]ournal of

Breast
Cancer

ORIGINAL ARTICLE

J Breast Cancer 2016 December; 19(4): 402-409

https://doi.org/10.4048/jbc.2016.19.4.402

CrossMark
& click for updates

Chemotherapy-Induced Left Ventricular Dysfunction in Patients with Breast

Cancer

Hyun Ju Yoon, Kye Hun Kim, Jong Yoon Kim, Hyuk Jin Park, Jae Yeong Cho, Young Joon Hong, Hyung Wook Park,
Ju Han Kim, Youngkeun Ahn, Myung Ho Jeong, Jeong Gwan Cho, Jong Chun Park

Department of Cardiovascular Medicine, Chonnam National University Hospital, and Research Institute of Medical Science, Chonnam National University

Medical School, Gwangju, Korea

Purpose: As the numbers of cancer cases and survivors in-
crease, the incidence and natural history of chemotherapy-in-
duced cardiotoxicities in patients with breast cancer may also be
expected to change. The present study aimed to investigate the
incidence and predictors of chemotherapy-induced left ventricu-
lar dysfunction (LVD) in patients with breast cancer. Methods:
From 2003 to 2010, 712 female patients with breast cancer
(55.7+10.7 years) were enrolled and divided into the LVD group
(n=82, 56.7£10.1 years) and the non-LVD group (n=630, 55.6+
10.8 years). Baseline clinical and treatment-related variables
were compared. Results: Chemotherapy-induced LVD devel-
oped in 82 cases (11.4%). Low body mass index (BMI), low tri-
glyceride level, advanced cancer stage, and the use of doxoru-
bicin, paclitaxel, trastuzumab, or radiotherapy were significant
predictors of LVD in a univariate analysis. In a multivariate analy-
sis, low BMI, advanced cancer stage, and the use of target ther-

apy with trastuzumab were independent predictors of chemo-
therapy-induced LVD. Chemotherapy-induced LVD was recov-
ered in 53 patients (64.6%), but left ventricular function was not
recovered in 29 patients (35.4%). Conclusion: Chemotherapy-in-
duced LVD was not uncommon and did not reduce in many of
our patients with breast cancer. Low BMI, advanced cancer
stage, and the use of trastuzumab were independent predictors
of chemotherapy-induced LVD in patients with breast cancer.
The development of chemotherapy-induced LVD should be
carefully monitored in patients with breast cancer who are re-
ceiving trastuzumab therapy, have poor nutritional status, and
advanced cancer stage.

Key Words: Anthracyclines, Breast neoplasms, Cardiotoxicity, Paclitaxel,
Trastuzumab

INTRODUCTION

With the technical advances in the early detection of and
therapeutic strategies for cancer, cancer survival has been sig-
nificantly improved and cancer recurrence has been signifi-
cantly reduced in recent years. Despite this improvement in
cancer therapy, however, several treatment-related adverse ef-
fects have become important issues for cancer survivors [1].

Chemotherapy may exert adverse effects on various organ
systems, such as bone marrow suppression, neurotoxicity, gas-
trointestinal problems, hepatotoxicity, nephrotoxicity, and
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cardiotoxicity. Cardiotoxicity, including heart failure with left
ventricular dysfunction (LVD), is one of the most serious ad-
verse effects of chemotherapy and becomes an important
morbidity and mortality in cancer survivors [2,3]. Cardiotox-
icity depends on various factors, including the types of che-
motherapeutic regimens, combined use of other drugs, radio-
therapy (RT), or comorbidities of the patients.

Breast cancer is the second most common malignancy and
leading cause of cancer-related death in Korean women [4].
Adjuvant or neoadjuvant chemotherapy using anthracycline-
or taxane-based regimens or trastuzumab reduced breast can-
cer mortality by up to 25%-30% [5]. Despite the beneficial ef-
fects of anthracyclines on breast cancer, for several decades,
the use of anthracyclines has been limited by the development
of chemotherapy-induced cardiotoxicity that results in LVD
and congestive heart failure [6]. Initial evidence indicated that
LVD was closely related to cumulative doses of anthracyclines,
and the repeated administration of these agents can result in
permanent cellular and interstitial damage, and is frequently
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associated with refractory heart failure [7]. To reduce cardio-
toxicity, non-anthracycline-containing new therapeutic agents
have been developed, but these new agents may also result in
cardiotoxicity. Cardiotoxicity by non-anthracycline-contain-
ing new agents is usually more transient, reversible, and unre-
lated to the cumulative dose than anthracycline-induced car-
diotoxocity, and thus associated with better prognosis [8-10].
The life expectancy of patients with breast cancer has increased
owing to these new agents, but cardiotoxicity associated with
non-anthracycline-containing new agents has also become an
important issue in breast cancer survivors.

Although breast cancer is an important morbidity and mor-
tality in Korean women, the incidence, predictors, and natural
history of cardiotoxicity have been poorly studied. Therefore,
the aim of this study was to investigate the incidence, predic-
tors, and clinical outcomes of chemotherapy-induced LVD in
Korean patients with breast cancer.

METHODS

Study design and population

The present study was a single-center retrospective observa-
tional study, and the study protocol was approved by Chonnam
National University Hospital Institutional Review Board
(number: 2015-05-092). From January 2003 to December
2010, 5,050 female patients with breast cancer were treated
with surgery and chemotherapy. After exclusion of 4,338 pa-
tients, 712 patients who underwent baseline echocardiogra-
phy before chemotherapy and serial follow-up echocardiogra-
phy after chemotherapy were finally enrolled. The reasons for
the exclusion were as follows: (1) no baseline or follow-up
echocardiography (n=4,234); (2) LVD defined as a left ven-
tricular (LV) ejection fraction (EF) of <55% on baseline echo-
cardiography (n=36); (3) significant valvular heart disease
defined as valvular stenosis or regurgitation of more than
moderate degree on baseline echocardiography (n=15); (4)
known coronary artery disease (n=45); and (5) hypertrophic
or restrictive cardiomyopathy (n=8).

According to LVEF on follow-up echocardiography after
chemotherapy, the patients were divided into two groups as
follows: LVD group (group I, n=82, 56.7 £ 10.1 years) and
non-LVD group (group II, n=630, 55.6 + 10.8 years).

Treatment of breast cancer

All the patients received neoadjuvant or adjuvant chemo-
therapy that consisted of four to six cycles of anthracycline-
based, taxane-based, or combined regimens [11,12]. Modified
radical mastectomy or breast conservative surgery was per-
formed in patients who had no evidence of disease progres-
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sion. RT using conventional techniques after considering the
clinical tumor size and/or staging was performed for patients
treated with conservative breast surgery. Trastuzumab was ad-
ministered for 1 year in patients with human epidermal
growth factor receptor 2 (HER2) overexpression at the discre-
tion of the physician in charge [13,14].

Echocardiographic examination

Echocardiographic images from various echocardiographic
windows were obtained by using a digital ultrasonographic
equipment system (Vivid 7; GE Vingmed Ultrasound, Horten,
Norway). Digital cine loops were obtained for subsequent of-
fline analysis. All of the data were analyzed by using the com-
puterized offline software package (EchoPAC PC 6.0.0; GE
Vingmed Ultrasound). Baseline echocardiography was per-
formed before starting chemotherapy for breast cancer, and
follow-up echocardiography was performed just after finish-
ing all scheduled cycles of the chemotherapy regimen. In cases
of symptoms or signs of heart failure, however, follow-up
echocardiography was performed as soon as possible, even
though all the scheduled cycles of chemotherapy were not
completed.

Routine echocardiographic examinations were performed
in accordance with the recommendation of the current guide-
line [15]. LV volume and EF were measured by using Simpson's
biplane method, and left atrial (LA) volume was measured by
using the biplane area-length method. LV and LA volume
indexes were calculated by using the LV and LA volumes divided
by the body surface area. The intraobserver and interobserver
variabilities of Simpson’s method were 4% + 5% and 5% + 4%
(absolute difference divided by the mean measurement value).
The early (E) and late diastolic velocities (A) of the mitral
inflow were measured by using pulsed wave Doppler from the
apical 4-chamber view, with the sample volume positioned at
the tip of the mitral leaflets. The early (¢), late diastolic (a),
and systolic velocities of the mitral septal annulus were mea-
sured by using tissue Doppler imaging in the apical four
chamber view. Diastolic function was classified as “normal,”
“relaxation abnormality,”
physiology;” according to the current guideline [16].

pseudonormal,” and “restrictive

Definition of chemotherapy-induced cardiotoxicity
Regardless of symptoms or signs of heart failure, chemo-
therapy-induced cardiotoxicity was defined as the develop-
ment of de novo LVD on follow-up echocardiography after
chemotherapy. In the present study, LVD was defined accord-
ing to the current guideline (Cardiac Review and Evaluation
Committee of Trastuzumab-associated Cardiotoxicity) as a
LVEF of <55% or the decrease in LVEF of >10% from the
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baseline LVEF on follow-up echocardiography after chemo-
therapy [17].

Statistical analyses

The SPSS version 18.0 for Windows (SPSS Inc., Chicago,
USA) was used for the statistical analysis. Data are presented
as percentages or mean * standard deviation. The differences
in the categorical variables were evaluated by using the chi-
square test, and the continuous variables were compared by
using the independent t-test. Event-free survival rate was
evaluated by using the Kaplan-Meier analysis, and event rates
were compared by using the log-rank test. To identify the in-
dependent predictor of chemotherapy-induced LVD, multi-
variate logistic regression analysis was applied to the signifi-
cant variables in the univariate analysis. A p-value of <0.05
was considered as statistically significant.

RESULTS

Baseline clinical characteristics

The baseline characteristics of the groups are summarized
in Table 1. Chemotherapy-induced LVD developed in 82 cases
(11.5%). Body mass index (BMI) and triglyceride level were
significantly lower, whereas advanced-stage cancer was more

Table 1. Baseline characteristics between the groups

Characteristic e ASIRD p-value
(h=82) (n=630)

Age (yr) 56.7+10.1 55.6+10.8 0.364
Body mass index (kg/m?) 221+3.9 23.6+4.2 0.004
Hypertension 14 (17.1) 148 (23.5) 0.120
Diabetes 7(8.5) 61(9.7) 0.464
Smoking 11 (13.4) 70 (11.1) 0.572
TC (mg/dL) 189.6+43.9 186.3+37.1 0.520
TG (mg/dL) 97.7+73.5 125.9+90.8 0.040
LOLC (mg/dL) 110.3£35.4 115.9+£35.0 0.317
HDLC (mg/dL) 52.3+11.0 512+115 0.551
Renal failure 3@3.7) 5(0.8) 0.054
Cancer stage <0.001

ol 42 (51.2) 489 (77.7)

(1% 40 (48.8) 141 (22.9)
ER (+) 40 (48.8) 440 (69.8) <0.001
PR () 36 (43.9) 420 (66.8) <0.001
HER2 (+) 68 (82.9) 456 (72) 0.014
Surgical extent 0.665

Right breast 24 (29.8) 190 (30.2)

Left breast 55 (67.1) 420 (66.8)

Both side 1(1.2) 10(1.7)

Data are presented as mean+SD or number (%).

LVD=left ventricular dysfunction; TC=total cholesterol; TG =triglyceride;
LDLC=low density lipoprotein cholesterol; HDLC =high density lipoprotein cho-
lesterol; ER=estrogen receptor; PR=progesterone receptor; HER2=human
epidermal growth factor receptor 2.
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frequent in the LVD group than in the non-LVD group. Es-
trogen or progesterone receptor was more frequently positive
in the non-LVD group, whereas HER2 was more frequently
positive in the LVD group. A detailed baseline tumor staging
is shown in Figure 1. Other baseline characteristics did not
significantly differ between the groups.

Echocardiographic findings

The baseline and follow-up echocardiographic findings are
summarized in Table 2. On baseline echocardiography, LV end
diastolic dimensions were significantly larger and EF was sig-
nificantly lower in the LVD group than in the non-LVD group.
Other echocardiographic findings, including diastolic function
grade, did not significantly differ between the groups.

Follow-up echocardiography was performed just after fin-
ishing all the scheduled cycles of chemotherapy regimens in
most of the study patients, but early follow-up echocardiogra-
phy was performed in 14 patients because of symptoms sug-

T4 T0 T4 70
% (3% 1%)

3%)

(E) (F)

Figure 1. Baseline TNM staging of breast cancer. The percent of ad-
vanced T stage were significant higher in left ventricular dysfunction
(LVD) group (A) than in no LVD group (B). The percent of advanced N
stage were significant higher in LVD group (C) than in no LVD group (D).
The percent of advanced M stage were significant higher in LVD group
(B) than in no LVD group (F).
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Table 2. Baseline and follow-up echocardiographic findings between the groups
Baseline Follow-up
Variable
LVD (n=82) No LVD (n=630) p-value LVD (n=82) No LVD (n=630) p-value

LVEDD (mm) 47.3+4.0 46.1£4.0 0.014 47.3+7.0 46.9+4.7 0.530
LVESD (mm) 30.9+5.8 29.2+4.8 0.298 33.2+5.4 30.1+4.7 <0.001
EF (%) 64.2+6.3 68.4+5.2 0.005 539+6.1 64.1+5.3 <0.001
LAD (mm) 32.0+6.6 32.5+4.5 0.476 32.3+6.2 33.0+7.1 0.473
LAVI (mL/m?) 26.0+£5.5 25.8+5.2 0.462 26.5+6.9 26.9+59 0.273
E (cm/s) 0.83+0.33 25.8+5.2 0.490 0.72+0.18 0.74+0.19 0.351
DT (ms) 221.2+£139.0 214.4£131.0 0.689 192.6+44.3 207.6+48.2 0.028
e’ (cm/s) 0.08+0.02 0.07+0.01 0.539 0.06+0.02 0.07+0.03 0.073
s’ (cm/s) 0.08+0.02 0.08+0.01 0.672 0.09+£0.12 0.10£0.14 0.726
E/e’ 11.0+£4.3 10.6+3.2 0.308 11.9+8.8 11.0+10.4 0.291
Diastolic function 0.084 0.094

Normal 20 (24.3) 222 (35.2) 9(11.0) 99 (15.7)

Impaired relaxation 60 (73.2) 398 (63.2) 63 (76.8) 451 (71.6)

Pseudonormalization 2(2.4) 9(1.4) 7(8.5) 73(11.6)

Restrictive physiology 0 0 3(3.7) 7(1.1)
RVSP (mm Hg) 32.1+86 30.1+6.2 0.066 325+10.0 31.6+10.0 0.702

Data are presented as mean+SD or number (%).

LVD=left ventricular dysfunction; LVEDD =left ventricular end-diastolic dimension; LVESD =left ventricular end-systolic dimension; EF=ejection fraction; LAD =left
atrial dimension; LAVI=left atrial volume index; E=early diastolic velocity of mitral inflow; DT =deceleration time of mitral inflow; e’ =early diastolic velocity of mitral
septal annulus; s’ = systolic velocity of mitral septal annulus; RVSP =right ventricular systolic pressure.

Table 3. Nonsurgical treatment related characteristics between the
groups

Table 4. Independent predictors of chemotherapy induced left ventricu-
lar dysfunction

Characteristic D NBIYD p-value
(n=82) (n=630)

Chemotherapy cycle 7.2+6.3 55+4.2 0.003
Doxorubicin 27 (32.9) 137 (21.7) 0.020
Epirubicin 31(37.9) 289 (45.9) 0.103
Paclitaxel 28 (34.1) 148 (23.5) 0.027
Cyclosphosphamide 43 (52.4) 371(58.0) 0.160
Cumulative dose of

chemo-agents

Doxorubicin (mg/m?) 340.6+£59.2 356+55.2 0.614

Epirubicin (mg/m?) 108.2+192.7 135.1+197.1 0.452

Paclitaxel (mg/m?) 324.9+727.3 243.1+464.6 0.387

Cyclosphosphamide  1,036.6+1,267.8 1,403.0+825.5 0.319

(mg/m?)

Trastuzumab 33(41.7) 79 (13.1) <0.001
RT 70 (85.3) 595 (94.2) 0.004
RT cycle 279117 28.8+7.8 0.106
RT dosage (cGy) 5,360.7+1,530.8 5,682.0+1,011.4 0.119

Data are presented as mean +SD or number (%).
LVD=left ventricular dysfunction; RT =radiation therapy.

gesting heart failure. On follow-up echocardiography, LV end
systolic dimension was significantly larger and EF was signifi-
cantly lower in the LVD group than in the non-LVD group.
Other echocardiographic findings did not significantly differ
between the groups.

LVEF was significantly decreased not only in the LVD group
(64.2% +6.3% at baseline vs. 53.9% % 6.1% at follow-up, p<

https://doi.org/10.4048/jbc.2016.19.4.402

Variable RR Cl p-value
Low BMI 2.207 1.247-3.928 0.007
Triglyceride 0.995 0.990-1.001 0.109
Advanced cancer stage 1.782 1.067-2.974 0.027
LVEDD 1.121 1.006-1.248 0.138
LVEF 1.120 0.862-1.454 0.398
Chemotherapy cycle 0.959 0.873-1.053 0.382
Doxorubicin therapy 1.363 0.745-2.493 0.315
Paclitaxel therapy 0.991 0.558-1.762 0.975
Trastuzumab therapy 5.080 2.998-8.609 <0.001
Radiation therapy 1.436 1.182-1.880 0.086

RR=relative risk; Cl=confidence interval; BMI=body mass index; LVEDD =left
ventricle end diastolic dimension; LVEF =left ventricular ejection fraction.

0.001) but also in the non-LVD group on follow-up echocar-
diography (68.4% *5.2% at baseline vs. 64.1% * 5.3% at fol-
low-up, p<0.001). Advanced diastolic dysfunction of > grade
2 was also significantly increased not only in the LVD group
(2.4% vs. 11.2%, p<0.001) but also in the non-LVD group
(1.4% vs. 12.7%, p=0.003) on follow-up echocardiography.

Treatment-related characteristics

Nonsurgical treatment-related findings are summarized in
Table 3. The LVD group received more chemotherapy cycles
than the non-LVD group. Doxorubicin, paclitaxel, and trastu-
zumab were more frequently used in the LVD group than in
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Figure 2. Left ventricular dysfunction (LVD)-free survival according to the body mass index (BMI) (A) and use of trastuzumab (B) on Kaplan-Meier
curve analysis. (A) LVD-free survival rate was significant higher in patients with higher BMI than those with lower BMI. (B) LVD-free survival rate was
significant higher in patients without expose to trastuzumab than those treated with trastuzumab.

Remained
LVD (35.4%

Recovered
(64.6%)

No LVD
(88.5%)

Figure 3. Incidence and fate of left ventricular dysfunction (LVD) during
follow-up period.

the non-LVD group. Other chemotherapy-related findings,
including the dosage used for chemotherapeutic agents, did
not significantly differ between the groups. RT was more fre-
quently applied in the non-LVD group than in the LVD
group, but the frequency of the RT cycle and radiation dose
did not significantly differ between the groups.

Independent predictors of LV dysfunction

To identify the independent predictors of chemotherapy-
related LVD, multivariate regression analysis, including signif-
icant variables in the univariate analysis, was performed. Low
BM]I, advanced stage, and target therapy with trastuzumab
correlated with LVD (r=0.109, p=0.004; r=0.194, p<0.001;
and r=0.242, p<0.001) and were significant independent
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predictors of chemotherapy-induced LVD (Table 4). Cumula-
tive LVD-free survival in the Kaplan-Meier analysis was sig-
nificantly lower in the patients with lower BMI or concomi-
tant target therapy with trastuzumab (Figure 2).

LVD and clinical outcomes

Symptomatic heart failure developed in 59 of 82 patients
with LVD (71.2%), and the patients were consulted and man-
aged at the Heart Failure Clinic. Chemotherapy was discon-
tinued in 14 of the 82 patients with LVD (17.1%). To monitor
LV function, additional follow-up echocardiography was per-
formed at 12 months after the index event of LVD. LV func-
tion was recovered in 53 cases (64.6%), whereas LVD was not
recovered in the remaining 29 cases (35.4%) (Figure 3). LVD
was improved in nine of the 14 patients who discontinued
chemotherapy and in 44 of 68 patients who completed the
scheduled chemotherapy. Chemotherapy cessation was not
associated with the recovery of LV function.

During 54 months of clinical follow-up, 78 patients died (18
deaths in the LVD group vs. 60 deaths in the non-LVD). Mor-
tality rate was significantly higher in the LVD group than in
the non-LVD group (21.9% vs. 9.5%, p=0.002), but mortality
rate did not significantly differ according to LV function re-
covery (24.1% in the nonrecovered group vs. 20.7% in the re-
covered group, p=0.464).

DISCUSSION

The present study evaluated chemotherapy-induced LVD in
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Korean patients with breast cancer and demonstrated several
important findings. First, chemotherapy-induced LVD was
not uncommon in the patients with breast cancer. Second,
low BMI, advanced cancer stage, and the use of trastuzumab
as target therapy were independent predictors of chemother-
apy-induced LVD in the patients with breast cancer. Third,
about one third of the patients with chemotherapy-induced
LVD did not show LV function recovery, even though LV
function was recovered in two thirds of the patients with che-
motherapy-induced LVD. Fourth, the development of chemo-
therapy-induced LVD was associated with poor prognosis,
even though the LV function recovery in the LVD group was
not associated with mortality.

As breast cancer survival has increased owing to diagnosis
and treatment in the early stage, the side effects of anticancer
therapies, such as cardiotoxicities, have become an important
issue. For several decades, chemotherapy-induced cardiomyo-
pathy was almost exclusively associated with the use of an-
thracyclines, which causes acute and chronic damage at the
cellular level [18]. However, with the introduction of new
therapeutic agents such as the monoclonal antibody trastu-
zumab, the incidence or pathogenesis of cardiotoxicity has
changed [19]. In the study of Hershman and Shao [20] that
included 2,992 patients with breast cancer who received an-
thracycline-based chemotherapy, LVD developed in 8.5% of
the patients. In adjuvant trials that incorporated trastuzumab
with doxorubicin plus cyclophosphamide and paclitaxel, ap-
proximately 5% to 7% of patients with breast cancer experi-
enced cardiotoxicity. In a trial of monotherapy with trastu-
zumab, cardiotoxicity was noted in 2% to 4.7% of patients
with metastatic breast cancer [21]. In a retrospective analysis,
the incidence of cardiac dysfunction was 2.6% in patients who
received first-line, single-agent trastuzumab and 8.5% in pa-
tients who received trastuzumab as second- or third-line ther-
apy [22]. In the present study, anthracycline-based regimen
with or without trastuzumab was used as a chemotherapy
regimen for breast cancer, and chemotherapy-induced LVD
developed in 82 of the 712 patients (11.5%). As the present
study analyzed only 712 patients with both baseline and fol-
low-up echocardiographies among 5,050 breast cancer pa-
tients, its results cannot reflect the true incidence of cardiotox-
icity in the whole patient population with breast cancer. Fur-
ther prospective studies that included all of the breast cancer
population are needed to evaluate the true incidence of car-
diotoxicity in Korea.

The present study showed that LVEF and diastolic grade
deteriorated not only in the LVD group but also in the non-
LVD group on follow-up echocardiography. This may suggest
that subclinical LVD was more frequent than that under defi-
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nition. Therefore, the early identification of high-risk patients
for chemotherapy-induced LVD would be clinically impor-
tant. Older age, hypertension, preexisting heart disease, medi-
astinal irradiation, treatment with cyclophosphamide, pacli-
taxel, or trastuzumab are well-known factors associated with
the increased risk of anthracycline-induced cardiotoxicity
[23]. Age, the prevalence of hypertension, and the use or cu-
mulative dose of cyclophosphamide, paclitaxel, or trastuzum-
ab did not significantly differ between the patients with and
those without LVD in the present study. Meanwhile, low BMI,
advanced cancer stage, and the use of trastuzumab as a target
therapy were independent predictors of chemotherapy-in-
duced LVD in the Korean patients with breast cancer. There-
fore, patients with these characteristics may be considered as a
high-risk group and the development of chemotherapy-in-
duced LVD should be closely monitored. One of the most im-
portant characteristic in the pathogenesis of doxorubicin car-
diotoxicity is that the risk of doxorubicin cardiotoxicity is dose
dependent and increases dramatically when the cumulative
doses exceed 500 mg/m’. In a previous study that included
Korean patients with breast cancer, the cumulative dose of
doxorubicin of =300 mg/m* was also associated with the de-
velopment of subclinical cardiotoxicity [24]. However, the cu-
mulative dose of anthracycline did not significantly differ be-
tween the patients with and those without LVD in the present
study.

Low BMI was an independent risk factor of chemotherapy-
induced LVD in the present study, even though it was not a
well-known risk factor of chemotherapy-induced cardiotoxic-
ity. The associated mechanism between low BMI and chemo-
therapy-induced LVD is unclear. In contrast to the result of
the present study, the previous study suggested that elevated
body weight is a risk factor for anthracycline induced cardio-
toxicity [25,26]. This discrepant result regarding the associa-
tion between obesity and chemotherapy-induced LVD may
come from a selection bias because many patients with breast
cancer were excluded in the present study. The other possible
assumption is that low BMI may be a reflection of poor nutri-
tional status, and patients with poor nutritional status is more
prone to the development of heart failure [27]. To clarify the
association between obesity and chemotherapy-induced LVD,
larger prospective studies that include the whole patient pop-
ulation with breast cancer are needed.

Although the reversibility of chemotherapy-induced LVD
has been described, the natural history of chemotherapy-in-
duced LVD is still not well documented in terms of the revers-
ibility of LV function and cardiovascular outcomes. LV func-
tion was recovered in two thirds of the patients with chemo-
therapy-induced LVD in the present study, but chemother-
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apy-induced LVD persisted in about one third of the patients.
Anthracycline-induced cardiotoxicity, described as type 1 car-
diotoxicity, is associated with cardiomyocyte death resulting
in irreversible injury. By contrast, trastuzumab-induced car-
diotoxicity, described as type 2 cardiotoxicity, is associated
with dysfunction of cardiac muscle cell, rather than cell death,
and is usually reversible by the discontinuation of chemother-
apeutic agents and medical therapy for heart failure [28].
Non-recovery of LV function in the present study may be as-
sociated with the combination of type 1 and 2 cardiotoxicities
in the setting of risk factors.

The present study has several potential limitations. First, the
present study has all limitations of a retrospective analysis. As
discussed already, the present study only analyzed 712 pa-
tients with both baseline and follow-up echocardiographies
among 5,050 breast cancer patients; thus, selection bias would
be a major limitation. The unusually high HER2 positivity in
both the LAD and non-LVD groups may also come from the
selection bias in the present study. Second, the present study
included patients with both early- and advanced-stage breast
cancer. Therefore, patients with advanced breast cancer may
have more cycles or doses of chemotherapy or more chances
of using doxorubicin, paclitaxel, or trastuzumab than patients
with early breast cancer. These factors would affect the inci-
dence or natural history of chemotherapy-induced LVD, and
the mortality rate can be affected by these factors. Third, be-
cause the timing of the follow-up echocardiography was not
the same among the patients, the onset of chemotherapy-in-
duced LVD could not be estimated in the present study.
Fourth, the baseline LVEF was lower in the LVD group than
in the non-LVD group, even though LVEF was within the
normal limit in all the patients. This factor should be consid-
ered as one of the possible causes of LVD. Fifth, the prescribed
medications for heart failure after the diagnosis of chemother-
apy-induced LVD were not analyzed in the present study.
Therefore, the data on LV function recovery may be affected
by these medications. Sixth, coronary angiography was not
routinely performed in the LVD group; thus, the possibility of
LVD due to coronary artery disease cannot be excluded. As
the patients with known coronary artery disease were already
excluded in the study and most of the patients with LVD
showed global hypokinesia, the risk of coronary artery disease
would be minimized.

In conclusion, despite these potential limitations, the results
of the present study demonstrated that chemotherapy-in-
duced LVD was not uncommon, and low BMI, advanced
cancer stage, and trastuzumab use were independent predic-
tors in the patients with breast cancer. Therefore, the develop-
ment of chemotherapy-induced LVD should be carefully
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monitored in patients with breast cancer who are receiving
trastuzumab therapy, have poor nutritional status, and ad-
vanced cancer stage.
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