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Cardiotoxic effects of trastuzumab

Summary

Background. Breast cancer with over-
expression of HER2 receptor is an
aggressive type of breast cancer with
a poor prognosis. Trastuzumab (Her-
ceptin) is a monoclonal antibody that
binds to the HER2 receptor on the cell
surface, blocking the signals that pro-
mote cell proliferation. Trastuzumab
treatment in the form of adjuvant ther-
apy has halved the risk of relapse and
has improved the overall survival in
metastatic breast cancer. However,
when given alone or in combination
with cardiotoxic chemotherapy, espe-
cially anthracyclines, trastuzumab may
lead to congestive heart failure of
varying severity.

Material and method. The article is

a non-systematic review of articles
from clinical trials and on recommen-
dations by Norwegian and international
expert panels.

Results. The combination of trastuzu-
mab and anthracyclines was reported
in an early phase lll trial to cause heart
failure in 27 % of the patients. More
than ten years of research have revea-
led central cardiotoxicity mechanisms
associated with trastuzumab. Risk fac-
tors have been identified and recom-
mendations drawn up for patient moni-
toring and treatment. After application
of these recommendations, the pre-
valence of heart failure development
appears to have been reduced to

about 5 %.

Interpretation. On balance, the favour-
able effects of trastuzumab are convin-
cing, but cardiotoxicity is a significant
challenge. All patients treated with
trastuzumab must be monitored regu-
larly.
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Improved diagnostics and treatment have
increased breast cancer survival (1). At the
same time, new surgical methods, including
breast-conserving operations and sentinel
lymph node technology offer improved
quality of life. Primary breast cancer treat-
ment consists of surgery, radiotherapy, sup-
plementary treatment with cytostatics (adju-
vant therapy), endocrine therapy and treat-
ment with monoclonal antibodies.

National guidelines for treatment of breast
cancer were first published in 1981. The Nor-
wegian Breast Cancer Group (NBCG) has
gradually improved the treatment guidelines.
Today breast cancer is classified by means of
the TNM system, according to immunopat-
hological criteria and genetic analysis. At
the time of diagnosis, about 15% of breast
cancer tumours overexpress human epider-
mal growth factor receptor 2 (HER2), and are
called HER2 positive. In metastatic breast
cancer this percentage is higher (20—30 %).
The HER2-positive tumours are aggressive
and imply a poor prognosis (2).

In the year 2000, trastuzumab (Hercep-
tin), a monoclonal antibody against HER2,
was registered as a medicinal product in
Norway. In combination with taxans and
vinorelbine, trastuzumab produces high
response rates in metastatic disease and
increases the median survival time by about
five months (2). In the case of localized
disease, adjuvant trastuzumab has been
shown to almost halve the risk of relapse (3,
4). The side effects profile for the majority
of those treated is favourable, but some indi-
viduals develop serious heart failure (5). It is
possible to minimize toxic heart failure by
means of recommended regimes and regular
heart check-ups.

The purpose of the article is to summarize
knowledge in this field, particularly for the
benefit of oncologists, cardiologists, nuclear
medicine specialists and general practitioners.

Material and method
The article is based on a non-systematic re-
view of articles found by means of a litera-

ture search. The major clinical trials have
been reviewed. Norwegian and international
guidelines for trastuzumab therapy have
also been studied.

Anthracyclines and trastuzumab

can cause heart failure

Anthracyclines in various combination the-
rapies have been used in first-line treatment
of breast cancer for more than 30 years. The
dose-dependent cardiotoxic effect of anthra-
cyclines has been known for a long time (6,
7) and is related to the ability of the substan-
ces to generate free radicals (8). The inten-
tion in introducing trastuzumab was specifi-
cally to attack the HER2 receptor-positive
cancer cells. The cardiotoxic effects of
trastuzumab were not known from the Phase
IT studies (9, 10). In 2001, a pivotal study
was published on treatment of metastatic
breast cancer with a combination of doxoru-
bicin/cyclophosphamide plus trastuzumab
or a placebo. The survival data in the trial
were favourable for trastuzumab, with a
median survival increase of 4.8 months
within a two-year observation period. How-
ever, 27 % of the patients who received the
combination of trastuzumab and doxorubi-
cin/cyclophosphamide developed signs of
heart failure. 16 % developed severe dis-
abling heart failure (NYHA III-1V) (2), and
fatal heart failure was reported. Heart failure
as a side effect could thus be so serious in
some individuals that it over-shadowed the
favourable effects of trastuzumab (11). This
observation led to broad-based research
which has yielded information about the
causes of heart failure development and how
to prevent and treat this side effect.

Main points

m Trastuzumab, an antibody against
HER?2, has improved the prognosis for
patients with HER2-positive breast
cancer

m Signs of heart failure develop in 5% of
patients who receive trastuzumab
therapy

= Monitoring of the heart’s ejection frac-
tion is important for detecting and
counteracting heart failure

m |f heart failure develops, trastuzumab
treatment must be interrupted.
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The HER2 receptor belongs to the class of
epidermal growth factor receptors which are
found in most cell types to a greater or lesser
extent. Cardiomyocytes are relatively ab-
undantly equipped with HER2 receptors.
‘When the heart is exposed to anthracyclines,
signalling pathways that lead to the death of
the cardiomyocytes are activated. Signalling
from HER2/HER4 dimers is activated as a
counter-measure, to keep the cardiomyo-
cytes alive. This signal is blocked by trastu-
zumab, which may reinforce the cardiotoxic
effect of anthracyclines (12).

How to prevent and treat heart
failure induced by trastuzumab
treatment
The aforementioned pivotal study showed
that the combination doxorubicin/cyclo-
phosphamide and trastuzumab must not be
used simultaneously (2). According to the
summary of product characteristics, if
trastuzumab is administered first, anthracy-
clines should not be used until six months
later, because the monoclonal antibodies
have a long half-life in blood (13). However,
this rule is gradually being relaxed.
Recommendations for regular monitoring
of the heart function of patients who have
been given trastuzumab were developed on
the basis of several large studies (14). An
analogous algorithm is recommended by the
Norwegian Breast Cancer Group (NBCG)
(Fig. 1) (15). The check-ups include history
of illness, clinical examination and echo-
cardiography or nuclear medicine determin-
ation (GTSPECT or MUGA) of the ejection
fraction. The nuclear medicine methods and
echocardiography are regarded as more or
less equivalent methods of examining the
ejection fraction (14). Echocardiography
can also provide information about other
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pathological conditions, for example
whether the patient already has a reduced
ejection fraction due to valve disease or pre-
vious infarction. In asymptomatic patients,
the factor that determines whether treatment
should be continued or discontinued is the
ejection fraction. However, there are also
descriptions in the literature of cases of cli-
nically severe diastolic heart failure with a
preserved ejection fraction (16).

Information is available on the risk of
heart failure under many different treatment
protocols (16). In the HERA trial, surgery
was followed by at least four chemotherapy
courses, including anthracyclines and then
trastuzumab for 12 months. This gave a
1.9 % risk of developing symptomatic heart
failure, while 5.1% had to discontinue
trastuzumab therapy because of heart prob-
lems (17). The patient in question had not
suffered myocardial infarction, valve defect
or cardiomyopathy before.

In practice, risk profile and risk assess-
ment will often be different in patients with
recidivist or metastatic disease. Patients
with recidivism are older and have been tre-
ated with cytostatics before. It has been
documented that a high age, hypertension
and a high body mass index (BMI) are risk
factors predisposing subjects to develop
heart failure under anthracycline treatment
(7). The risk of developing heart failure in
connection with trastuzumab treatment is
exacerbated by previous coronary disease,
valve disease, diabetes or anthracycline
treatment (18). Patients with metastases can
have long-term treatment with trastuzumab.
In one such cohort, a change in the ejection
fraction was observed in 28 % of those stu-
died. In the same study, trastuzumab treat-
ment was temporarily stopped for 15% of
the patients, but could be resumed under
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close surveillance for most of them. Only
3 % of the patients had to terminate trastuzu-
mab treatment (18).

The myocardial injury markers troponin
T and troponin I show an early rise after each
injection of trastuzumab in those patients
who gradually develop heart failure (19).
Using troponins to monitor breast cancer pa-
tients is not recommended today, however.

If the injection fraction falls to less than
44 %, trastuzumab treatment must immedi-
ately be interrupted (14, 18). Similarly, a
break should be taken if the ejection fraction
has fallen more than 10 %, and measurement
shows 45-49%. The ejection fraction of
many patients will then gradually improve
and heart failure symptoms will regress (14,
18, 20, 21). Long-term follow-up of the pa-
tients who developed heart failure shows
that about 80 % regain their previous cardiac
function (22, 23). The United Kingdom
National Cancer Research Institute recom-
mends administering betablockers and ACE
inhibitors in response to signs of developing
heart failure (14). There is no international
consensus on this, however, unless the
patients have symptoms of heart failure. Stu-
dies show that patients who are treated with
betablocker or ACE inhibitor are less at risk
of developing heart failure (24, 25). Prophy-
lactic treatment is therefore assumed to be
effective, but is not recommended for nor-
motensive patients for fear of masking
symptoms. It is recommended that ACE in-
hibitor form part of the treatment regime for
hypertonics (14).

Discussion

Trastuzumab treatment of patients with
HER2-positive tumours is an important
advance in treatment of breast cancer which
requires caution and interdisciplinary colla-
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Figure 1 Decision-making algorithm in connection with monitoring of the ejection fraction of patients who are being treated with trastuzumab. The figures indicate the
decision-making criteria for the left ventricle’s ejection fraction (LVEF) as a percentage. Revised and reproduced with the permission of the NBCG [15).
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boration. Pre-existing cardiac disease must
be identified before starting cytostatics, with
a view to possibly using a different regime,
and patients must be under constant sur-
veillance. Experience shows that any pre-
vious myocardial damage, even transient,
predisposes patients to develop this type of
heart failure. This applies, for example, to
post partum cardiomyopathy, or previously
suffered viral myocarditis with a transient
low ejection fraction. Cardiologists increas-
ingly have patients who have been treated
with trastuzumab referred to them for exam-
ination. The cardiologist can concentrate on
measuring the ejection fraction and assess-
ing the heart's global pump function. The
algorithm for controlling the stopping and
restarting of trastuzumab treatment is very
intricate, however, approaching the limits of
accuracy of the methods. A special chal-
lenge is therefore posed when patients are
treated at two hospitals with different moni-
toring methods, for example MUGA and
echocardiography, as the two methods yield
slightly different measurement data.

Even in recommended doses, anthracy-
clines may have cardiotoxic effects that
manifest themselves 5-20 years after do-
sage. It is not known whether trastuzumab
could result in these long-term side effects,
but it is possible. Some patients with meta-
static disease receive trastuzumab treatment
regularly for more than five years. What
effect long-term treatment and a cumulative
dose will have on the heart has not been
established, and the challenge is increasing
in pace with increased long-term use of
trastuzumab.

Conclusion

The introduction of trastuzumab in standard
treatment of HER2-positive breast cancer
represents a major advance, both in adjuvant
chemotherapy and in treatment of metastatic
disease. The development of heart failure
during treatment with trastuzumab is a ser-
ious complication. The phenomenon is seen
in approximately 5% of patients receiving
adjuvant chemotherapy if there are no risk
factors for heart failure (17, 20). The com-
plication is more frequent in cases of meta-
static disease.

It is important that predisposed patients
are identified and that the patient group is
monitored, with determination of the ejec-
tion fraction every three months. Monitoring
may take the form of echocardiography per-
formed by a cardiologist or by nuclear medi-
cine examination (MUGA). If the ejection
fraction falls to less than 44 %, trastuzumab
treatment must be interrupted. A break
should also be taken at values of 45-49 % if
the ejection fraction has fallen more than
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10 %. Conventional treatment of heart fail-
ure and ventricular dysfunction with ACE
inhibitor and betablocker can be initiated in
the event of symptoms or if the ejection frac-
tion fails to improve.

We should like to thank Janne Beheim, Cand.
Pharm., of Roche for literature references and
useful discussions on the beneficial and side
effects of trastuzumab.
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