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Abstract

Purpose of review To review cardiotoxicity of and strategies to prevent cardiotoxicity from
anthracyclines and anti-HER2 agents used to treat breast cancer.

Recent findings Although not common, cardiotoxicity from anthracyclines and anti-HER2
therapies is a major consideration in the use of these agents, especially in the adjuvant
setting. Modifications in anthracycline agent, dosing, or schedule or use of Dexrazoxane
have been shown to ameliorate the mostly irreversible cardiotoxicity from anthracyclines.
Dose delays have been the primary means of addressing the possibly reversible
cardiotoxicity from the anti-HER2 agent, trastuzumab, whereas the other anti-HER2
therapies, pertuzumab, lapatinib, and neratinib, are relatively nontoxic to the myocardi-
um. Data from recent randomized clinical trials suggest that the use of angiotensin-
converting enzyme inhibitors (ACEi), angiotensin receptor blockers (ARBs), and beta
blockers may prevent subclinical cardiotoxicity, as measured by decline in the left
ventricular ejection fraction, associated with these agents. Longer-term follow-up will
be needed to confirm their role in prevention of symptomatic cardiomyopathy and
subsequent cardiovascular disease in women with breast cancer.
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Summary Preliminary evidence suggests that the use of ACEi, ARB, and beta blockers
during treatment with anthracyclines and trastuzumab may prevent subsequent cardio-
myopathy. Larger trials with meaningful clinical endpoints are needed.

Introduction

Breast cancer alone accounts for 30% of all new cancer
diagnoses in women. In 2019, in the USA, it is expected
that there will be 268,600 new breast cancer diagnoses and
41,760 deaths due to breast cancer [1]. The vast majority
(94%) of individuals present with early stage disease,
where advances in treatment, including use of
anthracyclines and anti-HER2 therapies, have led to im-
proved survival rates [2]. Between 1989 and 2016, the
death rate from breast cancer dropped 40%. Although
cancer is the second leading cause of death, after heart
disease, in the USA, the leading causes of death vary by
age: for those age 39 and younger, accidents are followed
by cancer and then suicide; for ages 40-79, cancer is
followed by heart disease; and for age 80 and older, heart
disease is followed by cancer [1]. It is important, therefore,
to not only treat breast cancer effectively, but also to min-
imize risk of death from heart disease.

Cardiovascular disease (CVD) is an important cause of
mortality in women after treatment for early breast cancer.
In an analysis of SEER data of women age 66 and older
with breast cancer between 1992 and 2000, with a median
follow-up of 9 years (through 2005), the distribution of
causes of death varied by age and tumor stage [3]. Cardio-
vascular death in this study was defined as either death
from myocardial infarction (MI), congestive heart failure
(CHEF), and peripheral vascular or cerebrovascular disease.
Women who were diagnosed with higher stage cancers
were much more likely to die from breast cancer than from
other causes. Other causes of death are more likely among
women with earlier stage (I/I) cancers. At all ages, women
diagnosed with stage I breast cancer were more likely to die
from CVD than from breast cancer. CVD was also the
leading cause of death for women diagnosed with stage

II breast cancer who were age 85 and older (42%) and 75-
80 years (32%). As women age, regardless of stage, there
was a decrease in proportion of all deaths due to breast
cancer. Over time, proportional distribution of cumulative
causes of death varies. Within the first 5-10 years follow-
ing breast cancer diagnosis, breast cancer was the cumula-
tive primary cause of death. With longer follow-up, how-
ever, CVD became the cumulative primary cause of death.
Proportion of death due to other causes, such as chronic
obstructive pulmonary disease (COPD), pneumonia,
Alzheimer’s disease, and diabetes, also increased as
follow-up increased.

Some authors describe this as a snowball effect [4].
Patient who have cancer may or may not have baseline
risk factors for cardiovascular disease, including diabetes,
hypertension, smoking, family history of CVD, and hyper-
lipidemia. These risk factors include age-related changes in
cardiovascular physiology and pharmacokinetics that af-
fect chemotherapy metabolism. There may also be pre-
existing CVD. Breast cancer treatment, which may include
chemotherapy, may amplify the risk for development of
CVD. Chemotherapy, surgery, and other treatments for
breast cancer may change physical activity levels and life-
style, thereby worsening the cardiovascular risk profile.
Chemotherapy itself, and other treatments for cancer,
may be directly cardiotoxic and increase risk even further.
This leads to augmentation of the risk of cardiovascular
morbidity and mortality among cancer patients.

Anthracycline chemotherapeutic agents, including
doxorubicin, daunorubicin, idarubicin, epirubicin, lipo-
somal doxorubicin, and the anthraquinone, mitomycin,
are well known to be cardiotoxic, leading to increased
risk of heart failure morbidity and mortality [5-7].

Cardiotoxicity of anthracycline chemotherapy agents

The exact mechanism by which anthracyclines cause cardiotoxicity is unknown
and the clinical timing ranges from acute to late onset. Proposed mechanisms of
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anthracycline-mediated cardiotoxicity include the following [8-10]: (1) in-
creased 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) deep radiation of ultrastructural proteins in-
cluding titin and dystrophin; (5) direct DNA damage via inhibition of topo-
isomerase 2-beta; (6) inhibition of pro survival pathways, such as neuregulin 1
and Erb B2; and (7) direct cytotoxic effects on cardiac progenitor cells
diminishing repair potential after myocardial injury. How exactly these mech-
anisms interact and lead to cardiac toxicity is unknown. Anthracycline
cardiotoxicity, however, has been described to occur primarily in three separate
scenarios, with rates depending on baseline risk factors and anthracycline dose
and schedule: acutely with electrocardiogram and transient changes in cardiac
function typically occurring immediately after infusion in up to 3.2% [11], early
onset with a chronic and progressive course typically during active therapy
within first year in up to 20% [12], and late onset with a chronic progressive
course, which occurs at least 1 year after completion of therapy. A recent study
in 2625 patients receiving anthracycline followed for 5 years found an overall
incidence of cardiotoxicity (EF decrease > 10 absolute points and < 50%) in 9%,
the majority of which (98%) occurred within the first year [13].

Although the mechanism for early and late onset anthracycline
cardiotoxicity remains unclear and may be multifactorial, risk factors are well
described [14-16]. These include increased cumulative anthracycline dose,
concurrent mediastinal radiation, extremes of age, female gender, and cardiac
risk factors or pre-existing heart disease.

Prevention of anthracycline-induced cardiac toxicity

Prevention of anthracycline-induced cardiomyopathy is an area of active re-
search. There are certain general principles, approaches, or preventive measures
that can be taken. It is known that adjusting the dose and schedule of
anthracyclines, to smaller more frequent doses, or continuous infusion regi-
mens is less cardiotoxic [14, 17]. Liposomal preparations are also less
cardiotoxic than non-liposomal preparations [18]. Certain anthracyclines, spe-
cifically epirubicin and mitoxantrone, are less cardiotoxic than doxorubicin.
Dexrazoxane has been shown to ameliorate and/or prevent anthracycline-
induced cardiotoxicity. Dexrazoxane is an iron chelator, binds free iron and
prevents the formation of anthracycline-iron complexes that contribute to
oxygen free radical formation and thereby decreases cardiotoxicity of
anthracyclines [9, 19]. When a cumulative dose of greater than 300 mg/m? of
doxorubicin is reached and there is ongoing need for therapy, such as in the
setting of metastatic breast cancer responding to doxorubicin, use of
dexrazoxane is recommended. Of note, this cumulative dose is rarely, if ever,
utilized in the adjuvant/preventive setting. Historically, though, the possible
association of dexrazoxane and increased risk of MDS and AML [20] and the
lower objective response rate when the agent is used in treating advanced breast
cancer [21], led to an understandable hesitancy to use it in the adjuvant setting.
Subsequent trials have suggested no effect on response rate, time to progression,
or survival for breast cancer and no higher rate of second malignancies in other
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cancer types [22, 23]. Use of dexrazoxane should be considered to decrease risk
of cardiac toxicity in patients who have receive > 300 mg/m? of doxorubicin, or
the equivalent dose of an alternative anthracycline, to treat metastatic breast
cancer, if ongoing treatment is controlling the cancer. Further study of its use in
preventing long-term cardiotoxicity in women who receive adjuvant
anthracyclines is needed prior to recommending its use with adjuvant chemo-
therapy regimens containing an anthracycline.

In treating early-stage breast cancer with anthracycline-based chemotherapy,
studies have suggested that 3-hydroxy-3-methylglutaryl coenzyme (HMG-CoA-
reductase) inhibitors, also known as statins, and neurohormonal agents, such
as those proven beneficial in treatment of heart failure, may prevent long-term
cardiotoxicity. Statins not only have cholesterol-lowering effects, but also have
anti-inflammatory and antioxidative pleiotropic effects, both of which have
shown important in anthracycline-induced cardiotoxicity [24-27]. In animal
models, statins are cardioprotective against doxorubicin [28]. Data from an
observational study in breast cancer patients [29] and a meta-analysis in cancer
patients [30] also suggests that statins protect against cardiotoxicity from
anthracyclines. A recent meta-analysis and information from studies in other
cancers where anthracyclines are used suggests that prophylactic treatment with
medications used in the treatment of heart failure, including renin-angiotensin-
aldosterone system inhibitors or beta adrenergic blocking agents, may also
prevent post-treatment left ventricular dysfunction, in particular with higher
anthracycline cumulative doses [31-34].

Several studies have evaluated beta blockers, angiotensin-converting en-
zyme inhibitors (ACEi), and angiotensin receptor blocker (ARB) alone or in
combination to prevent myocardial dysfunction in patients receiving poten-
tially cardiotoxic therapies [35]. Kalay et al. in a single blind, placebo-con-
trolled, randomized trial evaluated a fixed dose of carvedilol 12.5 mg once
daily started prior to chemotherapy and maintained for 6 months in 34 women
with breast cancer and 16 patients with other types of cancers [32]. A decline in
heart function, defined as left ventricular ejection fraction (LVEF) less than 50%
by echocardiogram, was seen in one patient in the carvedilol group, and in five
in the control group. Another double-blind, placebo-controlled, and random-
ized study by Kaya et al. randomly assigned 45 breast cancer patients receiving
potentially cardiotoxic anthracycline chemotherapy to nebivolol 5 mg (n=27)
or placebo (n=18) [33]. Treatment was started before chemotherapy and
continued for 6 months. There was no strict definition for decline in heart
function; however, the control group had a lower LVEF than the nebivolol
group (58 + 6% vs 64 + 4%, p=0.01). In addition, NT-pro-BNP levels remained
unchanged in the nebivolol group (147 + 57 to 152 + 69 pmol/l, p =0.77), but
increased slightly in the control group (144 + 66 to 204 + 73 pmol/l, p=0.01).
A third study by Cardinale et al. randomized 114 patients (29 with breast cancer
and 85 with other cancer) who had myocardial injury as measured by troponin
I release after starting high-dose chemotherapy to receive 20 mg/d or not to
receive the ACFi enalapril [36]. Treatment was started 1 month after chemo-
therapy and maintained for 1 year. The definition of decline in heart function
was an absolute decrease in LVEF of greater than 10%, with a decline below
normal limit measured by echocardiogram, which was seen only in the control
group (43% vs 0%, p < 0.001). The study was open label and randomized. Dessi
etal. in a single-blind, placebo-controlled, randomized trial investigated the use
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The PRADA study

of the ARB telmisartan in 18 breast cancer patients and 31 patients with other
types of cancer [37]. Treatment was started before chemotherapy and main-
tained up to 6 months after epirubicin was discontinued. Heart function was
assessed serially with strain rate analysis by echocardiogram.

Each of these single-arm studies suggested a role of cardioprotection in the
adult patient receiving anthracycline chemotherapy. These results, suggesting
cardioprotective effect of either a beta blocker or an ACEi/ARB or a combination
of these, led to the conduct of two more recent randomized trials, the PReven-
tion of cArdiac Dysfunction during Adjuvant breast cancer therapy (PRADA)
trial and the Carvedilol for prevEntion of Chemotherapy-related CardiotoxicitY
(CECCY) study.

The PRADA study was a 2 x 2 factorial, randomized, placebo-controlled, dou-
ble-blind, single center trial designed to compare the use of (i) the ARB
candesartan, (ii) the beta blocker metoprolol succinate, (iii) both candesartan
and metoprolol, or (iv) matching placebos in preventing decline in left ven-
tricular ejection fraction (LVEF) [38e]. PRADA included women with early stage
breast cancer scheduled to start adjuvant chemotherapy with 5-fluorouracil,
Epirubicin, and cyclophosphamide (FEC) who were age 18-70 years, Eastern
Cooperative Oncology Group (ECOG) performance status 0-1, serum creati-
nine less than 1.6 mg/dL, or GFR greater than equal to 60 mL/min per 1.73 m
square, systolic blood pressure greater than or equal to 110 mmHg and less
than 170 mmHg, LVEF greater than or equal to 50%. Exclusion criteria included
a prior history of malignancy requiring chemotherapy or chest radiation,
symptomatic CHF, clinically significant coronary artery disease (CAD), valvular
heart disease, arthythmias, or conduction delays, treatment with an ACEi, ARB,
or beta-blocker within the last 4 weeks prior to study start. Participants were
stratified for anthracycline dose and for use of trastuzumab or not. After surgery,
baseline evaluation took place and intervention was started. Candesartan
starting dose was 8 mg with a target dose of 32 mg. Metoprolol starting dose
was 50 mg with a target dose of 100 mg. Patients then received anthracycline-
containing chemotherapy and were reevaluated at 10-19 weeks (after
anthracycline therapy and before taxane therapy). Patient whose cancer was
HER-2 positive received trastuzumab with a taxanes and radiation, if indicated.
Patients whose cancers were HER-2 negative received taxanes and radiation, if
indicated. End of study evaluation took place between 10 and 64 weeks after
enrollment. The primary endpoint was change in LVEF using cardiac MRI and
comparing change from baseline to end of study (Fig. 1).

Participant characteristics were evenly distributed among the treatment
groups in PRADA. Mean baseline LVEF was 62-63%. Use of adjuvant
trastuzumab among the treatment groups ranged from 21.9 to 23.3%.

In the placebo-placebo group of the PRADA study, anticancer treatment for
breast cancer was associated with a modest decline in LVEF of — 2.8 percentage
points (95% CI - .3, — 1.3) and no patient developed symptomatic heart failure
during the study period. The candesartan-placebo group had a modest but
statistically significant smaller decline in LVEF of - 0.9 (95% CI -2.3, 0.4; p =
0.025 vs placebo-placebo), and the candesartan-metoprolol group had a
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PRADA trial

Randomized, 2x2 factorial, placebo-controlled,
double-blind clinical trial

Placebo/placebo
Early-stage Breast (n=30)
Cancer*
e age 18-70 years
¢ ECOG PS0-1
¢ Serum Cr<1.6

Primary
Candesartan / placebo endpoint:
(n=32) change in LVEF

using cMRI from
o or'eGFR . Placebo / metoprolol baseline to end
60 ml/min/1.73 acebo / metoprolo! b
m? (n=30) of study
* SBP 2110 mm Hg
and <170 mm Hg

yg— Candesartan / metoprolol
L 2 (]

(n=28)
Exclusion criteria: prior malignancy requiring chemotherapy or chest RT; symptomatic heart

failure; clinically significant CAD, VHD, significant arrhythmas, or conduction delays;
treatment with ACEI, ARB or beta-blocker within the last 4 wks prior to study start

Gulati G et al. Eur HeartJ 2016; 37(21):1671-1680

Fig. 1. PRADA trial randomized, 2 x 2 factorial, placebo-controlled, double-blind clinical trial (used with permission from Oxford
University Press).

similarly small decline in LVEF of - 0.6 (- 2.1, 0.8; p = 0.075 vs placebo-placebo).
The metoprolol-placebo group also had a modest decline in LVEF which was
similar to the placebo-placebo group of - 2.5 (- 3.9, - 1.1; p=0.71 vs placebo-
placebo).

In subset analyses, the benefit of candesartan was particularly notable in
those with lower body mass index (BMI) and in those who have had left-sided
radiation. Interestingly, metoprolol succinate, a drug with proven efficacy in
CHF treatment, had no apparent effect over placebo for the prevention of LVEF
decline in this study. The question of whether these modest effects of preserving
LVEEF translate into lower risk for CHF remains unanswered, since there was no
patient that developed CHF during the study period. Long-term assessment is
needed to assess whether the modest benefit of candesartan is sustained, before
we can consider preventive therapy as standard of care for this patient
population.

CECCY study
- 0000000000000

The CECCY study compared carvedilol to placebo in women with early stage
breast cancer where adjuvant anthracycline therapy was planned [39¢]. Eligi-
bility criteria included stage I-IIIA breast cancer, age 18 or older, HER-2 nega-
tive, planned adjuvant anthracycline (240 mg/m?), informed consent, and
normal baseline LVEF. The anthracycline-containing adjuvant chemotherapy
regimen in this trial was Adriamycin (60 mg/m2) and cyclophosphamide
(600 mg/m?) given every 3 weeks for four cycles, followed by paclitaxel weekly
for 8 weeks. Of note, compared to the PRADA study, none of the patients in this
trial received adjuvant trastuzumab. Women were excluded if LVEF could not be
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assessed, or there was a history of chemotherapy or radiation, previous symp-
toms of CHF, presence of cardiomyopathy or CAD, moderate to severe mitral or
aortic valve disease, contraindication to use of beta-blocker, or use of ACFi,
ARB, or beta blockers. Participants were randomized to receive either placebo or
carvedilol (starting dose 3.125 mg twice a day titrated as tolerated to target dose
of 25 mg twice a day). There were 96 participants in each group. The primary
endpoint was prevention of a > 10% reduction in LVEF at 6 months measured
by echocardiography. Secondary endpoints included troponin I elevation, beta-
type natriuretic peptide (BNP) level, diastolic dysfunction. Follow-up for this
study was 24 weeks (Fig. 2).

The mean baseline LVEF was 65.2 + 3.6% in the placebo group, and 64.8 +
4.7% in the carvedilol group. After 6 months of chemotherapy, there was a
nonsignificant absolute LVEF reduction of 1.3% in the placebo group, and 0.9%
in the carvedilol group. There was no difference in the primary endpoint
between treatment and placebo groups: LVEF change > 10% occurred in 14.5%
of the carvedilol group and 13.5% of the placebo group (p = 1.0). The percent-
age of patients with troponin I>0.04 ng/ml was, however, lower in the carve-
dilol group than placebo (26% versus 41%, p = 0.03). There was also a lower
incidence of diastolic dysfunction in the carvedilol compared to placebo group
(28.5% vs 37.2%, p = 0.039). There was a nonsignificant trend towards less
pronounced increase in LV end diastolic (LVED) diameter during follow-up in
the carvedilol group (41.1 +3.64 mm to 45.2 + 3.2 mm versus 44.9 + 3.6 mm
to 46.4 + 4.0 mm, p = 0.057). There were no differences across groups in BNP
levels. There were also no differences found with respect to clinical events and
side effects were similar across groups.

In summary, the CECCY study showed no difference in changes in LVEF or
BNP levels between carvedilol and placebo-treated groups, but there was a

Carvedilol for Prevention of Chemotherapy-
Related Cardiotoxicity: The CECCY study

Primary endpoint:

Early-stage Breast Placebo prevention of > 10%
Cancer* (n=96) reduction in LVEF at 6 mos
» Stage I-IlIA
* Age 18 or older Secondary endpoints:
* HER2 negative e Troponin | o
- Planned adjuvant * B-type natriuretic

anthracycline Carvedilol peptide

(240 mg/m?2) 50 mg/day « Diastolic dysfunction

- Informed consent (n=96)
- Normal LVEF Follow-up = 24 weeks

*Excluded if: unable to analyze LFEF; h/o chemotherapy or RT; previous symptoms of
heart failure; presence of cardiomyopathy, CAD; AV dz or moderde to severe MR;
contraindication to use of beta-blocker; use of ACE, ARB or beta-blocker

Avila MS et al. J Am Coll Cardiol. 2018; 71(20):2281-2290

Fig. 2. Carvedilol for prevention of chemotherapy-related cardiotoxicity: the CECCY study (used with permission from Elsevier).
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lower incidence of diastolic dysfunction and less troponin I elevations were
seen in the carvedilol group.

These studies suggest that use of ACE-inhibitors/ARBs and beta blockers may
be helpful in prevention of cardiac dysfunction in anthracycline-treated breast
cancer patients, although the results are heterogeneous with different cancer
treatments, different endpoints, and short duration of follow-up. The results of
these trials raise several questions: does the attenuation in decline of LVEF
translate into lower heart failure morbidity and mortality?; what is the optimal,
combination of pharmacological interventions? and how long should patients
remain on these drugs?. We know from heart failure trials, that positive treat-
ment effects are not necessarily a drug class effect. Whereas the use of carvedilol,
metoprolol succinate, and bisoprolol reduced mortality in heart failure patients
with reduced LVEF [40-42], the nonselective beta-adrenergic antagonist
bucindolol had a nonsignificant mortality reduction [43]. Thus only tested
drugs and combinations of drugs are recommended for management of pa-
tients with CHF, and the same principle should be considered for
cardioprotection in cancer patients. While more randomized controlled trials
are needed to support the routine use of ACEi/ARB and beta blockers con-
comitant to anthracycline therapy, in selected patients requiring treatment for
hypertension, for example, preferred agents are those tested in breast cancer
patients. Limitations to the routine use of these medications in patients without
hypertension include low baseline blood pressure, which may be exacerbated
by chemotherapy.

Cardiotoxicity of anti-HER2 therapies
- 0000000000000

The human epidermal growth factor receptor 2 (HER-2) is a member of the
erbB protein family [44]. It is overexpressed in 20-25% of breast cancers. Its
overexpression is associated with early disease progression, in the absence of
anti-HER-2 therapy [45].

Since the discovery of the HER2 receptor, therapies directed at the HER2
receptor have been designed and proven successful in treating HER2-positive
breast cancer [46-48]. The cornerstone of anti-HER-2 therapies, and still the
most commonly used anti-HER-2 therapy, is trastuzumab. It is a recombinant,
humanized, monoclonal antibody directed against the extracellular domain IV
of HER-2. Lapatinib is a small molecule dual tyrosine kinase inhibitor (TKI) of
EGFR and HER-2. Pertuzumab is a monoclonal antibody that binds the
subdomain IT of HER-2 extracellular domain and prevents heterodimerization
with other HER-2 family receptors. Ado-trastuzumab emtansine is an antibody
drug conjugate of trastuzumab and maytansine. Neratinib is another TKI which
irreversibly binds intracellular domain of HER-1, HER-2, and HER-3, and EGFR
and inhibits phosphorylation and several HER-2 downstream signaling path-
ways. Interestingly, even though each of these therapies target the HER2 recep-
tor, found on myocardial cells, clinically significant cardiotoxicity has only been
shown with trastuzumab [49].

Cardiotoxicity of trastuzumab was noted in clinical trials, especially in trials
with the inclusion of anthracyclines [46, 50-53]. In trials for metastatic breast
cancer, cardiotoxicity with doxorubicin alone is only 8%; compared to doxo-
rubicin when administered concurrently with trastuzumab with a cardiotoxicity
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rate up to 27% [46]. Meta-analyses of randomized adjuvant trastuzumab versus
placebo demonstrated an increased risk of severe CHF of 2% versus 0.4%
(relative risk 5.11) [54] and a reduction in LVEF (relative risk 1.83). There were,
however, no differences in cardiac death.

Randomized adjuvant trials confirm the cardiotoxicity of trastuzumab (see
Table 1); although severe CHF and cardiac events remain rare, an asymptomatic
drop in LVEF of 10% points or greater was seen in approximately twice the
number of patients who received trastuzumab vs placebo [55-59]. Discontin-
uation of trastuzumab for cardiac reasons was also noted in some trials.

Risk factors for trastuzumab-related cardiomyopathy include the following: age
greater than 50, previous or concurrent anthracycline use, particularly in patients
who are obese or overweight, and known cardiovascular risk factors including
hypertension, obesity, prior diagnosis of heart disease, and diabetes [58, 60-64].

When delivered in the palliative setting, for metastatic breast cancer,
trastuzumab cardiotoxicity is largely reversible and most patients are asymp-
tomatic. Treatment continuation and or resumption of trastuzumab after res-
olution of cardiac abnormalities may be safe in some women. Studies show that
about 75% of patients who experience a decline in EF improved with standard
heart failure treatment [46, 63, 65, 66]. In a retrospective study of 49 patients
with metastatic breast cancer who developed trastuzumab-related
cardiotoxicity, 79% stopped trastuzumab and recovered with CHF treatment
[67]. Three of those patients did not recover and one died. Treatment was
restarted in 26 patients; 16 remained on treatment without cardiac decline, 10
had recurrent decline in EF, and 5 were able to stay on treatment with slight
decrease in EF. In the adjuvant setting, trastuzumab use may be associated with
long-term cardiotoxicity. An observational study of trastuzumab use in the
adjuvant setting showed that the long-term risk of heart failure was higher in

Table 1. Cardiotoxicity induced by trastuzumab

Trial

NSABP B31,
n=2043
NCCTG N9831,
n=2766
BCIRG 006,
n=3222
HERA, n=5102

FinHer, n=232

Asymptomatic Severe Discontinued
drop in LVEF CHF/cardiac for cardiac
(10 percentage events (NYHA reasons

points to <55%) class
ITI/IV CHF or
death)
AC+TH+HvsAC+T 34% vs 17% 4.1% vs 0.8% 19%
AC+TH+HvsAC+T+HvsAC 5.8-10.4% vs 4.0-7.8% vs 3.3% vs 2.8% vs n/a
+T 4.0-5.1% 0.3%
AC+Tvs AC+TH + H vs 11% vs 19% vs 9% 0.7% vs 2.0% vs n/a
TCaH(2) 0.4%
Adj chemo (3) — H vs Adj 7.1% vs 2.2% 0.6% vs 0.06% 4.3%
chemo alone
VorT+HvsVorT (4)—FEC x 3.5% vs 8.6% 0% Vs 3.4% n/a

3

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.
Abbreviation: A, anthracycline; C, cyclophosphamide; T, taxane; H, trastuzumab; Ca, carboplatin; V, vinorelbine; F, 5-flourouracil; £, epirubicin;
n/a, information not available



30 Page 10 of 17

Curr Treat Options Cardio Med (2019) 21: 30

women who received trastuzumab compared to those who did not receive
trastuzumab, especially when used with an anthracycline-based chemotherapy
regimen and in women who are older [68]. Among women with nonmetastatic
breast cancer, the cumulative incidence of heart failure and/or cardiomyopathy
(HF/CM) diagnosis among those who received anthracyclines and trastuzumab
was 6.2% (95% CI 4.1-8.2%) after 1-year follow-up and increased to 20.1%
(95% CI 14.0-25.6%) by 5 years. Compared to no chemotherapy, the risk of
incident HF/CM was increased for those receiving anthracyclines alone (HR
1.40, 95% CI 1.11-1.76), trastuzumab without anthracyclines (HR 4.12, 95%
CI 2.30-7.42), anthracycline plus trastuzumab (HR 7.19, 95% CI 7.19, 95% CI
5.00-10.35), and other chemotherapy (HR 1.49, 95% CI 1.25-1.77).

The recommended monitoring for trastuzumab-related cardiotoxicity/
cardiomyopathy is based on protocols required in adjuvant chemotherapy
trials [55, 64, 69, 70]. It is recommended that LVEF be checked prior to the
initiation of trastuzumab therapy. If trastuzumab therapy follows anthracycline
treatment, LVEF should be assessed after the completion of the anthracycline
treatment and then prior to initiation of trastuzumab: if normal baseline LVEF,
then begin trastuzumab therapy; if mildly reduced LVEF (45-55%) consider
risk versus benefit before initiating trastuzumab; if more than mild LV dys-
function, trastuzumab is not recommended. If the LVEF is mildly or more than
mildly reduced (<55%) by nuclear study or echocardiogram, it is also recom-
mended that cardiac magnetic resonance imaging (cMRI) be done to confir-
mation the result and further evaluate the myocardium [71] and referral be
made to a cardio-oncology specialty clinic. In some cases, the benefits of anti-
HER2 therapy may outweigh the risk of cardiomyopathy, especially in cases
where the cancer is a more advanced stage, so weighing the benefits and risks of
treatment is important. After the start of trastuzumab and baseline LVEF as-
sessment, in the adjuvant setting, LVEF should be checked every 3 months
during therapy. If 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 LVEF remains low or there is evidence of symptomatic
heart failure, trastuzumab should be discontinued. In the metastatic setting,
LVEF should be checked at baseline and then as clinically indicated thereafter. If
LVEF declines significantly to an absolute value of <40% then consideration of
the benefits and risk of further trastuzumab therapy should be discussed.

As with anthracycline therapy, the use of beta blockers, ACEi, and ARBs have
been considered to prevent trastuzumab-induced cardiomyopathy. The Multi-
disciplinary Approach to Novel Therapies in Cardio Oncology Research
(MANTICORE) trial compared placebo versus the ACEi perindopril versus the
selective beta-blocker bisoprolol in women receiving adjuvant trastuzumab
[72e]. In this trial, eligible participants were women with early stage breast
cancer (stage I-1I1A), HER-2 positive disease, age greater than 18, planned
adjuvant trastuzumab, informed consent. Women were excluded from the
study if they had a history of CHF, cardiomyopathy, or MI, contraindication to,
or current treatment with ACEi, beta-blocker, or ARB, uncontrolled hyperten-
sion, prior chest radiation or chemotherapy, estimated glomerular filtration rate
of less than 30 mL/min per 1.73 m?, or contraindication to MRI. Women were
randomized to one of three arms: placebo (n = 30), perindopril 2 mg daily
titrated to target of 8 mg daily (n = 33), and bisoprolol 2.5 mg daily titrated up
to target 10 mg daily (n=31). During 17 cycles of adjuvant trastuzumab, study
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medication started 7 days prior to start of trastuzumab and titrated over

3 weeks to the target dose. Study drug was continued for the entire duration of
adjuvant trastuzumab. The primary outcome for the MANITCORE trial was
cardiac remodeling expressed as change in indexed LV end diastolic volume
(LVEDVi) on cardiac MRI from baseline to completion of trastuzumab. The
rationale for this endpoint was the observation that increases in LVEDVi,
indicating cardiac remodeling, is an early feature of CHF and has been reported
with adjuvant trastuzumab. The secondary measure was change in LVEF from
pre-trastuzumab to post-trastuzumab therapy (Fig. 3).

For the MANTOCORE trial, clinical safety was evaluated as the number of
study drug-related serious adverse effects and/or premature study drug with-
drawal in each group. Blood pressure, heart rate, serum potassium, and creat-
inine were recorded with each clinical assessment along with symptom-related
adverse events. During post-hoc analysis, cancer-treatment-related cardiac dys-
function (CTRCD) was defined as a drop in LVEF of > 10 percentage points to a
value of <53% on cardiac MRI. Clinical cardiotoxicity was defined as any
interruption and trastuzumab therapy of greater than or equal to 7 days as a
result of decline in cardiac function. Open label treatment with ACEi and beta-
blocker was recommended for an absolute decline in LVEF of > 5% and LVEF of
<55% with symptoms of heart failure or for an asymptomatic absolute decline
in LVEF of > 10% and LVEF of <50%. Interruptions in trastuzumab therapy
and/or treatment with open label ACFEi and beta-blocker therapy were left to the
discretion of the treating oncologist.

Maximum dose level of perindopril or bisoprolol was reached in 90% of
those treated with placebo, 75% of those on perindopril (mean dose 6.8 +
2 mg), and 65% of bisoprolol-treated patients (mean dose 7.7 + 3 mg). There
were no significant study drug-related adverse events or serious adverse events.

ciplinary Approach to Novel Therapies in
-Oncology Research (MANTICORE) trial

Placebo
(n=30) During 17 cycles of
adjuvant trastuzumab,
study medication
Perindopril 2 mg + Started 7 days before
qd titrated to start of trastuzumab
target of 8 mg qd and titrated over 3 wks
(n=33) to target dose
Continued for duration
of adjuvant

qd titrated to trastuzumab

target 10 mg qd
(n=31)

*Excluded if: history of heart failure, cardiomyopathy, or myacardial infarction, contraindication to, or current
treatment with, ACEi, BB, or angiotensin receptor antagonist, uncontrolled hypertension, prior chest radiation or
chemotherapy, estimated glomerular filtration rate of < 30 mL/min/1.73 m?, and contraindication to MRI.

Pituskin E et al. J Clin Oncol. 2017: 35(8):870-877

Fig. 3. Multidisciplinary Approach to Novel Therapies in Cardio-Oncology Research (MANTICORE) trial.
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Blood pressure decreased in the perindopril-treated group. Heart rate was lower
in the bisoprolol-treated group.

After 17 cycles of trastuzumab, there was a modest increase LVEDVi ob-
served in all arms ranging between 4 and 8 ml/m? (p = 0.36). There was lesser
decline in LVEF with bisoprolol (- 1 + 5% vs placebo) and the perindopril-
treated groups (- 3 + 4% and - 5 + 5%, respectively; p =0.001). At mid-treat-
ment, CTRCD was less common in the perindopril-treated and bisoprolol-
treated groups, compared to placebo (1 of 33, 1 of 31, 6 of 30, respectively; p =
0.02). Post-treatment CTRCD was similar between groups. Interruptions in
trastuzumab therapy as a result of LV dysfunction were fewer in treatment than
placebo groups (3 of 33, 3 of 31, 9 of 30, respectively; p = 0.03).

In multivariate analysis, baseline LVEDVi was predictive of change in LVEDVi,
decline in LVEF was predicted by baseline LVEF, and perindopril and bisoprolol
were independent predictors of maintained LVEF. Both perindopril and bisoprolol,
therefore, were well tolerated in patients with HER-2 positive early stage breast
cancer treated with adjuvant trastuzumab. Both agents protected against
trastuzumab related declines in EF. Neither prevented LV remodeling.

Another study, presented initially in 2018 at European Society of Medical
Oncology [73] and San Antonio Breast Cancer Symposium [74] meetings, stud-
ied the ACEi lisinopril and the beta blocker carvedilol to reduce cardiotoxicity
among patients with early-stage, HER2-positive breast cancer treated with
trastuzumab. In this randomized, double-blind, placebo-controlled, multicenter
study, 468 patients from 127 centers were randomly assigned to receive placebo,
lisinopril, or carvedilol during the 1-year of adjuvant trastuzumab. Patients were
stratified according to anthracycline use. The primary endpoint of the study was
cardiotoxicity, defined as an absolute decrease in LVEF of 10% or greater (5% or
greater if baseline LVEF was less than 50%), during treatment and the year after
treatment was completed. There were baseline differences in anthracycline vs
non-anthracycline cohorts, including younger age (48 vs 53 years) and lower
systolic blood pressure (120 vs 130 mmHg) in those receiving anthracyclines.
Overall, cardiotoxicity was similar across treatment groups: 32% placebo, 29%
carvedilol, and 30% lisinopril. In the group receiving anthracyclines, however,
cardiotoxicity was less in the lisinopril (37%) and carvedilol (31%) groups than
in the placebo (47%), and interruptions in therapy were less, at 23%, 20%, and
40%, respectively (p=0.007). In the anthracycline-treated cohort, cardiotoxicity-
free survival was longer with use of carvedilol (HR = 0.49, 95% CI, 0.27-0.89,
p=.009), and lisinopril (HR 0.53, 95% CI, 0.30-0.94, p = 0.015) compared with
placebo (Fig. 4).

Conclusions

There is rare but definite risk of symptomatic cardiomyopathy in breast cancer
patients who are treated with anthracyclines and anti-HER-2 therapies. In the
adjuvant setting, especially in women with favorable-risk breast cancer, where
long-term cardiovascular mortality is more common than cancer mortality,
monitoring for and preventing cardiomyopathy is especially important. Ran-
domized trials suggest that preventive therapies with neuroendocrine blockade,
including treatment with ACE inhibitors, ARBs, and beta blockers, may decrease
risk of cardiomyopathy. There is early evidence to suggest that drugs that we use
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Prevention of Cardiotoxicity during Trastuzumab
(presented at ESMO and SABCS 2018)

Placebo
(n=30)

Early-stage Breast Primary endpoint:

Cancer* absolute decrease

* HER2+ Lisinopril 10 mg qd in LVEF of 210%
s/p chemotherapy (n=33) (25% if baseline
receiving LVEF <50%)
trastuzumab

SBP>90, HR=60,
LVEF 250% Carvedilol 10 mg qd

(n=31)
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*stratified by use of anthracycline

Munster P et al. ESMO 2018 and SABCS 2018

Fig. 4. Prevention of cardiotoxicity during trastuzumab (presented at ESMO and SABCS 2018) (used with permission from Pamela
Munster)

to treat heart failure, such as ACEi, ARBs, and beta blockers, have the potential
to preserve LV function in patients receiving anthracyclines and/or trastuzumab.
The data is, however, heterogeneous and not yet strong enough to prompt
universal adaptation. Larger trials with longer follow-up and clinically impor-
tant endpoints will be needed before we make changes to standard practice. At
this point, it is certainly reasonable to consider use of ACEi/ARB or beta blockers
in patients where we find a drop in LVEF or in those with hypertension who are
receiving anthracycline-containing chemotherapy or trastuzumab.
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