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Abstract

Background Breast cancer is a leading cause of death for women worldwide, with incidence increasing in lower-income
countries. For patients with human epidermal growth factor receptor-2-positive (HER2+) breast cancer, widespread avail-
ability of several agents targeting the HER?2 receptor has resulted in survival gains over the past decades. However, improved
survival has resulted in an increased need for management and mitigation of adverse events associated with anticancer ther-
apy. Cardiac adverse events such as decreased ejection fraction and heart failure have been of particular concern in patients
with HER2+ breast cancer. Anti-HER?2 agents and chemotherapies (specifically anthracyclines, which are frequently used
to treat HER2+ disease) have been associated with cardiotoxicity. As increasing numbers of patients are living longer due
to more effective therapy, a better understanding of both monitoring and management of cardiotoxicity is urgently needed.
Methods A comprehensive review of the literature was conducted via PubMed in January 2018 for phase II and phase III
trials of “trastuzumab”, “lapatinib”, “pertuzumab”, “T-DM1”, “neratinib”, in “breast cancer”. Literature was evaluated for
content related to cardiac adverse events.

Findings We describe the incidence of and proposed mechanisms for the cardiotoxicity of available HER2-targeted therapies.
We summarize current and emerging practices in the management of cardiotoxicity and provide guidance for routine patient
care in real-world practice using illustrative patient scenarios.

Conclusions The future of cardiotoxicity management in patients with HER2+ breast cancer is discussed, with a focus on
novel techniques to improve cardiac outcomes, including new imaging modalities, biomarkers, interventional therapies, and
ongoing trials.
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Introduction

Human epidermal growth factor receptor-2 (HER2+)
breast cancers compose approximately 15% of all breast
cancers and are more likely to be diagnosed in younger
patients and at a more advanced stage than the more com-
mon hormone receptor-positive, HER2-negative breast
cancers [1]. However, treatments that specifically target
the HER2 receptor have significantly improved survival
rates for patients with both early- and advanced-stage
disease [2]. Currently, several anti-HER?2 therapies have
been approved for the treatment of advanced and/or early
breast cancer and additional agents are in late-stage clini-
cal development (Table 1) [3—15].

Current guidelines for the management of HER2+ dis-
ease focus on optimal disease control with limited toxic-
ity by combining sequential HER2-targeted therapy with
chemotherapy [16—19]. As treatment efficacy increases,
there are increasing numbers of patients who survive for
extended periods and may receive therapy for a prolonged
duration. Therefore, patients increasingly require long-
term management of treatment morbidities. Cardiac health
is an issue of special concern for HER2+ breast cancer as
both chemotherapy and HER2-targeted therapies can cause
cardiotoxicity [20, 21]. Better awareness of the late effects
of treatment-related cardiotoxicity and strategies for long-
term management are urgently needed. Here, we review
the cardiotoxicity risks of HER2-targeted therapies and the
currently recommended clinical guidelines for monitoring
and management. We further summarize emerging tech-
niques for the identification, treatment, and monitoring of
patients with increased risk of cardiotoxicity.

Cardiotoxicity of currently available
HER2-targeted therapies

Anticancer agents in routine clinical use may cause cardiac
damage via several distinct mechanisms. This may include
irreversible damage (Type 1; e.g., with chemotherapeutic
agents such as anthracyclines), or reversible dysfunction
(Type 2; e.g., with HER2-targeted therapies) [22] (Fig. 1).
Although many therapies carry a risk of cardiotoxicity,
types and rates of cardiac adverse events (AEs) reported
in the literature vary widely (Table 2) [3-5, 7-10, 12, 14,
15, 21, 23-29]. As increasing numbers of patients are
being treated with HER2-targeted therapies for extended
periods of time, frequently with multiple agents and/or in
combination with anthracycline-based chemotherapy, it is
essential to fully understand these mechanisms to imple-
ment appropriate clinical monitoring and management.
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Trastuzumab

Trastuzumab is frequently associated with an increased risk
of cardiotoxicity, with 3% to 7% of patients who received
trastuzumab monotherapy in clinical trials experiencing
some form of cardiac dysfunction [23]. Although the mecha-
nism for trastuzumab-associated cardiac dysfunction is not
fully understood, it has been suggested that cardiomyocyte
death occurs via multiple pathways, including as the direct
result of ErbB2 (HER?2) blockade and the increased produc-
tion of reactive oxygen species [30, 31].

Administration of trastuzumab after prior treatment with
anthracyclines may contribute to the relatively high levels
of cardiotoxicity reported in clinical trials [32]. Although
up to 75% of patients in clinical trials of trastuzumab who
exhibited cardiac dysfunction were symptomatic, the major-
ity of these had prior treatment with anthracyclines [23].
In contrast, there is a low incidence of symptomatic heart
failure and decline in asymptomatic left ventricular ejec-
tion fraction (LVEF) among patients receiving trastuzumab
without an anthracycline [23, 32]. In addition to the risks of
trastuzumab administered with chemotherapy, concomitant
radiotherapy to the left breast (or left thoracic wall) may be
associated with an increase in long-term cardiotoxicity risk,
although this phenomenon is not yet fully understood [33].
More research is needed to better understand the potential
cardiac risks of trastuzumab, and multimodal therapies fre-
quently used to treat aggressive disease.

Both clinical trial data and real-world evidence suggest an
increased risk of cardiotoxicity with trastuzumab treatment.
In the initial phase 3 trial of trastuzumab in patients with
HER2+ metastatic breast cancer (MBC), 27% of patients
receiving trastuzumab plus chemotherapy experienced car-
diac dysfunction, compared with 8% of patients receiving
chemotherapy alone [3]. Across seven trials in patients with
MBC (N=1497), the risk of cardiac toxicities was signifi-
cantly increased in patients receiving trastuzumab-contain-
ing regimens compared with regimens that did not contain
trastuzumab, even though normal cardiac function was an
entry criterion for all but the initial trial [24]. Risks of both
serious cardiac dysfunction [including congestive heart fail-
ure (CHF)] and LVEF decline were significantly increased
in patients receiving trastuzumab, irrespective of whether it
was administered as a first-line treatment or beyond disease
progression [24]. In a real-world cohort of patients receiving
trastuzumab for primary or MBC (N =388), cardiotoxicity
occurred at a higher-than-expected rate and occurred more
frequently in patients who were older and had prior treat-
ment with an anthracycline [34]. These data confirm the
need for cardiac monitoring throughout treatment, particu-
larly for patients with MBC, who are more likely to be older
and to have received prior anticancer therapy.
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Type of Therapy
Selected based on disease status,
patient age, performance status,
comorbidities, and preference

A
v ¥

Chemotherapy Agents HER2-Targeted Agents
(e.g., anthracycline) (e.g., trastuzumab)

' v

Type 1 Type 2
Irreversible Cardiac Damage Reversible Cardiac Damage

Cumulative dose-related Cellular dysfunction
cardiomyocyte injury during therapy
leading to cell death
May present acutely

(within 1 week of therapy)
with ECG abnormalities

Asymptomatic changes
in LVEF

or

chronically (within 1 year
or later after completion
of therapy) with
cardiac dysfunction

Fig. 1 Schematic of Potential Mechanisms of Cardiotoxicity. There
are 2 types of therapy selected based on disease status, patient age,
performance status, comorbidities, and preference. Chemotherapy
agents such as anthracycline can lead to irreversible (type 1) cardiac
damage. With type 1 damage, cumulative dose-related cardiomyocyte
injury leading to cell death can occur and may present acutely (within
1 week of therapy) with ECG abnormalities or chronically (within
1 year or later after completion of therapy) with cardiac dysfunc-
tion. HER2-targeted agents such as trastuzumab can lead to reversible
(type 2) damage. With type 2 damage, cellular dysfunction during
therapy and asymptomatic changes in LVEF can occur. ECG electro-
cardiogram, HER2 human epidermal growth factor receptor-2, LVEF
left ventricular ejection fraction

In the adjuvant setting, long-term safety and late-onset
AEs are issues of special concern because patients may
receive treatment for an extended duration. A meta-anal-
ysis study reported increased risk of asymptomatic LVEF
decrease and symptomatic heart failure with adjuvant tras-
tuzumab [24]. Although overall incidence is low, adjuvant
trastuzumab has been associated with a significant increase
in risk of serious cardiac events such as CHF [21]. Cardio-
toxicity remains an issue of special concern when trastu-
zumab is combined with an anthracycline in the adjuvant
setting even though therapies are administered sequentially
[35]. A Dutch study of patients receiving trastuzumab-
based adjuvant therapy in a real-world setting (N =230)
reported cardiotoxicity in 12.6% of patients, with 8.7% of
these patients experiencing symptomatic cardiotoxicity [36].
An Italian study of women receiving trastuzumab for early
breast cancer (N =499) noted even higher rates of cardio-
toxicity, with 27% of patients experiencing LVEF decrease
[37]. Importantly, both studies note that trastuzumab-related
cardiotoxicity appears early in the course of treatment
(£ 6 months of therapy), highlighting the crucial need for

@ Springer

early monitoring [36, 37]. Indeed, the trastuzumab label
includes guidance to monitor cardiac function before start-
ing treatment, at regular intervals throughout the course of
therapy, and every 6 months for at least 2 years after comple-
tion of adjuvant therapy [38, 39].

Lapatinib

Lapatinib, an epidermal growth factor receptor (EGFR) and
HER?2 dual tyrosine kinase inhibitor (TKI), is infrequently
associated with cardiac AEs such as decreased LVEF in
clinical trials [4, 5, 29]. A meta-analysis demonstrated that
the majority of patients treated with lapatinib in clinical tri-
als who had decreased LVEF was asymptomatic and that
the effect was largely reversible with treatment interruption
[29]. It is important to note that the majority of patients in
clinical trials of lapatinib was previously treated with tras-
tuzumab but was excluded from these trials if prior cardiac
toxicity was observed. Although a meta-analysis of data for
patients receiving lapatinib in clinical studies demonstrated
similar rates of LVEF decline with or without trastuzumab or
anthracycline pretreatment [29], the ALLTO trial allowed a
head-to-head comparison between trastuzumab and lapatinib
and demonstrated fewer cardiac events (including CHF and
LVEF decrease) with lapatinib versus trastuzumab at 1 year
[8]. As lapatinib is frequently administered to patients who
have previously received therapy with trastuzumab and/or
anthracycline-based chemotherapy, label guidance indicates
LVEF monitoring at baseline and during treatment [40, 41].

The possibility of dual targeting with lapatinib and tras-
tuzumab was explored in several large phase 3 clinical tri-
als. In the neoadjuvant setting, cardiac AEs occurred at a
low rate in patients receiving both trastuzumab and lapat-
inib with paclitaxel (one patient in each group experienced
LVEF decrease) [7]. In contrast, in the adjuvant setting
there was a higher incidence of AEs in patients receiving
both lapatinib and trastuzumab, including cardiac endpoints
(LVEF decrease or CHF) [8]. In the metastatic setting, the
combination of lapatinib and trastuzumab resulted in a low
incidence of cardiac events across treatment arms, which
was notable as all patients had received prior lines of therapy
that included both trastuzumab and an anthracycline [6].
Although duration of exposure to anti-HER?2 therapies may
have been shorter in the metastatic setting trials than in the
adjuvant setting, these data overall indicate that the addition
of lapatinib to trastuzumab does not drastically increase the
risk of cardiac events over that associated with trastuzumab
alone.

Pertuzumab

As pertuzumab is administered in combination with tras-
tuzumab for both early-stage and metastatic breast cancer,
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treated with T-DM1 vs 1.6% treated with LAP + CAP

o LVEF decrease of > 15% from baseline in 1% of

Krop et al. [27]

patients

treated with T-DM1 vs 1% treated with physician’s choice of

therapy

TH3RESA clinical trial

Krop et al. [28]

e No protocol-specified cardiac safety or CHF events for

Phase 2 adjuvant setting

patients receiving T-DM1

o LVEF decrease of > 15

Perez et al. [29]

points from baseline in 0.8%

of patients treated with T-DM1 vs 4.5% treated with

TRAS +taxane vs 2.5% T-DM1 + PERT
e Grade 3 + cardiac adverse events were reported in three

MARIANNE clinical trial

Awada et al. [14]

NEfERT-T clinical trial

Neratinib

patients (1.3%) receiving neratinib + paclitaxel vs seven

patients (3.0%) receiving TRAS + paclitaxel

Martin et al. [15]

e Noted no evidence of increased long-term symptomatic car-

ExteNET

diac safety (specifics not reported)

CAP capecitabine, CHF congestive heart failure, CI confidence interval, CT chemotherapy, HER2 human epidermal growth factor receptor-2, LAP lapatinib, LET letrozole, LVEF left ventricular

ejection fraction, PERT pertuzumab, RR response rate, TRAS trastuzumab, 7-DM1 trastuzumab emtansine

cardiotoxicity has been evaluated in several clinical trials.
For patients receiving pertuzumab plus trastuzumab and
docetaxel for HER2+ metastatic breast cancer in the phase
3 CLEOPATRA clinical trial, the long-term rate of cardio-
toxicity was slightly lower than for patients receiving pla-
cebo plus trastuzumab and docetaxel [9]. Similarly, patients
receiving pertuzumab in addition to standard adjuvant chem-
otherapy and 1 year of trastuzumab for early breast cancer in
the APHINITY trial experienced low rates of cardiac events
[10]. For patients receiving pertuzumab in the neoadjuvant
setting, the phase 2 NeoSphere study reported a low inci-
dence of cardiac events across treatment arms [11]. Finally,
an analysis of 57 patients receiving pertuzumab-based
combination therapy in a real-world setting did not note an
increased risk of cardiotoxicity compared with sequential
chemotherapy and trastuzumab [42]. However, as the avail-
able cardiac safety data are limited and as pertuzumab is
often administered with anthracyclines and/or trastuzumab,
the label carries a warning for LVEF decrease [43, 44].

Trastuzumab emtansine (T-DM1)

T-DM1 is indicated for use as a single agent for metastatic
HER2+ cancer after failure of trastuzumab [45]. The phase 3
TH3RESA and EMILIA clinical trials in previously treated
HER2+ metastatic breast cancer noted similarly low rates of
LVEF decrease for patients receiving T-DM1 or an alternate
therapy (including trastuzumab or lapatinib plus chemother-
apy or chemotherapy alone) [12, 27]. Initial clinical trials
in the adjuvant setting noted that rates of LVEF decrease
were lower than those observed in trials of trastuzumab plus
chemotherapy, even after prior treatment with anthracyclines
[46]. In the phase 3 MARIANNE trial, fewer patients treated
with T-DM1 experienced LVEF decrease compared with
those treated with trastuzumab plus a taxane [29]. The low
rate of cardiac events was confirmed in a retrospective analy-
sis of 250 patients receiving T-DM1 for metastatic disease
in a real-world setting [47]. Although rates for cardiac AEs
with T-DM1 were generally low, the drug label includes
a warning for cardiotoxicity due to LVEF decrease, which
may be of particular concern because the drug is indicated
for patients with prior treatment including both trastuzumab
and a taxane [45, 48].

Neratinib

Neratinib, a TKI approved in 2017 for treatment of
HER2+ breast cancer, was not associated with grade 3/4 car-
diotoxicity for patients in a phase 2 trial, and little variation
in LVEF versus baseline was noted across patients regardless
of prior trastuzumab treatment [49]. Cardiotoxicity in phase
3 trials (ExteNET and NEfERT-T) was minimal and follow-
up continues for monitoring of cardiac AEs [14, 50]. No
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evidence of increased long-term toxicity, specifically symp-
tomatic cardiotoxicity, was observed in patients receiving
neratinib in the adjuvant setting [15]. Neratinib is approved
for use in the adjuvant setting following trastuzumab-based
therapy and currently does not carry a warning for cardio-
toxicity [51].

Clinical monitoring and management
of cardiotoxicity

Current approaches

Guidelines for the monitoring and management of treatment-
induced cardiotoxicity are available from the European Soci-
ety for Medical Oncology (ESMO), the National Compre-
hensive Cancer Network (NCCN), the American Society of
Clinical Oncology (ASCO), and the European Society of
Cardiology (ESC) [17, 19, 52, 53]. When creating a treat-
ment plan the individual risk factors for each patient must be
carefully considered to choose both the appropriate therapy
and the necessary cardiac monitoring plan. Although ongo-
ing monitoring is recommended for patients receiving tras-
tuzumab therapy, all guidelines note that the optimal interval
has not been determined. As cardiotoxicity due to HER2-
targeted therapy is well recognized, patients at increased risk
for cardiac events are frequently excluded from trials, leav-
ing little evidence for the treatment of patients with baseline
cardiac disease, a common scenario in clinical practice. This
underscores the need for studies such as the ongoing SAFE-
HEaRT trial in patients with mild reductions in LVEF [54].

Interruption or cessation of HER2-targeted therapy is
recommended if significant LVEF decrease is detected dur-
ing treatment. However, several retrospective analyses of
patients receiving trastuzumab in a real-world setting have
noted LVEF monitoring is not generally performed as rec-
ommended in current guidelines [55, 56]. The discordance
between clinical guidelines and real-world practice is further
confounded by the fact that although serial LVEF monitor-
ing during trastuzumab treatment is recommended, some
debate exists as to the optimal frequency and utility of LVEF
changes in predicting heart failure or in deciding on a change
in treatment [57, 58]. Although the trastuzumab label recom-
mends monitoring at baseline and every 3 months of treat-
ment (with further monitoring recommended for patients
who receive therapy in the adjuvant setting), the cost of
this testing and the relatively low rate of patients requiring
therapeutic intervention for symptomatic cardiac events keep
this issue as a topic of debate [38, 59]. In particular, young
patients with no history of cardiac disease may not derive
significant benefit from cardiac monitoring and long-term
follow-up [60].

Detection of clinically significant cardiac dysfunction
before or during treatment may result in additional inter-
ventions beyond change of treatment plan. In patients with
a high risk of cardiac dysfunction receiving anthracycline
chemotherapy, dexrazoxane may be administered to reduce
the risk of cardiotoxicity [61]. Although current evidence is
limited, several studies suggest that standard treatments for
cancer therapy-induced LVEF decrease and heart failure,
such as angiotensin-converting-enzyme (ACE) inhibitors
or beta-blockers, may preserve cardiac function in patients
receiving trastuzumab or chemotherapy [62, 63]. Trials
evaluating preventive treatments, such as the SAFE trial,
are ongoing, with results eagerly anticipated [64].

Considerations for special populations

Selection of treatment for patients with HER2+ breast can-
cer in either the adjuvant or advanced setting must balance
potential benefits of treatment with risk for AEs. When spe-
cifically assessing the risk of cardiotoxicity, certain popula-
tions are at an elevated risk and pose a further challenge to
the clinician in selecting an ideal treatment. These popula-
tions may have been excluded from (or under-represented
in) clinical trials and require further evaluation. To illustrate
the complex decisions that may face physicians, we describe
2 hypothetical case studies demonstrating common clinical
scenarios.

Hypothetical case study 1

Despite the fact that cancer incidence increases with age,
elderly patients are less frequently included in clinical trials,
more frequently have comorbidities, and may be more likely
to experience AEs [65]. Elderly patients are at a greater risk
of developing cardiotoxicity due to cancer therapy, fre-
quently due to an increased prevalence of underlying car-
diac risk factors and common comorbidities such as diabetes
and hypertension [53, 66]. However, cardiotoxicity data on
elderly patients receiving HER2-targeted therapy are lim-
ited. A meta-analysis in patients receiving trastuzumab for
HER?2+ breast cancer in routine clinical practice found that
elderly patients had a significantly increased risk of cardiac
toxicity compared with younger patients [67]. A similar
retrospective analysis of Medicare data noted that elderly
patients receiving trastuzumab and/or chemotherapy expe-
rienced CHF at a higher rate than that observed in clinical
trials, and that the risk increased with advancing age [68].
In this case, the patient has experienced disease recur-
rence after receiving prior trastuzumab therapy (Fig. 2).
Given her history of cardiotoxicity, precaution must be
taken when deciding on a course of treatment including tar-
geted therapy for metastatic disease. Based on the patient’s
age, treatment history, and potential comorbidities, careful
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A 72-year-old woman was diagnosed with high-risk
estrogen receptor-negative (ER-)/progesterone
receptor-negative (PgR—)/human epidermal growth
factor receptor-2—positive (HER2+) Stage IIIB breast
cancer 3 years ago (5 cm, poorly differentiated
ductal carcinoma with 4 positive lymph nodes;

Ki67 expression 60%). She received 4 cycles of
epirubicin plus cyclophosphamide (EC x 4), followed
by weekly trastuzumab plus paclitaxel prior to
surgery. After 3 months of adjuvant trastuzumab
therapy, treatment was stopped due to asymptomatic
left ventricular ejection fraction (LVEF) decrease
noted on routine heart ultrasound. Three months
after stopping trastuzumab therapy LVEF fully
recovered, but trastuzumab was not restarted in the
adjuvant setting. She now presents with liver
metastases after elevated liver enzymes were noted
during a routine blood test.

Fig.2 Hypothetical case study 1

consultation with a cardiac oncology team should be sought
before beginning treatment.

Hypothetical case study 2

Heart disease and additional comorbidities that may increase
risk of cardiovascular disease (such as diabetes) are increas-
ingly common [69]. The presence of chronic disease (includ-
ing atrial fibrillation, ischemic heart disease, poorly con-
trolled hypertension, and diabetes) can complicate cancer
treatment [70]. The lack of prospective clinical trial data on
patients with pre-existing cardiac disease further confounds
the ability of physicians to select the appropriate anticancer
therapy while appropriately continuing treatment for cardiac
disease.

In this case, the patient is already under a cardiologist’s
care, so her baseline disease status and associated risk of
AEs are clearly established (Fig. 3). However, many patients
may not have received prior medical treatment, or may have
subclinical cardiac disease that is unknown to them. Full
assessment of cardiac function for each patient should take
place before the start of treatment, and careful monitoring
should be followed to reduce risk [71]. For patients with
notable cardiac disease at baseline, early integration of a
cardiologist or cardio-oncology team into treatment plan-
ning is essential for effective and safe disease management.
Regardless of age or baseline status, every effort should be
made to provide patients with an appropriate level of care to
manage their breast cancer and concomitant cardiac health
conditions.

@ Springer

A 58-year-old woman is under cardiologist care

for ischemic heart disease (myocardial infarction

9 months prior). She has recently been diagnosed
with intermediate-risk estrogen receptor-positive
(ER+)/progesterone receptor-negative (PgR-)/human
epidermal growth factor receptor-2—positive (HER2+)
Stage IlIA breast cancer (3 cm moderately
differentiated infiltrating ductal carcinoma) detected
by autopalpation. Physical examination revealed a
1-cm axillary lymph node (infiltration proven by
histology). Her oncologist would prefer to begin
neoadjuvant therapy as soon as possible but is
concerned about cardiac adverse events associated
with therapy that may affect this patient.

Fig.3 Hypothetical case study 2

The future of monitoring and treatment
for HER2-therapy-associated cardiotoxicity

With more patients living longer during and after cancer
treatment, there is a need for earlier and more accurate detec-
tion of cardiotoxicity. Cardiac function in clinical trials and
retrospective analyses is generally analyzed using LVEF
changes, with symptomatic CHF as an endpoint. Although
LVEF monitoring is the current standard of care to monitor
for cardiotoxicity, its accuracy, reproducibility, relevance,
and timeliness in predicting cardiac dysfunction remain top-
ics of debate [57, 59]. There are a number of ongoing clini-
cal studies and registries assessing the cardiac monitoring
techniques and biomarkers in patients with HER2+ breast
cancer (Table 3).

Echocardiography and cardiac magnetic resonance
(CMR) are the current standards for assessing LVEF due
to ease of use, widespread availability, and lack of radia-
tion [53]. Techniques to improve the reliability and repro-
ducibility of echocardiography, such as 3-dimensional and
contrast echocardiography, are under investigation [72, 73].
Three-dimensional echocardiography is preferable due to
high reproducibility but may not be widely available and
may also rely on high-quality images and a knowledgeable
operator [53]. Contrast echocardiography provides more
accurate estimations of ejection fraction and may be particu-
larly useful in patients with a poor first reading by providing
enhanced definition and improving interobserver reliability
[53, 72]. Measurements of myocardial strain are an active
area of research and have been demonstrated to be a reliable
early detector of chemotherapy-induced cardiotoxicity [74].
Tissue Doppler imaging (TDI), used to measure systolic and
diastolic velocity, may provide more sensitive measures of
early changes predictive of cancer therapy-related heart
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failure, even in the absence of LVEF changes [75]. Although
TDI should be considered, its use is limited by both avail-
ability and technical issues such as reproducibility [53, 75].
Techniques for the measurements of global longitudinal
strain (GLS), such as speckle tracking echocardiography
(STE), may also provide an easily quantifiable mechanism
for early detection of cardiotoxicity before LVEF decrease is
noted [74]. Further research is needed to determine whether
the benefit of these enhanced cardiographic techniques
warrants the additional cost over traditional 2-dimensional
echocardiography. Regardless of the modality chosen, the
universal recommendation is to use the same technique for
baseline assessment and all subsequent follow-up assess-
ments to obtain the most accurate comparisons.

Circulating biomarkers of cardiac damage may provide
even earlier and more sensitive detection of potential car-
diac dysfunction than imaging techniques. Troponin-1, a
marker of cardiomyocyte injury that precedes decreased
LVEF, is detected at elevated levels in patients receiving
HER?2-targeted therapy with chemotherapy for breast cancer
[76, 77]. Using a combination of both troponin-1 levels and
advanced imaging such as STE may provide early indica-
tions of LVEF decrease during trastuzumab treatment and
may be beneficial for patients at high risk of cardiotoxicity
[18, 52, 53]. Other biomarkers, including myeloperoxidase
(MPO), C-reactive protein (CRP), and growth differentiation
factor-15 (GDF-15) are under investigation for patients with
cancer receiving potentially cardiotoxic therapy [76, 78].
The encouraging results of initial studies into biomarkers of
cardiac injury warrant their further assessment in prospec-
tive clinical studies to determine optimal selection of meas-
urement, timing of analysis, and appropriate intervention
based on results [18, 53].

Conclusions

The past several decades have seen a rapid increase in the
number of agents available to treat HER2+ breast cancer.
This has led to dramatic increases in disease-free survival
for patients who undergo adjuvant therapy for early-stage
disease and in longer lives for patients with metastatic dis-
ease (who thereby are often receiving treatment for pro-
longed periods). Although enormously beneficial in terms
of disease control, these therapies are associated with some
risks. The initial phase 3 trial of trastuzumab revealed an
unexpected significant increase in cardiotoxicity. Additional
HER?2-targeted therapies, including lapatinib, T-DM1, per-
tuzumab, and others, also noted increases in cardiotoxic
outcomes, albeit at less frequent rates. As these therapies
are often administered in combination, or sequentially with
other potentially cardiotoxic chemotherapy agents such as

@ Springer

anthracyclines, special attention is necessary to manage and
mitigate these potentially serious outcomes.

With years of experience in the clinical trials setting and
in real-world practice, clinical practice guidelines have been
developed for the optimal management of cardiotoxicity with
HER2-targeted therapies. Routine cardiac monitoring, dose
modification or cessation of anticancer therapies, and phar-
macologic treatment of early cardiotoxicity all contribute to
improved cardiac outcomes in patients with HER2+ breast
cancer. However, for patients with pre-existing cardiac
conditions or those who develop cardiotoxicity during the
course of therapy, there remains an urgent need for effec-
tive treatments. A number of ongoing studies will provide
additional information on improved monitoring techniques,
interventions, and strategies for the optimal treatment of
patients with cardiac disease at baseline. We eagerly await
the results of such trials, which will help improve the treat-
ment of HER2+ breast cancer in an expanded number of
patients.
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