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Introduction
Due to impressive advances in cancer thera-
pies, survival of women presenting with early 
breast cancer continuously improved over the 
past decades. The reduction in cancer-related 
mortality has led to a corresponding increase 
in cardiovascular diseases (CVD), which cur-
rently represent the leading cause of morbidi-
ty and mortality among breast cancer survi-
vors in Western countries [1]. Besides 
cardiovascular side effects of anti-cancer the-
rapies, the increase in CVD is both influenced 
by ageing and shared risk factors between 
CVD and breast cancer, such as obesity and 
smoking [2].

Cardiovascular side effects of breast cancer 
therapies are diverse and include, among ot-
hers, an increased risk of heart failure associa-
ted with anthracyclines and human epidermal 
growth factor-receptor 2 (HER2) inhibitors, 

the promotion of atherogenesis associated 
with long-term oestrogen suppression and of 
coronary artery disease due to (particularly 
left-sided) chest radiation [2-4]. In addition, 
there is increasing evidence that CVDs such as 
myocardial infarction might directly promote 
the development of breast cancer due to com-
plex cross-disease mechanisms involving a de-
ranged immune answer [5].

Cardio-oncology represents a new develo-
ping branch of cardiology, which aims to make 
cancer treatments safer from a cardiovascular 
perspective. A better understanding of the pa-
thophysiological mechanisms behind CVD 
and cancer will allow not only the develop-
ment of more efficient tools for surveillance 
and prevention of cardiovascular adverse 
events, but also raise the awareness that pati-
ents affected by CVD might in the future pre-
sent with cancer.

The aim of this review is to highlight the 
cardiovascular-related adverse effects of some 
of the most important breast cancer therapies 
and to provide an overview of the common 
path ways influencing the complex interplay 
between CVD and breast cancer. The first sec-
tion summarises the epidemiology and the 
proposed pathophysiological mechanisms be-
hind cardiotoxicity of drugs used in breast 
cancer treatment, including anthracyclines, 
HER2-therapies, radiotherapy and hormone 
therapy. In the second part, correlation of car-
diovascular risks and breast cancer related out-
comes are discussed, with a focus on the sha-
red risk factors between CVD and breast 
cancer. Finally, evidence of how CVD may in-
fluence and predispose for the development of 
cancer is presented.

Cardiotoxicity of breast cancer 
therapies

Anthracyclines
Anthracyclines are highly effective in the treat-
ment of various solid tumours and, as such, 
still represent the cornerstone of mostly neo-
adjuvant chemotherapeutic regimens for high-
risk early breast cancer (fig. 1) [6]. Although 
highly effective, their use has been limited due 
to irreversible, dose-dependent cardiac dama-
ge, which may negatively affect the prognosis 
despite effective cancer treatment. Therefore, 
appropriate risk stratification and cardiovascu-
lar monitoring before starting as well as during 
anthracycline therapy are recommended to 
guarantee optimal clinical outcome [7]. 

Understanding the pathophysiological 
mechanisms behind anthracycline-induced 
cardiotoxicity is critical to develop appropriate 
prevention and treatment strategies. Initially, 
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anthracyclines were believed to cause left ven-
tricular dysfunction mainly by directly promo-
ting oxidative stress via iron-dependent gene-
ration of reactive oxygen species (ROS) [8]. 
Later on, further data from animal models re-
vealed that toxicity-related mechanisms de-
pend on the effects of doxorubicin on the type 
II topoisomerase [9]. Type II topoisomerase 
plays an important role in DNA replication by 
causing transient breaks and reunion of dou-
ble-stranded DNA. Through binding to type II 
topoisomerase, doxorubicin inhibits its activi-
ty, which leads to activation of a DNA damage 
response and apoptosis in fast replicating cells. 
However, doxorubicin-bound type II topoiso-
merase also suppresses the transcription of ge-
nes involved in oxidative phosphorylation and 
electron transport, thus directly interfering 
with mitochondrial biogenesis and function 
resulting in increased ROS generation and al-
tered mitochondrial biogenesis in cardiomyo-
cytes [9]. Since cardiac involvement is mainly 
related to the interaction between doxorubicin 
and type II topoisomerase, patients with hig-
her expression of this isoform in cardiomyocy-

tes are more likely to develop cardiotoxicity. In 
humans, anthracyclines have a dose-depen-
dent toxicity. In early stages, anthracyclines 
may lead to reversible myocyte damage and 
dysfunction, mainly related to oxidative stress, 
so that an improvement of the left ventricular 
ejection fraction (LVEF) is expected once the 
therapy is withdrawn and heart failure therapy 
is started. Once myocyte death occurs, the da-
mage becomes irreversible, leading to a dose-
dependent reduction in left ventricular (LV) 
mass likely caused by apoptosis and myocyte 
atrophy [10, 11]. A reduction in the LV mass 
index represents an adverse prognostic factor 
for cardiovascular outcomes [10, 11].

The cumulative life-time dose of anthra-
cyclines is conventionally limited to ≤550 mg/
m2 doxorubicin (or the calculated equivalent 
in case other anthracyclines are used) based on 
epidemiological data showing a dose-corre-
sponding incidence of heart failure of 7% at 
this threshold [2]. The diagnosis of anthracyc-
line-related cardiotoxicity relies on imaging 
(typically measurement of LVEF by transtho-
racic echocardiography and LV global longitu-

dinal strain). Based on increased imaging sen-
sitivity, the incidence of heart failure for the 
same cumulative dose is 26%, resulting in a 
reduction of the recommended cumulative 
lifetime dose to 400-450 mg/m2 (fig. 2) [12]. 
Although such doses are usually not reached in 
breast cancer patients, lower doses may cause 
cardiotoxicity in vulnerable patients and com-
bination with other potentially cardiotoxic 
therapies, namely HER2-inhibiting drugs or 
chest radiation may also increase the risk of 
cardiovascular toxicity. Elevated troponin va-
lues before anthracycline therapy may help 
identify those patients, who will be at highest 
risk to experience late-onset cardiotoxicity [2]. 

Several prevention and screenings strate-
gies have been proposed to reduce the burden 
of anthracycline-related cardiotoxicity while 
at the same time guaranteeing effective cancer 
treatment. Mostly, proposed strategies inclu-
de administration of anthracyclines via conti-
nuous infusion, as liposome-encapsulated 
drugs or switching to less cardiotoxic anthra-
cyclines such as epirubicin or idarubicin [13]. 
Furthermore, simultaneous use of cardio-

Figure 1: Overview of the different types of breast cancer and their therapies. Simplified breast cancer-related risk stratification and related, most used 
therapies. AI: Aromatase inhibitor; dd: dose-dense; GnRH: Gonadotropin-releasing hormone agonists; HER2: Human epidermal growth factor receptor 
2; HR: Hormone receptor; pCR: Pathological complete remission; TDM1: Trastuzumab emtansine. 
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protective drugs such as dexrazoxane, a 
strong topoisomerase inhibitor itself, which 
prevents anthracyclines from binding to the 
type II topoisomerase-complex, may be emp-
loyed [13]. This therapy is however costly, 
only approved in adults with progressive solid 
tumours who already received >300 mg/m2 
doxorubicin and might reduce anthracycline’s 
anti-cancer efficacy [13]. Although anthra-
cycline-related cardiotoxicity was initially de-
fined as irreversible, myocardial recovery af-
ter anthracycline-induced injury may occur 
following early therapy with enalapril and 
carvedilol [14]. However, studies were affec-
ted by short-term follow-ups and it remains 
unclear whether the positive results derive 
from primary cardioprotection or rather 
from variation in haemodynamics [13].

Screening strategies are the cornerstone to 
monitor anthracycline therapy. Transthoracic 
echocardiography with strain analyses for de-
tection of ventricular damage prior to manifest 
LV dysfunction has emerged as a promising 
method. With this respect, cardiotoxicity is de-
fined as the onset of symptomatic cardiac dys-
function with heart failure symptoms inde-
pendently from LVEF during the course of 
anthracycline therapy or an asymptomatic car-
diac dysfunction defined as new LVEF reduc-
tion <50% or a new relative reduction in global 
longitudinal strain of >15% from baseline and/
or a new rise in cardiac biomarkers (troponin 
or natriuretic peptide) despite a LVEF ≤50% 
[15, 16]. Cardiac biomarkers of myocyte da-
mage such as troponin are helpful, but their 
specificity is limited and the timing as well as 
the exact cut-off to define anthracycline-rela-
ted cardiotoxicity have not been defined in 
large prospective trials yet [17]. However, ac-
cording to the new European Society of Car-
diology (ESC) guidelines, measurement before 
each cycle of anthracyclines is recommended 
[15]. Further biomarkers such as NT-proBNP 
may identify patients at higher risk of develo-
ping cardiotoxicity and may be more helpful 
for long-term surveillance [17].

Cyclophosphamide
Cyclophosphamide is an alkylating agent with 
cytostatic properties, which is related to the 
onset of cardiomyopathy when administered 
in high doses [18]. Cyclophosphamide is me-
tabolised via cytochrome P450 to aldophos-
phamide, which decomposes to phosphorami-
de mustard and acrolein. The first is an active 
neoplastic agent which induces apoptosis by 
interacting with DNA, whereas the latter is a 
toxic metabolite which causes toxicity in the 
myocardium, cardio-fibroblasts and endothe-
lial cells [19]. At a lower dose, cyclophospha-
mide results mainly in a therapeutic immuno-

suppression, whereas the cardiotoxic effect is 
particularly evident at an antineoplastic thera-
peutic dose of 120-200 mg/kg [20]. Cyclophos-
phamide is most commonly administered in 
combination with an anthracycline (doxorubi-
cin or epirubicin) in neoadjuvant treatment of 
high-risk early breast cancer (fig. 1) [21, 22]. 
Prior to recent de-escalation studies, standard 
treatment for all women with breast cancer in-
cluded both therapies. Presently, for lower risk 
patients, anthracyclines are omitted and cyclo-
phosphamide is combined with docetaxel. Ho-
wever, high-dose cyclophosphamide is not 
used as breast cancer therapy. Therefore, no 
routine surveillance of breast cancer patients 
receiving cyclophosphamide is needed.

Taxanes
Taxanes are microtubule-stabilising drugs, 
which act on the cellular mitotic spindles and 
induce cell death during mitosis [23]. In cur-
rent practice, taxanes are used ubiquitously in 
all chemotherapy regimens for early breast 
cancer (fig. 1). In triple negative and HER2-
positive breast cancer docetaxel three-weekly 
or paclitaxel weekly are combined with carbo-
platin. In hormone receptor positive HER2-
negative breast cancer combination of taxane 
and cyclophosphamide is standard of care 
[24]. Due to the complexity of the therapeutic 
regimens and multidrug interactions, it is of-
ten difficult to define the exact role of taxanes 
alone when defining cardiotoxicity. Indeed, 
taxanes relevantly interact with anthracyclines 
and increase their plasma levels, promote the 
formation of more cardiotoxic metabolites and 
enhance the global cardiotoxicity [25, 26]. 
Thus, particular caution is warranted when 
both therapies are administered together and 
the administration of anthracycline in separate 
infusions before taxanes, particularly paclita-
xel, is recommended [2]. Taxanes are, however, 
known for their proarrhythmogenic effect as 
well as for inducing vasospasms in the corona-
ry arteries (fig. 2) [15].

HER2 inhibitors
Inhibitors of HER2 such as antibodies (trastu-
zumab, pertuzumab), antibody-drug conjuga-
tes (trastuzumab emtansine, trastuzumab de-
ruxtecan) or small molecule tyrosine kinase 
inhibitors (lapatinib, neratinib, tucatinib) are 
used either as monotherapy or in conjunction 
with chemotherapies for the treatment of 
HER2-positive breast cancer (fig. 1). Contrary 
to anthracyclines, trastuzumab-related cardio-
toxicity mainly develops during treatment, is 
mostly reversible, not cumulative dose-related, 
albeit increasing with long-time use, and long-
term follow-up data (up to ten years after treat-
ment) are reassuring [2, 27]. If trastuzumab 

was administered right after anthracycline 
containing regimens, a summative effect with 
respect to the incidence of heart failure has 
been observed (fig. 2) [2]. Antibodies such as 
trastuzumab bind to the extracellular domain 
of HER2 inhibiting its activity, whereas tyrosi-
ne kinase inhibitors enter the cell and target 
the HER2 intracellular kinase domain [28]. 
The aetiology behind trastuzumab-induced 
cardiotoxicity is mainly related to myocyte 
dysfunction in the absence of irreversible inju-
ry such as major cell death as shown in biopsy 
studies [29]. HER2 inhibitors block HER2 re-
ceptors on the surface of cardiomyocytes inter-
fering with signalling pathways responsible for 
cell repair in response to cellular stress as well 
as with antiapoptotic pathways [29]. These ef-
fects explain the enhanced cardiotoxicity of 
the combination of chemotherapies with an-
thracyclines and HER2 inhibitors.

Since cardiotoxicity related to adjuvant 
HER2-blockade mainly occurs during treat-
ment, several surveillance protocols have been 
developed [30]. Heart failure is the main re-
ported side effect with high incidence rates up 
to 27% when administered in combination 
with anthracyclines in women with metastatic 
breast cancer, but as low as 3% when given alo-
ne [31, 32]. Older age, above 50 years, a lower 
baseline LVEF ≤55% or presence of traditional 
cardiovascular risk factors are associated with 
an increased risk [33]. The role of troponins in 
the surveillance during HER2 directed therapy 
is questioned, since myocardial necrosis is rare 
and not directly caused by these drugs [17]. As 
no population-based studies investigating the 
long-term risk of cardiac dysfunction in wo-
men treated with HER2-inhibitors alone are 
available, there are no clear protocols for risk 
stratification and recommendations about pre-
ventive strategies in these patients [34]. Howe-
ver, a recent meta-analysis showed a beneficial 
effect of beta blockers, angiotensin converting 
enzyme inhibitors and angiotensin receptor 
blockers on LVEF under trastuzumab and, to a 
lesser extent, also anthracycline therapy [35]. 
In general, repeated echocardiographic and 
biomarker assessment for early detection of 
cardiotoxicity is recommended during and af-
ter treatment according to risk category and 
should be continued long-term, as HER2-rela-
ted toxicity may increase over time [15, 30].

Recently, novel antibody-drug conjugates 
(ADC) such as trastuzumab emtansine 
(TDM1) and trastuzumab deruxtecan (T-
DXd) entered the clinical stage. Highly potent 
but very toxic cytostatic agents are coupled to 
an antibody targeting HER2 facilitating an in-
crease of intratumoural drug levels and a de-
crease of off-target toxicity. T-DXd is used as 
second line therapy in HER2 positive and se-
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lected HER2 “low” expressing metastatic bre-
ast cancer [36, 37]. In early HER2 positive bre-
ast cancer, adjuvant treatment escalation to 
TDM1 is standard of care if a complete patho-
logic response was not achieved after neoadju-
vant therapy (fig. 1) [38]. Whereas clinical ex-
perience with these kinds of drugs is still 
limited and only little is known about their 
potential cardiotoxicity, results on tumour effi-
cacy are encouraging [37, 39].

Radiation
Radiation therapy is associated with a higher 
long-term risk for cardiovascular adverse 
events and is particularly increased in case of 
left-sided breast radiotherapy (fig. 2) [40]. 
Left-sided radiotherapy might affect cardiac 
structures and function in several ways, from 
pericardial and myocardial fibrosis resulting in 
constriction and restriction to alteration of the 
valvular apparatus, a more rapid progression 
of coronary artery disease, up to the involve-
ment of the heart conduction system [17]. The 
scope of the cardiac involvement depends on 

the radiation dose, the involved heart region as 
well as on pre-existing comorbidities and con-
comitant cardiotoxic therapies [2]. In particu-
lar, radiation therapy induces direct endothe-
lial damage, which favours the onset of 
atherosclerotic coronary plaque formation and 
is related to a general increase of death from 
ischaemic heart disease [41, 42]. Furthermore, 
radiation may induce fibrosis, calcification and 
dysfunction of the heart valves [43].

Over the past years, several strategies were 
developed to protect the heart, such as lowe-
ring the total radiation dose, using more preci-
se radiation fields, the deep inspiration breath 
hold technique and shielding of the myocardi-
um [34]. The application of these preventive 
techniques has led to a substantial decrease in 
the risk of cardiovascular death in women who 
underwent radiotherapy for breast cancer [42].

Hormone therapy
Endocrine hormonal therapy is the cornersto-
ne of adjuvant cancer therapy in breast cancer 
expressing hormone-sensitive receptors (such 

as oestrogen or progesterone receptors, fig. 1) 
[44]. Hormonal therapies interfere with oes-
trogen-stimulated growth of normal and can-
cerous cells. Depending on their exact molecu-
lar target, they exhibit several cardiovascular 
side effects. In adjuvant settings, hormone 
therapies might be administered for more than 
five years, thus emphasising the importance of 
the evaluation of their cardiovascular side ef-
fect profile.

Tamoxifen represents the first-line endo-
crine intervention developed for early-stage 
hormone receptor-positive breast cancer in 
premenopausal women, in whom it efficient-
ly interferes with oestrogen signalling by bin-
ding to oestrogen-receptors [45]. Although 
tamoxifen has lipid-lowering effects with re-
duction in total serum and low-density lipo-
protein cholesterol, long-term clinical trials 
failed to demonstrate a protective effect with 
respect to cardiovascular outcomes [46]. On 
the contrary, tamoxifen has been linked to 
higher rates of arterial thrombotic events 
(fig. 2) [44].

Figure 2: Cardiotoxicity of the most important therapies against breast cancer. ICIs: Immune checkpoint inhibitors; LVEF: Left ventricular ejection frac-
tion; TKI: Tyrosine kinase inhibitors; VEGF/R: Vascular endothelial growth factor/receptor. 
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Aromatase inhibitors (AIs) represent the 
principal hormonal therapy for postmeno-
pausal women alone or in combination with 
gonadotropin releasing hormone (GnRH) 
analogues in premenopausal women with 
high-risk features (fig. 1) [45, 47, 48]. AIs in-
hibit the endogenous oestrogen production 
by acting on the aromatase enzyme, which 
normally converts androstenedione to oes-
tradiol. Adjuvant therapy with AIs is efficient 
in both postmenopausal women, where oes-
trogen production occurs mainly thorough 
aromatase in peripheral tissues, as well as in 
premenopausal women [49, 50]. Several tri-
als compared cardiovascular outcomes in pa-
tients under AIs to patients treated with ta-
moxifen and found AIs to be associated with 
an increased cardiovascular risk [51, 52]. In 
contrast, in a randomised trial of AIs versus 
placebo after five years of tamoxifen, no in-
creased cardiovascular risk was found [53]. 
Still, AIs have been associated with a higher 
rate of arterial thrombosis and stroke as well 
as some of them with an increase in blood 
lipids, despite a relatively low cumulative rate 
of adverse events [54]. However, the quality 
of these trials is often limited by lack of suffi-
cient information about cardiovascular the-
rapies and cardiovascular-related comorbidi-
ties, which might have influenced the results. 
Current guidelines recommend a baseline 
and annual assessment of cardiovascular risk 
based on the SCORE2 or SCORE2-OP and 
secondary prevention according to the de-
gree of dyslipidaemia and/or arterial hyper-
tension [15].

Another promising therapy are cyclin-de-
pendent kinase 4/6 (CDK4/6) inhibitors, 
which target the growth of cancer cells and are 
currently used to treat hormone receptor-po-
sitive HER2-negative metastatic breast cancer 
in association with hormone therapies [55]. 
Whereas QT-time prolongation has been de-
scribed for ribociclib, data on long-term car-
diotoxicity is not yet available [56].

Immune checkpoint inhibitors
Immune checkpoint inhibitors (ICIs) consist 
of monoclonal antibodies, which block phy-
siological immune brakes or “checkpoints” 
such as the cytotoxic T-lymphocyte-associa-
ted protein 4 (CTLA-4: Ipilimumab, tremeli-
mumab), programmed cell death protein 1 
(PD-1: Nivolumab, cemiplimab, pembrolizu-
mab) or its ligand (PD-L1: Atezolizumab, 
avelumab, durvalamab) to activate T-lym-
phocytes that target the tumour [15]. Triple-
negative breast cancer cells overexpress PD-
L1, which renders them susceptible to ICI 
therapies [57]. Hence, addition of pembroli-
zumab to chemotherapy has recently been 

approved for treatment of early and metasta-
tic PD-L1 positive triple negative breast can-
cer (fig. 1) [58, 59].

A potentially lethal side-effect of these 
drugs is related to the activation of T-cells that 
may also target other, non-cancerous tissues 
including the myocardium [60]. ICI-related 
myocarditis most frequently develops within 
the first twelve weeks of treatment and mani-
fests with a wide range of signs and symptoms, 
ranging from asymptomatic troponin eleva-
tion to fulminant myocarditis with severe 
myocardial dysfunction [60, 61], though the 
diagnosis can be challenging in milder cases 
(fig. 2). Endomyocardial biopsy should be un-
dertaken in case of uncertainty, as a positive 
diagnosis has relevant consequences due to the 
necessary discontinuation of a potentially cu-
rative therapy [15]. Multidisciplinary team di-
scussion is warranted to assess the risks versus 
benefits of resuming therapy in cases of mild 
myocarditis [15]. Treatment consists of high-
dose corticosteroids and, in case of a non-res-
ponse, other immunosuppressive agents. Besi-
des myocarditis, ICI can also lead to vasculitis 
(and therefore acute coronary syndrome) or 
pericarditis and rarely, Takotsubo cardiomyo-
pathy may occur.

Cardiovascular risk and outcome 
of breast cancer patients
In the last decades, steady developments in 
cancer therapies for breast cancer have drama-
tically improved survival increasing deaths 
from other causes, including cardiovascular 
and cerebrovascular diseases. The diagnosis of 
cancer holds per se a worse prognosis in terms 
of cardiovascular mortality and morbidity 
[62]. In addition, according to an English re-
trospective cohort study, cardiovascular mor-
tality “overruns” cancer mortality in >60 year-
old survivors of nine different cancer types, 
including breast cancer [63]. According to se-
veral studies, breast cancer survivors have a 
1.8-fold higher risk of cardiovascular death 
compared to cancer-free women in the long-
term, irrespective of tumour stage, hormone 
receptor status or age at diagnosis and the risk 
is even higher in those receiving chemother-
apy [64, 65]. Although older patients had the 
highest risk, suggesting a summative effect 
with traditional risk factors, even breast cancer 
with positive oestrogen-receptor expression 
was linked to an increased mortality [64]. In 
the Women’s Health Initiative study including 
older breast cancer survivors a higher inciden-
ce of heart failure with preserved EF (HFpEF) 
as compared to heart failure with reduced EF 
(HFrEF) has been observed. HFpEF was rela-
ted to a twelve-fold higher risk for cardiova-

scular mortality [66]. On the other hand, the 
onset of HF was related to a non-significant 
two-fold higher risk for breast cancer mortali-
ty [66].

The pathophysiological mechanisms un-
derlying this association are not well unders-
tood. In the Pathways Heart Study, an ongo-
ing prospective cohort study, 13,642 women 
firstly diagnosed with invasive breast cancer 
were compared to 68,202 controls matched 
for age and ethnicity with no history of breast 
cancer in a 5:1 fashion [67]. Patients who re-
ceived combined anthracyclines and trastu-
zumab had the highest risk of long-term car-
diovascular adverse events defined as heart 
failure incidence and/or cardiomyopathy as 
compared to both controls and patients who 
were treated with monotherapy [67]. Interes-
tingly, the risk proportionally increased from 
the lowest elevated risk in women treated 
with anthracyclines without trastuzumab, fol-
lowed by those on trastuzumab without an-
thracyclines and, in line with other cohort 
studies, by those with combined therapy [67, 
68]. Considering patients with previous tradi-
tional cardiovascular risk factors, the risk of 
rate of death from CVD and breast cancer is 
similar within the first five years after cancer 
diagnosis and, thereafter, death due to CVD 
dramatically increases reaching the highest 
prevalence in women 66 years or older [69]. 
Furthermore, anthracycline exposure has 
been related to a 1.8- up to 3-fold higher risk 
for arrhythmia, although this might itself re-
present a phenotype of an underlying cardio-
myopathy [67, 69]. Accordingly, the recent 
SEER Medicare Analysis showed a higher in-
cidence of atrial fibrillation in women with 
breast cancer as compared to women without 
cancer. This was associated with an increased 
cardiovascular mortality after one year fol-
low-up [70]. Still, the increasingly investiga-
ted cancer therapy-related cardiotoxicity does 
not account alone for the enhanced cardiova-
scular mortality reported in large prospective 
epidemiological studies [67, 71].

Shared risk factors
Although large-scale population-based studies 
investigating the risk of CVD in breast cancer 
survivors have been inconsistent, a recent co-
hort study based on medical records found 
that long-term breast cancer survivors had a 
higher risk of CVD at 10-15 years from initial 
diagnosis [71]. Interestingly, the risk came to 
the same as for the general population after 
>15 years from diagnosis and, in general, an 
association between chemotherapy, hormonal 
therapy or radiotherapy with late-onset CVD 
was not observed [71]. Main predictors for 
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CVD in this study were older age, obesity, a fa-
mily history of CVD, a family history of breast 
cancer, low education and comorbidities ac-
cording to the Charlson Comorbidity Index 
[71].

Indeed, breast cancer and CVD share 
many common risk factors such as smoking, 
older age, obesity and unhealthy diet rich in 
red or processed meats and high-fat dairy pro-
ducts (fig. 3) [28]. Different types of fat seem to 
differently affect the risk of breast cancer. In 
particular, a diet rich in n-3 polyunsaturated 
fatty acids has been associated with a decrease 
in both adverse cardiovascular events and, ac-
cording to a meta-analysis, with a risk reducti-
on of breast cancer [72]. However, another 
study indicates that this association may be 
primarily driven by a lower carbohydrate inta-
ke [73]. Alcohol consumption represents an 
important exception: al though a light to mo-
derate alcohol consumption has been associa-
ted with a risk reduction for CVD in a J-shaped 
fashion [74], it is associated with a continuous 
dose-dependent increase in the risk for parti-
cularly hormone receptor-positive breast can-
cer [75]. All in all, there is conflicting evidence 
on the link between dietary-related risk factors 
and the onset of CVD and breast cancer, as 
these associations are mainly based upon epi-
demiological studies, which fail to provide 
causation and are largely influenced by popula-
tion-related cofounders [28]. 

Similarly, a sedentary lifestyle has been as-
sociated with both an increased risk of CVD 
and breast cancer, whereas an active lifestyle 
has been associated with a lifetime risk reduc-

tion of breast cancer of 9-18%, with lower va-
lues in women who used hormone replace-
ment therapy [76-78]. As in CVD, physical 
activity has a positive prognostic effect also in 
breast cancer survivors [79]. The pathophysio-
logy behind this association is likely related to 
the effects of endogenous sex steroids and to 
the positive effects of physical activity on insu-
lin sensitivity, oxidative stress, chronic inflam-
mation and immune function [80].

Obesity, which is often strictly related to a 
sedentary lifestyle, is a known risk factor for 
CVD in a linear progressive fashion [76]. In 
contrast, although each 5 kg weight increase is 
associated with an 11% risk increase of breast 
cancer, this was only true for postmenopausal 
women, whereas no relationship was found for 
premenopausal women, in whom long-term 
obesity seems to have rather a protective effect 
[81]. On the other hand, short-term weight 
gain in the perimenopause has been associated 
with higher breast cancer risk, even after cont-
rolling for Body Mass Index [82].

Smoking is a well-established risk factor 
for CVD, however, epidemiological evidence 
about its role in breast cancer is inconsistent, 
likely due to heterogeneity in clinical studies 
and poor prospective studies [76, 83, 84]. Re-
cently, a positive association among women 
who started smoking early in their adolescence 
has been reported [84]. In this study, Jones et 
al. observed a summative effect of smoking in 
the presence of a positive family history of bre-
ast cancer, likely linked to genetic variants in 
enzymes involved in metabolism of carcino-
gens such as N-acetyltransferase 2 [85].

When CVD promotes breast 
cancer
Cancer onset is favoured by adverse variation 
in cellular homoeostasis. However, the direct 
impact of CVD on breast cancer has been 
poorly investigated. Lately, new evidence from 
animal models has shed light on the influence 
of acute cardiovascular events such as a myo-
cardial infarction on the development or pro-
gression of cancer. Myocardial infarction indu-
ces a local and systemic inflammatory host 
response by provoking myocyte necrosis [86]. 
After a myocardial infarction, β3-adrenergic 
signalling leads to the release of leukocytes and 
myeloid progenitor cells from the bone mar-
row, which regulate the local inflammatory 
response in the atheromatic ruptured plaque 
[86]. The locally activated proinflammatory 
mononuclear phagocytes release interleu-
kin-1. This cytokine epigenetically reprograms 
myeloid cells in the bone marrow and in extra-
medullary sites toward an immunosuppressive 
state and induces systemic monocytosis. This 
event finally leads to deleterious cross-disease 
communication, enabling tumour growth (fig. 
3) [86]. In fact, monocytes are among the key 
regulators of the tumour microenvironment 
and are responsible for the tumour’s immune 
evasion, neoangiogenesis as well as cell migra-
tion and proliferation [87]. The presence of 
these synergies between myocardial infarction 
and breast cancer was lately investigated in a 
mouse breast cancer model. Indeed, mice with 
breast cancer who experienced a myocardial 
infarction had higher tumoral CD45+ mono-
cytes as compared to those with no myocardial 

Figure 3: Shared risk factors and disease interactions between breast cancer and cardiovascular disease. The Figure was partly generated using Ser-
vier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license. 
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necrosis [5]. Supporting these preclinical ob-
servations, the authors performed a retrospec-
tive analysis of patients with breast cancer and 
no known CVD and observed that the onset of 
cardiovascular events was related to an increa-
sed cancer-specific mortality of 60% [5].

The association between heart failure, par-
ticularly from an ischaemic aetiology and solid 
cancers (excluding non-melanoma skin can-
cer) has been previously described [88, 89]. 
This risk was increased irrespective of age and 
sex and determined an additional risk of death 
in this population. The causal relationship bet-
ween heart failure and cancer was firstly de-
monstrated in a murine model of precance-
rous polyps, where heart failure induction 
resulted in increased tumour formation and 
accelerated tumour growth [90].

Several proteins have been detected in 
heart failure patients, which might predispo-
se to cancer development via different inter-
connected pathways, like fibronectin, parao-
xonase 1, and coeruloplasmin. Alpha 
1-antichymotrypsin (SERPINA3), an acute-
phase protein related to systemic inflamma-
tion and newly recognised as a marker of 
cellular proliferation related to colorectal 
metastasis, was found to be elevated in both 
murine heart failure models as well as in 
plasma of patients with heart failure provi-
ding a possible pathophysiological link bet-
ween heart disease and cancer (fig. 3) [90]. 
Finally, evidence for a direct link between 
heart failure and cancer arises from the 
CANTOS (Canakinumab Anti-Inflammato-
ry Thrombosis Outcome Study) trial, in 
which the interleukin 1β antibody canakinu-
mab was shown to decrease the incidence of 
new-onset cancer [91].

Finally, there is evidence that serum levels 
of NT-proBNP and high-sensitivity troponin 
T, markers of cardiac stretch and myocardial 
injury were elevated in patients with cancer 
before the initiation of any cancer therapy 
[92]. Furthermore, patients with elevated NT-
proBNP presented with an increased risk of 
developing all-cause cancer and colorectal 
cancer [90]. As such, subclinical myocardial 
damage not only could be present in patients 
with cancer, but also predispose to its de-
velopment.

New perspective
Lately, new diagnostic tools to test for chemo-
therapy-related toxicity such as human indu-
ced pluripotent stem cell-derived cardiomyo-
cytes (hiPSC-CMs), have been developed as a 
platform for mechanistic toxicity studies. Such 
studies have already advanced our understan-
ding of the mechanisms behind anthracycline-

related cardiotoxicity and immune checkpoint 
inhibitor-related cardiotoxicity. Most import-
antly, hiPSCs pave the road to the development 
of personalised medicine based on patients’ 
peculiarity and comorbidities and might re-
present the future of cardio-oncology [93].

Conclusions
Recent developments in breast cancer therapy 
have increased efficacy and treatment success 
resulting in better outcomes even in advanced 
stages of the disease. However, most of these 
therapies are associated with possible cardio-
vascular side effects, which need to be 
promptly recognised and addressed by multi-
disciplinary teams involving both cardiolo-
gists and oncologists. Of note, also general 
practitioners play an important role in the 
long-term surveillance of these patients. They 
likewise should be aware of the increased car-
diovascular risks that breast cancer survivors 
face and treat them accordingly. Similarly, ge-
neral practitioners should promote breast 
cancer screening initiatives in all women and, 
particularly, in women with increased cardio-
vascular risk factors. The recent publication 
of the first ESC guidelines on cardio-oncolo-
gy represents an important step forward for 
the management of these patients and will 
help raise the awareness for the cardiovascu-
lar risk of cancer patients in the medical com-
munity [15]. From a clinical point of view, 
this is particularly crucial for affected women, 
which have been historically underdiagnosed 
and undertreated for CVD. Furthermore, 
many mechanistic aspects underlying the as-
sociation between cardiovascular and breast 
cancer risk factors and the interactions of 
both disease entities are incompletely unders-
tood and need to be further investigated to 
consequently develop adequate prevention 
strategies.
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