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Cardiotoxicity Alerts during Treatment with Trastuzumab in Breast
Cancer at Four-year Follow-up

Alertas de cardiotoxicidad en el tratamiento con trastuzumab en cancer de mama, 4 afios de
sequimiento

DANIEL A. SANTOS', MARIA ESTELA TETTAMANTI", CAROLINA CHACON?, JORGE NADAL?, VICTORIA COSTANZO?, ADRIAN NERVO?,
FEDERICO LOSCO?, REINALDO CHACON?

ABSTRACT

Background: Adjuvant treatment of HER2+ breast cancer includes adriamycin and trastuzumab, a monoclonal antibody that pro-
duces cardiotoxicity. The actual epidemiologic impact of trastuzumab-related cardiotoxicity in unselected populations in Argentina
remains unknown.

Objectives: The aim of this study was to evaluate the impact of trastuzumab-related cardiotoxicity during adjuvant treatment for
breast cancer in an unselected population after >12 months of completing therapy.

Methods: Among 888 patients prospectively evaluated for breast cancer, 231 (38%) were HER2+ and received adjuvant therapy with
adriamycin and trastuzumab. Left ventricular ejection fraction was evaluated before treatment, after completing adriamycin and then
every 3 months during follow-up. Cardiotoxicity was defined as a decline in left ventricular ejection fraction >10%, according to the defini-
tion of the American College of Cardiology and was compared with the definitions of the B-31 trial and the MD Anderson Cancer Center.
Results: A decline in left ventricular ejection fraction >10% from baseline values occurred in 65% (n=150) of the patients during a
mean follow-up of 48+12 months. In the per group analysis, patients included in the B-31and MD Anderson Cancer Center vs. the
American College of Cardiology definitions presented greater percent fall in left ventricular ejection fraction during treatment: 20%
vs. 20% vs. 16%, respectively (p <0.04) and ended treatment with left ventricular ejection fraction <50% in 42% vs. 41% vs. 33% of
cases, respectively (p=0.01).

Conclusions: In the population treated with trastuzumab under cardio-oncology surveillance during 48+12 months:

1- Left ventricular ejection fraction was significantly decreased in more than 60% of patients.

2- Different guidelines show different cardiotoxicity risks which demands continuous cardio-oncological monitoring.
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RESUMEN

Introduccion: El tratamiento adyuvante de cancer de mama Her2+ incluye adriamicina y trastuzumab, un anticuerpo monoclonal
con efecto cardiotdxico del que no se conoce el verdadero impacto epidemiolégico de toxicidad cardiaca en poblaciones no selecciona-
das en la Argentina.

Objetivos: Conocer el impacto cardiotéxico del tratamiento con trastuzumab en adyuvancia en cancer de mama en una poblacién no
seleccionada a méas de 12 meses después de finalizado su tratamiento.

Material y métodos: Sobre 888 pacientes prospectivos con cancer de mama, 231 p. (38%) presentaban cdncer de mama Her2+, en
tratamiento adyuvante con adriamicina + trastuzumab. Las pacientes fueron evaluadas mediante fraccién de eyeccion ventricular
izquierda, en pretratamiento, fin de adriamicina y cada 3 meses en el seguimiento. Se defini6 cardiotoxicidad a la caida de la fraccién
de eyeccion ventricular izquierda > 10% segin la Sociedad Estadounidense de Cardiologia, se subanaliz6 con algoritmos del estudio
B-31 y MD ANDERSON.

Resultados: Presentaron caida de la fracciéon de eyeccion ventricular izquierda > 10%: 150/231 p. (65%) respecto del basal con un
seguimiento medio de 48 = 12 meses. En el andlisis por grupo, las pacientes incluidas en el B-31 vs. MD Anderson vs. Sociedad
Estadounidense de Cardiologia presentaron mayor pérdida porcentual de la fraccién de eyeccién ventricular izquierda durante el
tratamiento: 20% vs. 20% vs. 16% con p < 0,04, finalizaron el seguimiento con fraccién de eyeccién ventricular izquierda < 50%: 42%
vs.41% vs. 33% con p = 0,01, respectivamente.

Conclusiones: En la poblacién con trastuzumab bajo control cardioncoldgico, se observé luego de un seguimiento medio de 48 + 12
meses:

1- Caida significativa de la fraccién de eyeccion ventricular izquierda en mas del 60% de la poblacion.

2-Las distintas guias muestran diferentes riesgos cardiotéxicos lo que requiere un monitoreo continuo cardioncolégico.

Palabras claves: Cardiotoxicidad - Trastuzumab - Cancer de mama

REV ARGENT CARDIOL 2019;87:105-110. http://dx.doi.org/10.7775/rac.v87.i2.13799
SEE RELATED ARTICLE: REV ARGENT CARDIOL 2019:87:91-93. http://dx.doi.org/10.7775/rac.v87.i2.14606
SEE RELATED ARTICLE: REV ARGENT CARDIOL 2019;87:94-95 http://dx.doi.org/10.7775/rac.v87.i2.14985

Address for reprints: Dr. Daniel Santos: dsantos@alexanderfleming.org /danielsantos.md@gmail.com. Instituto Alexander Fleming, Cramer 1180
(C1426ANZ) - Ciudad Auténoma de Buenos Aires, Argentina.

Instituto Alexander Fleming, Buenos Aires, Argentina.

! Department of Cardio-oncology, Instituto Alexander Fleming

2 Department of Radiotherapy, Instituto Alexander Fleming

? Department of Clinical Oncology, Instituto Alexander Fleming

This study won the 2018 Dr. Pedro Cossio Foundation Award at the Argentine Congress of Cardiology.



106

ARGENTINE JOURNAL OF CARDIOLOGY /VOL 87 N° 2 / APRIL 2019

Abbreviations

ACC American College of Cardiology
LVD  Left ventricular dysfunction

INTRODUCTION

Breast cancer is the most common malignancy among
women worldwide, accounting for 2.4 million new
cases and 523,000 deaths yearly. (1, 2) Approximately
23-30% of cases are HER2-positive (HER2+) and can
be treated with trastuzumab, a monoclonal antibody
against the HER2 receptor that was approved in 2001.
The incidence of cardiotoxicity with adjuvant trastu-
zumab after chemotherapy with adriamycin is >25%.
(3-6). Trastuzumab-related cardiotoxicity is reversible
after removing the agent. This has led to the devel-
opment of protocols for monitoring left ventricular
gjection fraction (LVEF) and to publications as safety
guidelines with different limits to define cardiotoxic-
ity that have not been validated in the general popula-
tion. (4, 6-9)

The goal of the present study was to know the im-
pact of trastuzumab-related cardiotoxicity in breast
cancer with adjuvant therapy on an unselected and
prospective population by comparing three different
definitions of cardiac injury. The secondary objective
was to evaluate the impact on the clinical outcome
of cardiac monitoring during treatment with trastu-
zumab and the degree of left ventricular dysfunction
reversibility.

METHODS

Between January 2010 and May 2018, all patients with
breast cancer undergoing adjuvant therapy were prospec-
tively included. The treatment regime consisted of adria-
mycin 60 mg/m2 + cyclophosphamide 600 mg/m2 (4 cycles)
+ paclitaxel 80 mg/m2 once weekly for 12 weeks + radio-
therapy. Patients with HER2+ also received trastuzumab
during one year. All the patients were evaluated by a cardio-
oncology team in a center specialized in oncology.

Echocardiographic evaluation

Transthoracic echocadiography was performed with digital
image capture ultrasound machines and analyzed with GE
system FIVE EchoPAC software from January 2010 to April
2016, and thereafter with Vivid T'8 until the end of the re-
cruitment period. The same operator, using the same equip-
ment, was responsible for data collection, echocardiographic
evaluation, LVEF variability monitoring and cardiotoxicity
alert throughout the follow-up period. Echocardiographic
assessment included M-mode, two-dimensional and color-
Doppler measurements. (8) Left ventricular EF was estimat-
ed with the Simpson method from 2-chamber and 4-chamber
volume measurements, using the same technique for each
patient (manual contour tracing or automated edge detec-
tion from the apex) before treatment, every 3 months dur-
ing 18 months and every 4 months during follow-up. (4) The
evaluations were open-label, and the images before treat-
ment were always available to the operator and used as ref-

LVEF Left ventricular ejection fraction

erence to compare changes due to toxicity. Each patient was
used as self-witness to define cardiotoxicity according to the
fall in LVEF reference values during follow-up. (3-5) Events
were confirmed by the cardio-oncology committee before giv-
ing the information to the attending oncologist.

Cardiotoxicity events: Echocardiographic monitoring of
trastuzumab therapy was established by the institutional
Tumor Committee in 2010, which considered cardiotoxicity
as a fall in LVEF >10% from the baseline value, requiring
temporary or permanent discontinuation of trastuzumab, as
applicable, following the recommendations of the American
College of Cardiology (ACC) and the Food and Drug Admin-
istration (FDA), the regulatory agency of the United States.
(6) Patients with persistent fall in LVEF despite trastuzum-
ab discontinuation according to our institutional toxicity
criteria (those of the ACC) were evaluated following other
guidelines with less strict criteria to define cardiotoxicity:

ACC criterion: LVEF decline >10% from pretreatment
value and not below the lower normal limit of 55%. (6)

B-31 trial criterion: LVEF decline >15%. (4)

MD Anderson Cancer Center criterion: Up to 40% de-
cline in LVEF during treatment. (7)

When the MD Anderson Cancer Center criterion of a
tolerated 40% decline in LEVF was evaluated, we changed
it to a limit not <45%, as none of the patients reached this
value. (7) Each patient presented only one cardiotoxicity
event with the maximal fall in LVEF attained in this study.
In each group, changes in the following LVEF variables dur-
ing treatment with trastuzumab were compared: lowest
LVEF reached, months to peak decline, LVEF at the end of
treatment, percentage of patients with complete recovery:
difference in LVEF <5% from the pretreatment value, and
percentage of patients without total recovery: LVEF <50%
at the end of follow-up.

The cardiotoxic event was evaluated in general and for
each criterion, and the cardiological and oncological deci-
sions made regarding trastuzumab therapy were reported.

Statistical analysis

This was a prospective, longitudinal, analytic, open-label,
single center study, representative of daily clinical practice.
Continuous variables were expressed as mean * standard
deviation. Discrete variables were expressed as frequencies
and percentages. Qualitative variables were analyzed using
the chi-square test or Fisher’s exact test. Continuous vari-
ables were compared using Student’s t test for independent
data or the Wilcoxon rank sum test, as applicable. A p value
<0.05 was considered statistically significant. All the calcu-
lations were performed using Epi Info 7.2.

Ethical considerations
The study was approved by the institutional Ethics Commit-
tee.

RESULTS
Between January 2010 and May 2018, 884 patients
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Table 1. Baseline characteristics of the population

Definition of cardiotoxicity

Baseline variables Nwith T ACC B-31 MD Anderson LVEF

LVEF >10% LVEF>15% not <45%
Total number of patients/ Ctx patients 231/150 81/231p. (35%) 45/231 p. (19%) 24/231 (11%)
Age (years) 5111 53.3+12 54+12 57+12 0.4
Sex (female) 100% 100% 100% 100%
Follow-up (months) 48+12 44+18 50+20 48+20 0.12
HR (bpm) 72+6 7111 7246 72+8 0.3
SBP (mmHg) 114£18 116x12 114£18 11810 0.3
DBP (mmHg) 71+12 74+8 7112 76+10 0.7
History of dyspnea 0 0 0 0
BSA (m2) 1.7+0.11 1.68+0.10 1.7+0.11 1.66+0.11 0.55

Cardiovascular risk factors

HT (mmHg) 42/231 (18%) 15/81(18%) 8/45 (17 %) 4/24 (16%) 0.3
Current smoker 27/231(12%) 8/81(10%) 5/45(11%) 3/24(12%) 0.5
Obesity 35/231(15%) 10/81 (12%) 8/45 (17 %) 3/24 (13%) 0.3
Diabetes mellitus 14/231(6%) 5/81(6%) 2/45(4%) 2/24(8%) 0.3
Dyslipidemia 44/231 (19%) 14/81 (17%) 8/45 (17%) 4/24 (16%) 0.4

Previous treatment

ACEI

Carvedilol

27/231 (12%)
14/231(6%)

6/81 (14%)
8/81 (10%)

5/45 (11%)
4/45(8%)

2/24 (12%)
2/24 (8%)

0.3
0.4

T: Trastuzumab. ACC: American College of Cardiology. LVEF: Left ventricular ejection fraction. p: patients. HR: Heart rate. bpm: Beats per minute.
SBP: Systolic blood pressure. DBP: Diastolic blood pressure. BSA: Body surface area. HT: Hypertension. ACEl: Angiotensin-converting enzyme inhibi-

tor.

Table 2. Neoplasm characteristics

Definition of cardiotoxicity

Oncological-related variables Nwith T ACC B-31 MD Anderson LVEF

LVEF >10% LVEF>15% not <45%
Total number of patients/Ctx patients 231/150 81/231p. (35%) 45/231 p. (19%) 24/231 (11%)
Age (years) 5111 53.3+12 54+12 57+12 0.4
Left breast cancer 118/231(51%) 39/81(48%) 22/45(49%) 12/24(50%)
Right breast cancer 113/231(49%) 42/81(52%) 23/45(41%) 12/24(50%) 0.12
Left breast-conserving surgery 88/118(74%) 28/39(72%) 16/22(73%) 18/24(74%) 0.3
Right breast-conserving surgery 78/113(69%) 26/42(62%) 15/23(65%) 16/24(69%) 0.3
Adriamycin cumulative dose ( mg) 400.54+68 392.44+22 411.01£11 409.28+33 0.7
RT mean heart dose (Gy) 2.2+0.12 2.1+0.10 2.0+0.09 2.2+0.02 0.55

ACC: American College of Cardiology. LVEF: Left ventricular ejection fraction. T: Trastuzumab. p: patients. RT: Radiotherapy. Gy: Gray.

with breast cancer were treated in the department
of cardio-oncology of our institution; 26% (n=231) of
these patients received adjuvant therapy with trastu-
zumab. The clinical and tumoral characteristics of the
population are presented in Tables 1 and 2.

Analysis of the general population treated with
trastuzumab: mean age of the female population was
51+11 years. A decline in LVEF >10% occurred in
65% (n=150) of the patients over a mean follow-up of
48+12 months (Table 3).

Echocardiographic variables of cardiotoxicity
during follow-up: mean LVEF before treatment was
61+4.7% and at the end of the follow-up period, LVEF

had decreased by 9.9+6.9% due to the oncological
treatment. Only 45% of patients had complete LVEF
recovery at the end of the follow-up period and 27%
remained with LVEF <50%. Trastuzumab was tem-
porarily discontinued in 17% (n=39) of patients and
was permanently discontinued in 12% (n=28) due to
cardiotoxicity (Table 3).

Cardiac therapy due to the presence of cardiotoxic-
ity was prescribed to 54% of the patients but was not
tolerated by 10% due to hypotension (Table 3).

The subgroup analysis by tolerated LVEF decline
showed that among 65% of patients, 35% developed
cardiotoxicity according to the AAC definition, 19%
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Table 3. Echocardiographic variables and changes during follow-up

Variables N with T

Total number of number of patients/Ctx patients 231/105
Baseline LVEF* 61.3+4.7%
Minimal LVEF with trastuzumab* 54+7.1%
Final LVEF at 24 m** 56.66%
Months to peak decline 18+4 m
LVEF decline % *** 9.9+6.9%*
With total recovery 104 p (45%)
Without total recovery 231 (55%)

Final LVEF <50% at 24 months
Cardiac medication

63/231(27%)

Definition of cardiotoxicity

ACC B-31 MD Anderson LVEF
LVEF >10% LVEF>15% not <45%
81/231p. (35%) 45/231p. (19%) 24/231p. (11%)
60+6.6% 57+12% 56+7.3%
48+5.6% 45.3+5 39+
52+8% 50+8% 49+8.2%
20+6m 29+13m. 2315 m.
15.1+4%* 20.6+4%* 20,7+5,4%*
33 (41%)* 19 (42%)* 11(54%)*
48(59%) 45(58%) 13(46%)
27 /81 (33%) 19/45 (42%) 10/24 (41%)

Carvedilol 45 (19%)
ACEI 45 p (19%)
Both 37 (16%)
Intolerance 22 (9%)

Trastuzumab discontinuation

25 (34%) 18 (40%) 8 (33%)

41 (50%) 16(35%) 10 (42%)
7 (9%) 6 (13%) 4(16%)

8(10%) 5(11%) 2 (8%)

Transient** 39 (17%)**

Permanent** 28 (12%)**

4/81 (4.9%)**
10/81 (8.1%)**

11 (26%)**
4 (9%)**

10 (41%)**
13 (50%)**

T: Trastuzumab. ACC: American College of Cardiology. LVEF: Left ventricular ejection fraction. p: patients m: months. ACEl: Angiotensin-converting

enzyme inhibitor. * p < 0.004; **<0.0001; *** p < 0.005

according to the B-31 trial and 11% according to the
MD Anderson Cancer Center.

ACC criterion: the percent decline in LVEF was
significantly greater compared with that of the gen-
eral population (treated with trastuzumab), (15.1+4%
vs. 9.9+7%, p=0.001), with no significant differences
in the number of women with LVEF <50% by the end
of follow-up (33% vs. 27% p=ns). The need for tempo-
rary discontinuation of trastuzumab was significantly
lower (5% vs. 17%, p=0.004), with no difference for
permanent discontinuation (12%).

Analysis of the B-31 trial and the MD Anderson
Cancer Center versus the ACC criteria: The percent
decline in LVEF during treatment was higher when
the criteria of the B-31 trial and the MD Anderson
Cancer Center were used: 20% vs. 20% vs.16% for the
ACC criterion (p < 0.04), and more women presented
LVEF decline <50% by the end of treatment (42% vs.
41% vs. 33%, p <0.01), and required transient discon-
tinuation (26% vs. 41% vs. 5%, p=0.0001) and perma-
nent discontinuation (9% vs. 50% vs. 8 %, p=0.0001)
of trastuzumab.

There were no significant differences in the num-
ber of women receiving cardiac therapy among the
three groups, and >80% of the patients were medi-
cated (Table 3).

DISCUSSION
Trastuzumab has opened a new modality of medicine
based on the development of target-specific drugs,

such as HER2+ breast cancer, which did not have
a specific therapy. In 2005 the approval of adjuvant
treatment with trastuzumab was a turning point in
the treatment of this condition. (4)

Oncology has started a new stage of therapeutic
resources, improving breast cancer survival in women
by 33% at 3 years with the administration of trastu-
zumab, a monoclonal antibody targeting the extra-
cellular domain of the HER2+ protein that is over-
expressed in the tumor cells. (4-6) Between 23% and
30% of women with breast cancer receive this therapy
and those who complete treatment with trastuzumab
show greater benefit. (10, 11) As cardiotoxicity was
reported with the use of trastuzumab in the phase 111
B-31 trial and in other studies, a standardized pro-
tocol for cardiac monitoring was developed to detect
trastuzumab-related cardiotoxicity. This protocol es-
tablished the evaluation of LVEF before treatment
and every 3 months to ensure cardiac health out-
comes, since initially reported trastuzumab cardiotox-
icity was grade III-IV heart failure (HF) in 2.7% of
the cases and asymptomatic left ventricular dysfunc-
tion (LVD) in 19%. (4) This modality of monitoring
improved the final benefit on long-term survival. In
a meta-analysis of studies with similar design that
included 9,500 age-selected patients without history
of cardiovascular disease, it was necessary to treat 40
patients with trastuzumab to save one life at 3 years,
30 patients to generate a case with symptomatic HF
and only 5 to develop an asymptomatic LVD. (12, 13)
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Thanks to this screening method, the cardiology
community replaced endomyocardial biopsy by LVEF
monitoring with echocardiography or nuclear medi-
cine. (4, 9, 14) Cardio-oncology centers were created,
still scarcely developed, where cardiologists and oncol-
ogists could implement this monitoring in the women
treated to reduce cardiac morbidity. However, 19 years
after the drug was introduced in the community and
with more than 690,000 new cases per year of women
with HER2+ breast cancer worldwide, publications
show that cardiologists did not focus on monitoring
LVEF in unselected populations. Instead, they were
dedicated to the search of cardiotoxicity predictors
by echocardiographic strain rate or troponins, which
have an uncertain impact due to the low number of
patients reported with these biomarkers worldwide.
In addition, the use of cardioprotective premedica-
tions to prevent oncological treatment cardiotoxicity
has not produced significant clinical outcomes to jus-
tify their systematic implementation. (15, 24-26).

Several expert or scientific society guidelines have
been published without validating the results in the
general population. (6, 8, 9, 14) Most of them have ex-
tended the range of LVEF decline produced by trastu-
zumab due to its potential reversibility or type 2 cardi-
otoxicity (1, 8, 14) but have not reported the outcomes
to support this recommendation.

This study is based on the experience gained over
more than 10 years in our cardio-oncology center,
which provides a program of care for women with
breast cancer, particularly for those treated with
trastuzumab and other cardiotoxic drugs requiring
cardiac monitoring. Our program is based on a model
of care established by oncologists and cardiologists of
our institution, consisting in measuring LVEF before
treatment and every 3 months during follow-up, and
defining cardiotoxicity as a decline in LVEF >10%.
(2, 6) Using this value as a criterion of cardiotoxicity,
65% of the population presented a reduction in LVEF
>10% and 17% (n=39) met criteria for temporary
discontinuation of trastuzumab. A significant finding
is that, despite the drug was stopped when LVEF de-
clined >10%, it continued falling in 46% (n=69) of the
patients, demonstrating the dynamic toxicity of the
drug as a biological phenomenon that depends on each
woman and that is not self-limiting or reversible in a
high percentage of cases, as it has been postulated. (6,
7,9, 14)

The recommendation of the ACC is the most appro-
priate as a result of the balance between considering
cardiotoxicity as asymptomatic LVD and trastuzumab
discontinuation, and it is also the most conservative
in terms of limiting the fall in LVEF compared with
the baseline value. Using this limit, 8% of the patients
had to stop trastuzumab due to a cardiotoxic event
compared with 50% of the patients who discontinued
the drug when the absolute lower limit of LVEF was
achieved, as recommended by the MD Anderson Can-
cer Center. (6, 7) Eighty percent of the patients with

a reduction in LVEF received cardiac medication, and
10% of the women did not tolerate them due to hypo-
tension.

Treatment for breast cancer HER2+ entails an
unavoidable commitment of oncologists and cardiolo-
gists to achieve the best possible outcome of the pa-
tients with this condition, trying to reach the target
of completing the treatment with minimal cardiac
morbidity. In an exclusive scenario of cardio-oncology
care, similar to the one presented in an unselected
population and with long-term follow-up, during ad-
juvant treatment of breast cancer with trastuzumab,
a patient might present a LVEF fall of 9.9+6.9% from
the baseline value, 30% of the patients might remain
with a LVEF <50% 4 years after ending treatment,
50% might receive carvedilol or angiotensin-convert-
ing enzyme inhibitors and only 8% might need to stop
trastuzumab temporarily compared with the 20% re-
ported in the literature. (3-5) These figures indicate
that cardiac monitoring should be strict, as cardiotox-
icity is not a self-limited phenomenon, but depends on
each individual patient.

Study limitations

Although the MD Anderson Cancer Center algorithm
tolerates a LVEF fall of 40%, we changed to LVEF not
< 45% because none of our patients reached such val-
ue. As the study was exclusively performed on women,
we cannot extrapolate these results to men treated
with trastuzumab. The decision to indicate cardiopro-
tective medication was made by the cardio-oncology
committee for each case of LVEF decline. The indi-
cation of cardiac medication as well as monitoring at
fixed intervals do not allow the evaluation of the ac-
tual cardiotoxicity of the drug. None of the patients
had to be hospitalized due to HF.

In the current field of oncology, trastuzumab is a
pioneer in the development of therapeutics for diseas-
es without treatment and with an impact on survival,
confirming a message already provided by adriamycin:
the treatment of cancer represents a cost for cardiac
health. Women receiving this treatment are exposed
to significant cardiotoxicity; thus, the development of
new molecules for cancer treatment has, on the one
hand, a positive and enthusiastic effect, but, on the
other hand, it produces the negative impact of getting
used to cardiovascular toxicity as a routine phenom-
enon. Trastuzumab needs to be monitored for wom-
en’s health care; strict cardiac and oncologic control
should be performed to achieve complete treatment
without producing cardiac complications. A multidis-
ciplinary teamwork with a shared understanding of
goals is needed for the benefit of these patients.

CONCLUSIONS

In the population of patients treated with trastuzum-
ab, strict cardiac monitoring revealed a significant
LVEF decline in more than 60% of the population by
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the end of treatment. It was also seen that trastuzum-
ab-related cardiotoxicity is not self-limited or reversi-
ble in a high percentage of patients and requires serial
and continuous comparative monitoring. The result-
ing cardiotoxocity was statistically significant for all
the definitions evaluated, and LVEF was < 50% in a
high percentage of patients at the end of treatment. In
view of this therapeutic scenario, an interdisciplinary
team of cardio-oncologists and oncologists should take
care of breast cancer patients.
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