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Purpose: In the present study, we investigated the incidence of
cardiotoxicity within 5 years of trastuzumab treatment and evalu-
ated potential risk factors in clinical practice. Methods: The study
cohort included 415 patients diagnosed with early breast cancer
(EBC). Cardiotoxicity incidence was evaluated in patients receiv-
ing trastuzumab and those who did not. Multivariate Cox pro-
portional hazards regression models were used to estimate haz-
ard ratios and 95% confidence intervals of potential risk factors
for trastuzumab-related cardiotoxicity after appropriate adjust-
ments. Results: Incidence of cardiotoxicity in patients treated

with trastuzumab was significantly higher than that in controls
(23.7% vs. 10.8%, p<0.001). This result was adjusted for fac-
tors that might increase the risk of cardiotoxicity, such as history
of coronary artery diseases or the use of anthracyclines for more
than four cycles. Conclusion: Our findings indicated that treat-
ment with trastuzumab was strongly associated with cardiotox-
icity in EBC patients.
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INTRODUCTION

The use of human epidermal growth factor receptor 2
(HER2) monoclonal antibody, trastuzumab, to treat HER2-
overexpressing breast cancer has significantly reduced risk of
relapse and improved survival in women with early stage and
metastatic diseases [1,2]. However, the treatment is associated
with an increased risk of cardiotoxicity, which may be attrib-
uted to the blockage of HER?2 signaling in cardiac myocytes
[3]. The reported incidence of cardiotoxicity in metastatic
breast cancer patients is 13% and 27% when trastuzumab is
coadministered with paclitaxel and anthracyclines, respective-
ly [4]. Several clinical trials of adjuvant trastuzumab have re-
ported cardiotoxicity rates ranging from 4.1% to 10% [5-7]. In
particular, cardiac dysfunction is the most serious toxicity as-
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sociated with the use of a trastuzumab-based regimen.

However, other studies have shown that the incidence of
trastuzumab-related cardiotoxicity observed in the clinical set-
ting is higher than what reported in clinical trials [3,8]. Farolfi
et al. [9] observed a high overall incidence of cardiac events
(44%) in a retrospective analysis of trastuzumab-related car-
diotoxicity in early breast cancer (EBC) patients of all ages.
However, findings of a retrospective study must be interpreted
with caution owing to potential bias, as patients receiving
trastuzumab therapy might also be treated with anthracyclines
or radiation therapy (RT), which often leads to an increased
risk of cardiotoxicity. Nevertheless, treatment-induced cardio-
toxicity should not be underestimated. Since only a selected
population of breast cancer patients is included in clinical trials
of trastuzumab, the actual incidence rate of trastuzumab-relat-
ed cardiotoxicity remains unknown. In addition, although 70%
of EBC patients receiving standard treatment achieve satisfac-
tory outcomes, potential treatment-related risk factors should
be evaluated to determine whether prophylaxis is necessary to
ensure an improved quality of life for these patients.

The aims of this prospective observational study were to as-
sess the incidence of trastuzumab-related cardiotoxicity in
EBC patients in clinical practice and to identify potential risk
factors.
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METHODS

Between January 1, 2008 and December 31, 2012, consecu-
tive women aged 18 years or older diagnosed with invasive
breast cancer (stage I-1II) were enrolled in this study.

Trastuzumab (Roche, Shanghai, China) was administered in-
travenously at a loading dose of 8 mg/kg, followed by a mainte-
nance dose of 6 mg/kg, every 3 weeks for 1 year (18 doses total).

Patients receiving prior hormonal therapy, other systemic
therapy for breast cancer, or anthracyclines/taxanes for any
other malignancies were excluded. Patients diagnosed with
heart failure (HF) prior to breast cancer diagnosis or before
the start of any planned chemotherapy were also excluded.
Left ventricular ejection fraction (LVEF) assessed by two-di-
mensional (2D) transthoracic echocardiography scan was re-
quired to be within the institutional normal range. Patients
were followed until the onset of the first cardiotoxicity episode
or end of the follow-up period (December 31, 2013), which-
ever came first.

Al EBC patients in this study were assessed for LVEF by 2D
echocardiography scan every 6 months after treatment initia-
tion. All scans were performed and interpreted by a team of
experienced cardiologists. LVEF was measured by the modi-
fied Simpson's method using a GE vivid E-9 (GE Healthcare,
Fairfield, USA) or a Philips IE 33 (Philips, Andover, USA). In-
traobserver variability was less than 10%.

Trastuzumab-related cardiotoxicity was defined as follows:
an absolute LVEF reduction greater than 15% of baseline,
LVEF <50%, or development of symptoms attributable to car-
diac dysfunction [9,10]. The decision to terminate or continue
trastuzumab treatment was at the clinical oncologists and car-
diologists’ discretion. Other clinicopathological data, including
the date of breast cancer diagnosis, age at diagnosis, body mass
index (BMI), estrogen receptor (ER) status, progesterone re-
ceptor (PR) status, history of hypertension, coronary artery
disease (CAD), and diabetes mellitus, site of breast cancer, type
of treatment, and previous therapeutic regimen or RT were re-
trieved from the electronic medical records.

The present study was approved by the Institutional Review
Board (approval number: KY200812).

Statistical analysis

Differences in the distribution of baseline characteristics
between the two patient groups were evaluated using the chi-
square test. Survival was assessed using the Kaplan-Meier
method, and time-to-event rates were calculated from the
date of chemotherapy initiation to the onset of the first cardiac
event or censoring time, whichever came first. Stratified sur-
vival analysis according to the use of trastuzumab and anthra-
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cyclines was also performed with differences determined by
the log-rank test.

A Cox regression model with trastuzumab as a time-depen-
dent variable was used to calculate the hazards of cardiotoxicity
for patients receiving trastuzumab treatment compared to those
who did not. Variables included in the model were age, BMI,
ER status, PR status, stage of disease, tumor site, RT, anthracy-
clines use, taxanes use, cyclophosphamide use, and history of
hypertension, CAD, or diabetes mellitus. The risk factors inde-
pendently associated with cardiotoxicity in patients treated with
trastuzumab were also determined. Results were expressed as
hazard ratios (HR) and 95% confidence intervals (CI).

All computer programming and statistical analyses were
performed using the Predictive Analytic Software (PASW)
Statistics 20.0 (IBM Inc., Armonk, USA). A p-value of less
than 0.05 was considered statistically significant.

RESULTS

Patient characteristics

Of 415 consecutive breast cancer patients (stage I-III), 211
(50.8%) received trastuzumab treatment, whereas 204 (49.2%)
who did not were analyzed as controls. The median age at di-
agnosis was 49.8 years (range, 25-74 years). Patients treated
with trastuzumab were slightly younger those who were not
(age <50 years, 51.7% vs. 41.7%, p=0.041). Patients receiving
trastuzumab were less likely to present with comorbidities
than those who did not. Moreover, a negative hormonal re-
ceptor status was more commonly observed in patients receiv-
ing trastuzumab (57.8% vs. 37.8%, p<0.001). Patients treated
with trastuzumab were less likely to receive anthracyclines
(20.9% vs. 33.8%, p<0.001), but more likely to be treated with
taxanes (13.7% vs. 6.9%, p<0.001). No differences in the use
of cyclophosphamide (52.6% vs. 43.6%, p=0.135) and RT
(55.9% vs. 49.0%, p=0.159) were observed between the two
patient groups. Overall, patients receiving trastuzumab were
younger with better pretreatment physical condition and less
cardiovascular comorbidities. Patient characteristics are listed
in Table 1.

Trastuzumab-related cardiotoxicity

A total of 72 patients (17.4%) experienced cardiotoxicity
during the course of treatment. The incidence rate of cardio-
toxicity was 23.7% in EBC patients treated with trastuzumab
and 10.8% in those who were not (p <0.001).

The cumulative incidence of adverse cardiac events for the
first 5 years of follow-up is shown in Figure 1. Kaplan-Meier
analysis revealed a relatively higher cumulative incidence of
cardiac events in patients receiving trastuzumab treatment
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Table 1. Patient characteristic according to trastuzumab use

Trastuzumab  Non-trastuzumab
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60 F = No trastuzumab
== Trastuzumab
p<0.001

Characteristic patients (h=211) patients (n=204) p-value
No. (%) No. (%)
Age (yn) 0.041
<50 109 (51.7) 85 (41.7)
>50 102 (48.3) 119 (58.9)
Diagnosis year 0.031
2008 37 (17.5) 39 (19.1)
2009 39(18.4) 35(17.2)
2010 31(14.7) 45 (22.1)
2011 50 (23.7) 56 (27.5)
2012 54 (25.6) 29 (14.2)
BMI (kg/m?) 0.203
<20 17.(8.1) 15 (7.4)
>20, <25 83(39.3) 65 (31.9)
>25, <30 101 (47.9) 106 (52.0)
>30 10(4.7) 18(8.8)
ER <0.001
Negative 122 (57.8) 77 (37.7)
Positive 89 (42.2) 127 (62.3)
PR <0.001
Negative 143 (67.8) 100 (49.0)
Positive 68 (32.2) 104 (51.0)
Hypertension 0.133
No 173 (82.0) 155 (76.0)
Yes 38(18.0) 49 (24.0)
CAD 0.019
No 199 (94.3) 179 (87.8)
Yes 12 (6.7) 25(12.3)
Diabetes mellitus 0.267
No 203 (96.2) 191 (93.6)
Yes 8(3.8) 13 (6.4)
Breast tumor location 0.864
Left 112/ (53.1) 110 (53.9)
Right 99 (46.9) 94 (46.1)
AJCC staging 0.689
| 46 (21.8) 44 (21.6)
I 120 (56.9) 123 (60.3)
Il 45(21.3) 37 (18.1)
Type of treatment 0.288
Neoadjuvant 56 (26.5) 46 (22.1)
Adjuvant 155 (73.5) 159 (77.9)
Anthracycline exposure <0.001
(cycle)
0 44.(20.9) 69 (33.9)
1-4 105 (49.8) 61(29.9
>4 62 (29.4) 74 (36.3)
Taxanes exposure (cycle) <0.001
0 29 (13.7) 14(6.9)
1-4 49 (23.2) 81(39.7)
>4 133 (63.0) 109 (53.4)
Cyclophosphamide 0.135
exposure (cycle)
0 111 (52.6) 89 (43.6)
1-4 77 (36.5) 83 (40.7)
>4 23(10.9) 32 (156.7)
RT exposure 0.159
No 118 (65.9) 100 (49.0)
Yes 93 (44.1) 104 (561.0)

BMI=body mass index; ER=estrogen receptor; PR=progesterone receptor;
CAD = coronary artery disease; AJCC =American Joint Committee on Cancer;

RT =radiotherapy.
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Figure 1. Comparison of cumulative incidence of cardiotoxicity events
in early breast cancer between patients treated with and without trastu-
zumab.
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Figure 2. Cumulative incidence of cardiotoxicity events according to the
use of trastuzumab and/or anthracyclines in early breast cancer patients.
T and A=trastuzumab and anthracyclines; No T and No A=no trastu-
zumab and no anthracyclines; T or A=trastuzumab or anthracyclines.

(p<0.001), but the incidence in the first year of follow-up was
similar between the two groups. When patients were stratified
according to the use of anthracyclines, those treated with both
trastuzumab and anthracyclines had the highest cumulative
incidence of cardiac events (29.4%) as shown in Figure 2.

Potential risk factors

A multivariate time-to-event analysis (Table 2) revealed that
among all EBC patients, those treated with trastuzumab were
3.9 times more likely to develop cardiotoxicity, after adjusting
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Table 2. Cox regression model using trastuzumab as a time-dependent
variable among early breast cancer patients

Characteristic p-value Hazard ratio 95% Cl
Trastuzumab

No Ref Ref

Yes <0.001 3.89 2.31-6.58
Age (yr)

<50 Ref Ref

>50 0.310 1.30 0.78-2.15
BMI (kg/m?)

<20 0.815 0.90 0-2.36

>20, <25 0.992 Ref Ref

>25, <30 0.998 0.99 0.59-1.68

>30 0.967 0.98 0.32-3.02
ER

Negative Ref Ref

Positive 0.816 1.08 0.57-2.06
PR

Negative Ref Ref

Positive 0.987 1.01 0.52-1.96
Hypertension

No Ref Ref

Yes 0.109 0.57 0.29-1.14
CAD

No Ref Ref

Yes 0.019 2.54 1.16-5.56
Diabetes mellitus

No Ref Ref

Yes 0.108 1.92 0.87-4.27
Breast tumor location

Left Ref Ref

Right 0.363 1.25 0.78-2.00
AJCC staging

| 0.537 Ref Ref

I 0.397 0.78 0.45-1.38

Il 0.288 0.68 0.34-1.38
Type of treatment

Neoadjuvant Ref Ref

Adjuvant 0.873 0.95 0.54-1.70
Anthracycline exposure

(cycle)

0 0.008 Ref Ref

1-4 0.841 1.08 0.50-2.34

>4 0.009 2.59 1.27-5.29
Taxanes exposure (cycle)

0 0.764 Ref Ref

1-4 0.606 1.30 0.48-3.51

>4 0.963 1.02 0.41-2.57
Cyclophosphamide

exposure (cycle)

0 0.453 Ref Ref

1-4 0.240 0.679 0.36-1.30

>4 0.475 0.768 0.37-1.59
RT exposure

No Ref Ref

Yes 0.0027 1.74 1.07-2.83

Cl=confidence interval; Ref=reference; BMI=body mass index; ER=
estrogen receptor; PR=progesterone receptor; CAD =coronary artery dis-
ease; AJCC =American Joint Committee on Cancer; RT =radiotherapy.
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for other factors (HR, 3.90; 95% CI, 2.31-6.58). In addition,
the development of a cardiac event was significantly associat-
ed with anthracycline usage (p=0.008). However, administra-
tion of anthracyclines for no more than four cycles (less than
200 mg/m?® of pirarubicin or 300 mg/m?’ of epirubicin) did not
increase the risk of cardiotoxicity (HR, 1.08; 95% CI, 0.50-
2.34). Patients who received a cumulative dose of more than
four cycles of anthracyclines had a 2.5-fold increased risk of
cardiotoxicity (HR, 2.59; 95% CI, 1.27-5.29) compared to
those who did not receive the treatment. Other variables asso-
ciated with an increased risk of cardiotoxicity included history
of CAD (HR, 2.54; 95% CI, 1.16-5.56) and RT (HR, 1.74; 95%
CI, 1.07-2.83).

Cox multivariate analysis showed similar results for all pa-
tients and those treated with trastuzumab. History of CAD,
anthracycline usage, and RT were risk factors for the develop-
ment of cardiotoxicity. The risk of cardiotoxicity was more
strongly associated with history of CAD among patients treat-
ed with trastuzumab than in those who were not (HR, 3.28 vs.
2.54). In our study, patients who received RT to the left breast
did not have a higher rate of cardiotoxicity than those who
did to right side (17.5% vs. 17.6%, p>0.050). The complete
model is presented in Table 3.

DISCUSSION

The present study prospectively evaluated the rate of cardio-
toxicity and explored the underlying risk factors associated
with trastuzumab-related cardiac side effects in clinical prac-
tice. In our study, the cardiotoxicity rate among EBC patients
was higher than what observed in previous clinical trials
[10,11]. Our patients who received trastuzumab experienced
a higher cardiotoxicity rate at 23.7%. However, the reported
rate of cardiotoxicity was only 7.1% in the Herceptin Adjuvant
trial [1], and the incidence of decreased LVEF was 9.4% in the
Breast Cancer International Research Group (BCIRG) 006
trial [11]. Thus, there was an absolute increase in cardiotoxici-
ty risk, ranging from 10% to 15%, in our results compared to
those of the above-mentioned clinical trials. However, our
high-risk estimation was similar to recently published data. In
a U.S. population-based retrospective cohort study of 12,500
invasive breast cancer patients, including 554 women treated
with a trastuzumab-based regimen, the 5-year cumulative in-
cidence of HF and/or cardiomyopathy for those receiving ad-
juvant trastuzumab only and those treated with trastuzumab
plus anthracycline was 12.1% (95% CI, 5.3-18.3) and 20.1%
(95% CI, 14.0-25.6), respectively [12]. In an Italian cohort
that included 499 patients receiving adjuvant trastuzumab,
treatment-related cardiotoxicity was reported in 133 patients
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Table 3. Cox proportional hazards model evaluating factors associated
with cardiotoxicity among early breast cancer patients

Characteristic p-value Hazard ratio 95% Cl
Age (yr)

<50 Ref Ref

>50 0.505 1.22 0.68-2.02
BMI (kg/m?)

<20 0.488 1.43 1.00-3.94

>20, <25 0.813 Ref Ref

>25, <30 0.781 0.91 0.48-1.72

>30 0.647 0.61 0.08-4.81
ER

Negative Ref Ref

Positive 0.738 0.87 0.38-1.97
PR

Negative Ref Ref

Positive 0.635 1.28 0.563-2.83
Hypertension

No Ref Ref

Yes 0.464 0.73 0.32-1.69
CAD

No Ref Ref

Yes 0.046 2.54 1.02-10.51
Diabetes mellitus

No Ref Ref

Yes 0.574 1.42 0.42-4.74
Breast tumor location

Left Ref Ref

Right 0.123 1.56 0.89-2.74
AJCC staging

| 0.264 Ref Ref

[ 0.114 0.58 0.29-1.14

Il 0.632 0.83 0.38-1.79
Type of treatment

Neoadjuvant Ref Ref

Adjuvant 0.881 1.06 0.562-2.17
Anthracycline exposure

(cycle)

0 0.016 Ref Ref

1-4 0.890 1.07 0.43-2.66

>4 0.046 2.49 1.02-6.10
Taxanes exposure (cycle)

0 0.966 Ref Ref

1-4 0.794 1.18 0.35-3.92

>4 0.861 1.1 0.36-3.37
Cyclophosphamide

exposure (cycle)

0 0.808 Ref Ref

1-3 0.753 0.891 0.43-1.83

>4 0.525 0.73 0.28-1.93
RT exposure

No Ref Ref

Yes 0.043 1.83 1.02-3.27

Cl=confidence interval; Ref=reference; BMI=body mass index; ER=
estrogen receptor; PR=progesterone receptor; CAD=coronary artery dis-
ease; AJCC =American Joint Committee on Cancer; RT =radiotherapy.

(27.0%), which was also higher than results from other clini-

cal trials [3]. Overall, although the results of these studies were
equivocal, various clinical trials might have underestimated
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trastuzumab-related cardiotoxicity because some patients
were excluded owing to suboptimal cardiac function or other
comorbidities, leading to a lower observable incidence of car-
diotoxicity.

Findings from previous clinical trials often provide essential
information for the revision of prescription warning labels
and the design of safety monitoring in following studies.
However, medical management of EBC is usually comprehen-
sive and includes more than one treatment modality, such as
the combination of trastuzumab, anthracyclines, and adjuvant
RT, all of which imply potential risk for cardiotoxicity. The
combination of traditional chemotherapy and new drugs
might complicate cardiotoxicity mechanisms and increase its
likelihood [13]. Furthermore, various treatment regimens are
often selected by the treating oncologist for patients with dif-
ferent physical and psychosocial condition.

Several studies have reported that anthracycline usage, high
BMI, hypertension, antihypertensive therapy, and old age are
risk factors for the development of cardiotoxicity [6,8,14,15].
Our study involved a large cohort of EBC patients of all ages
with a number of identifiable risk factors for cardiotoxicity.
The rate of cardiotoxicity increased with the use of anthracy-
clines, to even a higher rate in those receiving more than four
cycles (200 mg/m’ of pirarubicin or 300 mg/m? of epirubicin).
Cardiac comorbidities such as CAD and RT were also associ-
ated with trastuzumab-related cardiotoxicity.

Our results indicated that adjuvant anthracyclines at a lower
dose did not increase the risk of cardiotoxicity compared to no
anthracycline treatment. In addition, taxanes might be more
appropriate for patients receiving trastuzumab treatment than
anthracyclines to reduce the likelihood of cardiotoxicity. How-
ever, almost all current adjuvant therapy regimens include an-
thracyclines to enhance treatment efficacy and improve sur-
vival outcomes [9]. Nonetheless, it is widely recognized that
anthracycline-induced cardiotoxicity is dose-dependent;
therefore, a lower dose (less than four cycles) could be a safe
and effective option for EBC patients receiving trastuzumab
[16]. A prospective randomized clinical trial is warranted to
define the role of combination therapy in this setting.

We observed a possible association between RT, which is
also an essential part of adjuvant treatment for EBC patients,
and the risk of trastuzumab-related cardiotoxicity. Patients
treated with adjuvant RT were almost twice as likely to devel-
op cardiotoxicity compared to those who were not in our
study. Preclinical data have suggested a radio-sensitizing effect
by trastuzumab in breast cancer cells, but whether such a find-
ing is valid in normal cells remains unknown [13]. Although
the addition of RT to trastuzumab treatment might raise con-
cerns about cardiac safety, there are limited published data on
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concurrent treatment with adjuvant RT and trastuzumab. Ac-
cording to two phase III trials (NSABP B-31 and NCCTG
N9831), trastuzumab and RT did not increase the risk of car-
diac toxicity regardless of the breast tumor treatment side
[6,17]. However, RT-associated cardiovascular toxicity is pro-
gressive. Long-term cardiac follow-up is therefore essential in
these patients [18].

In our experience, elderly patients showed a slight, non-sig-
nificant increase in cardiotoxicity risk. It has been implicated
that old age may be a potential risk factor for cardiotoxicity
[12]. An association between age and cardiac toxicity was ob-
served in the NCTG N9831 trial, in which patients aged =60
years accounted for 15% of the study population [17]. How-
ever, such an association was not reported in the BCIRG 006
trial [11]. Moreover, Farolfi et al. [9] retrospectively assessed
the incidence of cardiotoxicity in EBC patients of all age and
found that the risk of cardiotoxicity among younger patients
was unexpectedly higher than that in the elderly. These con-
tradictory results might be attributed to differences in the
number of patients, time points of analysis, eligibility criteria,
and definition of cardiotoxicity. Our study enrolled a relatively
small proportion of elderly patients with 71 patients (17%)
older than 60 years of age, which might limit our statistical
power for comparison. A large-scale population-based study
is needed to investigate the significance of age in the develop-
ment of cardiotoxicity.

The present investigation was an observational study that
included patients who might not be eligible for clinical trials.
Although clinical trials could provide more relevant estimates
for eligible candidates, many ineligible patients still receive
treatment in community practice. Thus, while clinical trials
may offer better internal validity than observational studies
because they can reduce bias from confounding factors
through randomization, their external validity is limited. Our
results highlighted the importance of generalizability when
applying clinical trial findings to community settings, and
thus provided important insights.

Our study had a number of limitations. First, the fairly
small sample size reduced the statistical power of detection for
potential cardiotoxicity risk factors. Second, the evaluation of
cardiac function by 2D echocardiography was deemed inade-
quate to predict and monitor cardiac damage, leaving LVEF as
the only parameter for assessment of cardiac function in this
study. Therefore, a more comprehensive imaging technique is
necessary in future studies.

In conclusion, our results suggested that clinical trial find-
ings might not truly reflect the actual cardiotoxicity risk among
EBC patients treated with trastuzumab in community practice.
When treating EBC patients with history of CAD and prior
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anthracycline or RT, physicians should be aware of potential
cardiotoxicity risk and thus timely initiate treatment. The use
of prophylactic cardio-protective agents and careful cardiac
monitoring might reduce the incidence of adverse cardiac
events and improve long-term survival outcomes in patients
with high risk of cardiotoxicity.
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