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The concept

The cardiovascular side effects of breast cancer therapy

have been known for quite some time. Anthracycline

cardiotoxicity, for example, was first described over 30

years ago and remains an important consideration even

today. > Despite enormous progress in recent years,
cardiotoxicity is still a limiting factor in the treatment of
breast cancer for several reasons:

1. Due to the success of therapy, many cancer patients
now survive long-term. Since serious cardiovascular
side effects frequently manifest only months to years
after the initial cancer therapy, cancer survivors
and patients with metastatic disease may experience
cardiovascular side effects.

2. Due to changes in demographics, many breast cancer
patients are elderly and therefore have other medical
conditions. This increases the risk of cancer treatment-
associated cardiovascular side effects.

3. The introduction of new signalling inhibitors, for
example, the anti-HER2 therapeutics, have increased
efficacy for some breast cancer types. However, since
these therapeutics are not targeted to the cancer cells
but rather act systemically, cardiovascular side effects
are not unexpected.?® Furthermore, it now appears
that quite a few of these signalling inhibitors also
modulate important survival pathways in the heart.
This explains why the use of some of the “targeted
therapeutics” is particularly dangerous in combination
with (oxidative) stress-inducing cytotoxic therapeutics,
such as anthracyclines, or in patients with pre-existing
cardiovascular conditions.

4. Some of the newer cancer drugs that will potentially
be used in the treatment of breast cancer, for example,
angiogenesis inhibitors, affect signalling pathways that
are important for the homeostasis of the cardiovascular
system. Induction of arterial hypertension and throm-
bosis is a direct effect of these drugs and the long-term
consequences are not yet foreseeable.

5. The strategy to increase therapeutic efficacy by in-
hibiting several signalling cascades in cancer cells will
inevitably lead to more cardiovascular side effects as
long as these therapeutics are not specifically targeted
to cancer cells. The heart is a postmitotic organ
with almost no capacity to replace lost myocardium.
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Despite missing mitosis in myocardial muscle cells,

the plasticity of the heart to adapt to changing needs is

enormous. This plasticity depends on intact signalling

pathways, many of which are now investigated as

therapeutic targets in cancer treatment. >

Based on this, it should be expected that therapeutic
trends in medical oncology will be associated with an
increasing, rather than decreasing, incidence of cardio-
vascular side effects. Although our prime goal should
still be to avoid these unwanted consequences of cancer
treatment entirely, it is likely a more realistic goal to
prevent serious, progressive cardiovascular side effects,
while accepting reversible effects of cancer drugs on the
cardiovascular system. ¢

The manifestation

The clinical manifestations of anti-cancer drug-associated

cardiovascular side effects include the induction of

1. Arrhythmias and QT prolongation can be a problem
with some of the newer cancer drugs. ECG monitoring
is important, particularly in combination with other
QT prolonging therapeutics.

2. Pericarditis and Myocarditis; Pericarditis is mainly
associated with acute effects of anthracyclines (and
radiation therapy) but seems to have no long-term
consequences for the patient. In contrast, myocarditis
can lead to severe progressive cardiac disease in
patients treated with cyclophosphamide, but luckily
this is rare.

3. Vasoconstriction and Thromoboembolism, potentially
leading to ischaemia and arterial hypertension. Vaso-
constriction of the coronary arteries is typically
associated with 5-fluorouracil and its oral analogue
capecitabine. Changing the infusion rate and support-
ive therapeutics, such as nitrates or calcium channel
blockers, can frequently ameliorate or completely
avoid these side effects. More concerning is early
data from angiogenesis inhibitors which can induce
arterial and venous thrombosis, potentially leading
to ischaemia in vital organs. Furthermore, these
compounds lead to arterial hypertension in a signif-
icant proportion of treated patients. Preventive and
therapeutic strategies are currently being studied but
many questions remain unsolved. If these drugs are
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ever to be used in the treatment of breast cancer
outside of clinical trials, more data is needed to assess
the risk. ’

. Cardiac contractile dysfunction and heart failure.
Currently, the most serious cardiovascular side effects
are cancer drug-induced cardiac dysfunction and heart
failure. Recent data suggest, however, that not all drugs
inducing cardiac dysfunction have the same long-term
consequences for the patients. The anthracyclines are
the classical example of cancer drugs leading to dose-
dependent myocardial cell death. This initial damage
can be compensated by activation of neurohormonal
mechanisms and survival factors and frequently pa-
tients remain asymptomatic or minimally symptomatic
early on. However, additional stresses such as age,
hypertension, diabetes, cardiac conditions and late
effects of radiation therapy can eventually lead to
progressive cardiac disease and heart failure, typically
years after the initial cancer therapy. All members of
the anthracycline class exhibit this type of cardiotoxic-
ity, although quantitatively the effect might be different
among the members of the group.! In contrast to
the anthracyclines, the cardiac adverse effects of anti-
HER?2 therapeutics mainly manifest during treatment,
are dose-independent and characterised by a relatively
high rate of reversibility. > Currently, the best data
on the incidence of anti-HER2 induced cardiac side
effects come from the adjuvant trastuzumab breast
cancer trials where 0 to 4% of the patients experienced
severe (NYHA class 3 and 4) heart failure and 3
to 18% cardiac dysfunction.® Although it is difficult
to compare the cardiotoxicity of trastuzumab in the
different adjuvant trials, it appears that 1. the type
of pre-trastuzumab chemotherapy, 2. the time between
chemotherapy and initiation of trastuzumab, 3. the
left ventricular ejection fraction prior to trastuzumab
and 4. pre-existing arterial hypertension influence the
event rate. Data with a median follow-up time of
approximately 4 years suggest that 80% of patients
with trastuzumab-induced cardiac dysfunction im-
prove their myocardial function over time.® However,
preclinical experiments also indicate that anti-HER2
treatment can worsen anthracycline cardiotoxicity.’
Since anthracycline toxicity frequently manifests only
years after the initial treatment, long-term surveillance
of the patients treated with anthracyclines followed by
anti-HER2 therapeutics is warranted.

The patient

There is considerable variation of patients’ susceptibility
to cancer drug-associated cardiotoxicity and many factors
responsible for cardiovascular side effects are still not
known. The identification of individual patients who
carry an increased risk therefore remains difficult and

serial assessment of clinical parameters and cardiovascu-
lar function tests are necessary to detect early signals.
Furthermore, the cardiotoxicity data for some of the
newer drugs, namely the anti-HER2 and antiangiogenics,
are still incomplete and the population tested was
restricted to relatively young patients with no significant
pre-existing cardiac conditions or other co-morbidities.
Further research is needed to better understand the risk
of patients who were excluded in these early trials.

The future

There is considerable activity in the field to increase the
efficacy of breast cancer treatment by introducing new
cytotoxic drugs and signalling inhibitors. The tendency
to combine these compounds conceptionally will increase
efficacy but is also likely to worsen cardiovascular
toxicity, at least as long as these treatments are not
targeted to the cancer cells. In addition, most of the
currently used signalling inhibitors block the system
high up in the signalling cascade. Since signalling in
biological systems is redundant, alternative pathways
can compensate for the inhibited signalling cascade,
limiting the cardiovascular toxicity. The tendency to block
multiple signalling pathways or to inhibit signalling low
in the cascade will inevitably increase cardiovascular side
effects. Furthermore, many of the new therapeutic targets
in oncology are critically important for the plasticity
and survival of the heart. Only a close collaboration
between cancer and cardiovascular biologists, oncologists
and cardiologists will allow increased efficacy of cancer
treatments while ensuring the cardiovascular safety of our
patients.
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