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ABSTRACT

Introduction: Human epidermal growth factor receptor two (HER2) target therapies have drastically
revolutionized the treatment of HER2-positive breast cancer. Starting with trastuzumab, early phase IlI
trials have already highlighted its significant cardiotoxicity, which is also present, albeit to a lesser
extent, in the new generation drugs. Also given the growing population of patients with cardiovascular
diseases, it is vital to set up proper long-term follow-up to prevent morbidity related to the develop-
ment of cardiotoxicity.

Areas covered: This review discusses the mechanisms of action underlying the cardiotoxicity of HER2
targeted therapies and the main clinical evidence on the toxicity of these drugs. In addition, the
patterns of patient assessment prior to the initiation of therapy with HER2 targeted therapies are
discussed, as well as the main evidence concerning the follow-up and management of cardiotoxicity.
Expert opinion: The mechanisms of cardiotoxicity of new HER2 drugs need further study and, likewise,
methods to prevent, monitor and identify HER-2-induced cardiotoxicity need to be implemented.
Although some studies highlight the validity of cardiac biomarkers as predictive factors for cardiotoxi-
city, their actual usefulness and timing is still debated. Further studies are needed to assess the
effectiveness of possible pharmacological primary prevention.
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1. Introduction medications for the treatment of breast cancer, including

pertuzumab, trastuzumab emtansine (T-DM1), trastuzumab
deruxtecan, and tucatinib. These medications have a lower

Breast cancer is the most common disease in women and has
a high mortality rate, making it the second leading cause of

death among women with cancer [1]. Human epidermal
growth factor receptor two (HER2) gene amplification is
detected in 15-25% of breast cancer patients, with a higher
prevalence in younger women and a higher percentage diag-
nosed at an advanced or metastatic clinical stage [2]. Given its
critical role in signaling networks that control proliferation,
apoptosis, motility, and metastatic invasion, HER2 overexpres-
sion is connected to a more aggressive clinical phenotype and
early metastases [3]. The natural course of HER2-positive
breast cancer was totally changed by the development of
target therapies against HER2, starting with trastuzumab
(TRZ), which greatly improved disease-free and overall survival
[4]. Despite the higher tolerability profile of TRZ therapy com-
pared to chemotherapy, numerous studies have brought
attention to the significant cardiotoxicity associated with the
use of this drug. TRZ cardiotoxicity usually manifests as a
decline in left ventricular ejection fraction (LVEF) and may
result in the development of heart failure (HF) in about 0-

cardiotoxic profile than TRZ and have further improved the
prognosis of breast cancer patients. Given the increased survi-
val due to the introduction of target drugs directed against
HER2, it is vital to set up proper long-term follow-up to pre-
vent morbidity related to the development of cardiotoxicity.
This review aims to summarize the fundamental elements of
cardiotoxicity care in patients with HER2-positive breast cancer
as well as the primary characteristics of cardiotoxicity of the
major HER2 target therapies.

2. HER2 signal pathways

Since the early 1980s results from in vivo and in vitro studies
enlightened the role of HER2 signaling in the pathogenesis of
breast cancer [8,9]. HER2 is a tyrosine kinase glycoprotein, a
member of the human epidermal growth factor (EGF) recep-
tors (EGFR or HER) family. HER family members (i.e. HER1
[ErbB1 or EGFR], HER2 [ErbB2], HER3 [ErbB3], and HER4

[ErbB4]) are important mediators of cell growth and prolifera-
tion. Pleiotropic actions of HER signaling network rely on the

41% of treated patients [5-7]. The Food and Drug
Administration (FDA) has approved several anti-HER2
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Article highlights

e Breast cancer is a clinical entity of major epidemiological importance

o Target her 2 therapies, and in particular trastuzumab, are cardiotoxic,
a relevant aspect in a growing population burdened with increased
cardiovascular risk

o Cardiotoxicity from HER2 targeted therapies is mainly characterized
by asymptomatic decrease in LVEF and, to a lesser extent, with the
development of heart failure

e risk stratification is a vital aspect of the initial assessment of the
patient candidate for HER2 targeted therapies

o Cardiac biomarkers and trans-thoracic ultrasound are the main diag-
nostic tools for assessing cardiotoxicity from HER2 targeted therapies

ability of HER receptors to combine in dimers, at the core of a
complex signaling network. In the heart, several lines of evi-
dence have emphasized the importance of HER2, both in fetal
and adult life [10-12]. Indeed, HER2 is involved in the response
to stress conditions, as part of the neuregulin 1 (NRG-1)/ErbB2
signaling axis. Briefly, NRG-1, a protective growth factor
released from cardiac endothelial cells, promotes dimerization
of HER receptors, and activates downstream signaling path-
ways with a role in the maintenance of cardiomyocyte func-
tion and survival, including phosphoinositide 3 kinase (PI3K)/
Akt and protein kinase/extracellular signal-regulated kinases
(MAPK/ERK) [12,13].

3. Cardiotoxicity of anti HER-2 therapies
3.1. Trastuzumab

In 1998, the Food and Drug Administration firstly approved
the first anti-HER2 monoclonal antibody, TRZ for the treatment
of HER2 overexpressing breast cancers. TRZ acts by binding
HER2 extracellular domain IV and uncoupling oncogenic
HER2/HER3 ligand-independent interactions in HER2-overex-
pressing cancer cells. Interference with HER2/NRG-1 signaling
plays a significant role in the development of cardiac adverse
effects by hampering cell ability to activate signal transduction
pathways of maintenance of cardiomyocytes integrity and
function and, notably, cardioprotective responses against nox-
ious stimuli. Data from both in vitro and in vivo studies have
supported the role of impaired contractile and metabolic
properties [14], mitochondrial dysfunction [15], and inhibition
of autophagy [16] in TRZ cardiotoxicity.

3.1.1. Metastatic setting

Since the medicine was first used in clinical practise more than
20 years ago, TRZ cardiotoxicity has been the subject of multi-
ple clinical trials that have looked closely at this clinical phe-
nomenon. The significant cardiac toxicity related to the drug’s
administration was earlier shown in the first phase 3 trial
conducted in patients with metastatic breast cancer receiving
TRZ therapy [4]. In particular, compared to patients who
received chemotherapy alone (1% and 8%, respectively),
patients who got a TRZ-containing treatment regimen (TRZ+
paclitaxel or TRZ + anthracyclines) had a greater incidence of
cardiac dysfunction, ranging from 13% to 27% [4]. In addition,
the finding that patients receiving TRZ plus anthracyclines had

a significantly higher incidence of HF than those receiving
other treatment regimens (16% vs 1-3%) [4] raised concerns
about a possible synergism caused by the simultaneous
administration of TRZ and anthracyclines. Due to the finding
of unexpectedly high rates of cardiac dysfunction, subsequent
studies looking into TRZ cardiotoxicity imposed stringent
patient selection criteria, excluding those who were most
likely to experience negative cardiac events. Therefore, the
stricter exclusion criteria, modifications to chemotherapy regi-
mens that prevented the simultaneous administration of TRZ
and anthracyclines, likely account for the lower incidence of
adverse cardiac events seen in subsequent studies on TRZ
cardiotoxicity [17]. Furthermore, although with less certainty,
the implementation of cardiac monitoring protocols (absent in
the first phase Il study analyzed above) may also have con-
tributed to a lower incidence of heart failure; early detection of
damage caused by TRZ administration may allow early imple-
mentation of cardioprotective strategies, containing the evo-
lution toward HF.

3.1.2. Adjuvant and neoadjuvant setting

In the multicentre randomized HERA trial [7] conducted in
women with early-stage invasive breast cancer, cardiotoxicity
rates were significantly lower, with an incidence of HF and
LVEF decline>10% of 0.6% and 7% in the TRZ-treated arm
compared to 0.0% and 2.1% in the control arm. As mentioned
above, a plausible explanation for a significantly lower inci-
dence of cardiotoxicity compared to previous studies is related
to the cardiological exclusion criteria including an LVEF<55%,
history of HF, CAD with previous ischemic Q wave, uncon-
trolled hypertension and clinically significant valvular dysfunc-
tion. The use of these exclusion criteria suggests some
deviation of the HERA trial from a real-world candidate popu-
lation for TRZ therapy. Exclusion criteria also include a max-
imum cumulative dose of doxorubicin and epirubicin (360 mg
and 720 per square meter of body-surface area) lower than the
maximum recommended dose for this class of drugs [18,19]. In
addition, most patients with previous exposure to anthracy-
clines had received epirubicin, which is less cardiotoxic than
doxorubicin. Ultimately, the time elapsed between TRZ admin-
istration and the end of the anthracycline cycle was signifi-
cantly longer than in other trials that showed higher rates of
cardiotoxicity (mean 89 days vs mean 21 days in the NSABP B-
31 trial) [20].

The results of the research conducted by Naumann et al.
[21] support the hypothesis that a higher level of patient
selection in the clinical studies contributed to a lower inci-
dence of cardiotoxicity;

using a real-world cohort of patients receiving TRZ adju-
vant treatment, the rates of cardiotoxicity were greater than
anticipated (15.7%) and more common in elderly individuals
and those who had previously received anthracycline treat-
ment [21].

A recent study using data from the ALTTO trial [22] ana-
lyzed the incidence of cardiac events in a population of 4190
patients treated with adjuvant TRZ or TRZ +lapatinib with a
median follow-up of 6.9 years. Cardiovascular events occurred
in 9.3% of TRZ-treated patients; the majority of these were
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Figure 1. Main recommendations for HER2 target therapy patients' baseline and follow-up assessments.

asymptomatic (73%) and occurred while patients were under-
going anti-HER-2 therapy [22] (6.4% occurred during anti-HER2
treatment and 2.2% during follow-up, with a median time to
onset of 6.6 months). A primarily reversible mode of toxicity
was also indicated by the recovery rate of 83.8%, which was
compatible with the absence of necrosis or ultrastructural
changes to myocytes [23].

Compared to anthracyclines, the administration of TRZ
results in a distinct type of cardiotoxicity. Classified as a drug
with type Il cardiotoxicity, TRZ induces non-dose-dependent
and mainly reversible cardiac damage, inducing myocardio-
cyte dysfunction rather than cardiomyocyte necrosis [24]. Of
note, in the study by Ewer et al. [25], 25 patients out of 38 who
had experienced a drop in LVEF following TRZ administration
(previously treated with anthracyclines) were resubmitted to
TRZ treatment together with cardioprotective therapy and
88% experienced stability in LVEF. These data suggest not
only a reversibility of TRZ-induced damage, but also a tem-
poral correlation between time since anthracyclines were
administered and the extent of TRZ-induced cardiac damage.
As mentioned above, the disruption of the HER2 signaling
pathway by TRZ makes cardiomyocytes less susceptible to
recovery from a previous insult [26-28]. This accounts for the
higher incidence of CV events in patients on previous anthra-
cycline-containing therapeutic regimens [29,30], which, even
at low-to-medium cumulative doses, are responsible for the
development of primarily irreversible cardiomyocyte damage
that culminates in fibrotic replacement of necrotic cardiomyo-
cytes [31]. The damage induced by the administration of

anthracyclines is no longer bioptically visible after about 3
months of the onset of the insult [24]; it is therefore reason-
able that the time elapsed between the last dose of anthracy-
clines and the administration of TRZ is relevant to the extent
of the cardiotoxic damage induced by the disruption of the
HER2 signaling pathway, making the cardiac damage all the
more relevant the less time elapsed since the anthracyclines
were administered [29].

Given the role of anthracycline administration prior to TRZ
administration as a risk factor for the development of cardio-
toxicity, anthracycline-free treatment regimens were imple-
mented in order to reduce the incidence of LVDS and HF.

Administration in node-negative patients of a therapy
containing paclitaxel and TRZ without prior administration
of anthracyclines [32] showed a 3-year disease-free survival
98.7% and a low risk of cancer recurrence (2%) demonstrat-
ing the efficacy of this treatment regimen. The incidence of
cardiotoxic events was low; only two patients developed HF
(0.5%) and experienced a recovery of ejection fraction after
discontinuation of TRZ. Furthermore, the incidence of a
significant decline in LVEF was 3.2%, showing a cardiac
safety profile of this treatment regimen [32]. Of note, the
protocol included echocardiographic evaluation of patients
at 12 weeks, 6 months and one year from the start of the
study protocol, suggesting the validity of a less frequent
approach to assessing left ventricular function. Future stu-
dies are needed to evaluate the efficacy of an anthracy-
clines-free therapy in a larger and more differentiated
patient population.
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Treatment regimens with a shorter time of drug adminis-
tration were assessed in order to lower the incidence of
adverse cardiac events linked to the administration of TRZ.

The PHARE trial [33] evaluated in the adjuvant setting the
non-inferiority of treatment with TRZ lasting 6 months VS 12
months. Although the group receiving TRZ for 6 months
showed a statistically significant lower incidence of cardiac
adverse events (1.9% vs 5.7 p p<0.0001) the trial failed to
demonstrate non-inferiority of disease-free survival in the
group receiving TRZ for 6 months VS 12 months (2-year dis-
ease-free survival 91.1 vs 93.8, hazard ratio 1.28; prespecified
non-inferiority hazard ratio margin 1.15) [33].

In contrast, data obtained from the PERSEPHONE study [34]
for the evaluation of non-inferiority of TRZ treatment for 6
months VS 12months confirmed the non-inferiority of 6
months VS 12 months treatment (4-year disease-free survival
89.4 vs 89.8, hazard ratio 1-07). The study also showed a
statistically significant lower incidence of clinical cardiac dys-
function in the 6-month VS 12-month group (8% vs 11%, p =
0.00014) [34]. In light of these data, further studies are needed
to test the validity of this approach.

3.2. Pertuzumab

Pertuzumab is a recombinant humanized monoclonal anti-
body targeting HER2 extracellular domain Il, which is involved
in receptor dimerization [35]. In cancer cells, pertuzumab
induces antibody-dependent cytotoxic effects, similarly to
TRZ. Furthermore, pertuzumab prevents HER2 from combining
with HER3 and/or HER1 in heterotypic association, and hence,
the oncogenic downstream signaling, a mechanism of action
different and complementary from that of TRZ. The synergistic
mechanisms of action of pertuzumab and TRZ are thought to
provide a dual blockade of HER2 signaling, likely accounting
for enhanced antitumor efficacy when the two drugs are
combined [36,37].

3.2.1. Metastatic setting

Numerous studies have been conducted to determine the
effectiveness and safety of a combination therapy approach
due to the better HER-2 signaling cascade blocking profile
provided by the administration of pertuzumab and TRZ
together rather than separately [38]. The phase Il
CLEOPATRA study, conducted in patients with HER2-positive
metastatic breast cancer, provided the main evidence on the
cardiovascular safety profile of TRZ and pertuzumab adminis-
tration [39]. Of the 808 trial participants, 402 received pertu-
zumab plus TRZ plus docetaxel as their first-line therapy, while
the remaining 406 received placebo plus TRZ plus docetaxel
[40]. The most frequent cardiac event was LVD (8.3% versus
4.4% in the placebo and pertuzumab arms, respectively), and
the total number of adverse cardiac effects was 14.5% in the
pertuzumab arm and 16.4% in the placebo arm [40], demon-
strating a cardiovascular safety profile of pertuzumab plus TRZ
comparable to that of TRZ administration alone. Furthermore,
in the pertuzumab arm, 86.7% (placebo arm: 72%) of patients
who experienced a reduction in LVEF of 10% points or more
from baseline or to<50% showed a recovery of LVEF t0=50%

[40]. Of note, the different incidence profiles of LVD in the
placebo group and the pertuzumab-treated group can be
attributed to a different cardiotoxicity profile of pertuzumab,
which demonstrated a higher incidence of other CV events,
such as arrhythmic events and valvular dysfunction. In the
pertuzumab and placebo groups, there were 1.8% and 1%
cases of symptomatic LVD, respectively [40].

3.2.2. Adjuvant and neoadjuvant setting

The APHINITY study [41] investigated the efficacy of a treat-
ment regimen containing TRZ and pertuzumab (in addition to
standard chemotherapy) compared with TRZ + placebo. The 3-
year rate of invasive-disease-free survival was higher in the
pertuzumab recipient group (94.1%) than in the TRZ+placebo
recipient group (93.2, hazard ratio 0.81). The frequency of
cardiovascular adverse events was low in both study arms:
primary cardiac events occurred in 17 patients (0.7%) in the
pertuzumab group and in 8 patients (0.3%) in the placebo
group. The incidence of NYHA class lll and IV heart failure was
0.6% and 0.2% in the arm containing pertuzumab and pla-
cebo, respectively, confirming a cardiac safety profile relative
to pertuzumab administration.

Four distinct treatment regimens were used in the phase Il
Neosphere research to examine the effectiveness and safety of
neoadjuvant treatment with TRZ and pertuzumab [42]. The
acquired data revealed a cardiac safety profile, with a mean
maximum reduction in LVEF of 4-5% and no appreciable
changes when pertuzumab was added to TRZ [42]. Probably
due to the considerable cardiac comorbidities the patient had
when enrolled in the trial, only one patient in the pertuzumab
therapy group developed HF.

3.3. Trastuzumab emtansine (T-DM1)

T-DM1 is an antibody-drug conjugate approved in 2013 for
the treatment of HER2-positive metastatic breast cancer. T-
DM1 combines anti-HER2 monoclonal antibody (TRZ) with a
cytotoxic agent emtansine, DM1, though a nonreducible
thioether linker. DM1 acts by inhibiting the polymerization of
tubulin dimers into mature microtubules, thus interrupting the
cell cycle [43,44]. In HER-positive cancer cells, upon the bind-
ing of T-DM1 to target antigens, the complex is internalized by
endocytosis and digested into the lysosomes. The released
DM1-containing active metabolite results in apoptosis and
cell death.

3.3.1. Metastatic setting

T-DM1 was compared to lapatinib plus capecitabine in the
EMILIA phase Ill research, which involved 991 patients with
metastatic breast cancer HER-2 positive, who had previously
received treatment [45]. T-DM1 not only demonstrated a car-
diac safety profile, with only three patients experiencing a
drop in LVEF to 40% and 1.7% experiencing a drop in LVEF
15% below the baseline value, but it also significantly
extended progression-free survival and overall survival when
compared to the administration of lapatinib+ capecita-
bine [45].



3.3.2. Adjuvant and neoadjuvant setting

In the phase Il MARIANNE study [46], administration of T-DM1
alone demonstrated a lower incidence of LVEF decrease com-
pared to administration of T-DM1 plus pertuzumab or TRZ
plus taxane: administration of T-DM1 showed a 50% decrease
in LVEF with a > 15% decrease from baseline in 0. 8% of cases,
whereas T-DM1 plus pertuzumab and TRZ plus taxane had
higher incidence rates of 2.5% and 4.5%, respectively. A recent
study by Noam Pondé et al. [47] examined data from seven
separate clinical studies and evaluated a population of 1961
individuals who had received T-DM1 therapy to investigate
the cardiotoxicity of the drug. The total number of cardiac
events encountered was 3.37% with recovery in 79% of cases
after discontinuation of treatment [47]. The most frequent
cardiac event was a decrease in LVEF, with an incidence of
2.04% for a grade 1/2 decrease and 0.71% for a severe (grade
3/4) decrease or the development of HF [47]. The temporary
treatment discontinuation rate in patients in whom an adverse
cardiac event was reported was significantly higher than the
discontinuation rate of patients in whom only non-cardiac
events were reported (56.1% vs. 27.8%). Furthermore, in the
group of patients with reported adverse cardiac events in 57%
of cases the CV event was indicated as being responsible for
temporary discontinuation of treatment. In addition, treat-
ment discontinuation had a similar ratio (28.8% in the group
with reporting of adverse cardiac events and 10.3% in the
group with only non-cardiac adverse events) and in 58% of
the cases the cardiac event was indicated as responsible for
discontinuation of treatment [47]. These data would seem to
suggest that the occurrence of cardiotoxicity has a significant
impact in relation to treatment discontinuation. According to
the National Cancer Institute-Common Terminology Criteria
for adverse events (NCI-CTCAE) most events were classified
as grade | and Il (21.21% and 59.1%, respectively) while only
19.7% of events were classified as grade Ill and none as grade
IV. These data therefore suggest that temporary discontinua-
tion of treatment and permanent discontinuation are attribu-
table to the strict discontinuation rules used in clinical trials,
and therefore do not reflect what would be found outside the
study protocol; in patients experiencing an adverse cardiac
event, discontinuation of treatment should not be considered
as a first choice and should be subject to a thorough cost-
benefit analysis of discontinuation of life-saving treatment.

3.4. Trastuzumab deruxtecan

Trastuzumab deruxtecan is an immunoconjugate combining
an antibody component and a topoisomerase | inhibitor, the
exatecan derivative DXd, through a cleavable tetrapeptide
linker. Trastuzumab deruxtecan combines with and inhibits
human DNA topoisomerase |, resulting in the induction of
DNA damage and activation of apoptosis pathways.
Pharmacologically, Trastuzumab deruxtecan shows higher
drug-to-antibody ratio as compared to T-DM1, about (8 vs. 3
to 4). Further, payload exhibits a higher membrane permeabil-
ity and a shorter half-life, which enables to exert its effects on
surrounding cells with lower systemic exposition, respec-
tively [48].
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3.4.1. Metastatic setting

Evidence from the DESTINY-Breast04 trial showed that TRZ
deruxtecan resulted in longer progression-free survival and
overall survival as compared to physician’s choice of che-
motherapy for the treatment of HER2-low unresectable or
metastatic breast cancer, (i.e. immunohistochemical (IHC)
score of 1+/IHC score of 2+ in absence of HER2 expression
on in situ hybridization.) [49]. This seemingly rely on the ability
of Trastuzumab deruxtecan to act on HER2-low expressing
cancer cell and to nearby cells, regardless the expression of
the target antigen, through a bystander effect [50]. Similar to
T-DM1, in the studies conducted so far, the incidence of LVEF
decrease appears to be low. In the phase Il study DESTINY-
Breast01 of 184 patients receiving trastuzumab deruxtecan
therapy, 1.6% experienced a decrease in LVEF [51]. A cardiac
safety profile in relation to the administration of trastuzumab
deruxtecan was also demonstrated by the phase Il trial
DESTINY-Gastric01, which reported no cardiac events [52].

3.5. Tucatinib

Tucatinib is an orally administered small TKI approved in 2020
for the treatment HER2+ metastatic breast cancer. Tucatinib
selectively targets HER2 and has proven antitumor efficacy in
xenograft models of breast, gastric, colorectal, and esophageal
cancers [53]. Enhanced antitumor effects were achieved when
tucatinib was combined with TRZ. Although data regarding
tucatinib cardiotoxicity are still limited, clinical trials have
reported lower rates of cardiotoxicity compared to other
HER2; this is likely due to the high selectivity of tucatinib for
the tyrosine kinase domain of HER2, while displaying a minor
inhibitory activity against EGFR [53].

4. Cardiovascular risk assessment before cancer
therapy

4.1. History and clinical examination

A thorough cardiovascular risk assessment is recommended in
all patients before starting potentially cardiotoxic cancer ther-
apy, together with a careful history and physical examination
[54]. The Heart Failure Association of the European Society of
Cardiology in collaboration with the International Cardio-
Oncology Society has developed a useful algorithm for risk
stratification of patients who are candidate to HER2 target
therapy, assessing parameters such as previous cardiovascular
disease, cardiac biomarkers, classical cardiovascular risk factors
(e.g. age, hypertension, diabetes mellitus, smoking), and pre-
vious cardiotoxic treatment [55] (Table 1) [21,56-63].
Cardiological referral is recommended for patients at high or
very high risk in order to perform the proper risk reduction
measures. Patients in the moderate risk class should undergo
management of cardiovascular risk factors and close cardiolo-
gical monitoring. In the case of low-risk patients, a cardio
oncological referral is not recommended, unless development
of cancer therapy-related cardiovascular toxicity (CTR-
CVT) [54].
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Table 1. Research examining the clinical risk factors for the induction of cardio

myopathy caused by trastuzumab.

Number of Trastuzumab administration statistical

Study year patient setting Risk factors evidence

Farolfi et al. 2013 179 adjuvant setting Doxorubicin or epirubicin cumulative dosages>240 mg/m2 or OR=3.07

>500 mg/m2, respectively p=0.0011

Jawa et al. 2016 6,527 Neoadjuvant, adjuvant and prior administration of anthracyclines OR=2.14
metastatic setting

Naumann et al. 2013 388 Neoadjuvant, adjuvant and older age in patients previously treated with anthracyclines p=0.001
metastatic setting

Guenancia et al. 2016 8,745 Neoadjuvant and adjuvant setting Obesity OR=147

Baron et al. 2014 76 NA African American ethnicity p <0.05

Ezaz et al. 2014 1,664 adjuvant setting CAD HR 2.16

Tang et al. 2017 160 adjuvant setting History of MI p <0.001

Gunaldi et al. 2015 111 NA CAD, obesity p < 0.0001

Serrano et al. 2012 45 NA Diabetes p=0.01

CAD: coronary artery disease; MI: myocardial infarction.

4.2. Electrocardiogram

An ECG at baseline is recommended prior to the start of
therapy to complete the cardiovascular risk assessment
(Figure 1). When ECG anomalies are found, a cardiologist
referral is recommended for the patient; conversely, in the
case of no anomalies, there is no indication for subsequent
electrocardiographic evaluation during therapy.

4.3. Cardiac biomarkers

The timing for the assessment of cardiac biomarkers has not
yet been precisely established and is still a matter of debate. In
order to stratify the patient’s cardiovascular risk, a preliminary
evaluation of biomarkers is advised, especially in individuals
who are considered to be at high or very high risk [64,65].
Several studies have evaluated the efficacy of cardiac troponin
in predicting the risk of developing cardiotoxicity in patients
receiving TRZ therapy. In a cohort of 251 HER2-positive breast
cancer patients, cardiac troponin (cTn) | levels were assessed
before and after each cycle of TRZ, both in the adjuvant
setting and in metastatic disease [66]. The development of
cardiotoxicity occurred in 72% of patients who had a troponin
elevation and in only 7% of troponin-negative patients, mak-
ing troponin elevation the strongest independent predictor of
cardiotoxicity [66].

In addition, increased baseline troponin | values were dis-
covered in 19% of patients who had cardiotoxicity, and these
values were indicative of a failure to regain cardiac function
while receiving adequate heart failure treatment [66]. Similarly,
a research conducted on 452 patients found that baseline
elevation of cTn | and T levels was linked to a higher risk of
cardiotoxicity and lower LVEF values [67]. Given the presence
in both studies of a high proportion of patients previously
treated with anthracyclines, the finding of elevated troponin
values at baseline principally reflects previous anthracycline
therapy. It is therefore still unclear whether the assessment of
troponin at baseline can have the same predictive value for
the development of cardiotoxicity in patients who have not
previously received anthracycline therapy. Similarly, several
studies have evaluated natriuretic peptide (Np) assessment
at baseline for cardiovascular risk stratification and in

predicting possible development of cardiotoxicity, but actually
there is no indication for monitoring this biomarker during
therapy with HER2-targeted therapies [65,68,69]. Monitoring of
Np and cTn during treatment should be considered every 2-3
cycles, and the third and 12th month after the end of therapy
in high and very high risk patients with HER2 positive breast
cancer. Evaluation of cardiac biomarkers is also possible in low
or intermediate risk patients, although it is supported by lower
levels of evidence [64] (Figure 1).

4.4. Cardiovascular imaging

Cardiovascular imaging plays a major role in patient risk stra-
tification, in the detection of possible sub-clinical cardiovascu-
lar pathology, and in planning the future course of action in
the patient who will undergo potentially cardiotoxic therapy.
Among the available imaging techniques such as echocardio-
graphy, magnetic resonance imaging (MRI) and multi-gated
acquisition (MUGA), the performance of a three-dimensional
(3D) transthoracic echocardiography (TTE) is recommended, as
it allows the acquisition of all the volumetric and functional
information (e.g LVEF) necessary for the assessment of the
patient prior to the start of therapy. If it is not possible to
perform a TTE or the data obtained cannot be interpreted, MRI
can be used as a second choice, although cost, the need for
specialized staff and the lack of diffusion of this technique do
not yet make it commonly used in clinical practice [70]. MUGA
is the test of third preference when neither TTE nor MRI can be
conducted. This is mainly because the patient is exposed to a
substantial amount of radiation during each session, which is
particularly relevant in an oncological setting [71]. Assessment
of LVEF and global longitudinal strain (GLS) at baseline is
recommended in all patients who will undergo HER2-targeted
therapy both for cardiovascular risk stratification and to track
changes in ventricular function during treatment [72].
Borderline LVEF values (50-54%) or<50% at baseline correlate
with an increased risk of developing cardiotoxicity from HER2
target therapy [73]. Given the availability of multiple
approaches to measure LVEF, is recommended to acquired
LVEF value using the same technique in order to minimize
inter-technique variability [74].



Although LVEF monitoring is the current gold standard for
monitoring for cardiotoxicity, there is still disagreement on its
precision, repeatability, applicability, and timeliness in predict-
ing cardiac dysfunction [75,76]. Assessment of GLS has been
shown to have a higher and earlier predictive value of approxi-
mately 3 months for the development of cardiotoxicity than
variation in LVEF [77,78]. The detection of altered GLS values
would allow early cardioprotective therapy to be implemen-
ted, which would be useful in order to avoid possible discon-
tinuation of anti-cancer treatment. Although further studies
are still needed to implement the use of GLS in routine
practice and to determine its precise timing of acquisition,
the recent incorporation of GLS assessment into the cardio-
oncology echocardiography protocol published by the
American Society of Echocardiography (ASE) and the
European Association of Cardiovascular Imaging (EACVI) is an
important step toward its wider use [70]. According to the
most recent 2022 ESC Guidelines on cardio-oncology for the
scheduling of echocardiographic acquisitions, patients receiv-
ing HER2 target treatments in both adjuvant and neoadjuvant
settings should receive a TTE every three months and within a
year after completing treatment (Figure1) [54]. In the first year
of treatment for metastatic HER2+ disease, echocardiography
is advised to be performed every three months [54]; after that,
if the patient is asymptomatic and there is no CV toxicity,
surveillance can be decreased to every six months [54].

Of note, a recent study by Dent and colleagues [79] com-
pared the effectiveness of a 3- versus 4-monthly cardiac mon-
itoring protocol in a population of early breast cancer patients.
The incidence rate of dysfunction between the two study arms
was 16.3% in the 3-month monitoring arm and 12.4% in the 4-
month monitoring arm, not reaching statistical significance
(95% Cl: 4.0 [IQR —5.9, 13.8]; p=0.69). In view of the non-
inferiority of cardiac monitoring at 4 months compared to 3
months, less frequent echocardiographic monitoring should
be considered. Future studies are required to explore the
precise timing of echocardiographic investigations in more
detail, especially in relation to the introduction of anthracy-
cline-free treatment regimens and a generally young early
breast cancer population at low cardiovascular risk, where
less frequent monitoring could be evaluated.

5. Management of HER2 target therapies
cardiotoxicity

A decline in LVEF is the primary sign of cardiotoxicity con-
nected to the use of HER2 target therapy. Although several
studies have utilized a drop in LVEF of 15% or more from
baseline or a value<50% as a cutoff for the development of
cardiotoxicity [80], historically a drop in LVEF of 10% was
thought to be the cutoff for the onset of cancer therapy-
related cardiac dysfunction (CTRCD) [81]. Thus, a decrease in
LVEF=10% is regarded as probable cardiotoxic evidence, par-
ticularly if the value falls below 50%. The 2022 ESC Guidelines
on cardio-oncology also implemented the GLS value in the
definition of CTRCD, which is diagnosed if there is a relative
decline in GLS>15% from baseline as well as new rise in
cardiac biomarker [54]. A multidisciplinary team should be
involved in cases of cardiotoxicity related to HER2 target
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therapy in order to handle following therapeutic decisions
most effectively [82]. For patients who experience mild
(LVEF>50%) or moderate (LVEF 40-49%) asymptomatic
CTRCTD, there is no indication for discontinuation of treat-
ment, whereas initiation of cardioprotective therapy with an
ACE-i, beta-blocker or angiotensin receptor blockers is recom-
mended [83]. In patients with mild symptomatic CTRCD, a
multidisciplinary team approach is recommended to continue
or discontinue HER2 therapy [83]. Temporary discontinuation
of treatment is recommended in patients who develop symp-
tomatic and asymptomatic severe (LVEF<40%) or symptomatic
moderate CTRCD, and initiation of treatment for acute and
chronic HF according to the ESC 2021 guidelines [84] is recom-
mended in cases of severe CTRCD.

6. Conclusions

The introduction of target therapies against HER2 has com-
pletely revolutionized the treatment of breast cancer patients,
significantly increasing survival. Numerous studies have
demonstrated the cardiotoxicity related to the administration
of these drugs, highlighting the need for strategies to identify
patients at increased risk of developing cardiovascular compli-
cations. Some studies have demonstrated a lower cardiotoxic
profile of the newer HER2 target therapies such as T-DM1 and
tucatinib; despite promising results, future studies are needed
to comprehensively explore the cardiotoxic potential of these
drugs.

The growing population of high-risk patients who are pos-
sible candidates for HER2 target therapies also makes it neces-
sary to study treatment and follow-up strategies that would
make the eventual administration of these drugs safe in this
population. Beyond the cardiovascular assessment of the
patient at baseline, useful tools for early detection of cardio-
toxicity are cardiac biomarkers and imaging. Currently the
biomarkers used in clinical practice are ¢cTn and Np, which
have been shown to be useful predictors of cardiotoxicity
especially in patients previously treated with anthracyclines.
The imaging techniques recommended by the ESC guidelines
are three-dimensional ultrasound and secondarily MRI.
Assessment of GLS could be a valid alternative to measuring
LVEF, ensuring detection of early subclinical cardiac dysfunc-
tion, although future studies are needed to assess the efficacy
of this technique. When CTRCD develops, secondary preven-
tion protocols should be implemented by administering drugs
(eg beta blocker, ACE inhibitor) where necessary, accompa-
nied by more frequent patient follow-up.

7. Expert opinion

HER-2-targeted therapies have been a gold standard for the
treatment of breast cancer and specific forms of gastric cancer
for many years. As a new standard of care is anthracycline-free
regimens for locally advanced HER2-positive breast cancer,
robust data on cardiotoxicity in this specific population are
awaited. Moreover, further studies are needed to better define
the cardiotoxicity of new HER2 target therapies, such as T-DM1
and tucatinib. Today, methods to prevent, monitor and iden-
tify HER-2-induced cardiotoxicity need to be strengthened,
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especially in a new and increasingly represented high-risk
patient population (including patients with preexisting cardiac
dysfunction or a history of overt heart failure).

The use of primary pharmacological preventive strategies is
still a rather debated topic and the data obtained from the
studies conducted so far are rather heterogeneous. According
to preliminary findings from the study by Guglin et al. [85]
anthracycline-exposed patients who are at high risk of experi-
encing cardiotoxicity from TRZ may benefit from treatment
with lisinopril or carvedilol. Data from the PRADA study [86]
demonstrated a modest protective effect of Candesartan
administration with a minor reduction in LVEF, whereas meto-
prolol did not reach statistical significance. On the contrary, a
subsequent study [87] demonstrated the non-efficacy of can-
desartan in preventing a decrease in LVEF in patients pre-
viously treated with anthracyclines. Future research is
required for a more precise description of potential preventa-
tive treatments for TRZ cardiotoxicity due to the lack of studies
on the effectiveness of preventive medication, particularly in
individuals who have never received anthracycline treatment.
Future studies including new HER2 target therapies such as
trastuzumab deruxtecan, T-DM1 and tucatinib are also
needed.

Clinical trials and retrospective analyses measure cardiac
function using changes in LVEF with symptomatic HF as an
endpoint. Although LVEF monitoring is the current gold stan-
dard of care for monitoring cardiotoxicity, there is a variety of
evidence on the evaluation with more advanced echocardio-
graphic techniques (speckle tracking imaging, 3D echocardio-
graphy) or cardiac MRI (mapping techniques).

Studies on the validity of using cardiac Hs-troponins as a
predictor of cardiotoxicity affirm the usefulness of this biomarker
mainly in patients who have previously undergone anthracycline
therapy. The use of this biomarker in an anthracycline-naive
setting is still a matter of debate as is the precise timing for its
evaluation. As shown in the NeoALTTO study [88], the evaluation
of troponin | in patients treated with HER target therapies in the
neoadjuvant setting did not prove predictive of the develop-
ment of cardiotoxicity. Therefore, further studies are needed to
establish the actual usefulness of this biomarker assay.

In addition, given the potential for early detection of car-
diotoxicity from the assessment of cardiac biomarkers, future
studies would be required to evaluate the potential efficacy of
a combination with imaging techniques in order to obtain
useful algorithms for an earlier detection of cardiotoxicity
and a prompter prevention strategy.

Furthermore, several studies [89,90] are currently underway
to evaluate the efficacy of other biomarkers, including myelo-
peroxidase (MPO), C-reactive protein (CRP) and growth differ-
entiation factor-15 (GDF-15) to test their usefulness in patients
undergoing cardiotoxic therapy. Given the preliminary
encouraging results regarding their usefulness, further studies
are needed to establish an appropriate timing for their mea-
surement and possible intervention based on the values
found.
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