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 Background: The aim of this study was to assess the long-term clinical tolerance and cardiac safety during trastuzumab treat-
ment for patients diagnosed as having breast cancer with human epidermal growth factor receptor 2 (HER2) 
overexpression.

 Material/Methods: A total 105 female cases diagnosed as having breast cancer with high expression of Her2, were treated with 
trastuzumab (T). All of them underwent electrocardiography monitoring in the process of T treatment. Left ven-
tricular ejection fractions (LVEFs) were estimated using echocardiography before the T treatment and every 3 
months. General clinical data and above parameters were collected and reviewed as analysis.

 Results: The mean value of LVEFs with baseline was higher than those at other time points. All LVEFs were more than 
50% during the course of trastuzumab treatment. The decline scope ³15% of LVEFs ranged from 2 months to 
16 months, and the ratios were counted for 3.1% at 2 months, 4.3% at 6 months, 3.8% at 10 months, and 5.4% 
at 16 months. Furthermore, a larger decrease of LVEF during the course occurred mainly in the patients with 
cumulative dose of A >300 mg/m2, without CPD and 16-month duration of T treatment. There was a strong 
correlation between cumulative dose of A, cyto/cardio-protection drugs (CPD), duration of T, and the change of 
LVEF (P=0.82, P=0.744, and P=0.717, respectively), which indicated that 3 factors may be associated with the 
change in LVEF (P<0.05).

 Conclusions: The LVEF in patients with trastuzumab treatment was significantly decreased, which may be seen as a favor-
able benefit-risk ratio for patients undergoing long-term trastuzumab treatment.
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Background

Treatment with trastuzumab, a humanized monoclonal anti-
body binding to the extracellular domain of human epidermal 
growth factor receptor 2 (HER2) to target the HER2 pathway, 
significantly improves outcomes for women with HER2-positive 
breast cancer [1–4]. Either concurrent or sequential with sys-
temic chemotherapy, trastuzumab can improve both disease-
free survival (DFS) and overall survival (OS) in patients with 
HER2-positive breast cancer; however, cardiotoxicity remains 
an important clinical issue especially for concurrent anthra-
cyclines regimen. Trastuzumab-related cardiotoxicity mani-
fests mainly as a decrease in left ventricular ejection fraction 
(LVEF) and abnormality of cardiac function [5], but the overall 
incidence of cardiac toxicity is variable in various treatment 
centers. It has been reported to occur in up to 7% of patients 
when trastuzumab was used as a single agent, while cardio-
toxicity occurred in up to 27% of patients receiving trastuzum-
ab concurrently with anthracycline therapy and up to 13% of 
patients receiving paclitaxel with trastuzumab in one of the 
first clinical trials [6–8]. Due to the variation in reported inci-
dence among different centers, the situation in China is unclear.

Given the short-term cardiac safety surveillance reported in 
previous studies, long-term tolerance in trastuzumab treat-
ment has rarely been reported, and the factors associated with 
increased risk of cardiac events (CE) are not fully known. We 
wondered what factors influence CE during the whole compli-
cated process of treatment.

In the current study, we evaluated the long-term cardiac safety 
and incidence of cardiotoxicity in patients treated with trastu-
zumab, and further analyzed the probable factors associated 
changes in LVEF.

Material and Methods

Participants

A total of 105 women diagnosed as having breast cancer with 
overexpression of Her-2 underwent trastuzumab treatment 
and were enrolled into the study from 2010 to 2016. All sub-
jects met the following criteria: (1) Her2 was over-expressed. 
The standard is 3+ using IHC or fluorescence in situ hybrid-
ization (FISH) ratio >2.0; (2) ECOG PS £2; (3) no concomitant 
congenital heart disease or myocardial infarction; (4) baseline 
LVEF>50%; and (5) good compliance. All patients’ clinical char-
acteristics are listed in Table1. Among of these factors, cardio-
vascular disease risk factors were analyzed according to the 
CDC/ACSM guidelines, including hypertension, high BMI, dys-
lipidemia, and metabolic syndrome.

The Medical Ethics Committee of Laiwu Hospital Affiliated to 
Taishan Medical College approved this study. Written informed 
consent conforming to the tenets of the Declaration of Helsinki 
was obtained from each participant prior to the study.

Therapy protocols

According to the trastuzumab manufacturer’s instruction, all 
subjects were administered trastuzumab (initial 8 mg/Kg fol-
lowed by 6 mg/Kg every 3 weeks, Myl 1401O, Mylan) during 
a 90-minute period. The regimen including chemotherapy or 
radiotherapy may be concurrent with or followed by trastu-
zumab. It was recommended but not mandated that patients 
received cyto/cardio-protection drugs during the course of 
trastuzumab treatment (i.e., Shenmai injection, Amifostine, 
and Levocarnitine (Qilu Pharmaceutical Co., Ltd.).

Detection of ECG and evaluation of cardiac function and 
treatment

All subjects received an ECG examination before and 1 month 
later after trastuzumab treatment and were examined for 
heart-related symptoms such as chest distress, dyspnea, and 
palpitation. If the subjects were symptomatic, an ECG exam-
ination was given every month. Echocardiography was given 
to all subjects before and every 3 months during trastuzum-
ab treatment to acquire the value of LVEF. Changes in LVEF at 
all time points were determined relative to the LVEF measured 
at baseline level and defined as LVEFratio.
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Data on patient demographic and baseline characteristics, car-
diovascular disease risk factors, radiotherapy or no radiother-
apy, interval between anthracycline (A) and trastuzumab (T), 
duration of trastuzumab treatment, LVEF level at every point, 
and ECG results were obtained from existing data.
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Statistical analysis

All statistical analyses were carried out using SPSS 18.0 soft-
ware. Descriptive statistics were produced for continuous 
variables. Results are presented as mean ±SD for continu-
ous variables. The chi-square test was used to determine the 
significance of rate variables, while the significance of con-
tinuous variables was assessed by the analysis of variance 
(ANOVA). Spearman correlation coefficient was used to ana-
lyze the correlation between main clinical factors and change 

of LVEF. P-values less than 0.05 were considered statistical-
ly significant.

Results

Clinical characteristics

A total of 105 patients were enrolled from 2010 through 2016 and 
had a full set of clinical data. Median age was 46 years (range, 

Characteristics N Characteristics Mean ±SD

PS Age  46.73±8.91

 0 44 Cumulative dose of A (mg/m2)  228.12±174.4

 1 34 Interval between A and T (M)  4.47±1.45

 2 16 Interval between R and T (M)  2.44±3.47

Stage Duration of T (M)  15.73±13.18

 I 10 LVEFbaseline  72.13±4.93

 II 26 LVEF3  69.93±6.36

 III 40 LVEF6  69.12±5.32

 IV 18 LVEF9  69.82±6.12

Heart disease LVEF12  69.46±5.54

 Yes 0 LVEF15  68.49±6.39

 No 94 LVEF18  70.12±6.17

A LVEF21  69.25±6.67

 With 84 LVEF24  69.39±6.41

 Without 10 LVEF27  69.55±4.84

CPD LVEF30  69.40±4.77

 With 57 LVEF33  69.64±5.44

 Without 37 LVEF36  70.19±5.03

Radiation LVEF39  69.89±5.59

 Left 57 LVEF42  70.69±6.32

 Right/without 37 LVEF45  71.49±7.01

ECG LVEF48  70.36±4.79

 N 63 LVEF51  69.23±4.45

 AN 31 LVEF54  73.19±3.49

CVD risk LVEF57  70.05±4.18

 With 20 LVEF60  71.40±5.46

 Without 74

Symptom

 Yes 88

 No 6

Table 1. Characteristics of study population and LVEF level at different time points (n=94).

PS – performance score; A – anthracycline; CPD – cyto/cardio-protection drugs; ECG – electrocardiography; N – normal; AN – abnormal; 
CVD – cardiovascular disease; T – trastuzumab; LVEF – left ventricular ejection fraction.
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26–64 years). There were 43 cases with PS scores of 0, 35 with 
scores of 1, and 27 with scores of 2. Over half of the patients 
(68%) had stage II/III disease. There were 61 patients who un-
derwent adjuvant trastuzumab treatment, and 44 underwent 
salvage trastuzumab treatment for advanced-stage disease or 
recurrence. About 30 patients had cardiovascular-related risk fac-
tors. There were 67 patients who underwent left chest irradia-
tion. Ninety-four (89.4%) patients also received anthracycline-
based adjuvant chemotherapy. The mean duration of trastuzumab 
treatment was 15.73 months (range 5–60 m). The mean inter-
val between anthracycline and trastuzumab was 4.47 months. 
Sixty-seven patients accepted cyto/cardio-protection drug treat-
ment. Of these patients, 16 felt cardio-related symptoms but all 
continued with the treatment. Thirty-one patients had abnor-
mal ECG results; the most common electrocardiography abnor-
malities were sinus tachycardia, sinus bradycardia, and ST-T seg-
ment change. The interval between initial trastuzumab treatment 
and electrocardiography abnormalities was 5.47±3.66 months.

Monitoring of LVEF level

All the patients underwent echocardiography from baseline 
to 6 months; mean baseline LVEF was 72.12% (60.0–82.43%), 
mean LVEF at 2 months was 69.93% (53.7–82.8%), and mean 
LVEF at 6 months was 69.12% (58.86–79. 7%). Of all the pa-
tients, 85 underwent echocardiography until 12 months, 69 at 
24 months, 65 at 24 months, 44 at 36 months, 35 at 48 months, 
and 27 at 60 months. Change in LVEF was calculated according 
to the equation. As shown in Figure 1, the descending scopes 
of LVEF were expanded from 2 months to 16 months, and then 
contracted after 16 months. The lowest point of LVEF was at 
16 months, and the ratios were counted for 3.1% at 2 months, 
4.3% at 6 months, 3.8% at 10 months, and 5.4% at 16 months.

Correlation between main clinical factors and change in LVEF

To observe the correlation between main clinical factors and 
change in LVEF, the maximal shift of LVEF in each patient was 

calculated and defined as LVEFmax. LVEFmax was divided into 
groups according to clinical factors: PS scoring, anthracycline 
(A) (+/–), chest radiation, cardiovascular risk factors (+/–), drugs 
of cyto/cardio-protection (+/–), and duration of trastuzumab 
(T) (Figure 2). We found that cumulative dose of A, cyto/car-
dio-protection drugs (CPD), and duration of T may be asso-
ciated with the change in LVEF (P<0.05). A larger decrease in 
LVEF during the course occurred mainly in the patients with 
cumulative dose of A >300 mg/m2, without CPD and duration 
of 16-month T treatment. A Spearman correlation coefficient 
was calculated to analyze the correlation between above fac-
tors and the maximal change in LVEF (LVEFmax). Among of 
these factors, the factors of cyto/cardio-protection drugs and 
cumulative dose of anthracycline had strong correlations with 
LVEFmax to different extents (r=0.82, r=0.744, and r=0.717), 
indicating that the utility of cyto/cardio-protection drugs helped 
preserve cardiac function during trastuzumab treatment.

Discussions

Trastuzumab, as an efficacious treatment for breast cancer with 
overexpression of HER2, was approved by the United States 
Food and Drug Administration in September 1999. Its cardio-
toxicity has been a focus of clinical oncologists since then. It 
has been reported that the incidence of cardiac events is in-
fluenced by individual differences, and many factors that are 
still not understood affect the variance in cardiac function. 
In the present study, the results demonstrated low rates of 
symptomatic cardiac events after trastuzumab treatment with/
without anthracycline, and the decline scope of LVEF ranged 
from 18.56% to 17.95% with large variance, and the interval 
of decline was ranged from 2 months to 16 months, and the 
trough happened at 16 months. Over time we observed cases 
of LVEF decline ³16%, which reveals that the late onset of car-
diac dysfunction with trastuzumab is rare and long-term use 
of trastuzumab is relatively safe. The phenomenon was fairly 
consistent with other pivotal adjuvant trastuzumab trials [9,10].

Figure 1.  Changes in LVEF level from 2 months 
to 60 months were determined 
relative to the LVEF measured at 
baseline level. The points from 1 
to 20 at X axis were represented 
changes of LVEF from 3 to 60 months, 
respectively. From 2 months to 16 
months, descending scopes of LVEF 
expanded gradually and a distinct 
trough was seen at 16 months. Data 
are displayed as mean ±SD.
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To better understanding of factors affecting change in LVEF, 
various probable clinical factors were entered into the analysis. 
Among of these general clinical factors, cyto/cardio-protection 
drugs, cumulative dose of A, and duration of T were important 
factors related with the change in LVEF. The results showed 
that the cardiotoxic effect of trastuzumab may be alleviated 
in cases with preventive CPD. It has been reported that these 
patients benefit from the cyto/cardio-protection drugs used 
during chemotherapy treatment [11]. A popular herbal prepa-
ration in China is widely used for maintaining atherosclerotic 
coronary and myocardial function [9,10,12,13]. However, few 
studies have investigated the efficacy of Shenmai injection in 
trastuzumab treatment. It has been reported that Amifostine, 

a cyto-protection drug, is feasible to include in protocols in-
cluding trastuzumab in the aggressive radiochemotherapy 
when supported with Amifostine [11,14,15]. Levocarnitine, a 
naturally occurring essential co-factor of fatty acid metabo-
lism, plays protective roles in patients with ischemic heart dis-
ease, which are related to the attenuation of oxidative stress 
injury [16], but its role in the trastuzumab treatment is still 
unknown. In the present study, the decline scope was signif-
icant lower in the group receiving the drugs discussed above 
than in the group not receiving these drugs. All of these 3 
kinds of cyto/cardio-protection drugs seem to play a positive 
role during trastuzumab treatment to some extent. A study 
stratifying these 3 kinds of drugs would be useful. Patients 
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Figure 2.  Several main clinical factors were analyzed to identify the correlation with change in LVEF, and the maximal shift of LVEF 
was calculated and defined as LVEFmax. The histograms were obstructed and the LVEFmax was expressed as mean ±SD. 
(A) LVEFmax was categorized as the 2 groups in which the patients underwent Anthracycline-containing chemotherapy or 
not. The LVEFmax was lower in the group without Anthracycline regimen (A–) than in the group with anthracycline regimen 
(A+), but the difference was not significant (P=0.068). (B) LVEFmax was divided into 2 groups according to cumulative 
dose of Anthracycline. LVEFmax was lower in the group with A <300 mg/m2 than in the group with A >300 mg/m2, and 
the difference was significant (* P<0.05). (C) It did not show a statistically significant difference between the group with 
cardio-vascular diseases risk factors (CVRF) and the group without CVRF (–5.76±3.42 vs. –5.35±3.28). (D) The LVEFmax 
was –5.83±3.51 in the group that underwent left chest radiation (LR), and –5.49±3.71 in the group that underwent right 
chest radiation/no radiation (RR/R–). (E) The LVEFmax in the group of T £16M was higher than that in the group of T >16M 
(T – trastuzumab), and the difference was significant (* P<0.05), which indicates the decline of LVEF appears in the first 
16 months of trastuzumab treatment. (F) The LVEFmax was divided into 3 groups according to PS scoring. It showed no 
significant difference between the 3 groups, though there was a trend toward increasing LVEFmax with PS scoring increase. 
(G) The LVEFmax in the group using cyto/cardio-protection drugs (CPD) was clearly lower than that in the group using CPD 
(* P<0.05).
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who underwent preferential anthracycline treatment with a 
cumulative dose >300 mg/m2 suffered from decreased LVEF. 
Retrospective analyses from clinical trials in adults suggest that 
the incidence of cardiac function damage due to doxorubicin 
was 1.7% at a cumulative dose of 300 mg/m2 [17], which is 
similar to results in our study. In a previous analysis of pooled 
data from 6 trials on metastatic breast cancer, 11.6% of cas-
es treated with trastuzumab after prior anthracyclines expe-
rienced a decline of LVEF of ³15 points to a level<50% [10], 
and the ratio was higher than that in our study, which may be 
partially attributed to different disease stage of patients and 
the doses of anthracycline.

Previous studies have reported that patients with multiple 
risk factors, such as hypertension, obesity, dyslipidemia, and 
metabolic syndrome, have further worsening cardiovascular 
reserve and increasing the likelihood of subsequent cardio-
toxicity [9,12,13,18]. However, we found that cardiovascular 
disease risk did not obviously affect LVEF during trastuzum-
ab treatment. It has traditionally been widely accepted that 
cardiovascular response is one of the main complications in 
breast cancer patients undergoing radiotherapy; therefore, ra-
diotherapy, especially left chest radiotherapy, theoretically may 

aggravate heart injury from trastuzumab; however, the results 
did not demonstrate a synergistic effect, and there was no sig-
nificant difference in the change in LVEF between patients re-
ceiving left/right radiation and those receiving no radiation.

Conclusions

In summary, decreased LVEF might occur in the first year in pa-
tients with trastuzumab treatment, but progressive decrease 
in LVEF seldom appeared with the prolonged of treatment in-
terval. There was good patient tolerance of trastuzumab used 
after anthracycline or concurrent/sequential with radiothera-
py. These patients may benefit from use of cyto/cardio-pro-
tection drugs.
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