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Abstract. Although the use of trastuzumab has been reported
to improve overall survival in patients with HER2-positive
breast cancer, there is increasing concern about the adverse
effects of trastuzumab-induced cardiotoxicity (TIC). The aim
of the present study was to investigate the predictor of TIC
and to consider appropriate management for such patients.
The present study breast cancer 119 patients with breast
cancer who had been treated with trastuzumab. Patients were
referred to our department for cardiac function screening.
The patients' baseline characteristics, echocardiographic
data, presence of trastuzumab-induced cardiotoxicity (TIC)
and all-cause mortality were investigated. TIC was defined
as a manifestation of overt heart failure or =10% reduction
of left ventricular ejection fraction (LVEF) from baseline
to an LVEF <55% in asymptomatic patients. During the
follow-up period (mean, 1,410 days), symptomatic heart failure
occurred in 2 out of 119 patients (1.6%), 11 patients (9.2%)
had asymptomatic impairment of cardiac function that was
ameliorated by discontinuing trastuzumab and 20 patients
(16.8%) succumbed to cancer-associated fatality. In the logistic
regression analysis, only the presence of valvular heart disease
at the baseline was indicated to be a predictor of TIC. There was
no other predictor for TIC, including baseline characteristics,
other therapies and echocardiographic parameters. In
addition, impairment of cardiac function was ameliorated
by discontinuing trastuzumab. TIC occurred in ~10% of
the patients treated with trastuzumab. Only the presence of
valvular heart disease seems to be associated with occurrence
of TIC, with no other specific predictor of TIC demonstrated
in the present study. The present data suggests the importance
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of regular monitoring of cardiac function, and that presence
of valvular heart disease may be a possible predictor of TIC.

Introduction

Cancer is a major public health problem worldwide, and there
are approximately 15.5 million patients with a history of cancer
in the United States (1); thus, there is great public concern about
cancer therapy. The development of anticancer drugs, with the
shift from traditional chemotherapies to molecular-targeted
therapies in the last decade, have dramatically improved
the clinical outcome of cancer patients, and have resulted
in prolonging the life span of these patients (2). Traditional
chemotherapies target the cell cycle of malignant cells as well as
that of normal cells, resulting in adverse effects on cytotoxicity
such as alopecia, gastrointestinal toxicity, myelotoxicity and
cardiotoxicity. In contrast, molecular-targeted therapies with
monoclonal antibodies specifically target malignant cells.
The specificity of molecular targeted therapies for malignant
cells is the reduction of side effects as well as more effective
treatment of various kinds of cancer, when compared with
traditional standard chemotherapies. However, adverse effects
on cardiac function (i.e., cardiotoxicity) for several molecular
target agents have been reported (3,4).

Trastuzumab, a monoclonal antibody administered for
breast cancer patients, interferes with human epidermal
growth factor receptor 2 (HER2), which is a kind of
trans-membrane tyrosine kinase that regulates cell growth,
cell survival, adhesion, migration, and differentiation (5,6).
HER?2 is overexpressed in approximately 25% of breast
cancer cases, and HER2-positive breast cancer tends to have
a high risk of metastasis, resistance for anticancer drugs,
and recurrence, because overactivation of HER?2 signaling
both promotes cell proliferation and inhibits cell death (7).
Trastuzumab significantly improves overall survival in
patients with HER2-positive breast cancer by blocking HER?2
signaling (8). Although HER?2 signaling also plays an essen-
tial role in the maintenance of cardiomyocyte function (9,10),
there is recent increasing concern about the adverse effects
of trastuzumab-induced cardiotoxicity (TIC), which is occa-
sionally life-threatening. Unfortunately, the risk factors and
predictors of TIC in breast cancer patients have yet to be
fully elucidated (3,11,12).
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The aims of this study were to investigate the predictors
of TIC, and to consider appropriate management for such
patients.

Patients and methods

Study design and subjects. This was a retrospective study
to investigate the prevalence of TIC and its predictors. The
clinical data of consecutive 450 breast cancer patients,
who had been referred to our department to undergo
echocardiography before chemotherapy and/or operation
between 2003 and 2015, were investigated, including baseline
characteristics, echocardiographic parameters, and occurrence
of TIC or all-cause death. Trastuzumab was administered as
a loading dose of 8 mg/kg, followed by 6 mg/kg every three
weeks (13). We evaluated several co-morbidities and past
histories in the medical records that may be associated with
occurrence of TIC and mortality, such as the presence and/or
past history of hypertension, dyslipidemia, diabetes mellitus,
chronic kidney disease, ischemic heart disease, arrhythmia,
valvular heart disease (VHD) and heart failure, as well as past
treatment of anthracycline or radiation. Echocardiography was
performed by experienced echocardiographers using standard
techniques. The definition of TIC was: i) Manifestation of
decompensated heart failure, based on the Framingham
criteria (14); or ii) <55% of left ventricular ejection fraction
(LVEF) and a reduction of LVEF of >10% from baseline to
after trastuzumab treatment in asymptomatic patients (15).
Out of 450 patients, 119 patients received trastuzumab therapy.
We divided the 119 patients into two groups based on the
presence or absence of TIC (TIC group, n=13 and non-TIC
group, n=106).

Statistical analysis. Normally distributed data are presented
as mean = SD. The baseline characteristics between the two
groups were compared using the independent Student's t-test
for parametric variables, and the Chi-square test was used for
categorical variables. Comparisons of data at baseline and
after trastuzumab treatment were analyzed using the paired
Student's t-test. We performed logistic regression analysis
allowing for interaction between the onset of TIC and each
possible confounding factor. These analyses were performed
using a statistical software package (SPSS version 24.0; IBM,
Armonk, NY, USA), and a P-value of <0.05 was considered
statistically significant. The study protocol was approved by
the ethics committee of Fukushima Medical University.

Results

The baseline characteristics of the 119 patients are presented
in Table I. There were no significant differences, except for
the presence of VHD, in the baseline characteristics and
echocardiographic parameters between the TIC and non-TIC
groups before initiation of trastuzumab (Table I). The details
of VHD were as follows: i) Moderate mitral regurgitation,
n=4; ii) moderate aortic regurgitation, n=3; and iii) moderate
tricuspid regurgitation, n=5. Slight-to-mild VHD was not
considered as significant VHD, and there were no patients
with severe VHD in the present study. Seventy-two patients
(60.5%) received a combination therapy with anthracycline,

38 (31.9%) received radiation therapy, and 27 (22.6%) received
both therapies. In the follow-up period (mean, 1,410 days),
symptomatic heart failure occurred in two patients (1.6%), and
11 patients (9.2%) had asymptomatic impairment of cardiac
function, as determined by echocardiography. The impair-
ment of cardiac function was ameliorated by discontinuing
trastuzumab. The time courses of LVEF in each patient with
TIC are presented in Fig. 1. The LVEF in all TIC patients was
recovered after discontinuing trastuzumab. Twenty patients
(16.8%) died due to cancer-related causes, and no patients
died of cardiac death. Within 3 to 6 months of initiation of
treatment with trastuzumab, the TIC group showed increased
volumes of the left ventricle and atrium, and decreases of the
fractional shortening, LVEF and E'. In the present logistic
regression analysis, only the presence of VHD at baseline was
a predictor of TIC, and there was no other predictor for TIC,
including baseline characteristics, other therapies and baseline
echocardiographic parameters, in the present study (Table II).

Discussion

Although trastuzumab improves the prognosis of patients with
HER2-positive breast cancer, TIC is an important issue. The
exact mechanism of TIC is still remains unknown; however,
several mechanisms have been suspected (16,17). HER2
conditional knockout mice generally develop severe dilated
cardiomyopathy (16). Thus, HER2, the preferred dimeriza-
tion partner for all other ErbB receptors, particularly ErbB4
in cardiomyocytes, is thought to have a variety of roles in
the normal physiology of the heart, including morphology,
hypertrophic growth, excitation-contraction coupling, and
survival (16). Neuregulin activates both ErbB2 and ErbB4
receptor tyrosine kinase activity and promotes growth,
myofilament organization, and survival of isolated cardiac
myocytes (17). By circulating regulating reactive oxygen
species-induced cardiomyocyte apoptosis, inducing cell-cycle
activity, neuregulin normally protects cardiomyocytes against
stress, promoting regeneration and improving cardiac function
and survival (16). Inhibition of HER?2 signaling with trastu-
zumab antagonizes the effects of neuregulin (16).

In the present retrospective study, asymptomatic TIC
occurred in 9.2% of the study population, and symptomatic
HF occurred in 1.6%. These results are concordant with those
of a recent large retrospective cohort study by Bowles et al,
of 12,500 women who had been diagnosed with breast cancer
between 1999 and 2007 in the United states. That study
reported a TIC occurrence of 9.8% of the study population,
and symptomatic HF occurrence in 2.7% (18). In addition,
LVEF recovery was observed in all patients with TIC after the
discontinuation of trastuzumab in the current study, which is
consistent with the findings of Bowles's study. Compared with
no chemotherapy, the incidence of TIC in Bowles's study was
higher in patients treated with anthracycline alone [adjusted
hazard ratio (HR)= 1.40, 95% confidence interval (CI):
1.11-1.76]. Although the increased risk was similar to those of
other chemotherapy (adjusted HR=1.49,95% CI: 1.25-1.77), the
risk was highly increased in patients treated with trastuzumab
alone (adjusted HR=4.12, 95% CI: 2.30-7.42) or anthracycline
plus trastuzumab (adjusted HR=7.19, 95% CI: 5.00-10.35) (18).
Data from clinical trials have indicated that anthracycline
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Table I. Patient demographics.
TIC (-) (n=106) TIC (+) (n=13) P-value
Demographics
Age (years) 56.7+11.1 51.949.1 0.093
Female sex (n, %) 106 (100) 13 (100) 0.806
Body mass index (kg/cm?) 22.5+3.9 20.1+2.7 0.062
Co-morbidity
Hypertension (n, %) 22 (20.8) 0 (0) 0.174
Dyslipidemia (n, %) 22 (20.8) 2(15.4) 0.841
Diabetes mellitus (n, %) 10 (94) 1(7.7) 0919
Chronic kidney disease (n, %) 7(5.6) 1(7.7) 0.879
Ischemic heart disease 2(1.9) 0 0.617
Arrhythmia 54.7) 1(7.7) 0.644
Valvular heart disease 4(3.8) 3(23.1) 0.047
MR/AR/TR 1(0.9)/2 3 (23.1)/1
(1.9)/3 (2.8) (T N12(154)
Heart failure 1(0.9) 1(7.7) 0.074
Laboratory data
Hemoglobin (g/dl) 11.7+1.5 11.4+14 0.514
Creatinine (mg/dl) 0.59+0.12 0.65+0.14 0.250
Estimated GFR (ml/min/m?) 82.9+20.2 87.5+25.2 0.461
Combination therapy
Anthracycline (n, %) 62 (58.5) 10 (76.9) 0.163
Radiation therapy (n, %) 36 (34.0) 2(154) 0.221
Anthracycline and radiation therapy (n, %) 26 (24.5) 1(7.7) 0.293
Echocardiographic parameters (Baseline and after trastuzumab)
IVS (mm): Baseline 9.1+1.3 9.8+0.9 0.098
After 9.4+33 9.8+1.9 0.627
PW (mm): Baseline 9.6+3.1 9.7+0.6 0.805
After 9.3+1.5 99+14 0.270
LVDd (mm): Baseline 42.2+49 43.5+£3.6 0.360
After 43.1+4 .9 48.1+4.1* 0.004
LVDs (mm): Baseline 26.1+4.9 28.0+£3.8 0.146
After 26.7+4 4 35.5+5.6* <0.001
FS (%): Baseline 38.0+8.1 33.5+4.7 0.196
After 37.5£7.3 23.6+8.7* <0.001
LA diameter (mm): Baseline 312453 31.5+£7.6 0.862
After 31.2+6.5 342452 0.164
LA volume (ml): Baseline 35.7+16.1 37.3+£19.9 0.783
After 35.5+17.3 54.8+17.6* 0.005
LVEDYV (ml): Baseline 63.4+19.6 68.2+11.0 0.385
After 65.0+21.2 90.4+17.1° 0.001
LVESV (ml): Baseline 22.7+8.3 26.1+4.9 0.149
After 24.0+10.1 48.6+15.5° <0.001
LVEF (%): Baseline 64.3+5.7 61.9+4.7 0.147
After 64.2+5.5 46.9+8.0° <0.001
TRPG (mmHg): Baseline 17.3+6.6 18.3+6.9 0.663
After 19.8+7.3 22.849.3 0.228
E (m/sec): Baseline 0.68+0.16 1.1+£1.6 0.321
After 0.71+0.17 0.82+0.33 0.333
A (m/sec): Baseline 0.73+£0.18 0.65+0.16 0.086
After 0.73+£0.16 0.66+0.19 0.235
E' (cm/sec): Baseline 8.7£2.9 8.2x1.6 0.564
After 93443 5.6+3.9° 0.030
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Table I. Continued.

TIC (-) (n=106) TIC (+) (n=13) P-value
IVC (mm): Baseline 11.8+£2.8 12.3+2.6 0.570
After 12.3+3.3 14.8+4.0* 0.047

“P<0.05 vs. baseline; "P<0.01 vs. baseline. TIC, trastuzumab-induced cardiotoxicity; MR, mitral regurgitation; AR, aortic regurgitation; TR,
tricuspid regurgitation; GFR, glomerular filtration rate; IVS, interventricular septal thickness; PW, posterior wall thickness; LVDd, end-diastolic
left ventricular diameter; LVDs, end-systolic left ventricular diameter; FS, fractional shortening; LA, left atrium; LVEDYV, end-diastolic left
ventricular volume; LVESYV, end-systolic left ventricular volume; LVEF, left ventricular ejection fraction; TRPG, tricuspid regurgitation pres-

sure gradient; IVC, inferior vena cava diameter. Data are presented as mean + standard deviation.

Time course of LVEF in TIC group

LVEF (%)
TIC
80 occurrence
60
40
Trastuzumab Trastuzumab
2011 " therapy discontinuation
Baseline  After 3rd 4th 5th 6th

Figure 1. Time course of LVEF in the TIC group. Change of LVEF in each
patients of TIC group are presented. The LVEF in all patients with TIC was
recovered after discontinuing trastuzumab. LVEEF, left ventricular ejection
fraction; TIC, trastuzumab-induced cardiotoxicity.

is associated with an approximate 2% increase (19) in heart
failure and/or cardiomyopathy incidence, and anthracycline
followed by trastuzumab is associated with an approximate
4% increase (20). Although several other clinical studies have
investigated the risk factors or predictors for TIC (12,21), said
predictors TIC have yet to be fully elucidated, and regular
cardiac function monitoring has been recommended (22).

Recently, a position paper by the European Society of
Cardiology reported that: i) Age, high body mass index
>30 kg/m?, hypertension, previous or concomitant anthra-
cycline treatment, previous radiation therapy, previous LV
dysfunction are suggested factors associated with TIC (3); and
that ii) cumulative dose, female sex, age, chronic kidney disease,
hypertension, previous radiation therapy, concomitant chemo-
therapy, pre-existing cardiac disease associated with increased
wall stress are suggested factors that are all associated with risk
of cardiotoxicity following anthracycline treatment (3).

In contrast to previous data (3,11,12,18,21), in the present
study, only presence of VHD was a novel predictor of TIC, but
not age, body mass index, other cardiac diseases, combined
anthracycline therapy or LVEF. We cannot fully explain
the reasons for the differences between said reports and the
current results; however, the impact of VHD on TIC were
considered as follows: First, VHD has not yet been fully
focused on in previous studies in TIC (12,18,21). In contrast,

the use of trastuzumab may be avoided in patients with past
histories of other cardiac diseases, as stipulated in the recent
trastuzumab guidelines (23). Second, presence of VHD itself
may indicate latent cardiac damage associated with past
endocarditis, radiation, chemotherapy and/or secondary to LV
dysfunction (3). Radiation causes fibrosis and calcification of
the aortic root, aortic valve cusps, mitral valve annulus and
base and mid portions of the mitral valve leaflets, sparing
the mitral valve tips and commissures (3,24). Third, VHD
is associated with increased wall stress, which is a factor of
cardiotoxicity (3,11,12). Fourth, mitral regurgitation results
in the overestimation of baseline LVEF. Additionally, with
respect to concomitant anthracycline therapy, cardiotoxicity
with anthracyclines is generally known to be dose-dependent.
A cardiotoxicity incidence occurred in 3-5% of patients
administered anthracyclines at a dose of 400 mg/m?, 7-26% at
adose of 550 mg/m?, and 18-48% at a dose of 700 mg/m? (3). In
our study subjects, 72 patients (60.5%) received anthracycline
therapy, with a mean dose of 270+90 mg/m?; hence, the impact
of anthracycline on cardiotoxicity seems to be less in the
present study than in previous studies (3,11,12,18,21).

Moreover, some studies have reported that cardiac diastolic
dysfunction, evaluated by echocardiography before chemo-
therapy, might also be a predictor for chemotherapy-induced
cardiotoxicity (25), since diastolic dysfunction precedes the
appearance of systolic dysfunction in patients treated with
chemotherapy (26).1It has also been reported that the evaluation
of cardiac function using modalities other than echocardiog-
raphy, such as cardiac magnetic resonance imaging, radionuclide
imaging, and positron emission tomography/magnetic reso-
nance, may be able to predict TIC (11). On the other hand, the
usefulness of cardiac biomarkers, such as troponin I, troponin
T, natriuretic peptide, and high-sensitive C-reactive protein, as
predictors for TIC has not been proven yet (27), although the
elevation of troponin I in patients with TIC has been reported
to predict the irreversibility of LVEF decline and a higher
incidence of cardiac events (28). Furthermore, baseline clinical
characteristics, cardiac functional parameters and biomarkers
have not been well evaluated as predictors for TIC.

There are several limitations in the present study. First,
this was a retrospective study of a single institution, and the
number of study subjects was relatively small. The study
population might be insufficient, and thus it is possible that
there were additional factors associated with TIC that were not
detected. In addition, the small number of subjects may not be
enough to fully explain the relationship between VHD with
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Table II. Univariate logistic regression analysis to determine factors related to TIC.

Factors P coefficient P-value OR 95% CI
Age 0.037 0.135 0.962 0.913-1.012
Body mass index -0.213 0.248 0.808 0.666-0.118
Hypertension -18.637 0.998 - -
Dyslipidemia -0.398 0.592 0.672 0.156-2.883
Diabetes mellitus -0.315 0.712 0.730 0.137-3.879
Chronic kidney disease -0.064 0.884 0.938 0.398-2.212
Ischemic heart disease -19.123 0.999 - -
Arrhythmia 0.521 0.647 1.683 0.181-15.637
Valvular heart disease 2.035 0.015 7.650 1.496-39.114
Heart failure 2.169 0.134 8.750 0.514-149.079
Combination with anthracycline therapy 0.861 0.210 2.366 0.615-9.096
Combination with radiation therapy -1.735 0.102 0.176 0.022-1.413
Combination with anthracycline and radiation therapy -19.361 0.998 - -
LVDd (mm) 0.058 0.357 1.060 0.936-1.200
LVEF (%) -0.078 0.149 0.925 0.832-1.028
LA diameter (mm) 0.09 0.860 1.009 0911-1.119
E wave (m/sec) 0.988 0.306 2.686 0.400-18.017
A wave (m/sec) -3.135 0.118 0.043 0.001-2.219
E® wave (cm/sec) -0.076 0.560 0.927 0.718-1.196

TIC, trastuzumab induced cardiomyopathy; OR, odds ratio; CI, confidence interval; BNP, B-type natriuretic peptide; LVDd, left ventricle
diastolic diameter; LVEF, left ventricle ejection fraction; LA, left atrium.

TIC. Although we considered the use of anthracycline, radia-
tion and combination therapies as risk factors of TIC, logistic
regression analysis demonstrated that these factors were not
associated with TIC in the present study. However, it should
be noted that we could not fully deny the respective impacts
of these markers on TIC. Another limitation is that we only
examined echocardiography in the present study, and cardiac
biomarkers and other cardiac imaging were not fully examined.
Furthermore, unfortunately, because it is a retrospective study,
we could not fully check the amount of trastuzumab dose or
doses in each patient. Therefore, our results are preliminary,
and further studies with larger populations and multifaceted
evaluations using other cardiac imaging and/or biomarkers are
needed.

In the current study, we found that TIC occurred in
approximately 10% of all breast cancer patients who received
treatment with trastuzumab. The impaired cardiac function
was ameliorated by discontinuing trastuzumab. In addition,
the presence of valvular heart disease might be a possible
predictor of TIC occurrence in breast cancer patients. Our
present data suggests the importance of regular monitoring of
cardiac function.
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