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Chapter 7
Cardiotoxicity During and After Breast 
Cancer Treatment

Angela H.E.M. Maas

Abstract  As cardiovascular diseases (CVD) are the main cause of death in women 
worldwide, they are also frequently present in breast cancer (BC) patients and in 
late survivors. Radiation therapy, chemotherapy, immunotherapy and angiogenic 
therapy may induce cardiotoxicity and vascular damage. In the rapidly evolving 
field of cardio-oncology it is recommended that pre-existing CVD risk factors 
should be assessed in all BC patients and aggressively managed, starting at the time 
of treatment (or even before) and continuing throughout survivorship. The use of 
advanced cardiac imaging techniques improves earlier detection of cardiac damage 
and heart failure, enabling a more timely treatment.
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�Introduction

In Western populations one out of eight women will develop breast cancer (BC). Due 
to improved screening modalities and the development of novel cancer treatments, 
including targeted and immunologic therapies, 5 year BC survival rates are more than 
90%. Ten-year survival rates for invasive BC is now approximately 83% (www.seer.
cancer.gov). Despite these impressive advancements in survival, cardiovascular toxic-
ity is increasingly observed as a serious complication of treatment. This has led to the 
rapid evolving field of cardio-oncology with a bread focus not only on myocardial 
toxicity, but also on vascular disease, accelerated onset of hypertension and arrhyth-
mias. New strategies are currently being developed to better preserve and restore car-
diovascular health in patients with cancer and cancers survivors, for which an optimal 
interdisciplinary collaboration and understanding is needed [1, 2].
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�Cardiovascular Risk in Breast Cancer Patients

As cardiovascular diseases (CVD) are the main cause of death in women world-
wide, they are also frequently present in BC patients and in late survivors 
(Fig. 7.1). In a population of 415 postmenopausal women with hormone recep-
tor (HR) positive early BC the 10-year predicted CVD risk was equivalent to or 
higher than BC recurrence risk [3]. Risk factors like obesity, diabetes and 
hypertension are important in the occurrence of both CVD and BC [4–7]. 
Women with unhealthy lifestyle behavior, CVD risk factors and genetic factors 
are more susceptible for cardiotoxicity during BC therapy [8, 9]. This concept 
is also known as the ‘multiple-hit’ hypothesis. Preliminary data also suggest 
that cancer itself may induce subclinical myocardial damage before any treat-
ment has been started [10]. Despite the individual differences in CVD risk pro-
file, the various classifications/stages of BC and the variety of BC treatment 
regimens that are needed, a tailored patient approach with early and late 
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Fig. 7.1  CVD and breast cancer deaths in women. Source: US Centers for Disease Control and 
Prevention [1999–2013]
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cardio-surveillance is not yet standard routine care (Fig.  7.2) [11]. This may 
result in (too) late referral for cardiac treatment, as illustrated in the patient 
case. In 2016 the ESC has released a first position paper on cancer treatments 
and cardiovascular toxicity [12].

 

Medical History
• 13 years ago: BC Left-sided (infiltrating ductal CA, 4 cm, ER+,0/14 L-nodes pos)

Radiotherapy, 5 x FEC chemotherapy and Tamoxifen ( 5 yrs)

• 9 years later: T4 BC Right-sided, ER-, PR-, Her2Neu +++. Invasive ductal CA.

Neo-adjuvant 2 x FEC chemo+Carboplatin/Paclitaxel and Trastuzumab         

• After 1 year: chemo stopped, because of extravasation right arm. Ablation right breast performed.

Trastuzumab continued       

• 2 years later: metastases cervical right sided. Continuation of Paclitaxel + Trastuzumab.   

PET-CT-scan: complete remission

6 months later: 50 Gy radiotherapy neck right sided.

Trastuzumab stopped, because LVEF < 42%   (no HF treatment started)               

6 months later: hospitalization with HF and pneumonia . ACE inhibitor, and B blocker started.

New ECHO: LVEF 22%, dilated LV, secondary MI (gr 2+/6), TI, atrial dilatation.         

Cardiologist: advises to implant ICD. Patient refuses and consults other cardiologist: no ICD, update of HF medication

before her holiday leave. During her last year of life her EF remained stable at 22%, with acceptable functional class

II NYHA . She died of metastatic BC.              

• Comments:: HF medication should have been started at the first signs of LV decline, to improve her quality of life. .

There is no evidence for ICD use in patients with HFrEF caused by cardiotoxicity.        

  

Woman 56 years  with heart failure, caused by repeated chemotherapy and trastuzumab. 
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Fig. 7.2  Patient surveillance in treatment for breast cancer
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In this paper it is recommended that pre-existing CVD risk factors should be 
assessed and aggressively managed, starting at the time of treatment (or even before) 
and continuing throughout survivorship. Baseline risk factors for cardiotoxicity are 
depicted in Table 7.1.

�Cardiovascular Risk in BRCA Mutation Carriers

Over the past decades an increasing number of women have been identified with 
hereditary BC, related to mutations in one of the two BRCA genes. The cumulative 
risk in BRCA1 mutation carriers by age 70 is 57–65% for breast and 39% for ovar-
ian cancer and in BRCA2 carriers 45–49% and 10–18% respectively [13]. It has 
been suggested that BRCA1/2 mutation carriers are at increased risk of CVD com-
pared to the general population [14, 15]. The exact mechanisms have not been elu-
cidated yet, however the intrinsic risk of carrying a BRCA1/2 mutation, exposure to 
preventive risk reducing salpingo-oophorectomy (RRSO) before 40–45  years of 
age, chemotherapy and radiation therapy may add to a higher CVD risk [16]. In 
BRCA1/2-knockout mice, a higher susceptibility towards doxorubicin-induced car-
diotoxicity has been reported [17]. However, a prospective study in 39 BRCA1/2 
mutation carriers compared to 42 sporadic BC patients did not show an increased 
risk of anthracycline-induced cardiotoxicity in BRCA1/2 mutation carriers [18].

Table 7.1  Baseline risk factors for cardiotoxicity in breast cancer treatment

Demographic and other 
CVD risk factors

•  Age >50 years for trastuzumab
•  Age >65 years for anthracyclines

Lifestyle risk factors •  Smoking
•  High alcohol intake
•  Obesity
•  Sedentary lifestyle

Current heart disease •  Heart failure (HFpEF or HFrEF)
•  Asymptomatic LV dysfunction (LVEF <50% or high NT-proBNP)
• � Evidence of ischemic heart disease (previous ACS, CABG, PCI, 

angina)
• � Moderate/severe valvular heart disease with LVH or LV 

impairment
•  Hypertensive heart disease with LVH
•  Cardiomyopathy (dilated, hypertrophic or restrictive)
•  Cardiac sarcoidosis with myocardial involvement
•  Cardiac arrhythmias (e.g. AF, ventricular tachycardias)

Previous cardiotoxic 
cancer treatment

•  Prior anthracycline use
•  Prior radiotherapy chest or mediastinum

Adapted from: Zamorano JL et al. Eur Heart J 2016 [12]
ACS acute coronary syndrome, AF atrial fibrillation, CABG coronary artery bypass graft, CVD 
cardiovascular disease, HFpEF heart failure with preserved ejection fraction, HFrEF heart failure 
with reduced ejection fraction, LVH left ventricular hypertrophy, NT-proBNP N-terminal Pro-B-
type natriuretic peptide, PCI percutaneous coronary intervention
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�Risk of Radiation Therapy for Breast Cancer

Radiation therapy has been reported to increase the longterm risk of death due to 
CVD, even after 20 years of follow-up [19]. This risk is especially present for left-
sided BC patients as with older radiation techniques part of the heart might be 
included in the irradiated volumes. In an older Swedish cohort of BC patients it was 
found that women treated with radiation therapy for left-sided BC had more ischemic 
heart disease (IHD) than women treated for right-sided BC, especially in the mid-left 
anterior descending artery and diagonal branches [20]. In a population based case-
control study absolute radiation risks for ischemic heart disease (IHD) were greater 
in women with preexisting CVD risk factors than in those without [21]. The increased 
risk for coronary events started within the first 5 years after radiotherapy and contin-
ued for three decades thereafter. It is unknown yet to which extent radiation therapy 
induces coronary microvascular dysfunction (CMD). Current smoking increases the 
sensitivity of myocardial cells to the ionizing effects of radiation therapy, enhancing 
the risk for fibrosis and IHD [7]. The use of breath-hold techniques for left-sided BC 
patients is currently more often applied to reduce the individual heart dose of radia-
tion [22, 23]. This technique may also be protective in right-sided BC patients who 
need loco-regional treatment (including the internal mammary lymph nodes) [24].

�Cardiotoxicity of Chemotherapy for Breast Cancer

The cardiotoxic effects of anti-neoplastic agents can be divided into irreversible cardio-
myocyte loss (type I) and reversible (type II) myocardial damage [25]. Type I is caused 
by anthracyclines, such as doxorubicin and epirubicin, and leads to cardiomyocyte 
apoptosis and necrosis. The harmful effects are cumulative and dose-dependent, with 
an interindividual range in toxic threshold depending on age (>65 years), renal failure, 
specific genetic polymorphisms, presence of hypertension, previous radiotherapy and 
combined use of type II agents [12, 26]. Subclinical LV deterioration occurs in 10–50% 
of treated patients, with a mean decline of 10% in LV function when compared to pre-
treatment values, especially in the first year after treatment [27, 28]. This early asymp-
tomatic loss of LV function can progress over time (years) to symptomatic heart failure 
(HF), which is most frequently seen in elderly women above 65 years of age. Of note 
is that subclinical HF may remain undiagnosed (for years), whereas symptoms of 
tiredness and dyspnea at effort are attributed to previous BC and ageing.

�Immuno- and Targeted Therapies

Trastuzumab is a monoclonal antibody indicated in >20% of BC patients who are 
positive for the human epidermal growth factor receptor 2 (HER2) and in women with 
metastatic BC. The use of trastuzumab has increased over the past 15 years and is 
associated with an absolute 14% higher incidence rate for HF with reduced ejection 
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fraction (HFrEF) or cardiomyopathy over 3 years of follow-up [29]. Although still 
debated, its cardiotoxic effects on LV function are assumed to be reversible (type II) 
and not related to cumulative dose but to the number of treatment sessions (see patient 
case) [30, 31]. Determinants of cardiotoxicity with trastuzumab are concomitant or 
prior treatment with anthracyclines, higher age, and the presence of hypertension. 
Trastuzumab cardiotoxicity usually manifests early during treatment [31]. In BC-trials, 
the incidence of symptomatic HF in trastuzumab-treated patients was 2–4% and the 
incidence of cardiac dysfunction was 3–19% [32–34]. In most BC registries treatment 
with trastuzumab is (temporarily) interrupted when ejection fraction (EF) falls below 
45% [34]. Although not proven yet, early administration of HF drugs, such as ACE 
and ARBs, is likely to limit LV deterioration [28]. Currently, novel anti-HER2 tar-
geted therapies are on the market (pertuzumab, lapatinib), which are potentially safer 
for the myocardium but less well investigated [35].

�Cardiovascular Risk with Anti-angiogenic and Endocrine 
Therapies

The use of vascular endothelial growth factors (VEGF) inhibitors, such as bevaci-
zumab for metastatic BC has increased over the past years. Nearly all patients who 
are treated with VEGF signaling inhibitors have an increase in blood pressure, often 
within 1 week of treatment [36]. The overall incidence of hypertension is reported 
to be 20–25% [37]. In a low percentage of patients (1–2%) signs if LV dysfunction 
and HF are described [38]. Given the high prevalence of hypertension in the ageing 
female population, adequate monitoring and management of blood pressure is 
needed when anti-VEGF agents are administered.

Endocrine therapy with the selective estrogen receptor modulator (SERM) tamoxi-
fen (TAM) has been used for over decades and has a very low CVD risk [39, 40]. It is 
approved as adjuvant therapy and palliative therapy for hormone receptor positive 
primary and metastatic BC. In patients at increased thrombotic and CVD risk, tamoxi-
fen may increase the occurrence of VTE and stroke [41]. In a meta-analysis it was 
recently found that aromatase inhibitors (AI) (exemestane, anastrozole, letrozole) are 
superior to TAM as adjuvant hormonal therapy for postmenopausal ER-positive BC 
[42]. However, AI’s are associated with increased risk of developing CVD especially 
with longer treatment durations [43, 44]. Conflicting data have been reported on 
adverse effects of AI’s on lipid profiles, which may add to a higher CVD risk [45].

�Optimal Cardiac Surveillance and Treatment During/After 
BC Therapy

The first step to identify patients at increased risk for cardiotoxicity during BC therapy 
is to assess their baseline CVD risk (see Table 7.1) [12]. It remains to be determined 
however, which determinants are most important to predict future cardiotoxicity. 
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Whereas BC treatment has evolved into highly patient-tailored treatment strategies, 
the concurrent use of cardiac evaluation tools that can accurately assess both cardiac 
function and structure is presently lacking in the cardiac monitoring of BC patients 
with the use of routine echocardiography or radionuclide angiography. It may be more 
appropriate to use new ultrasound techniques with 3D possibilities, strain imaging and 
cardiac magnetic resonance (MRI), which are safe for the patients and reveal more 
earlier signs of LV damage [46–48]. Cardiac MRI is complementary to echocardiog-
raphy and allows for unique and non-invasive insights into myocardial structure such 
as the tissue relaxation properties and the presence of diffuse fibrosis [49]. In Table 7.2 
the currently available diagnostic tools are described.

Thus far it is still debated whether preventive use of ACE inhibitors, ARBs and 
b-blockers is indicated before anthracycline treatment has started, when baseline EF 
is normal [12]. Cardiotoxic effects of trastuzumab can be reduced by a drug-free 
interval after initial chemotherapy [32, 50]. It is advised to temporarily interrupt 

Table 7.2  Diagnostic tools for the detection of cardiotoxicity

Technique Diagnostic criteria Advantages Major limitations

Echocardiography:

3D-based LVEF

2D Simpson’s 
LVEF

GLS

LVEF > 10 percentage 
points decrease from 
baseline suggestive for 
cardiotoxicity.

GLS >15% relative 
percentage reduction from 
baseline suggestive of 
cardiotoxicity.

Wide available

No radiation

Assessment other 
structural 
abnormalities

Inter-observer 
variability

Image quality

GLS technical 
requirements

Nuclear cardiac 
imaging

(MUGA)

LVEF > 10 percentage 
points decrease from 
baseline suggestive for 
cardiotoxicity.

LVEF < 50% suggestive of 
cardiotoxicity.

Reproducibility Cumulative 
radiation exposure

Limited structural 
and functional 
cardiac information

Cardiac magnetic 
resonance

(MRI)

Alternative when other 
imaging modalities are 
non-diagnostic.

Promising in detection early 
signs of cardiotoxicity.

Reproducibility

Early detection 
diffuse fibrosis with 
T1/T2 mapping

Limited availability

Time consuming

Cardiac biomarkers

Troponin 1

hs-Troponin 1

BNP

NT-proBNP

Indicators for potential 
benefit HF therapy

Reproducibility

Availability

High-sensitivity

Significance of 
subtle rise unknown

Variations with 
different assays

Routine use needs 
to be determined

Adapted from Zamorano JL et al. [12]
ACE angiotensin converting enzyme inhibitors, BNP B-type natriuretic peptide, GLS global longi-
tudinal strain, LV left ventricular, LVEF left ventricular ejection fraction, MUGA multigated radio-
nuclide angiography, NT-proBNP N-terminal fragment B-type natriuretic peptide
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trastuzumab therapy when EF falls below 45% or when there is a drop of >10% in 
LVEF from baseline. Several studies have confirmed the beneficial effects of HF 
medication such as ACE inhibitors, ARBs and (additional) b-blockers when sub-
clinical or overt HF occurs during BC treatment and more preventive studies are on 
the way [28, 51, 52]. Arrhythmias, especially atrial fibrillation (AF) can occur at all 
stages of BC treatment and need to be treated with antiarrhythmic drugs/b-blockers 
and antithrombotic medication, with considerations on quality of life, life expec-
tancy and potential (bleeding) risks. There is no evidence as yet that the use of a 
defibrillator (ICD) prolongs life when sever HF due to cardiotoxicity occurs (see 
patient case).
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