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ABSTRACT

Cancer and cardiovascular diseases are the two major causes of mortality, morbidity, and
disability worldwide. The improvement in effective therapeutic options for themanagement of
breast cancer (BC) has led to an increased number of BC survivors, who can experience long-
term toxicities from cancer treatments. Adverse events including cardiovascular toxicities
must be considered in light of effectiveness of recently approved drugs for BC treatment,
including elacestrant, tucatinib, neratinib, olaparib, the immune checkpoint inhibitors,
trastuzumab deruxtecan, or sacituzumab govitecan. Many cancer drugs affect the cardio-
vascular system with a range of clinical manifestations. Prompt diagnosis and treatment as
well as a multidisciplinary approach involving a cardio-oncologist is optimal for management
of these cardiovascular events.

INTRODUCTION

Cancer and cardiovascular diseases (CVDs) are two major
causes of morbidity and mortality worldwide1 that share some
common risk factors. In patientswith cancer, CVDs can arise de
novo or as worsened preexisting disease after oncological
treatments, underlining the need for a multidisciplinary ap-
proach to prevent and manage cardiotoxicity from antineo-
plastic treatments.2 Cardiotoxicity is multifactorial (Table 1)
and has myriad clinical manifestations with three main
mechanisms: type I (irreversible), II (reversible), and III (in-
flammatory; Fig 1).3,4 Beyond anthracyclines and trastuzumab,
other breast cancer (BC) treatments can also induce cardio-
vascular advese events (CV-AEs), negatively affectingquality of
life and survival. In this review, we describe and analyze the
cardiovascular toxicities associated with approved BC drugs,
discussing their prevention, monitoring, and management.

CHEMOTHERAPY

Anthracycline-induced cardiotoxicity has been well studied
and attributed to direct damage with cardiomyocyte death
from reactive oxygen species (ROS).5 Anthracycline car-
diotoxicity is classified as acute, early-onset, and late-onset if
occurring within 2 weeks, ≤1, or >1 year of anthracycline ex-
posure, respectively.6 The risk of cardiotoxicity is proportional
to the cumulative dose and varies by the type of anthracycline.
European Society for Medical Oncology guidelines recommend
the use of the iron chelator dexrazoxane, which reduces ROS
formation, in patients receiving anthracyclines who have re-
ceived a total dose of doxorubicin >300 mg/m2 (or equivalent
for other anthracyclines)5; however, in BC, most avoid reusing
or using anthracyclines beyond these doses altogether. In the
metastatic setting, anthracycline toxicity can be minimized

by its liposomal formulations and continuous infusion.7 Sev-
eral studies demonstrated that angiotensin-converting en-
zyme inhibitors, beta blockers, or aldosterone antagonists
improve anthracycline cardiotoxicity, with mixed results on
prevention.6,8-10 The required monitoring is described in
Table 2.

Multiple other chemotherapeutic agents can induce CV-AEs.3

The mechanism of fluoropyrimidine cardiotoxicity is likely
multifactorial, with coronary spasm as a consequence of
vascular endothelial injury often implicated.11 Clinical mani-
festations range from chest pain to Takotsubo cardiomyop-
athy,12 and vasodilator agents (eg, nitrates or calcium channel
blockers) should be considered for treatment.13 Taxanes have
less common cardiac complications. Paclitaxel-related car-
diotoxicity can manifest as arrhythmias, particularly sinus
bradycardia, and is mediated in part by indirect mechanisms
attributed to histamine release by the drug and its solvent
cremophor EL during allergic reactions.14-16 Lymphedema is
the most common docetaxel-related vascular-AE due to in-
creased albumin retention and capillary permeability.4 Rarer
CV-AEs have been reported with gemcitabine (peripheral
vasculitis, rarely capillary leak syndrome),17,18 platinating
agents (thrombotic events and arrhythmia attributed to
electrolyte imbalance from nephrotoxicity and ROS),19 and
eribulin.20-22 On the basis of a small study demonstrating
electrocardiographic corrected Q-T interval (QTc) prolonga-
tion, ECG monitoring is recommended during eribulin
treatment for high-risk patients (Table 2), and electrolyte
abnormalities should be corrected before initiation.23,24

Vinorelbine cardiotoxicity has rarely been described in clin-
ical trials25; it is similarly uncommon with cyclophosphamide
at doses used in BC with the hypothesized mechanism related
to the metabolite acrolein.26
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ENDOCRINE THERAPIES

Endocrine therapy (ET) is the main treatment for hormone
receptor–positive (HR1) BC and can induce CV-AEs.27

Selective Estrogen Receptor Modulators

Tamoxifen acts as an ER agonist or antagonist on the basis of
tissue-specific binding sites that involve corepressors or
coactivators. Tamoxifenhas a favorable actiononbreast tissues
by inhibiting estrogen receptor (ESR) activation with a re-
duction in estrogen-dependent tumor growth and on lipid
metabolism by reducing serum cholesterol and low-density
lipoprotein.29 In the cardiovascular system, bone, liver, and
uterus, tamoxifen has estrogen agonistic activity. Significant
tamoxifen-related AEs are venous thrombosis (VT) and venous
thromboembolism (VTE).30,31 In the seminal P-1 trial, 5 years of

tamoxifen as prevention in healthy women at increased risk of
BC resulted in 60% higher VTE incidence than placebo, mostly
in women age 50 years or older, with no alteration in ischemic
heart disease rate regardless of the underlying coronary heart
disease.32 ECG abnormalities including QTc prolongation are
found in up to 7%, particularly in metastatic disease.33,34

Considering this risk, tamoxifen should be avoided in pa-
tients with a history of deep VT (DVT) and pulmonary
embolism (PE) or who need anticoagulant therapy. With its
lipid-lowering effects, tamoxifen may have long-term ad-
vantageous effects compared with aromatase inhibitors (AIs)
although with little difference in cardiac deaths.35,36

AIs

AIs inhibit the aromatase enzyme leading to estrogen de-
pletion in postmenopausal patients. In third-generation AI

TABLE 1. Risk Factors to be Considered for Cancer Treatment-Related Cardiotoxicity

Previous Cardiotoxic Cancer Treatment Patient-Related CV Toxicity Risk

Prior anthracycline treatmenta CV risk factors: smoking, hypertension, alcohol, diabetes, dyslipidemia, obesity, sedentary lifestyle,
chronic kidney disease

Pre/concomitant radiotherapy to mediastinum
and/or left thoracic wall/breastb

CV diseases: compromised cardiac function, coronary artery disease, cardiomyopathy, cardia
arrhythmias, hypertension, preexisting thrombosis

Prior trastuzumab treatmenta Age

Abbreviation: CV, cardiovascular.
aConsidering type of infusion, cumulative dose, and duration.
bConsidering radiation dosage, design, conformal therapy, and duration.

Irreversible type

Myocardiocyte damage (eg,
anthracycline)

Reversible type III

Inflammatory infiltration
(eg,immunotherapy)

Reversible type II

Protein dysfunction (eg, anti-HER2)

FIG 1. Types of cardiotoxicity from anticancer drugs.
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TABLE 2. Suggested Monitoring Schedule for Detection of Cardiovascular Adverse Events during Treatment of Patients With Breast Cancer

Drug

Baseline Cardiovascular
Disease and Risk Factor

Assessmenta Suggested Baseline Assessment Suggested Monitoring During Treatment Treatment Interruption Criteria

Anthracycline Yes ECG, LVEF by echocardiogram
Troponins, BNP, or NT pro-BNP

may be considered in high-risk

Clinical LVEF monitoring once every 3 months for eBCb

In patients with clinical signs or symptoms of HF,
cardiology consultation is needed

Cumulative dose (all cycles) of >350 mg/m2,
any CHF or LVEF <50%

Chemotherapy other than anthracycline Yes ECG, LVEF by GLS, or heart-echo
ultrasound in cardiovascular
risk patients

Clinical, attention to If cardiovascular AEs occur, permanent
discontinuation if not solved with adequate
therapies

Chest pain (fluorouracil)
Edema (gemcitabine, docetaxel)
Bradycardia (taxane)
Arrhythmias (platinum, taxane)

QTc monitoring could be considered for eribulin for
high-risk patientsc

Endocrine therapy Yes Cholesterol education for AI
DVT education for tamoxifen

Clinical signs of venous thrombosis or embolism (tamoxifen) If thrombosis occurred during ET

CDK4/6i Yes Signs/symptoms of VTE or PE Signs/symptoms of VTE or PE Any-grade venous thromboembolic event
for eBC

G3/4 venous thromboembolic event for
mBC → until ≥G2

Ribociclib Yes ECG with QTc assessment ECG with QTc assessment at 14 days of first cycle and
at the beginning of the second cycle, then as clinically
indicated

QTc >480 ms → until QTc improvement to
<481

Everolimus and alpelisib Yes Blood glucose HbA1
Blood lipids for everolimus

Blood glucose
Blood lipids for everolimus

For ≥G3 permanent discontinuation

Trastuzumab and pertuzumab Yes LVEF eBC: LVEF every 3 months during treatment; consider every
6 minutes after adjuvant trastuzumab and/or pertuzumab
if clinically indicated

LVEF <50%→ resumed if, within 4-8 weeks, the
LVEF ≥50% with cardiac management

Other anti-HER2 agents Yes LVEF Metastatic LVEF measurement clinically or radiographically
every 3 months can be considered

For ≥G3 → until ≥G2
Symptomatic heart failure

Immunotherapy Yes Clinical symptoms, if suspected Ir-CV-AEs:
Troponin, BNP, ECG, echocardiogram, cardiac MRI as

needed (suspecting myocarditis)

≥G1 (elevated cardiac biomarkers)

NOTE. Grade is reported as CTCAE v.4.03.
Abbreviations: AE, adverse event; AI, aromatase inhibitor; BNP, B-type natriuretic peptide; CDK4/6i, cyclin-dependent kinases 4 and 6 inhibitors; CHF, congestive heart failure; CTCAE, Common
Terminology Criteria for Adverse Events; DVT, deep venous thromboembolism; eBC, early breast cancer; ET, endocrine therapy; GLS, global longitudinal strain; HbA1, hemoglobin A1; HER2, human
epidermal growth factor receptor 2; HF, heart failure; Ir-CV-AEs, immune-related cardiovascular adverse events; LVEF, left ventricular ejection fraction; mBC, metastatic breast cancer; MRI, magnetic
resonance imaging; MUGA, multigated acquisition scan; NT pro-BNP, 76-residue N-terminal fragment of proBNP; QTc, electrocardiographic corrected Q-T interval; VTE, venous thromboembolism.
aAs reported in Table 1.
bBy MUGA or echo.
cPatients with congenital QT syndrome or brady-arrhythmias or cardiac heart failure or concomitant treatment with drugs known to prolong QT.
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drugs (anastrozole, letrozole, and exemestane), this de-
pletion of estrogen and estrogenic cardioprotection could
theoretically lead to CV-AE.

Adjuvant trials comparing AIs with placebo did not dem-
onstrate increased risk of CV-AEs (myocardial infarction,
DVT, or PE).37,38 AIs compared with tamoxifen have higher
CV-AE risk, which may reflect a favorable tamoxifen
effect.39-42 However, there is a significantly lower risk of
thrombosis, measuring 45% proportional and approxi-
mately 1.5% absolute in a meta-analysis of randomized
adjuvant ET trials.30 The duration of AI therapy is directly
proportional to the increased risk of CVDs29 with a higher
incidence of all events, for example, hypertension, hyper-
lipidemia, and arrhythmia, in those treated with 5 versus
2-3 years as part of a switching strategy with tamoxifen.43

Exemestane has less deleterious effects on triglyceride levels
than the nonsteroidal AIs although the clinical consequences
are unclear.40

Selective Estrogen Receptor Degraders

Fulvestrant is an intramuscularly administered selective
ESR degrader (SERD) used in HR1 metastatic BC (mBC). In
the CONFIRM trial, a low incidence of ischemic disorders
(1.4%-1.9%) was reported,44 which was not observed in
EFECT.45 Elacestrant is the first oral SERD approved for
advanced or metastatic endocrine-pretreated HR1 BC with
ESR1mutation. No significant CV-AEs have been described in
the registration phase III EMERALD trial; however, this drug
has only been studied in late-stage mBC.46

CYCLIN-DEPENDENT KINASES 4/6 INHIBITORS

Palbociclib, ribociclib, and abemaciclib are cyclin-dependent
kinases 4 and 6 inhibitors (CDK4/6i) approved forHR1/human
epidermal growth factor receptor 2–negative (HER2–) mBC
and abemaciclib for high-risk early BC (EBC) as adjuvant
treatment. Each drug has specific CV-AEs, with an increased
relative risk of 2.62 for VTEs common to all three drugs
compared with ET alone, particularly if paired with
tamoxifen.47,48 The thrombosis rates with CDK4/6i treatment in
the real-world setting was 9.8% (compared with 1%-5% in
clinical trials) of which a significant predictor was
hemoglobin <10 g/dL.49

Ribociclib

The 1-year incidence of thrombosis with ribociclib in a real-
world mBC database was 8.3%.49 However, the best-known
CV-AE related to ribociclib is QTc prolongation. In the
MONALEESA trials, at least one postbaseline QTc prolonga-
tion was detected in 3.3%-5.6% of patients treated with
ribociclib plus ETand0.3%-2.5% in the analogousET/placebo
arm. In MONALEESA-7, a QTc increase of >60 ms from the
baseline was observed in 16.1% and 7.3% of patients receiving
ribociclib plus tamoxifen or plus AI, respectively. Tamoxifen

alone caused a QTc prolongation, unlike nonsteroidal AIs
(7% v 0%).34 The increased risk of QTc prolongation with
ribociclib has been confirmed in a meta-analysis of all CV
events reported in clinical trials with CDK4/6i in which VTE,
atrial fibrillation, and hypertension were also described
during ribociclib treatment.50 Ribociclib, but not palbociclib,
seems to induce sodium and potassium channels involved in
QTc prolongation.51 For this reason, ECG assessment is rec-
ommendedduring ribociclib initiation (Table 2), and given the
overlapping effect of ribociclib and tamoxifen on the
QT-interval, this combination should be used with caution.52

Palbociclib

Palbociclib trials have demonstrated a relatively safe CV
toxicity profile. A pooled analysis of the PALOMA trials
showed a higher rate of VTE events (up to 2%) compared
with placebo (0.6%), with 11 patients experiencing PE,53

similar to the adjuvant PALLAS trial.54 The incidence of
1-year VTE in a real-world databasewas 10.9%.49 It should be
noted that thrombosis risks are generally elevated in active,
metastatic cancer, which is the primary setting for palbociclib
and ribociclib at this time.

Abemaciclib

A CV-AE of special interest for abemaciclib is VTE. Pooled
data from MONARCH-2 and MONARCH-3 showed an inci-
dence of 5.3% of VTE in patients with mBC receiving abe-
maciclib, of which 2.5%was PE, compared to 0.8% and 0.5%
in the placebo arm, respectively.55 In the adjuvant MonarchE
trial, a VTE rate of 2.5% with abemaciclib versus 0.6% with
placebo was observed, with a higher incidence when com-
bined with tamoxifen (4.3%) than with AI (1.8%).47 VTE
monitoring and vigilance is recommended (Table 2) and
avoiding combining abemaciclib with tamoxifen.55

PHOSPHATIDYLINOSITOL 3-KINASE/AKT/MAMMALIAN
TARGET OF RAPAMYCIN PATHWAY INHIBITORS

Everolimus

The oral mTOR1 inhibitor everolimus combined with exemes-
tane is approved for postmenopausal HR1 mBC with po-
tential indirect cardiotoxicity via deleterious effects on
cardiac risk factors. In the EVEREXES trial, 15% of patients
receiving this combination developed increased serum
cholesterol,56 and everolimus can cause hyperglycemia in
up to 17% of patients by affecting insulin metabolism.57

Blood glucose and HgbA1c along with blood cholesterol
and triglycerides should bemonitoredwhile on everolimus.58

Alpelisib

Alpelisib is an oral phosphatidylinositol 3-kinase (PI3K)
inhibitor approved in combination with fulvestrant for
PIK3CA-mutated HR1 mBC on the basis of the results of the
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SOLAR1 trial that did not report any CV-AEs. However, hy-
perglycemia and diabetes were the most frequent alpelisib-
related AEs, and PI3K is at the crossroads of insulin resistance
regulation.59 Long-term implications of alpelisib are un-
known, given the short follow-up and metastatic setting.
Careful consideration of patient selection, prevention, and
management of drug-induced hyperglycemia is important.60

Although preclinical models have found sodium/potassium
channel alterations with PI3K inhibition influencing QT
interval, QTc prolongation has not been noted in clinical
trials.61

INHIBITORS OF POLY(ADP-RIBOSE) POLYMERASE

Talazoparib and Olaparib

Existing data suggest a potentially beneficial effect of in-
hibitors of poly (ADP-ribose) polymerase (PARPi) in pro-
tecting cardiac myocytes from damage.62 Two PARPi are
approved in metastatic germline BRCA1/2-mutated BC,
talazoparib and olaparib, and one of these, olaparib, is also
approved for adjuvant therapy of high-risk germline carriers.
Neither PARPi have demonstrated alterations in CV-AE in
either setting.63-65

ANTI-HER2 AGENTS

Anti-HER2 agents transformed prognosis of HER2-positive
(HER21) BCs representing 25% of all BC.66 Preclinical models
suggest that even a low expression of HER2 in cardiac
myocytes is sufficient for a significant cardiac damage
attributed to alterations of perfusion, innervation, or the
hormonal milieu, leading to protein damage and consequent
myocyte contraction dysfunction with anti-HER2 drugs.67

Anti-HER2 Monoclonal Antibodies

Trastuzumab

The cardiotoxicity of trastuzumab, an anti-HER2 mAb ap-
proved in early and metastatic HER21 BC, consists primarily
of reversible decrease in left ventricular ejection fraction
(LVEF), with an incidence ranging from 4% to 27% and the
highest risk when combined with anthracyclines. Augmented
risk of congestive heart failure (CHF) was noted in virtually all
randomized trials regardless of chemotherapy regimen. In
the adjuvant BCIRG 006 trial, when trastuzumab was added
to anthracycline-based chemotherapy, CHF increased from
0.7% to 2%, however there was no similar increase with
trastuzumab added to non anthracycline-based therapy.68

Subclinical LVEF decreases ranged from 9% to 19% within
3-6months of trastuzumab initiation. It should be noted that
there is lower cardiotoxicity risk with trastuzumab after
chemotherapy than concurrently, but with some evidence of
lower efficacy.69-72

In the metastatic setting, 19% and 4% had cardiac dys-
function with trastuzumab plus anthracycline-based and

paclitaxel-based therapy, respectively (v 3% and 1% with
chemotherapy alone)73; see Table 2 for monitoring rec-
ommendations. Trastuzumab should be held for CHF or
significant left ventricular systolic dysfunction (LVSD), and
anti-CHF measures should be initiated. Trastuzumab may
be carefully reinitiated with LVEF recovery.

Pertuzumab

Another anti-HER2 mAb, pertuzumab, is approved in
combination with trastuzumab and chemotherapy in both
the metastatic and adjuvant settings. In CLEOPATRA, the
addition of pertuzumab to trastuzumab and a taxane (THP)
did not increase the rate of LVSD compared with placebo
(6.6% v 8.6%).74 The APHINITY and TRYPHAENA trials,
representing the current (neo)adjuvant SoC, confirmed
the safety of dual anti-HER2 monoclonal antibodies, even
when given sequentially after adjuvant anthracycline-based
regimens.75,76 These studies suggest that dual anti-HER2
therapy does not have greater cardiotoxicity than single
anti-HER2 therapy. In clinical practice, patients with EBC
who are candidates for pertuzumab are also being treated
with trastuzumab.77

Margetuximab

Margetuximab is an anti-HER2mAbapproved as a substitute
for trastuzumab in combination with chemotherapy in pre-
treated HER21 mBC. In the SOPHIA trial, approximately 3%
had LVSD in bothmargetuximab and trastuzumab arms; 1.5%
(v 2.3%) of margetuximab-treated patients delayed or dis-
continued treatment for cardiac reasons, mostly reversible
LVEF reductions.78 It should be noted that patients in this trial
had pretreatedmBC and prior exposure to anti-HER2 therapy.

Anti-HER2 Tyrosine Kinase Inhibitors

Lapatinib, Tucatinib, and Neratinib

Oral tyrosine kinase inhibitors generally have a safe car-
diovascular toxicity profile.79,80 Minimal cardiotoxicity
(<1%) has been observed with neratinib and lapatinib,81-83

and no major CV-AEs were observed with tucatinib in
the HER2CLIMB trial.84 Most of these trials, and current
practice, include patients who have previously received
(and tolerated) trastuzumab.

HER2-Directed Antibody-Drug Conjugates

Trastuzumab Emtansine (T-DM1)

T-DM1 was the first antibody-drug conjugate (ADC) ap-
proved in BC for pretreated mBC and in the postneoadjuvant
setting for residual disease.85,86 In the EMILIA trial, the LVSD
rate was similar (1.7%) in both T-DM1 and capecitabine plus
lapatinib arms.85 A pooled analysis of 1,961 patients withmBC
receiving T-DM1 found a total cardiac event rate of 3.4%.87

The EBC setting is equally reassuring; in trials comparing
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T-DM1 plus pertuzumab with nonanthracycline or com-
paring taxane plus dual antiHER2 antibodies versus T-DM1
plus pertuzumab, fewer than 3% had CV-AEs in the T-DM1
arms.88,89 In the KATHERINE trial of adjuvant T-DM1 versus
trastuzumab after neoadjuvant chemotherapy plus trastu-
zumab, 1.4% discontinued treatment because of LVSD in both
arms.86 Current clinical guidelines recommend serial moni-
toring and at least temporary discontinuation of therapy for
LVSD or symptomatic disease.

Trastuzumab Deruxtecan (T-DXd)

T-DXd is an ADC approved in HER21 and HER2-low mBC.
In DESTINY-Breast01, a single-arm trial of T-DXd in
heavily pretreated HER21 mBC, 1.6% experienced any-
grade LVSD and 4.9% experienced QTc prolongation.90 In
DESTINY-Breast03 investigating T-DXd versus T-DM1 in
second-line HER21 mBC, LVSD (mostly asymptomatic and
reversible) was observed in 2.3% versus 0.4%, respec-
tively.91 In the DESTINY-Breast04 trial testing T-DXd
versus chemotherapy of physician’s choice in pretreated
HER2-low mBC, 4.6% of patients experienced any-grade
LVSD, rarely symptomatic; 5.8% of T-DXd–treated pa-
tients had cardiac biomarker increase.92 This LVSD rate is
similar to that seen with initial trastuzumab; unlike the
other T-DXd trials, DESTINY-Breast04 patients were naїve
to prior anti-HER2 therapy. The FDA-approved prescribing
information recommends discontinuation of T-DXd for
significant asymptomatic LVSD or symptomatic CHF.

Sacituzumab Govitecan

Sacituzumab govitecan (SG) is an ADC targeting Trop-2,
approved for pretreated metastatic triple-negative BC
(TNBC)93 and HR1/HER2– mBC.94 No significant cardio-
vascular toxicity was reported in these trials related to SG.
SN-38 has potential concentration-related change in QTc,95

but this was not observed in the trials.

Immune Checkpoint Inhibitors

Immune-related CV-AEs, although uncommon, can occur
with immune checkpoint inhibitors (ICIs). The most fre-
quently reported is myocarditis, the classic manifestation of
type III cardiotoxicity, attributed to myocardial damage from
inflammatory cell infiltration; other CV-AEs include dys-
rhythmias, CHF, vasculitis, pericarditis, or isolated elevated
cardiac biomarkers.96 In 2019, the first ICI was approved with
chemotherapy for metastatic TNBC and in 2021 for early
TNBC.97 These trials reported rare cardiotoxicity; myocarditis
was seen in 5 (0.6%) of 784 patients treated in the KEYNOTE
522 trial.98,99 In a pooled analysis of National Cancer Institute–
sponsored ICI trials across all tumor types, of approximately
7,000 ICI-treated patients, 0.6% had an ICI-related major
cardiac AE, which was associated with significant morbidity
and high mortality.96 Consequently, physician awareness is
required to ensure early diagnosis and prompt management.
Restarting immunotherapy after CV-AE depends on severity,
recovery, and balance between risks and benefits.100

Chemotherapy
(<1% to 11%)

Tyrosine kinase inhibitors
(<1%)

Immunotherapy
(<1%)

Antibody-drug conjugates
(2%-3%)

Anti-HER2 monoclonal antibodies
(2%-10%)

Endocrine therapy and CDK4-6i
(2%-7%)

PARP inhibitors
(rare)

FIG 2. Drugs used for treatment of patients with breast cancer that can potentially cause cardiovascular damage. CDK4-6i,
cyclin-dependent kinases 4 and 6 inhibitor; PARP, poly (ADP-ribose) polymerase.
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PREVENTION OF CARDIOTOXICITY

Given the multiple cardiotoxic BC agents (Fig 2), a number
of approaches have been examined to prevent and treat
cardiotoxicity, especially related to anthracyclines or
anti-HER2 agents, with mixed results.3 For this reason, it
is important to recognize, treat, and control preexisting
cardiovascular risk factors before initiating cardiotoxic drugs
as noted in the risk stratification of CV-AEs in the European
Society of Cardiology guidelines (Table 1),5,101 and once ini-
tiating BC therapy, early identification of cardiotoxicity can
change clinical outcome, reducing mortality and complica-
tions. In this context, the newfield of cardio-oncology aims to
prevent, monitor, and treat CV-AEs.

Cardioprotective therapies such as ACE inhibitors and beta-
blockers have been tested to prevent LVSD in patients with
HER21 BC receiving trastuzumab after anthracycline102,103;
however, in the phase IIIMANTICORE101-Breast trial, neither
drug effectively prevented left ventricular remodeling.104

During treatment with cardiotoxic drugs, close monitoring
of symptoms and signs is recommended (Table 1). Along
with LVEF assessment and consideration of cardiac bio-
markers, a more sensitive echocardiography assessment,

global longitudinal strain, may identify areas of myocardial
and contractile function damage not otherwise detectable105;
however, this is not a standard approach. Once a CV-AE is
detected, timely discontinuation of the offending agent is
crucial, and all clinicalmanifestations need to bemanaged.101

For ICI-induced CV-AEs, after discontinuation of the ICI,
high-dose corticosteroids and, if refractory, other immu-
nosuppressive drugs (eg, alemtuzumab or abatacept)may be
needed.101 For best management of CV-AEs, an interdisci-
plinary team is needed regarding management, reinitiation,
or withdrawal of treatment.

In conclusion, the development and approval of new drugs
for patients with BC has led to the identification of new
CV-AEs. Real-life data analysis can identify the true in-
cidence of cardiotoxicity, as illustrated by the thrombosis
incidence related to CDK4-6i. Pharmacovigilance should
play a critical role in the definition of CV safety profiles of
anticancer agents. Physicians need to be aware of the
manifestations and management strategies, which is of
particular importance in patients with BC considering the
increased number of drugs used in the curative intent
setting and the ever-increasing numbers of BC survivors
who may suffer the consequences of unidentified or un-
treated cardiotoxicity.
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