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Abstract

Purpose of Review HER?2-targeted therapies have led to improved clinical outcomes in early and advanced breast cancer
(BC). We review the long-term cardiotoxicity of HER2-targeted therapy in early and advanced BC, our current knowledge
of cardiotoxicity of novel HER2-targeted therapies, and propose a cardiac monitoring (CM) strategy for this population.
Recent Findings Long-term data from studies with HER2-targeted therapy in the adjuvant setting have failed to demonstrate
an increase in cardiotoxicity over time, and rates of cardiotoxicity seen with novel HER2 agents remain low. Despite over
a decade of experience with HER2-targeted therapy, CM in clinical practice is inconsistent in patients with early BC and
almost non-existent in advanced BC.

Summary Long-term follow-up of clinical trials with HER2-targeted agents in early and advanced BC has failed to dem-
onstrate increased rates of cardiotoxicity over time, attesting to the long-term safety of this class of drugs for the majority
of patients, although the long-term cardiac safety of newer HER?2 agents in the non-clinical trial setting is largely unknown.

We propose CM incorporating clinical history, cardiac imaging, and biomarkers.

Keywords Breast cancer - Novel HER?2 agents - Cardiotoxicity - Cardiac monitoring

Introduction

HER2-targeted therapies have led to improved clinical
outcomes in patients with early and advanced breast can-
cer but are associated with an increased risk of cardiotox-
icity. In the pivotal early-stage breast cancer trials with
trastuzumab-based therapy, cardiac events were reported in
0-3.9% of patients depending on treatment regimen [1-3].
However, in population-based studies, higher rates of car-
diac events have been reported in older patients at 5 years
(3.1% < 65 years old vs. 8.9% > 65) [4], and cohort studies
have reported asymptomatic drops in left ventricular ejection
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fraction (LVEF), the clinical significance of which is largely
unknown [5]. A retrospective Danish cohort study of more
than 8800 women noted a twofold increase in the risk of
heart failure at 9 years for those patients treated with anthra-
cyclines and trastuzumab vs. chemotherapy alone, highlight-
ing the importance of understanding the long-term cardiac
safety of these drugs in the non-clinical trial setting [6]. A
number of novel HER2-targeted agents (e.g., pertuzumab)
have been introduced into clinical practice since the intro-
duction of trastuzumab-based therapy over a decade ago.
Dual HER2-targeted therapy (pertuzumab/trastuzumab) is
now standard of care for neoadjuvant (prior to breast sur-
gery) and adjuvant (after breast surgery) treatment, particu-
larly in the setting of lymph node involvement. There are
now multiple lines of HER2-targeted therapy (e.g., T-DM1)
for patients with advanced disease, which has resulted in
substantial improvements in progression-free survival and
overall survival [7], but what are the long-term cardiovas-
cular consequences of HER2-targeted therapy, particularly
for patients with early-stage disease? Furthermore, are
novel HER2-targeted agents more cardiotoxic? This paper
reviews the long-term cardiotoxicity of HER2-targeted
therapy reported in early and advanced breast cancer trials,
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our current state of knowledge of cardiotoxicity of novel
HER2-targeted therapies, and briefly describes potential
cardioprotective strategies. In the era of modifications of
health care delivery imposed by the COVID-19 pandemic,
we propose a modified cardiovascular monitoring strategy
for this patient population.

Long-Term Cardiotoxicity with Trastuzumab-Based
Therapy

Trastuzumab-based therapy is the cornerstone of cancer
therapy for patients with HER2 overexpressing breast can-
cer. Mechanistically, LVEF decline is seen with trastuzumab,
given the ErbB2/ErbB4 receptor expression in cardiomyo-
cytes. Growth factor neuregulin-1 (NRG-1) has a protective
role against myocardial stress; however, binding of HER2
therapy to the HER2 receptor may disrupt this pathway
resulting in cardiotoxicity. Unlike anthracycline chemother-
apy, the probability of cardiotoxicity is not associated with
cumulative doses of trastuzumab and is generally revers-
ible [7]. Combination therapy of anthracyclines with tras-
tuzumab has shown higher rates of cardiotoxicity, perhaps
given the disruption of the NRG-1 pathway and protective
effects in the myocardium that has been damaged by anthra-
cycline use. In the pivotal trial, conducted by Slamon and
colleagues, of trastuzumab given concurrently with anthra-
cyclines, there was a significant clinical benefit in patients
with advanced breast cancer, but unacceptably high rates of
heart failure (28%) [3]. In a retrospective cohort study by
Bowles et al., the 5-year cumulative incidence of heart fail-
ure and/or cardiomyopathy in women with invasive breast
cancer was 12.1% for trastuzumab alone and 20.1% in those
receiving anthracyclines plus trastuzumab [8]. Subsequent
trials modified the delivery of trastuzumab (trastuzumab fol-
lowing anthracyclines), resulting in maintenance of clinical
efficacy but with lower rates of cardiotoxicity.

In the early-stage breast cancer setting, long-term fol-
low-up of HER2-targeted trials has failed to demonstrate
increased rates of cardiotoxicity over time (Table 1) [1, 2].
In the HERA trial, at a median follow-up of 11 years, pri-
mary cardiac endpoints were rare, and there was no statisti-
cal difference between treatment groups (0.1% (n=2) in the
observation group vs. 1% (n=18) in both the 1 and 2 years
(n=17) trastuzumab groups). However, secondary cardiac
endpoints occurred more frequently with two years of tras-
tuzumab exposure (7.3%) compared to 1 year of trastuzumab
(4.4%) and observation (0.9%) with no improvement in clin-
ical outcomes. In both trastuzumab groups, fewer cardiac
endpoints occurred after completing trastuzumab treatment
than in the scheduled treatment period [1]. In the BCIRG
006, at a median follow-up of 10.3 years, there was a fivefold
increase in the incidence of heart failure (HF) in the anthra-
cycline-containing arm—doxorubicin/cyclophosphamide
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followed by docetaxel and trastuzumab (AC-TH) arm (2%)
vs. the non-anthracycline arm—docetaxel, carboplatin, tras-
tuzumab (TCH) arm (0.4%); however, this did change with
time. The risk of sustained LVEF decline was more common
with AC-TH (n=206) vs. the TCH arm (n=97) [3, 9].

APHINITY, a large international phase III randomized
trial, demonstrated a small but statistically significant benefit
of dual HER2 blockade with trastuzumab and pertuzumab
with a chemotherapy backbone vs. trastuzumab based ther-
apy alone, in women with early-stage HER?2 positive breast
cancer; however, the cardiac event rate was low, with 0.7%
reported in the combination arm vs. 0.3% in the trastuzumab
alone arm [10]. The 6-year analysis presented at the 2019
San Antonio Breast Cancer Symposium continued to dem-
onstrate superior clinical efficacy with dual HER2 blockade,
particularly in women with node-positive breast cancer, with
only one additional cardiac event reported in this updated
analysis [11].

With improved clinical outcomes and overall survival
in patients with advanced breast cancer, the long-term car-
diotoxicity of HER2-targeted therapy has become increas-
ingly relevant. CLEOPATRA was an international, phase
III, double-blind, placebo-control trial which randomized
over 800 women with HER?2 positive advanced breast can-
cer to docetaxel, trastuzumab, and pertuzumab or docetaxel,
trastuzumab, and placebo. In an end-of-study analysis (99-
month median follow-up), there was one new case of heart
failure (onset at 77 months), which resolved in 34 days.
One patient crossed over to the dual HER2 blockade arm
and experienced left ventricular systolic dysfunction at
46 months. This end of study analysis failed to demonstrate
any long-term cardiac safety concerns with the addition of
pertuzumab in this patient population [16].

Similarly in the EMILIA trial, a randomized phase III
trial of T-DM1 vs. lapatinib/capecitabine in advanced breast
cancer demonstrated, at a median of 47.8-month follow-up
in the T-DM1 arm and 41.9 months in the lapatinib/capecit-
abine arm, a very low incidence of grade 3 or worse car-
diac dysfunction in both the lapatinib/capecitabine group
(3 patients, < 1%) and the T-DM1 group (one patient, < 1%)
[17].

Long-term follow-up of clinical trials with HER2-tar-
geted agents in both early and advanced breast cancer has
failed to demonstrate increased rates of cardiotoxicity over
time, attesting to the long-term safety of this class of drugs
for the majority of patients. In clinical practice, the most
common cardiac events reported are asymptomatic drops in
LVEEF (8-18%), which vary in incidence depending on treat-
ment and patient-related factors (e.g., age, co-morbidities)
[5, 24]. The majority of patients who do experience drops
in LVEF will recover with appropriate modification of can-
cer therapy. Those patients who do experience symptoms
or signs of heart failure tend to do so early in the course
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of HER2-targeted therapy. In a real-world study of cardiac
events in over 3700 patients with HER2-positive early-stage
breast cancer treated with trastuzumab, the incidence of
heart failure was 2.8% with a median onset of 5.7 months
and median time to resolution of symptoms of 9.9 months
[5]. Identification of this higher-risk population should be
the focus of further research, particularly with regards to
primary prevention strategies.

Cardiotoxicity of Novel HER2-Targeted Therapies

The FDA has recently approved several new therapies for
advanced HER2-positive breast cancer (Table 2), but little
is known about potential long-term cardiovascular toxici-
ties. Here we review the mechanism of action of recently
approved HER2-targeted therapies (Fig. 1) and the cardio-
toxicity reported in the respective clinical trials.

Antibody-Drug Conjugates (ADCs)
Fam-Trastuzumab Deruxtecan (DS-8201)
Fam-trastuzumab deruxtecan (Enhertu) or DS-8201 is an
antibody—drug conjugate consisting of trastuzumab and Dxd,
an exatecan derivative and topoisomerase inhibitor, with a

high chemotherapy payload and a drug to antibody ratio of
approximately eight to one respectively. Fam-trastuzumab

Table 2 FDA indication for HER2-targeted agents in breast cancer

deruxtecan was approved for HER2-positive, advanced
breast cancer in December 2019 based on the Destiny-
BreastO1 phase II clinical trial in which the objective
response rate was an impressive 61% in heavily pretreated
patients [18, 30].

Given the trastuzumab component, fam-trastuzumab
deruxtecan does carry a warning for left ventricular dys-
function, with a recommendation for LVEF assessments at
baseline and at regular intervals during treatment. Additional
recommendations regarding continuation, discontinuation,
or holding of therapy are provided based on the degree or
severity of LVEF change [30].

Despite containing trastuzumab, thus far the reported
rates of cardiotoxicity associated with fam-trastuzumab
deruxtecan have been low. In Destiny-BreastO1, a decrease
in LVEF occurred in three patients, two grade 2 and one
grade 3, and all were asymptomatic; patients recovered or
were recovering after therapy interruption. There were no
events of cardiac failure associated with the LVEF decrease
[18]. There were no cases of decreased ejection fraction in
DESTINY-Breast04 that included HER2 low or equivo-
cal patients [19]. The low cardiotoxicity rates seen with
fam-trastuzumab deruxtecan are similar when compared to
another antibody—drug conjugate containing trastuzumab,
ado-trastuzumab emtansine, or T-DM1. A decrease in LVEF
was seen in 1.2% of patients receiving adjuvant T-DM1
1.7% of patients receiving T-DM1 in the advanced setting
EMILIA trials [31, 32]. Of note, within both clinical trials,

Targeted agent Clinical indication

Trastuzumab [25, 26]

Pertuzumab [27]

Lapatinib [28]

Neratinib [29]

Tucatinib [23]

T-DMI [22]

o Adjuvant treatment for HER2 + breast cancer as part of a treatment regimen that includes doxorubicin, cyclo-
phosphamide, and paclitaxel or docetaxel OR part of a treatment regimen with docetaxel and carboplatin OR
single agent following anthracycline-based therapy

o Metastatic HER2 + breast cancer in combination with trastuzumab and docetaxel for first-line treatment

o Adjuvant treatment of early stage HER2 + breast cancer at high risk of recurrence in combination with trastu-
zumab

o Neoadjuvant treatment of locally advanced, inflammatory or early stage HER2 + breast cancer in combination
with trastuzumab and chemotherapy

o Advanced or metastatic HER2 + breast cancer in combination with capecitabine after prior therapy including
an anthracycline, a taxane, and Trastuzumab

o Metastatic HER2 +, hormone-receptor positive breast cancer in postmenopausal women in combination with
letrozole

o Extended adjuvant treatment of early-stage HER2 + breast cancer after adjuvant trastuzumab-based therapy

o Advanced/metastatic HER2 + breast cancer in combination with capecitabine after 2 prior anti-HER2 based
regimens in metastatic setting

o Unresectable/metastatic HER2 + breast cancer in combination with Trastuzumab and capecitabine after 1 prior
anti-HER?2 based regimen

o Treatment of early-stage HER2 + breast cancer with residual invasive-disease following neoadjuvant taxane
and trastuzumab-based treatment

o Metastatic HER2 + breast cancer after previous trastuzumab and taxane therapy

Trastuzumab Deruxtecan [18] e Metastatic HER2 + breast cancer after 2 prior lines of HER2-based regimens in metastatic setting

Abbreviations: HER2 +, Human Epidermal Growth Factor Receptor 2 Positive; LVEF, left ventricular ejection fraction; 7-DMI, Trastuzumab

Emtansine
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Fig. 1 Mechanism of action for
HER?2-targeted agents. Created
with BioRender.com
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< Dimerization
Domain /

Trastuzumab
activates ADCC/
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targeted delivery of cytotoxic agents

C) Tyrosine Kinase Inhibitors

HER1/EGFR
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Domain

patients had to have an LVEEF of greater than or equal to 50%
to be eligible for the study. Therefore, cardiotoxicity rates
reported in these trials may not be fully reflective of patients
within the community setting.

Tyrosine Kinase Inhibitors

Several oral HER2-targeted tyrosine kinase inhibitors (TKIs)
are currently available for patients with HER2-positive
breast cancer, including lapatinib, neratinib, and tucatinib
(Fig. 1) Lapatinib, which targets HER1 and HER2 and is
approved in the advanced setting for HER2-positive breast
cancer, was initially approved by the FDA in 2007, followed
by neratinib and tucatinib in 2017 and 2020, respectively.

@ Springer

HER3

HER4

Tucatanib has high specificity to
HER2 receptors compared to
Lapatinib and Neratinib, which
also bind to other HER receptors

Tucatanib (HER2)
Lapatinib (HER1, HER2)
Neratinib (HER1, HER 2, HER4)

Although less frequent than trastuzumab, lapatinib has been
associated with an increased risk of cardiac events, includ-
ing decreased LVEF and QTc prolongation requiring the
need for cardiac monitoring and dose modifications [33, 34].
ALTERNATIVE, a phase III trial, randomized patients with
advanced breast cancer to lapatinib (L) in combination with
an aromatase inhibitor (AI) with or without trastuzumab (H)
versus H and an AI (LAI, LHAI or HAI). As a secondary
endpoint, investigators assessed patients for cardiac safety-
related events. They found that 7% of patients receiving
LHALI experienced a cardiac event compared to only 3% of
patients receiving HAI and 2% of patients receiving LAI.
However, the study was not powered to detect a statisti-
cal difference [20]. In contrast, a subgroup analysis of the
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ALTTO trial, comparing adjuvant treatment of trastuzumab
with or without lapatinib found that patients receiving com-
bination therapy seemed to have a compensation for cardiac
events primarily during the first 6 months of trastuzumab
use, as evidenced by a trend towards a higher cumulative
incidence of cardiac events in the trastuzumab-only arm
after 6 months [12]. The proposed mechanism of cardiac
safety seen with lapatinib may be explained by the activation
of the AMPK pathway, which inhibits TNF-alpha-induced
cardiomyocyte cell death, as opposed to trastuzumab, which
inhibits the AMPK pathway [35]. Lower rates of cardiotox-
icity may also be related to selective inclusion and exclusion
criteria. These findings suggest that neratinib and tucatinib
may potentially confer some degree of cardiac risk.
Neratinib is an irreversible, pan-HER TKI that inhib-
its HER 1, 2, and 4 and is approved as monotherapy for
extended adjuvant treatment after trastuzumab-based therapy
and for use in advanced HER2-positive breast cancer in com-
bination with capecitabine [29]. The ExteNET trial led to the
FDA approval of neratinib for extended adjuvant treatment
(after 1 year of trastuzumab) [36]. Compared to placebo,
1 year of neratinib therapy demonstrated an improvement
in 2-year invasive disease-free survival, particularly in those
patients with hormone-receptor-positive disease and positive
lymph nodes. These findings were sustained at 5 years [36].
Additionally, the use of neratinib was not associated with
an increase in long-term toxicity, specifically cardiotoxicity,
although patients with clinically significant cardiac morbidi-
ties were excluded [36]. Similarly in the NALA trial, ner-
atinib was compared to lapatinib, both in combination with
capecitabine, and no significant cardiotoxicity concerns were
noted. Patients receiving neratinib experienced similar rates
of arrhythmia and ischemic heart disease, as well as lower
rates of QTc prolongation. However, there was a slightly
higher incidence of LVEF reduction in the neratinib-arm
[21]. No grade 5 cardiac events were seen in the neratinib
arm, compared to two in the lapatinib arm (i.e., cardiac
arrest, cardiac tamponade) [21]. However, when compared
to lapatinib on a mechanistic level, neratinib targets an
additional receptor, HER4 [29]. Both HER2 and HER4 are
expressed on cardiomyocytes, and the activation of HER2/
HER4 heterodimers may be essential in maintaining ven-
tricular structure, function, and overall cell survival [37, 38].
Tucatinib selectively targets HER2 and is approved for
use in advanced HER2-positive breast cancer [39]. In an
early phase I study investigating tucatinib in heavily pre-
treated patients with HER2-positive solid tumors, no car-
diac-related symptoms or side effects were identified [40].
Notably, all patients had received prior trastuzumab, and
84% had received prior lapatinib [40]. Patients were also
excluded if their LVEF was less than 40% [40]. Similarly,
in an unpublished study evaluating the effect of tucatinib
300 mg daily on cardiac repolarization in healthy subjects,

no effect on QT prolongation was noted (NCT03777761)
[41]. More recently, the phase III HER2CLIMB study
investigated tucatinib vs. placebo in combination with tras-
tuzumab and capecitabine in patients who had received prior
trastuzumab and ado-trastuzumab emtansine [22]. This com-
bination was associated with a significant improvement in
progression-free survival, including patients with active
brain metastases [22, 23]. The incidence of all-grade, as well
as grade >3 treatment-related adverse events, was similar
between arms, specifically in regards to LVEF reduction and
QTc prolongation [23]. A total of 14 subjects experienced
treatment-related LVEF reduction, with nine patients (2.2%)
in the tucatinib arm and five patients (2.5%) in the placebo
arm. Additionally, two patients in each arm experienced a
grade 5 cardiac adverse event [23]. Similar rates of discon-
tinuation and dose modification were also seen. As the role
of HER3 in cardiac function is less established, and this
medication was only recently approved, our understanding
of drug-related cardiotoxicity is relatively limited [42].

One of the limitations of clinical trials with HER2-tar-
geted therapies is the exclusion of patients with a cardiac
history or reduced LVEF at baseline before therapy initia-
tion. Because of these exclusion criteria, cardiotoxicity rates
seen within the clinical trial setting are likely not reflective
of patients treated in the community. There is little guidance
on managing patients that may have reduced LVEF at base-
line or previous cardiac history. Recent data from a small
prospective study, SAFE-HEaRt, demonstrated that patients
with stage I-IV HER2-positive breast cancer receiving tras-
tuzumab, pertuzumab, or T-DM1 with an LVEF 40-49%,
without heart failure symptoms, were able to complete their
planned HER2-targeted therapies with appropriate guided
medical therapy [43]. This data is promising and supports
the consideration of HER2-targeted agents in patients oth-
erwise excluded from clinical trials. Additional clinical
trials are needed in patients with cardiac risk factors and/
or cardiac disease and reduced LVEF to determine toxicity
rates more reflective of those likely seen within the commu-
nity setting as well as to provide safety data for treatment.
SCHOLAR-2, a prospective randomized trial, will evalu-
ate whether it is safe and effective to continue trastuzumab,
pertuzumab, or TDM-1 in patients with early stage HER2
positive breast cancer who develop mild, minimally sympto-
matic or asymptomatic systolic left ventricular dysfunction
(NCT04680442).

Cardiovascular Monitoring Strategies
for HER2-Targeted Therapy

Cardiovascular monitoring of patients on HER2-targeted
therapy has primarily been based on studies with tras-
tuzumab alone [25]. The FDA recommends a cardiac
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assessment at baseline that includes a history and physical
examination, and evaluation of LVEF by echocardiogram
or MUGA scan, and every three months during and every
6 months following completion of trastuzumab as a com-
ponent of adjuvant therapy for a maximum of two years
regardless of anthracycline use (see Fig. 2A) [25]. Similar
cardiac monitoring strategies have been recommended by
the European Society for Medical Oncology (ESMO) [44,
45], American Society of Clinical Oncology (ASCO) [46],
and National Comprehensive Cancer Network (NCCN) [47].
Cardiac monitoring in the setting of dual HER?2 blockade
as per the product monograph recommends LVEF assess-
ment prior to initiation of pertuzumab (in combination
with trastuzumab) and at regular intervals (e.g., every three
months) during treatment to ensure LVEF remains within
the institution’s normal limits. The product monograph does
not specifically address cardiac monitoring upon complet-
ing pertuzumab when given in the adjuvant setting. There
are no specific guidelines regarding cardiac monitoring with

HER?2 therapy in the advanced breast cancer setting. This is
particularly relevant given that individuals may remain on
HER?2 therapy for months to years. In a population-based
study in Ontario, where cardiac monitoring is required every
6 months for advanced breast cancer, the incidence of car-
diotoxicity was low [48]. In light of the established clinical
benefit of sequential HER2-targeted therapy in advanced
breast cancer, we recommend routine cardiac monitor-
ing only in the setting of clinical heart failure or for those
patients with significant cardiovascular risk factors or pre-
existing cardiomyopathy in order to optimize cardioprotec-
tive strategies. Routine cardiac monitoring in asymptomatic
patients may lead to early termination of life-sustaining
HER2-targeted therapy.

There are several drawbacks to the current cardiac
monitoring algorithms. First, inter-user variability is pos-
sible between echocardiography-based LVEF measurement
(+/—-10%), leading to unnecessary further cardiovascular
testing and discontinuation of lifesaving cancer therapy

History and Physical Exam
And baseline LVEF
measurement with

echocardiogram/MUGA

LVEF

measurement

measurement

Every 6 months

LVEF LVEF

measurement measurement

Biomarker NT-
Pro-BNP/BNP
& Troponin
and hs-TNT

History and Physical Exam
and baseline LVEF measurement
with echocardiogram/ cardiac
MRI/ MUGA
+ candesartan (40-50% EF) +
Biomarker NT-Pro-BNP/BNP &
Troponin and hs-TNT

measurement

Repeat till end of
treatment

aaaaaaa . .

LVEF Biomarkers +
clinical follow-
up (optional
echo)

measurement

Clinical Questionnaire

Are you more short of breath than last visit?
Do you sleep propped up to deal with that?
Is your shortness of breath associated with leg or belly swelling?

Fig.2 A—Current recommended cardiac monitoring for early-stage breast cancer patients on HER2-targeted therapy. B—Suggested cardiac
monitoring for early-stage breast cancer patients on HER2-targeted therapy
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[49]. In the light of findings from the recently published
SUCCOUR trial, there may be a benefit to high-quality
echocardiographic strain imaging; however, it is essential
to note that the majority of patients treated with HER2-
targeted therapy will not experience clinically significant
cardiotoxicity and, therefore, may not need such intense
cardiovascular imaging [7, 50]. In the era of COVID-19,
where efforts are being made to minimize patient contact,
the current recommendations for cardiovascular monitoring
seem excessive (Fig. 2A) [51]. ESMO recently published a
position statement on COVID-19 and cardiovascular imag-
ing that ranks the first echocardiogram in early-stage breast
cancer patients a medium priority and follow-up echocar-
diograms as low-priority tests in the absence of symptoms
[52]. Finally, unnecessary tests in cancer treatment settings
add to patients’ emotional and financial burden [52, 53].
Studies have demonstrated in the USA that only 46% of
women below the age of 65 [54] and 36% of those above
the age of 65 [55] have cardiac monitoring as per the FDA
recommendations.

In Fig. 2B, we propose an alternate pathway of monitor-
ing breast cancer patients who are receiving HER2-targeted
therapy. All patients should have a history and physical
and a baseline echocardiogram/cardiac MRI/MUGA scan
based on institutional availability. The initial evaluation of
patients should consider active management of modifiable
cardiovascular risk factors, especially hypertension (except
non-dihydropyridine calcium channel blockers due to inter-
action leading to anti-HER?2 level rise), encouraging exer-
cise, and a healthy diet [45, 56, 57]. N-terminal pro-brain
natriuretic peptide (NT-pro-BNP)/ brain-natriuretic peptide
(BNP) is a highly sensitive marker of myocardial stretch,
which increases with an increase in volume status, which

can be seen in those with clinical heart failure. Troponin-T
(TnT)/high-sensitivity troponin (hs-TnT) is a highly sensi-
tive marker of myocardial necrosis, thus useful as a marker
of early cardiotoxicity. Baseline cardiac biomarkers can be
drawn, with cancer treatment bloodwork, prior to initiation
of HER2-targeted therapy. A clinical questionnaire regard-
ing signs and symptoms of heart failure can be administered
during cancer clinic visits. This would provide an alternate
standardized way of evaluating patients for potential cardio-
vascular toxicity without additional clinical visits or cardiac
imaging. At the prescribed 3-month time point, cardiac bio-
markers can be drawn before the scheduled anti-HER?2 infu-
sion, omitting the need for an echocardiogram, if normal.
This cardiovascular monitoring strategy would minimize
contact while potentially providing the same level of drug-
toxicity monitoring.

A low-dose angiotensin-receptor blocker (e.g., candesar-
tan), ACE inhibitor, and/or beta-blocker should be consid-
ered prior to initiation of or during HER2-targeted therapy in
patients with LV dysfunction (LVEF 40-50%). SCHOLAR
[58] and SAFE-HEaRT [43] were small prospective studies
demonstrating the feasibility and safety of continuing with
trastuzumab therapy in the setting of mild to moderate left
ventricular dysfunction (i.e., LVEF 40-49%) with the use of
ACE inhibitors and/or beta-blockers. In a recent population-
based study (5500 women) in Ontario, patients who did not
complete the recommended course of adjuvant trastuzumab,
including those with cardiotoxicity, had a statistically higher
risk of breast cancer relapse and death [59]. A recent study
from Memorial Sloan Kettering Cancer Center (1396
women) corroborated an increased risk of breast cancer
recurrence and death with interruption of trastuzumab ther-
apy, 24% (interrupted) vs. 13% (continuous), highlighting

Table 3 Primary cardiotoxicity prevention trials in patients with breast cancer [61]

Trial (N) Intervention Primary outcome Benefit (yes/no)

PRADA[63] 1:1:1:1, metoprolol, candesartan, Changes in LVEF by CMR Yes, absolute LVEF change: 2.6% in
(N=130, all anthracycline, 22% metoprolol and candesartan, or at 10 to 64 weeks placebo, 0.8% in candesartan (p=0.026)
trastuzumab) placebo

Guglin et al. [64]
(N=468, all trastuzumab, 40%
doxorubicin)

1:1:1 carvedilol, lisinopril, or
placebo

Boekhout et al. [65]
(N=206, all epirubicin with tras-

1:1 candesartan or placebo

tuzumab)

MANTICORE[66] 1:1:1 bisoprolol, perindopril, or
(N=94, all trastuzumab, 12-33% placebo

anthracycline)

LVEF > 10% or LVEF

LVEEF decline of > 15% or a

Changes in LVEDVI by

Yes,> 10% LVEF decline in subset
with prior anthracycline exposure: 47%
placebo, 31% carvedilol, 37% lisinopril
(p=0.009)

No, LVEF decline: 19% in candesartan,
16% in placebo (p=0.58)

decline > 5% with absolute
LVEF <50%

decrease below the abso-
lute value of 45%

Yes, Small reduction in LVEF decline
with bisoprolol compared with perindo-
pril and placebo (-1% vs. -3% vs. -5%,
p=0.001)

CMR at 1 year

Abbreviations: CMR, cardiac magnetic resonance imaging; LVEDVI, left ventricular end-diastolic volume index; LVEF, left ventricular ejection
fraction; MANTICORE, Multidisciplinary Approach to Novel Therapies in Cardio-oncology Research; PRADA, Prevention of Cardiac Dysfunc-

tion During Adjuvant Breast Cancer Therapy
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the importance of continued investigation of monitoring,
prevention, and management of cardiac dysfunction to limit
treatment interruption or cessation [60]. Several prospec-
tive studies, namely, PRADA, MANTICORE, Guglin et al.,
Boekhout et al., suggest ACE inhibitors and/or beta-block-
ers for primary prevention in HER2-positive breast cancer
patients with/without combination anthracycline therapy
(Table 3) [61]. While these strategies may facilitate patients
completing a recommended course of HER2-targeted ther-
apy, larger prospective studies in “at risk” (e.g., low LVEF of
50% at baseline) populations are needed prior to widespread
adoption of this approach in clinical practice. A recent meta-
analysis of 17 trials of neurohormonal therapies in cancer
patients exposed to potentially cardiotoxic cancer therapy,
noted higher left ventricular ejection fractions (although
absolute changes were small), compared to placebo; how-
ever, significant heterogeneity was observed highlighting the
need for larger prospective studies [62].

In summary, all patients offered HER2-targeted therapy
should have baseline cardiac assessment that includes a his-
tory and physical examination, and cardiac imaging. We rec-
ommend replacing 3-, 9-, and 15-month cardiac monitoring
in asymptomatic individuals, with a short cardiovascular
questionnaire at each infusion visit, along with the addition
of cardiac biomarkers.

Conclusion

HER?2-targeted therapies have led to significant improve-
ments in clinical outcomes for patients with early and
advanced HER2-positive breast cancer. The pivotal clinical
trials reported an increased risk of heart failure (up to 5%)
in patients with HER2-positive breast cancer treated with
trastuzumab; however, long-term follow-up (10 + years) of
these studies has failed to demonstrate increased rates of
cardiotoxicity over time, attesting to the long-term safety of
this class of drugs for the majority of patients. Several novel
HER2-targeted therapies have been approved by the FDA
in the last few years, particularly for patients with advanced
disease. Clinicians should be reassured that to date, there is
no indication that these agents are associated with a greater
risk of cardiotoxicity, although there is less experience
with these drugs in the non-clinical trial patient popula-
tion. Intense cardiac monitoring is currently recommended
for all patients during HER2-targeted treatment, irrespec-
tive of pre-existing cardiovascular risk or co-morbidities.
We propose an alternative cardiac monitoring strategy that
incorporates patients’ baseline cardiovascular risk, cardiac
symptoms, cardiac imaging, and biomarkers for patients
treated with HER2-targeted therapies.
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