
Abstract. Aim: To evaluate cardiotoxicity in patients with
human epidermal growth factor receptor 2+ (HER2+) breast
cancer (29 left-sided, 23 right-sided) treated with adjuvant
whole-breast hypofractionated radiotherapy (HRT)
concurrently administered with the humanized monoclonal
antibody to HER2, trastuzumab. Patients and Methods:
From February 2008 to June 2017, 52 patients received
three-dimensional conformal RT, with different HRT
schemes. Echocardiogram monitoring was used to evaluate
the decrease in left ventricular ejection fraction (LVEF).
Results: At a median follow-up of 5 years, cardiotoxicity was
as follows: among the 15 patients treated with 46 Gy: grade
(G) 2 in two (13%), G1 in three (20%), and G0 in 10
(67%);in those treated with 39 Gy (16 patients): G1 in five
(31%), and G0 in 11 (69%);among the 21 patients treated
with 35 Gy: G2 in one (5%), G1 in five (24%), and G0 in 15
(71%). Conclusion: Trastuzumab was shown to be a safe
adjuvant treatment when administered with concomitant HRT
since it did not increase cardiotoxicity in those with left-
sided breast cancer. No differences in LVEF were observed
between the HRT schemes.

Nowadays, the standard of care for early breast cancer
consists of different adjuvant treatments prescribed after
conservative surgery, with the aim of minimizing local
recurrence and improving overall survival. In order to
achieve this important goal, both systemic and locoregional
treatments are essential.

Between 15% and 25% of breast cancer cases express
human epidermal growth factor receptor 2 (HER2), which is
related to more aggressive disease, due to the superior
capacity of such cells for growth and more rapid cell
division. If not treated properly, these patients could be
affected by a worse prognosis than those with HER2-
negative tumors (1). 
A better outcome, regarding improvement in survival, has

been achieved by prescribing trastuzumab as an adjuvant
treatment in patients with HER2-positive breast cancer.
Firstly, the critical activity of this humanized monoclonal
antibody has been shown in the increase of relapse-free
survival time and overall survival in women affected by
HER2-positive early breast cancer as reported by major
international studies (2-6). In such adjuvant trials, 1-year
trastuzumab treatment improved overall survival, directly
affecting the risk of recurrence and by extending the time to
disease recurrence, when it was prescribed in addition to the
standard chemotherapy. 
Adjuvant radiotherapy (RT), that is usually delivered

concurrently with trastuzumab, has a crucial role in
locoregional control of breast cancer after conservative
surgery (7).
The concomitant administration of trastuzumab and

adjuvant RT is strongly supported by evidence that the
greatest benefit from both of these treatments is stronger the
sooner they are administered. It is well known that RT can
reduce the rate of local recurrence, and trastuzumab can
make the difference when administered during early phases
of the disease by binding with high affinity to the
extracellular domain of HER2 (8). Its efficacy has been
proven in the adjuvant setting, such as in patients with
metastatic disease (3, 9-11). Of great interest, trastuzumab
seems to act as a radiosensitizer on breast cancer cells (12).
The primary concern of such therapy is the risk of
cardiotoxicity due to the combined use of these treatments;
asymptomatic reduction in left ventricular ejection fraction
(LVEF) is the most frequent form of cardiotoxicity (13).
Cardiological follow-up for patients treated with trastuzumab
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consists of LVEF assessment by echocardiography
performed before, during and after trastuzumab (14-16).
Moreover, each treatment course carries an independent risk
of cardiotoxicity (17, 18).
The aim of this retrospective study was to identify any

additional potential risk due to the concomitant administration
of RT and trastuzumab. Although various studies in literature
focused on this issue (19-21), our specific purpose was to
evaluate acute cardiotoxicity in patients with HER2-positive
breast cancer treated with trastuzumab concomitantly with
different adjuvant whole-breast hypofractionated radiotherapy
(HRT), which is increasingly being adopted worldwide in
clinical practice (22, 23). 

Patients and Methods

Patients. Fifty-two patients treated with adjuvant HRT for stage I-III
(24) breast cancer between February 2008 and June 2017 were
retrospectively reviewed. Only patients with less than pT2 and less than
pN1a disease were enrolled in this analysis, sub-divided based on the
side of breast cancer, the presence of cardiac risk factors at baseline,
and the HRT schedule administered. The median age was 64 years.
According to immunohistochemistry data (node-positive,

hormone receptor-negative, high Ki67 index and HER2-positive),
all patients underwent adjuvant chemotherapy followed by
trastuzumab and concomitant HRT. 
Cardiac risk factors were carefully analyzed in our study as

follows: six patients were smokers, two patients were documented
as being affected by hypercholesterolemia, 10 patients suffered from
hypertension, and one patient had a diagnosis of atrial fibrillation.
Cardiac toxicity was evaluated by analyzing the LVEF decrease

with the following monitoring program: the echocardiogram was
assessed at the beginning of the treatment with trastuzumab, every
3 months during trastuzumab treatment, with a 6-monthly follow-
up during the first 5 years and then once a year. LVEF was
considered as impaired when below 60%. 

Systemic treatments. All patients received adjuvant chemotherapy
according to the multidisciplinary breast cancer team decisions.
Most commonly used chemotherapy regimens were combinations
of epirubicin, cyclophosphamide, 5-fluorouracil or epirubicin plus
cyclophosphamide, followed by docetaxel every 3 weeks for three
cycles or by weekly paclitaxel for 12 weeks. 
Twenty-seven patients with hormone receptor-positive breast cancer

underwent hormonal therapy with tamoxifen or aromatase inhibitor
due to immunohistochemistry (>1% positive). Trastuzumab was
administered every 3 weeks (6 mg/kg after the first cycle of 8 mg/kg).

Locoregional treatments. Based on age, patients underwent three
different whole-breast adjuvant HRT schemes.
Patients under 40 years old (15 patients) received a total dose of

46 Gy in 20 fractions, four times a week; women aged between 40
and 46 years (16 patients) received 39 Gy in 13 fractions; and
patients older than 46 years (21 patients) underwent 35 Gy
administered in 10 fractions, at four fractions a week. These
hypofractionated schemes are biologically comparable to the
conventional fractionation of 50 Gy in 25 fractions in 5 weeks
adopted to control residual microscopic cancer cells after surgery.

All patients received three-dimensional conformal RT to the
whole breast in a supine position, and a concomitant weekly boost
to the tumor bed was delivered based on their risk factors, such as
hormone receptor status, Ki-67 index, margin status, and lymph
node status. Overall boost dose depended on different schedules,
from minimum 3 Gy to 7.5 Gy.
Left-sided RT was performed in 29 patients, and right-sided in

23 patients.

Results 

All acute cardiotoxicities were assessed according to
Common Terminology Criteria for Adverse Events v3 (25).
At a median follow-up of 5 years (range=6-120 months), 49
patients (94%) remained alive; one patient (2%) developed
locoregional relapse, and distant metastases occurred in two
patients (4%). 
Our overall results for cardiotoxicity were as follows:

among the 15 patients treated with HRT of 46 Gy/20
fractions: Grade (G) 2 in two (13%), G1 in three (20%), and
G0 in 10 (67%); in the group of patients treated with HRT
of 39 Gy/13 fractions (16 patients): G1 in five (31%), and
G0 in 11 (69%), with no grade2 cardiotoxicity; among the
21 patients treated with 35 Gy/10 fractions: G2 in one (5%),
G1 in five (24%), and G0 in 15 (71%). None of the different
HRT schemes used seemed to affect the LVEF rate. Twenty-
one patients (40%) were affected by cardiac risk factors at
baseline. 
The cardiac tolerance was then evaluated in regard to the

breast side irradiated. Left-sided RT was performed in 29
patients (55%): one patient (3%) had G2 cardiotoxicity
(LVFE=50-40%), nine patients (31%) G1 (LVFE=60-50%),
and 19 patients (66%) G0. Right-sided RT was performed in
23 patients (45%): two patients (8%) had G2, four patients
(18%) G1, and 17 patients (74%) G0. No G3 reduction of
LVEF occurred; G1 to G2 rates are similar to literature data. 

Discussion

Major international trials have reported the role of
trastuzumab in improving survival and quality of life in
women affected by HER2-positive breast cancer, which is
associated with a high risk of relapse and death from
metastatic disease (2-5). In these studies, trastuzumab was
prescribed for 1 year in patients in whom systemic treatments
(anthracyclines/taxanes) had already been scheduled; it was
started concurrently or sequentially to chemotherapy. The
FinHer trial was the only one in which trastuzumab was
administered concomitantly with chemotherapy for only 9
weeks. It led to a similar outcome as 1 year of the same
regimen (6), but this final result needs further confirmation
since it was a very small trial. One year of adjuvant
trastuzumab currently remains the standard of care. The use
of adjuvant RT delivered with hypofractionation is being
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increased in the adjuvant setting of women with breast cancer
submitted to surgery (26). The potential side-effects of
combining these new RT schedules with trastuzumab have
rarely been investigated and reported (19-21). 
The outcomes of our clinical research provide few but

interesting findings. Firstly, none of the different HRT schemes
used seemed to affect the rate of LVEF decrease. This evidence
may be ascribed to our accurate delineation of organs at risk
of toxicity in order to spare the greatest heart volume during
RT. A safer control of potential radiation-induced risks was
achieved thanks to contouring of the heart and left coronary
artery, introduced in recent years (27); although this new
contouring of organs at risk may reduce cases of cardiac stroke,
it probably does not affect LVEF. Finally, toxicities derived
from concurrent trastuzumab and RT administration could be
considered acceptable, even though a longer follow-up is
needed to evaluate the new cardiotoxicity rate after new
accurate delineation of organs at risk. 
Nowadays, improved treatments have prolonged the

lifespan of patients, especially women with breast cancer.
Consequently, the survival is often sufficiently long to allow
determination of both acute and long-term side-effects
induced by adjuvant treatments, including RT and
trastuzumab. Cardiotoxicity, amongst others, is a crucial
factor to consider and if possible to prevent when a combined
therapy is prescribed (27). To our knowledge, by reviewing
literature data on this issue, this study is original since it
analyzed cardiac toxicity in detail in patients with HER2-
positive breast cancer treated with trastuzumab and HRT.
In this experience, on a limited number of patients,

trastuzumab was shown to be a safe adjuvant treatment when
administered with concomitant HRT, since it did not increase
cardiac toxicity, even in the case of left-sided breast cancer.
Moreover no differences in LVEF decrease were noted
between the three different whole-breast adjuvant HRT
schemes.
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