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Abstract

Breast cancer is the most common malignancy affecting females, with over 260,000 new cases
annually and over 3.1 million survivors in the United States alone. Exposure to potentially
cardiotoxic therapies, including anthracyclines, trastuzumab, and radiation therapy, coupled with
host factors, place patients at increased risk for the development of cardiovascular disease (CVD)
compared to non-cancer controls. Overall survival outcomes are significantly worse in patients
who develop CVD, and in certain breast cancer populations, cardiovascular death exceeds the risk
of cancer death in the long-term. In order to mitigate the risk of CVD, there is a growing interest
in the use of cardioprotective strategies at the time of cancer therapy initiation. In this review, we
present a detailed evaluation of the evidence from recently completed as well as ongoing cardio-
oncology clinical trials in pharmacologic cardioprotection in breast cancer patients. We focus
primarily on the potential role of dexrazoxane, alterations in anthracycline dosing or formulation,
neurohormonal antagonists, beta-blockers, and combination therapy. We also discuss ongoing
studies in statin cardioprotection, radiation delivery strategies, use of risk-guided strategies and the
study of specific cancer populations. We close with a discussion of the ongoing needs in the field
of cardio-oncology in order to advance the clinical care of patients with rigorous, evidence-based
medicine.

Introduction

Currently, there are over 3.1 million breast cancer survivors in the United States with over
260,000 new cases projected annually. Increases in breast cancer incidence, coupled with
earlier detection rates and advances in cancer therapies, have resulted in a growing survivor
population that is at increased risk for other comorbidities, and specifically, cardiovascular
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disease (CVD) (1). Breast cancer patients have an increased incidence of CVD compared to
non-cancer controls, and after development of CVD, overall survival outcomes are
significantly worse (2,3). In large administrative database studies, the cumulative incidence
of major cardiac events is reported to be 4.1% at 5 years (4). Older age and the presence of
traditional cardiovascular risk factors have also been associated with a higher rate of cardiac
events, on the order of 8.9% at 5 years (4). CVD accounts for 16.3% of deaths in breast
cancer patients, exceeding the mortality due to breast cancer in those with pre-existing
cardiovascular risk factors at 10 year follow-up (3). Broadly speaking, all-cause mortality is
increased 3.8-fold in cancer survivors who develop CVVD compared to those who do not (2).

Moreover, during or soon after the completion of cancer therapy, the incidence of cancer
therapeutics related cardiac dysfunction (CTRCD) ranges from 9 to 26% after treatment
with doxorubicin, 13 to 17% with trastuzumab, and 27 to 34% with combination therapies
(5-9). Detailed longitudinal phenotyping in a prospective cohort study of 277 breast cancer
patients treated with doxorubicin and/or trastuzumab suggest that the median left ventricular
ejection fraction (LVEF) decline with these therapies is to 43% with a median time to
development of significant LVEF decline of 7 months (interquartile range 4-12), requiring
treatment cessation or interruption in at least 33% of these patients (5). In a large study of
2625 patients treated with anthracyclines and followed for a median of 5.2 years, including
51% with breast cancer, 98% of the cases of cardiotoxicity were detected within 1 year after
completion of chemotherapy (6).

Although there are a number of knowledge gaps in cardio-oncology, one key question is as
follows: What is the role of pharmacologic cardioprotection in mitigating the risk of
subsequent cardiac events in breast cancer patients treated with potentially cardiotoxic
therapies, including anthracyclines, trastuzumab, and radiation therapy (2,10)? In this
review, we perform a detailed evaluation of the evidence from ongoing and recently
completed cardio-oncology clinical trials in cardioprotective strategies initiated at the time
of cancer therapy. We present below the various Phase | and Il clinical trials that evaluate the
efficacy of prophylactic therapy with neurohormonal antagonists, beta blockers, or
combination therapies in breast cancer patients receiving doxorubicin and/or trastuzumab
therapy; trials that use risk-guided strategies to identify subgroups who may derive the most
benefit from cardioprotection; and studies that are focused on specific populations within
breast cancer (Table 1).

Cardioprotection Trials Evaluating Modifications in Cancer Therapy in

Breast Cancer Patients Receiving Anthracyclines

Anthracycline chemotherapy is hypothesized to cause cardiomyocyte injury through an
increase in oxidative stress, potentially via the inhibition of topoisomerase-2 beta.
Specifically, the quinone moiety of doxorubicin undergoes redox cycling resulting in
reactive oxygen species, and additionally anthracycline-iron complexes form which create
toxic hydroxyl radicals that are cytotoxic to cardiomyocytes, disrupt mitochondrial
biogenesis, and damage the cell membrane (11). Earlier studies have determined several
treatment protocols that limit anthracycline cardiotoxicity, including the use of dexrazoxane,
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liposomal formulation, and continuous infusion. Dexrazoxane is an iron chelator that
reduces reactive oxygen species and also, interestingly, interacts with topoisomerase-2 beta.
Two published meta-analyses demonstrated heart failure risk reduction with use of
dexrazoxane, with a risk ratio of 0.29 (0.20, 0.41) (12) and odds ratio (OR) of 0.21 (0.13,
0.33) (13). Subclinical cardiotoxicity, defined as either asymptomatic LVEF decline or
abnormality in cardiac function determined using a diagnostic test, was also decreased, with
a relative risk of 0.33 (0.20, 0.55) (13). These data are primarily derived from populations
with metastatic breast cancer and exposure to high doses of anthracyclines.

Additionally, anthracycline continuous infusion (versus bolus dosing) protocols are also a
potential cardioprotective strategy. A meta-analysis of four randomized controlled trials that
compared bolus to infusion dosing of either epirubicin or doxorubicin showed a higher
incidence of clinical cardiotoxicity with bolus dosing (OR 4.13; 1.75, 9.72) (13).
Furthermore, liposomal doxorubicin changes tissue distribution by enlarging the molecular
structure and prohibiting its passage through narrow capillary junctions in cardiac tissue,
while still allowing unrestricted passage in areas of tumor angiogenesis. Three meta-
analyses have demonstrated a reduction in the development of heart failure with no change
in anti-neoplastic efficacy or overall survival with the use of liposomal doxorubicin: OR 0.18
(0.08, 0.38) (13), relative risk 0.2 (0.05, 0.75) (14), and OR 0.34 (0.24, 0.47) (15). The 2017
American Society of Clinical Oncology Clinical Practice Guidelines recommend
consideration of the use of dexrazoxane, continuous infusion, and liposomal formulation for
patients receiving high dose anthracycline treatment. Dexrazoxane is approved by the FDA
for use in adult cancer patients who will receive a total dose of doxorubicin >300 mg/m? or
epirubicin >540 mg/m? (16).

Cardioprotection Trials Evaluating Neurohormonal Antagonists in Breast

Cancer Patients Receiving Anthracyclines

There are a number of studies ongoing evaluating the efficacy of prophylactic
neurohormonal blockade with angiotensin converting enzyme inhibitors (ACEI), angiotensin
Il receptor blockers (ARB), or aldosterone antagonists. These medications, as well as beta-
blockers, detailed below, have well-established roles in the treatment of heart failure with
reduced LVEF and have been shown to promote ventricular recovery through inhibition of
adverse remodeling that is mediated via adrenergic and neuroendocrine dysregulation.
Interestingly, animal models have demonstrated anthracycline-induced angiotensin
converting enzyme elevations in the serum and cardiac tissue in rats 20 days after exposure
(17). Similar models in hamsters have demonstrated that lisinopril reduced angiotensin
converting enzyme levels, left ventricular dilation, and overall mortality (18). Overall, these
data provide some basic evidence to support the potential efficacy of these therapies in
anthracycline cardiotoxicity prevention.

The role of aldosterone antagonists has been studied in small trials in breast cancer patients
undergoing anthracycline chemotherapy. Akpek; et al. (2015) randomized 83 patients to
receive a fixed dose of spironolactone 25 mg/day versus placebo, which was initiated one
week before anthracycline administration and continued for an average of 24 weeks during
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chemotherapy (NCT02053974). In follow-up echocardiograms performed three weeks after
completion of chemotherapy, the participants in the spironolactone group had smaller
decreases in LVEF pre- and post-anthracycline treatment compared to the placebo group.
The pre-and post-treatment LVEFs were noted to be 67.0 + 6.1% and 65.7 + 7.4% (p =
0.094) in the spironolactone group versus 67.7 + 6.3% and 53.6 + 6.8% (p < 0.001) in the
placebo group (19). Diastolic function indices, including E/e’, were preserved over time in
the spironolactone group (8.3 + 1.6 and 8.5 £ 2.6, p = 0.625), while a significant increase
was observed in the control group (8.3 £2.1 and 9.3 + 2.8, p = 0.022).

Additional smaller studies have sought to evaluate the role of the aldosterone antagonist
eplerenone for cardioprotection, as determined by changes in diastolic function parameters,
in patients receiving doxorubicin. The University of British Columbia conducted a study
(NCT01708798) of 44 early stage breast cancer patients with normal baseline LVEF treated
with anthracyclines, who were randomized to treatment with eplerenone versus placebo. The
primary outcome measure was change in diastolic function as measured by the average e’ by
echocardiography at 6 months. Secondary outcomes included worsening of additional
echocardiographic diastolic parameters, echocardiographic evidence of systolic dysfunction,
biomarker abnormalities, and global longitudinal strain. This study was terminated in
November, 2016 due to a negative primary endpoint and a reported determination of futility
(20).

One ongoing open label study is investigating the efficacy of ACEIs (enalapril) for
prophylactic cardioprotection in breast cancer patients receiving adjuvant anthracycline
chemotherapy with epirubicin >300mg/m?2 (NCT03265574: PROACT). In this trial, 170
breast cancer patients with normal baseline LVEF are being randomized to receive usual
care with enalapril, initiated prior to the administration of anthracycline, or usual care alone.
Patients will be evaluated by echocardiography pre- and post-treatment, and by blood
biomarkers. In this study, cardiac troponin T is the primary outcome measure (21).

Overall, the role of neurohormonal blockade for prophylactic cardioprotection in breast
cancer patients treated with anthracyclines alone remains an area of active investigation.
There is conflicting evidence regarding the use of aldosterone antagonists for this purpose.
Future larger trials are needed; moreover, using maximally tolerated medication dosages as
well as both objective and symptom-driven endpoints will help to clarify the role of
neurohormonal antagonists in mitigating cardiac dysfunction (Figure 1).

Cardioprotection Trials Evaluating Beta-Blockers in Breast Cancer Patients

Receiving Anthracyclines

In addition to neurohormonal antagonists, beta-blockers, used widely in heart failure with
reduced ejection fraction, have also been studied as a potential cardioprotectant in breast
cancer patients treated with anthracyclines. Beta-blockers, such as carvedilol, have been
shown to possess anti-oxidant properties, providing a potential mechanistic basis for its
efficacy. This may counteract the cardiotoxic reactive oxygen species generated by various
breast cancer therapies (e.g. anthracyclines, trastuzumab, and radiation therapy) (16,22). The
Carvedilol for Prevention of Chemotherapy Cardiotoxicity trial (NCT01724450: CECCY),
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by Avila, et al. (2018), randomized 200 Her2-negative breast cancer patients with normal
baseline LVEF to carvedilol treatment during anthracycline chemotherapy versus placebo.
The primary endpoint was a 10% reduction in LVEF by echocardiogram at 6 months. This
endpoint was reached by 14 patients (14.5%) in the carvedilol treatment group versus 13
patients (13.5%) in the control group (p = 1.0). In this study, carvedilol use did not
demonstrate a statistically significant impact on the incidence of early onset of LVEF
reduction. However, both secondary endpoints of troponin elevations and diastolic
dysfunction parameters were attenuated in the carvedilol treatment group at 6 months.
Troponin | levels were increased from baseline until the end of the study in both groups with
sixty-five patients (33.8%) having elevated troponin | levels >0.04 ng/ml. Here, 25 (26%)
participants in the carvedilol treated group and 40 (41.6%) in the placebo control group
experienced elevations (p=0.03) (22). The incidence of diastolic dysfunction at the end of
treatment was 24 (28.5%) patients in the carvedilol group versus 32 (37.2%) in the placebo
group (p = 0.039).

While carvedilol did not prevent a reduction in LVEF, this population had limited
cardiovascular risk factors and a lower than expected incidence of chemotherapy-related
heart failure, limiting the trial’s power. The primary outcome measure was not core-lab
quantitated, and LVEF is known to be highly variable in this setting. Moreover, follow-up
time was relatively short and the majority of patients did not achieve the target dose of
carvedilol. Nonetheless, the reduction in troponin elevation and diastolic dysfunction in the
treatment group provide some evidence for a possible reduction in myocardial injury with
carvedilol treatment during anthracycline chemotherapy.

Cardioprotection Trials Evaluating ACEI/ARBs and Beta-Blockers Singly or

in Combination in Breast Cancer Patients Receiving Anthracyclines and/or

Trastuzumab

Similar to attempts in patients treated with anthracyclines alone, primary prevention efforts
with early beta-blocker or ACEI/ARB therapy have also shown mixed results in breast
cancer patients treated with trastuzumab with or without anthracyclines. Trastuzumab is a
humanized monoclonal antibody to the Her2-Neu receptor, present within approximately
25% of invasive ductal carcinomas. The Her-2 receptor is found on the cell surface of
cardiomyocytes and vascular endothelial cells and is important in cardiovascular injury
repair mechanisms and angiogenic signaling (5).

The Multidisciplinary Approach to Novel Therapies in Cardiology Oncology Research trial
(NCT01016886: MANTICORE) did not demonstrate prevention of left ventricular
remodeling in 94 patients with early Her2-positive breast cancer receiving trastuzumab with
or without anthracyclines treated with perindopril or bisoprolol, as compared to placebo. In
this trial, patients received cardiac medications or placebo for the duration of trastuzumab
therapy, and completed a cardiac magnetic resonance imaging (cMRI) scan at baseline and
after cycle 17. Although there were no statistically significant differences amongst groups in
the primary outcome of indexed left ventricular end diastolic volume, bisoprolol modestly
attenuated a trastuzumab-mediated LVEF decline (absolute declines: bisoprolol: —=1% [4,-6],
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perindopril: =3% [-1,7], placebo: —5% [0,10]). Additionally, the perindopril and bisoprolol
groups had fewer asymptomatic LVEF reductions at cycle 4 compared to placebo, although
this difference was not significant after cycle 17. Both perindopril and bisoprolol were found
in multivariable regression to predict LVEF maintenance after exposure to cancer therapy
(23).

The Prevention of Cardiac Dysfunction During Adjuvant Breast Cancer Therapy trial
(NCT01434134: PRADA) evaluated the use of a beta-blocker, ARB, or their combination
versus placebo in prevention of cardiac dysfunction in patients receiving anthracyclines with
or without trastuzumab. This was a 2x2 factorial design including 130 patients with early
stage breast cancer. The primary outcome was change in LVEF by cMRI. In the candesartan
group, the LVEF reduction was 0.8% (95% CI -0.4, 1.9) compared to 2.6% (95% CI 1.5,
3.8) in the placebo group (p = 0.026). There was no statistically significant effect of
metoprolol on LVEF (24). Results of a 121 patient subgroup analysis showed that several
biomarkers were increased after epirubicin administration, including troponin | and T, N-
terminal pro brain natriuretic peptide (NTproBNP), BNP, c-reactive protein, and galectin 3
(25). Similar to results seen in the CECCY trial, troponin elevation was attenuated by
metoprolol treatment but not candesartan; but there was no noted association between LVEF
and biomarkers. A follow-up (PRADA-2) is currently underway to evaluate the use of the
angiotensin neprilysin inhibitor sacubitril-valsartan for prophylactic cardioprotection
(personal communication).

Guglin, et al. (2018) evaluated 468 Her2-positive early stage breast cancer patients treated
with trastuzumab with or without anthracyclines, randomized to prophylactic
cardioprotection with lisinopril, carvedilol, or placebo (NCT01009918). Outcomes included
troponin and BNP elevation, LVEF by echocardiogram, and heart failure symptoms at 2
years follow-up. Overall, there was no significant difference in outcomes, with an LVEF
reduction of >10% occurring in 30% of the lisinopril group, 29% of the carvedilol group,
and 32% of the placebo group. However, patients treated with combination doxorubicin and
trastuzumab experienced a lower incidence of LVEF reduction with either therapy; here, a
>10% LVEF reduction occurred in 37% and 31% of patients in the lisinopril and carvedilol
groups, respectively, compared to 47% of patients in the placebo group (p = 0.009) (26).

Additionally, Boekhout, et al. (2016) studied the effect of the ARB candesartan in 210
women with early stage Her2-positive breast cancer (NCT00459771). In this study all
patients underwent sequential anthracyclines followed by trastuzumab chemotherapy.
Patients were randomized to candesartan versus placebo for 78 weeks starting at treatment
initiation. The primary outcome was an absolute LVEF reduction by 15% or to an LVEF
value <45%. This study found no difference in the incidence of LVEF reduction between the
treatment and placebo groups (19% and 16%, respectively), and also noted no association
between candesartan treatment and NTproBNP or high-sensitivity troponin T elevations
(27).

Overall, in patients receiving anthracyclines with or without trastuzumab, prophylactic
treatment with ACEI/ARB and beta-blockers singly or in combination has shown equivocal
results. One issue that limits direct comparison of each of these studies is differences in
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primary and secondary outcome definition and method of ascertainment. PRADA used
cMRI for LVEF measurement and also had patients undergo echocardiography to assess
additional parameters, such as diastolic function. Other studies have used echocardiography
solely, and not relied upon core lab assessment. This has been associated with higher
methodologic variability which precludes detection of significant differences that may be
small in magnitude. Multiple trials have been limited by a lower than expected observed
primary endpoint in the placebo or control group, which reduces study power. Overall, there
is inconsistent evidence that treatment with ACEI/ARBSs and beta-blockers provide
substantial cardioprotection against LVEF declines; overall, this effect has been modest,
likely given the unselected patient populations and treatment of low-risk individuals.

Cardioprotection Trials Evaluating Statins in Breast Cancer Patients

Receiving Anthracyclines and/or Trastuzumab

Statins are widely used for their lipid-lowering effects but have also been proposed to have
anti-inflammatory or pleiotropic effects that may prevent chemotherapy cardiotoxicity as
well. A current Phase 1l randomized controlled trial is evaluating the use of statins for
cardioprotection in breast cancer and lymphoma patients. The Preventing Anthracycline
Cardiovascular Toxicity with Statins (NCT01988571: PREVENT) trial randomized 279
patients with early stage breast cancer or lymphoma treated with anthracyclines and normal
baseline LVEF to receive atorvastatin 40mg or placebo at the initiation of chemotherapy and
continued for 24 months. The primary endpoint includes LVEF maintenance at 24 months
determined by cMRI. This study will also quantify measures of cardiac and vascular
remodeling including strain, wall thickness, left ventricular volumes, fibrosis, and pulse
wave velocity. Results from this study are expected in May 2020 (28). There is also a
smaller ongoing study that is evaluating the use of simvastatin for prophylactic
cardioprotection (NCT02096588) (29).

Cardioprotection Trials Evaluating Beta-Blockers in Metastatic Her2-

Positive Breast Cancer Patients

Few trials have included patients with metastatic disease. However, these patients are often
at higher risk for development of CTRCD given a higher lifetime cumulative exposure of
several cardiotoxic treatments. There is an ongoing trial of prophylactic carvedilol use in the
metastatic Her2-positive population receiving trastuzumab by the Southwest Oncology
Group (NCT03418961: SWOG S1501). Enrolled patients must have Her2-positive
metastatic disease currently receiving trastuzumab without anthracycline chemotherapy.
Inclusion criteria also requires baseline LVEF >50% and presence of one cardiovascular risk
factor, including previous anthracycline chemotherapy exposure. Eight-hundred ten patients
are to undergo random assignment to placebo versus carvedilol for a 108-week duration.
This study will report on time to LVEF decline by 10% to <50%, or 5% to <50%; death; first
cardiac event; and medication tolerance (30).
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Cardioprotection Trials Evaluating Radiation Therapy in Breast Cancer

Patients

Radiation therapy results in various cardiotoxic effects, including valvular disease, coronary
disease, heart failure, pericardial disease, and arrhythmias. Valvular heart disease develops
secondary to radiation therapy induced increases in osteogenic factors; coronary artery
disease results from both macrovascular lipid-rich plague development and microvascular
inflammation and endothelial cell dysfunction; and various phenotypes of cardiomyopathy,
including systolic dysfunction or restrictive physiology, potentially result from
cardiomyocyte damage and vascular endothelial dysfunction (11). Modern treatment
strategies have become less cardiotoxic with advancements in cardiac-sparing techniques,
improved localization of treatment, and 3D planning models. However, there remains
uncertainty regarding the cardiovascular effects of radiation with proton versus photon
therapy. The ongoing Pragmatic Randomized Trial of Proton Versus Photon Therapy for
Patients With Non-Metastatic Breast Cancer: A Radiotherapy Comparative Effectiveness
Consortium Trial (NCT02603341: PCORI RadComp) is currently evaluating this question.
In this trial, patients with locally advanced breast cancer are randomized to proton versus
photon therapy with planned 10 year follow-up of endpoints including cardiovascular
morbidity and mortality, cancer outcomes, and quality of life metrics (31).

Cardioprotection Trials Evaluating Risk-Guided Strategies Using Imaging or

Biomarkers in Breast Cancer Patients

While several studies have investigated the use of prophylactic cardioprotection based upon
chemotherapy exposure alone (i.e., anthracyclines or trastuzumab), others have proposed
risk-guided strategies targeting patients at higher risk for development of CTRCD. This has
the potential to identify the subgroup of patients who will manifest the greatest magnitude of
benefit from primary prevention. Several methods of risk stratification have been proposed
including a troponin-guided and a strain-guided strategy.

Troponin Guided Strategy for Cardioprotection

Cardiac troponins are enzymes exclusively expressed in myocardial tissue used to detect
myocardial injury. Several studies have demonstrated associations between troponin
elevations before and during treatment with the development of CTRCD (32-35), providing
a rationale for its use in identifying high risk patients. A group of investigators led by
Cardinale, et al. (2018) pioneered a troponin strategy for guidance of primary prevention
with ACEI treatment in The International Cardio-Oncology Society-One trial
(NCT01968200: ICOS-0ne). In this trial of 273 cancer patients (73% breast cancer)
receiving anthracycline chemotherapy, patients had troponin evaluated prior to and after
each infusion. In the preventive arm all patients were given enalapril at study initiation
whereas in the troponin-triggered group patients only received enalapril after developing an
elevated troponin (measured on institution-specific platforms). Outcomes were not different
between these two groups, including incidence of troponin elevation (23% versus 26% in the
preventive and troponin-triggered groups, respectively) and cardiotoxicity, as defined by
LVEF reduction (36). This group has hypothesized that the ACEI mechanism of
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cardioprotection may act after cardiomyocyte injury via protection against neurohormonally-
mediated adverse remodeling. In this setting, troponin, which is released at the time of
cardiomyocyte injury, would not be affected by ACEI administration. Additionally the
timing of initial and peak troponin elevations after anthracycline exposure in this setting is
not entirely clear.

Another trial examining outcomes using the troponin-guided strategy for initiation of
cardioprotection is ongoing. The Cardiac-CARE trial (EudraCT 2017-000896-99, ISRCTN
24439460) is enrolling breast cancer patients receiving anthracycline chemotherapy and
monitoring troponin | before each chemotherapy administration. The development of an
elevated troponin I will result in randomization to receive either standard of care or beta-
blocker and ARB combination treatment. This study will evaluate outcomes of LVEF by
cMRI as well as heart failure hospitalizations (37).

Echocardiographic Strain Guided Strategy for Cardioprotection

Several studies have shown that echocardiographic strain, a measurement of myocardial
deformation, predicts the development of reduced LVEF (38-40). Abnormal strain has also
been suggested as a strategy to select patients who are high risk for the development of
CTRCD.

The Strain Surveillance of Chemotherapy for Improving Cardiovascular Outcomes trial
(ACTRN12614000341628: SUCCOUR) is an ongoing study evaluating the use of global
longitudinal strain compared to LVEF, both derived from echocardiography, to guide
initiation of cardioprotective medications. This study includes patients receiving cardiotoxic
chemotherapy who have at least one cardiovascular risk factor. Current study enrollment
includes 88% breast cancer patients, and the most common chemotherapeutic regimen is
anthracyclines plus trastuzumab. Patients are randomized to receive treatment with ramipril
and carvedilol based on LVEF guidance versus global longitudinal strain guidance. The
study is ongoing but preliminary results at one year follow-up demonstrate that 37.5% of
patients in the strain-guided group versus 8.7% in the L\VEF-guided group have been started
on treatment. The primary endpoint of this study is the change in 3D LVEF from study
initiation compared to at 3 years of follow-up (41).

Overall, more investigation is needed in the area of risk-guided patient selection for
cardioprotective treatment. lIdentification of accurate and reliable methods of patient risk
stratification is imperative to the success of this strategy.

Conclusions and Future Directions

Breast cancer patients are at increased risk of the development of CVD compared to non-
cancer controls. Age, traditional cardiovascular risk factors, and treatment-specific
exposures contribute to this increased risk. Once patients develop CVD, overall survival
outcomes are significantly worse, and in certain breast cancer populations, cardiovascular
death exceeds cancer death rates. It is therefore imperative to identify strategies of effective
cardioprotection. Data from the trials summarized here suggest that medications that are the
cornerstones of treatment of heart failure with reduced ejection fraction have a potential role
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in cancer therapy cardiotoxicity prevention. These data suggest that neurchormonal blockade
and beta-blockers have a modest effect on mitigating declines in cardiac function, as
determined by LVEF. These medications have also been associated with reduced rates of
troponin elevation and diastolic dysfunction. Breast cancer patients comprise a
heterogeneous population with unique cardiovascular and treatment-related risk factors, and
at this time the best primary prevention treatment strategy may include beta blockers and
neurohormonal agents in combination or alone. However, to rigorously determine what is
the most effective therapy, a meta-analysis should be performed. As higher risk
subpopulations are studied, more robust data in this area may help further define primary
prevention treatment recommendations.

Current guidelines from multiple international oncologic societies advocate for
individualized decision-making regarding treatment cessation including consideration of the
availability of alternative cancer therapies, the potential opportunity to treat for curative
intent, and severity of cardiac dysfunction. Most guidelines recommend consideration of
treatment cessation or interruption for symptomatic heart failure, or for significant
asymptomatic LVEF reductions (16,42,43). Rechallenging a patient with cardiotoxic
chemotherapy after development of CTRCD requires weighing individualized risks and
benefits.

Newer trials have expanded upon traditional endpoints of LVEF and troponins to include
additional metrics of cardiac function, including multiple newer biomarkers, strain imaging
and measures derived from cMRI. Additional methods of cardioprotection with statins or
type of radiation therapy (e.g. proton) are areas of active investigation. Current trials also
aim to demonstrate cardioprotection using selective treatment of high risk patients identified
through imaging or circulating biomarkers. These areas of ongoing investigation and
directions for future research are summarized in Figure 1. For example, robust strategies to
identify high risk individuals, larger cooperative group trials, core lab adjudication and
consensus definitions of cardiovascular outcomes, and mechanistic cardioprotective
strategies are important advances for the field. As the field of cardio-oncology continues to
make advances in defining the epidemiology and mechanisms of CTRCD, there is a
continued need for improved risk stratification and newer cardioprotective strategies, in
order to accomplish the ultimate goal of decreasing CVD morbidity and mortality in this
growing population.
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LIMITATIONS

* Inclusion of Low Cardiovascular Risk Populations
* Small Sample Size

* Heterogeneity in Outcome Measures

* Lack of Adjudication of Outcome Measures

* Relatively Brief Duration of Follow-up

FUTURE DIRECTIONS

* Risk Guided Strategies to Identify Populations with
the Greatest Potential Benefit

* Large, Cooperative Group Clinical Trials

* Consideration for both Cardiovascular and Oncologic
Outcomes

* Core Lab Adjudication of Outcomes

* Consensus Definition of Outcome Measures

* Newer Mechanistic, Cardioprotective Strategies

Figure 1:
Limitations of Recent Pharmacologic Cardioprotection Trials in Breast Cancer and Proposed

Future Directions
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Table 1:

Recent and Ongoing Trials in Prophylactic Cardioprotection Interventions in Breast Cancer Patients

Trial Number Cancer Treatment Trial Treatment/ Outcomes Results
Exposure Intervention

Cardioprotection Trials Evaluating M odificationsin Cancer Therapy in Breast Cancer Patients Receiving Anthracyclines

Meta-analysis of 11 randomized Anthracyclines Dexrazoxane versus Symptomatic heart Lower occurrence of
controlled trials (12) placebo or standard of failure, asymptomatic heart failure with
care LVEF decline by dexrazoxane, no
multigated radionuclide difference in
angiography (MUGA) or chemotherapy response
echocardiogram, rate
chemotherapy response
rate
Meta-analysis of 55 randomized Anthracyclines Dexrazoxane versus Symptomatic heart Lower occurrence of
controlled trials (13) standard of care, failure, asymptomatic heart failure and
liposomal doxorubicin LVEF decline by MUGA asymptomatic LVEF
versus standard or echocardiogram decline with
formulation dexrazoxane, continuous
doxorubicin, infusion of doxorubicin,
continuous versus and liposomal
bolus infusion doxorubicin
Meta-analysis of 7 randomized Anthracyclines Liposomal doxorubicin | Symptomatic heart Lower occurrence of
controlled trials (14) versus standard failure, asymptomatic heart failure with
formulation LVEF decline by MUGA liposomal doxorubicin

doxorubicin, epirubicin | or echocardiogram
versus doxorubicin

Meta-analysis of 9 randomized Anthracyclines Liposomal doxorubicin | Symptomatic heart Lower occurrence of

controlled trials (15) versus standard failure, reduction in heart failure and LVEF
formulation LVEF reduction with
doxorubicin liposomal doxorubicin

Cardioprotection Trials Evaluating Neurohor monal Antagonistsin Breast Cancer Patients Receiving Anthracyclines

NCT03265574: PROACT (21) Anthracyclines Enalapril versus LVEF by Ongoing
standard of care echocardiogram,
Troponin T
NCT02053974 (19) Anthracyclines Spironolactone versus LVEF and E/e’ by Less LVEF reduction
placebo echocardiogram and less E/e’ increase
with spironolactone
NCT01708798 (20) Anthracyclines Eplerenone versus Average e’ by No difference in average
placebo echocardiogram e’, terminated for futility

Cardioprotection Trials Evaluating Beta-Blockersin Breast Cancer Patients Receiving Anthracyclines

NCT01724450: CECCY (22) Anthracyclines Carvedilol versus LVEF and diastolic No difference in LVEF;
placebo function by carvedilol attenuated
echocardiogram, troponin | diastolic dysfunction
| and Troponin | elevation

Cardioprotection Trials Evaluating ACEI/ARBs and Beta-Blockers Singly or in Combination in Breast Cancer Patients Receiving
Anthracyclines and/or Trastuzumab

NCT01016886: MANTICORE Trastuzumab + Perindopril or Indexed LV volume and No difference in indexed
(23) Anthracyclines Bisoprolol versus LVEF by cMRI LV volume with
placebo perindopril or

bisoprolol; less LVEF
reduction with

bisoprolol
NCTO01434134: PRADA (24) Anthracyclines + Candesartan, LVEF by Less LVEF reduction
Trastuzumab Metoprolol, echocardiogram, with candesartan
Candesartan biomarkers: troponin | treatment, metoprolol
+Metoprolol, versus and T, NTproBNP, BNP, attenuated troponin
placebo c-reactive protein,
galectin 3
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Trial Number

Cancer Treatment
Exposure

Trial Treatment/
Intervention

Outcomes

Results

NCT01009918 (26)

Trastuzumab +
Anthracyclines

Lisinopril or Carvedilol
versus placebo

LVEF by echocardiogram

Less LVEF reduction
with either lisinopril or
carvedilol only in
patients treated with
combination
trastuzumab plus
doxorubicin

NCTO00459771 (27)

Trastuzumab +
Anthracyclines

Candesartan versus
placebo

LVEF by
echocardiogram, troponin
T, BNP

No difference in LVEF,
troponin T, or BNP with
candesartan treatment

Cardioprotection Trials Evaluating Statinsin Breast Cancer Patients Receiving Anthracyclines and/or Trastuzumab

NCT01988571: PREVENT (28) Anthracyclines Atorvastatin versus LVEF by cMRI Ongoing
placebo
NCT02096588 (29) Anthracyclines + Simvastatin versus Global longitudinal strain | Ongoing
Trastuzumab standard of care by echocardiogram
Cardioprotection Trials Evaluating Beta-Blockersin M etastatic Her 2-Positive Breast Cancer Patients
NCT03418961: SWOG S1501 Trastuzumab Carvedilol versus LVEF by Ongoing
(30) placebo echocardiogram, death,
time to first cardiac event
Cardioprotection Trials Evaluating Radiation Therapy in Breast Cancer Patients
NCT02603341: PCORI/ + adjuvant/ Proton versus photon Cardiovascular and Ongoing
RADCOMP (31) neoadjuvant radiation therapy cancer mortality, quality
chemotherapy of life

Cardioprotection Trials Evaluating Risk-Guided Strategies Using Imaging or Biomarkersin Breast Cancer Patients

NCT01968200: ICOS-One (36)

Anthracyclines

Prophlyactic enalapril
vs troponin-triggered
enalapril

Troponin (various assay
platforms), LVEF by
echocardiogram

No difference in
troponin elevation or
LVEF between the
preventive versus
troponin-triggered
initiation of enalapril

LVEF-guided ramipril
and carvedilol

treatment
EudraCT 2017-000896-99, Anthracyclines Troponin-triggered LVEF by cMRI, heart Ongoing
ISRCTN 24439460: Cardiac- ARB + beta-blocker failure hospitalization
CARE (37) versus standard of care
ACTRN12614000341628: Anthracyclines Global longitudinal 3D LVEF by Ongoing
SUCCOUR (41) and/or Trastuzumab | strain-guided versus echocardiogram
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