard of care, this translates into a minimum of nine studies. With an average

typical effective ionizing radiation dose of 8 mSv per multiple-gated acquisition

scan [143, 144], the use of multiple-gated acquisition scans would result in a

cumulative effective dose of 72 mSv. Based on published estimates of the

radiation-related cancer risk from technetium-99 m myocardial perfusion studies

[145], a 50-year-old female who undergoes nine multiple-gated acquisition scans

would be estimated to have a lifetime risk of 0.64% for a radiation-related

secondary cancer. While the risk in the elderly is lower than this estimate due to

the lower overall life expectancy, it is not an insignificant risk considering the

excellent survival rates for patients diagnosed with breast cancer today—a 5-year

relative survival rate of 89% and a 10-year relative survival rate of 82% [146]. To

avoid this risk, echocardiography and cardiac magnetic resonance imaging should

be considered as the imaging modalities for surveillance.

Serum cardiac biomarkers, such as N-terminal prohormone brain natriuretic

peptide and troponin, are being studied for the early detection of cardiotoxicity,

but further investigation is needed before they can be recommended for clinical

use [147].

12 Geriatric Cardio-oncology 293



Future Directions

There is a need for systematic research and evidence-based guidelines on the risk

prediction models, early biomarkers of toxicity, monitoring, surveillance, and

treatment of older patients with cancer receiving potentially cardiotoxic therapy.

There are several ongoing studies looking at the impact of comprehensive geriatric

assessments on cancer care. The results of these studies will be extremely valu-

able in determining how to best risk-stratify and treat elderly patients with cancer

while preserving their quality of life and functional outcomes. Increasing recruit-

ment of older patients to cancer trials by eliminating an upper age limit to clinical

trial eligibility and mandating adequate representation of the elderly is also impor-

tant in determining how new therapies will impact our aging population.

Funding institutions should encourage research that is designed specifically to

study cardiac complications of cancer therapy in the elderly. Establishing the utility

of the currently available techniques and biomarkers for the prediction, detection,

and prognostication of cardiotoxicity in the elderly should be a high priority. New

noninvasive and cost-effective diagnostic tools should be developed for the risk

stratification and early identification of preclinical cardiotoxicity in the elderly.
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Chapter 13

Future Clinical and Professional Directions
in Cardio-oncology

Ana Barac and Erica L. Mayer

Introduction

The emergence and growth of the field of cardio-oncology has been driven and

strongly influenced by unprecedented advances in the fields of oncology and

cardiology. The twenty-first century is witnessing a revolution in targeted cancer

therapeutics, leading to significant increases in survivorship of many cancers, and

an increasingly changing paradigm moving cancer from an “acute disease” to a

chronic condition in which host characteristics and overall health determine cancer

therapy options and choices. As described in many of the chapters in this book,

existing and emerging cancer therapies may be highly effective against malig-

nancy; however they may also put patients at risk of both short- and long-term

cardiovascular complications. Increasingly, providing care to cancer patients

requires close collaboration between oncology and cardiology colleagues, both in

guiding cardiovascular preventive and therapeutic strategies in cancer patients prior

to and during active cancer treatment and monitoring and treating cardiovascular

complications in the cancer survivor population. Since the earliest observations of

cardiac toxicity in patients receiving anthracyclines, the field has expanded tre-

mendously, incorporating careful analyses of potential toxicities of novel agents,
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evaluating the use of imaging and biomarkers for risk stratification, considering

modern cardioprotective strategies, and evaluating the epidemiology of cardiac

toxicity in real-world populations. At the same time, modern general cardiovascular

preventive and treatment strategies have resulted in increased life expectancy, and

the development of cardiovascular technologies has opened new frontiers of early

diagnosis and interventions. It is the growth of these highly subspecialized areas of

cardiology and oncology that will continue to critically shape the field of cardio-

oncology.

Despite the important advances in this area, many limitations and challenges

exist both in the care of patients and in the clinical and academic support of the

field. It is hoped that greater recognition of the importance of multidisciplinary

cardio-oncology care will further the development of this emerging field, ultimately

leading to improved outcomes for patients undergoing cancer treatment and for can-

cer survivors.

Clinical Collaboration

In response to patient needs, an increasing number of cardio-oncology clinics have

been created in the United States. In many, if not most instances, these programs

reflect home-grown collaborative efforts between oncology and cardiovascular

health providers aiming to improve detection and treatment of cardiovascular

complications of cancer therapies, reduce risk, and optimize overall patient out-

comes. These programs have tended to be associated with highly specialized,

tertiary care, oncology institutions such as NCI Comprehensive Cancer Centers,

with a paucity of programs in the community oncology practices, where the

majority of cancer patients receive care. Active collaboration is also occurring in

research, reflected in the exponential increase in the number of publications in the

field of cardio-oncology that importantly move the field forward [1].

Recent investigations have highlighted gaps in cardiovascular service for cancer

patients. Examinations have been published from both US and ex-US academic

centers describing the clinical management of breast cancer patients with

documented declines in ventricular function after exposure to anthracyclines

and/or the anti-HER2 monoclonal antibody trastuzumab. These analyses have

demonstrated only a fraction of the affected patient population are receiving

guideline-recommended heart failure medication and only half are being referred

for cardiology consultation [2, 3].

Therefore, significant opportunity clearly exists to improve collaboration

between the medical specialties and optimize care of this patient population.

Barriers to utilization of cardiovascular services by oncologists have not been

well described, may be diverse, and deserve further study. Critical broadening of

interdisciplinary exchange is needed to advance the future of cardio-oncology with

inclusion of diverse stakeholders, health-care providers, scientists and
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investigators, professional societies, patients and advocacy groups, and government

and regulatory agencies (Fig. 13.1).

Research

In the research arena, the National Heart, Lung, and Blood Institute (NHLBI) and

the National Cancer Institute (NCI) convened a collaborative workshop entitled

“Cancer treatment-related cardiotoxicity: Understanding the current state of knowl-

edge and developing future research priorities” in Bethesda, MD, that highlighted

scientific priorities regarding cancer treatment-related cardiotoxicity in 2013. This

meeting of experts recognized broad scientific efforts spanning basic science and

translational research studies, investigating mechanisms of disease and utilization

of biomarkers to improve upon CV risk stratification, to clinical trials evaluating the

effects of cardioprotective strategies and epidemiologic investigations into the

burden of this disease [4]. It also identified gaps and priorities for future research

with critical need to validate reported promising study findings in large clinical

models and translate the potential of recently elucidated mechanisms of

cardiotoxicity into tools for risk stratification, diagnosis, and treatment [4].

As one of the most important consequences of this meeting, new funding

opportunity announcements were released in November 2015 as a joint effort and
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Fig. 13.1 Overview of the spectrum of cardio-oncology: bench to bedside to community.
Partnerships across and within the disciplines of cardiology and oncology in the areas of research

(basic, translational, clinical, and population science), education, clinical training, and guidelines

development, as a potential solution to unmet needs and advancement in patient care
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strategic priority of the NCI and the NHLBI to improve outcomes in cancer

treatment-related cardiotoxicity (http://grants.nih.gov/grants/guide/pa-files/PA-16-

035.html and http://grants.nih.gov/grants/guide/pa-files/PA-16-036.html). The

institutes encouraged “collaborative applications that will contribute to the identi-

fication and characterization of patients at risk” and emphasized mandatory collab-

oration between oncology and cardiology specialties on all applications thus

highlighting the critical importance of cross-disciplinary work that will continue

to shape this field.

Recent exciting research in cardio-oncology has included presentations of inter-

ventional prospective trials in breast cancer patients. Highly active targeted cancer

therapeutics have revolutionized cancer care; however they also may introduce

unexpected cardiovascular outcomes, and examination of these agents has intro-

duced new paradigms in cancer and cardiovascular treatment. In the well-studied

example of trastuzumab, after approval in the metastatic breast cancer setting, the

anti-HER2 monoclonal antibody was introduced into clinical trials for early HER2-

positive breast cancer. Given the known signal for cardiotoxicity observed in the

metastatic setting, stringent cardiac criteria and monitoring schema were incorpo-

rated into adjuvant trials, providing the ability to detect, but not prevent, cardiac

toxicity [5, 6]. More recent clinical safety investigations are increasingly focused

on primary cardiac prevention strategies aimed not only to prevent and/or reduce

LV dysfunction but also to decrease clinically meaningful interruptions of

trastuzumab treatment [7, 8]. Based on the knowledge of pathogenesis of heart

failure, these investigations utilize neurohormonal cascade blocking agents such as

beta-blockers, angiotensin-converting enzyme (ACE) inhibitors, and angiotensin

receptor blockers (ARBs) concomitantly with anti-HER2 agents with a goal to

prevent LV remodeling and LV dysfunction and importantly allow completion of

HER2 therapy. Although relatively small in size, these randomized prospective

trials represent a major step forward toward integration of cardiovascular safety

into major oncology trials. Future confirmatory studies with validation of the initial

findings will hopefully lead toward translation of these primary prevention strate-

gies into clinical practice.

Professional Oversight

Professional medical societies have a long-standing legacy of improving patients’
health by providing and developing education, training, clinical guidance, and

research development for their members. In response to the growing member

need, the American College of Cardiology (ACC) formed a Cardio-oncology

Working Group in 2013 charged to explore existing cardio-oncology practices

and identify areas of professional need. This group performed an environmental

scan and a nationwide survey of cardio-oncology services and opinions among CV

division chiefs and fellowship training directors that identified important challenges

including the need for broader educational opportunities and training [1].
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In consequence, the newly formed ACC Cardio-oncology Section and Council has

set priorities to further develop and disseminate educational content using contem-

porary tools such as online cardiovascular websites and applications, CME courses,

and integration with national and international conferences. In collaboration with

the Annual Scientific Sessions 2015 (ACC.15) organizing committee, members

designed Cardio-Oncology Intensive, a half-day program focused on highly rele-

vant clinical questions in CV care of patients with cancer and cancer survivors

(http://www.ajmc.com/journals/evidence-based-oncology/2015/june-2015/Advanc

ing-Patient-Care-in-Cardio-Oncology-The-ACC15-Cardio-Oncology-Intensive).

Growing educational opportunities come in the form of monthly webinars and

annual meetings of the International Society of Cardioncology (ICOS), such as

the 2015 Global Cardio-Oncology Summit (http://cardiac-safety.org/wp-content/

uploads/2015/08/Global-Cardio-Oncology-Summit-Announcement.pdf), as well as

MD Anderson’s conferences and web-based series discussing topics relevant to

heart disease in patients with cancer and cancer survivors.

Collaboration among professional cardiology and oncology societies offers

unique opportunities for synergistic initiatives and advancement of the field. The

ACC and American Society for Clinical Oncology (ASCO) convened a task group

in 2014 that identified shared interest in broad areas including education and

training, development of clinical guidance tools, and advancing research initiatives

in the field of cardio-oncology. In addition to cardiovascular toxicity of cancer

therapies, shared risk factors and etiologic commonalities between cancer, obesity,

and cardiovascular disease have been recognized as an important area of need and

potential for growth through professional collaboration. Among the proposed

actions, joint development and dissemination of practice standards are most likely

to critically influence the future of cardio-oncology and ultimately lead to effective

incorporation of cardiovascular care into the continuum of cancer treatment, from

diagnosis to survivorship (Fig. 13.1). Additional key areas for partnership among

societies include shared use of registries, development of clinical practice toolkits,

and joint educational and training activities.

Training

A national cardio-oncology survey, conducted among adult and pediatric cardiol-

ogy division chiefs and cardiovascular training program directors, demonstrated

that in the majority of centers (43%), exposure to cardio-oncology occurs during

regular clinical rotations with a small number of centers offering dedicated lectures

as part of the core curriculum (11%) [1]. Formal training in cardio-oncology for

advanced cardiology fellows is currently limited to select few tertiary oncology

centers, and cardio-oncology has not been included in previous versions of the Core

Cardiovascular Training Symposium (COCATS) guidelines [9]. Development of

cardio-oncology-specific competencies, training assessment tools, and curricular

milestones is therefore of great interest as the first step toward standardization of
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training in cardio-oncology [10]. In this fashion, cardio-oncology will follow

successful examples of other subspecialty content areas included in cardiovascular

fellowship training recommendations such as cardiovascular prevention, vascular

medicine, critical care cardiology, and others [9].

No formal training in cardio-oncology currently exists within the core curricu-

lum of hematology/oncology fellowship programs. Therefore, exposure of medical

oncology trainees to cardiac toxicities and complications of cancer therapy tends to

be more anecdotal than structured. Creation of more formal exposure would likely

be a component of a larger educational program in cancer survivorship.

Guidelines and Clinical Practice Standards

Development of clinical practice standards remains one of the most important

endeavors of the cardio-oncology field. Joint publications by the American Society

of Echocardiography (ASE) and European Association of Cardiovascular Imaging

(EACVI) include expert consensus documents on multimodality imaging in evalu-

ation of cardiovascular complications of radiotherapy [11] and in patients during and

after cancer therapy [12]. The European Society for Medical Oncology (ESMO) has

previously published clinical guidelines for risk prevention, assessment, monitoring,

and management during anticancer treatment [13], and the American Heart Associ-

ation (AHA) issued a scientific statement and summarized cardiotoxicity data after

treatment of cancer in children, adolescents, and young adults. The European

Society for Medical Oncology (ESMO) has previously published clinical guidelines

for risk prevention, assessment, monitoring, and management during anticancer

treatment [13], and the Heart Failure Association of the European Society of

Cardiology (ESC) [14] and the American Heart Association (AHA) have issued

position and scientific statements in cardio-oncology, respectively, with the latter

focusing on cardiotoxicity after treatment of cancer in children, adolescents, and

young adults [15]. The Society of Cardiac Angiography and Interventions (SCAI)

has also published a consensus document on evaluation, management, and special

considerations of cardio-oncology patients in the cardiac catheterization laboratory

[16]. Despite a lack of data to support some of the recommendations, these guide-

lines and consensus statements do provide constructive insight into the immense

knowledge gap in prevention, diagnosis, treatment, and management of heart dis-

ease in patients with cancer. Additionally, many of these statements do attempt to

address the issue of screening for and diagnosing heart disease in the existing large

and heterogeneous population of 13.7 million cancer survivors living in the United

States. It is important to note objective challenges in developing clinical documents

that need to meet strict evidence-based criteria required for guideline development.

In 2005, for example, ASCO convened an expert panel for assessing cardiac and

pulmonary late effects in asymptomatic cancer survivors; however the ASCOBoard

rejected the guideline due to the lack of direct and high-quality evidence regarding

chemotherapy- and radiotherapy-induced cardiac and pulmonary late effects in
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cancer survivors in 2006 [17]. The panel was redirected to summarize the results of

the systematic review of the literature and that was published in 2007 [18]. With

growing evidence of the long-term adverse cancer treatment effects, closely linked

to improved therapies and improved survival, the ASCO’s Survivorship Guidelines
Advisory Group has commissioned a new effort to develop a clinical guidance

document expected to be released in 2016.

Conclusions

In summary, the landscape of cardio-oncology continues to develop with improved

understanding of the mechanisms of cardiotoxicity, development and validation of

tools for risk stratification, and novel paradigms in clinical trials and practices.

Critical partnerships between cardiology and oncology providers, professional

societies, and all stakeholders on broad platforms of education, research, clinical

guidance, and training will shape the future clinical environment toward integrated

and standardized cardio-oncology practices. It is hoped that continued development

and recognition of the importance of multidisciplinary cardio-oncology care will

support growth of this emerging field, ultimately leading to improved outcomes for

patients with cancer and cancer survivors.
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