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Abstract: This study aimed to determine the correlation of human epidermal growth factor receptor 2 (HER2) co-
don 655 A>G polymorphism with cardiotoxicity risk in HER2-positive breast cancer patients undergoing epirubicin/
cyclophosphamide followed by docetaxel plus trastuzumab (EC-D-T) adjuvant chemotherapy. Peripheral blood from 
91 HER2-positive breast cancer patients was collected for HER2 codon 655 A>G genotyping before initiation of EC-
D-T adjuvant chemotherapy (M0). Left ventricular ejection fraction (LVEF), cardiac troponin I (cTnI), and N terminal 
pro B type natriuretic peptide (NT-proBNP) levels were measured at M0, M3, M6, M9, M12 and M15. Cardiotoxicity 
was assessed at each time point after initiation of adjuvant chemotherapy. There were 77 cumulative cardiotoxicity 
events, and totally 26 patients had cardiotoxicity with incidence of 28.6% during the study. LVEF was decreased, 
cTnI was increased but NT-proBNP was similar in cardiotoxicity patients compared to non-cardiotoxicity patients at 
each time point. Additionally, the prevalences of HER2 codon 655 AA, AG, GG genotypes were 70.3%, 26.4% and 
3.3% respectively. LVEF was lower at each time point after initiation of adjuvant chemotherapy and incidence of car-
diotoxicity was increased in patients with HER2 codon 655 AG/GG genotypes compared to those with HER2 codon 
655 AA genotype. Logistic regression analysis further revealed that HER2 codon 655 A>G, smoking and baseline 
cTnI were independent predictive factors for increased cardiotoxicity risk. In conclusion, HER2 codon 655 A>G was 
an independent predictive factor for increased cardiotoxicity risk in HER2-positive breast cancer patients undergo-
ing EC-D-T adjuvant chemotherapy. 
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Introduction 

Human epidermal growth factor receptor 2 
(HER2)-positive breast cancer is one of the 
main subclassifications that accounts for 
15-20% of all breast cancer cases, as well as a 
relatively aggressive breast cancer subtype 
that results in poor survival [1, 2]. Inclusion of 
HER2-targeted agents, especially trastuzumab 
in anthracycline/cyclophosphamide + taxane 
(e.g. Epirubicin/cyclophosphamide followed by 
docetaxel plus trastuzumab, EC-D-T) regimens 
is the preferred adjuvant chemotherapy sched-
ule for HER2-positive breast cancer patients, 
and this provides a notable increase in overall 

survival and disease-free survival [3]. However, 
anthracyclines are well-known for their cardio-
toxic nature, and mounting evidence has also 
suggested that trastuzumab is a potential con-
tributor to cardiotoxicity in HER2-positive breast 
cancer patients, which increases damage to 
cardiac function and hampers the scheduled 
administration of adjuvant chemotherapy for 
HER2 breast cancer patients [4-8]. In addition, 
there is currently no validated biomarker for 
detection of chemotherapy-induced cardiotox-
icity, which presents no sign or symptoms at 
initiation [9]. Therefore, investigation of factors 
predicting the occurrence of cardiotoxicity is 
necessary for developing a personalized drug 
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administration schedule and improving progno-
sis in HER2-positive breast cancer patients. 

It is proposed that HER2 signaling induced by 
trastuzumab is responsible for cardiotoxicity in 
HER2-positive breast cancer patients, and po- 
lymorphisms in the HER2 gene have been illu-
minated to influence the risk of HER2 breast 
cancer [4]. HER2 codon 655 A>G is a common 
polymorphism in HER2 gene which encodes 
either isoleucine (Ile, ATC) or valine (Val, GTC), 
and HER2 codon 655 AG carriers are under 
higher risk of trastuzumab-induced cardiotoxic-
ity compared to HER2 codon 655 AA carriers in 
Spain, French and Canadian HER2-positive 
breast cancer patients [10-12]. However, due 
to genetic variation among different popula-
tions, the existing evidence cannot be equally 
applied in Chinese population. With the upgrad-
ing of the preferred adjuvant chemotherapy 
regimens for HER2-positive breast cancer, the 
correlation of HER2 codon 655 polymorphism 
with cardiotoxicity risk in HER2-positive breast 
cancer patients receiving EC-D-T adjuvant che-
motherapy is still unknown. Thus, our study 
aimed to determine the role of HER2 codon 
655 A>G polymorphism in predicting cardiotox-
icity risk in HER2-positive breast cancer pa- 
tients undergoing EC-D-T adjuvant chemother- 
apy. 

Methods 

Patients 

Ninety-one patients with HER2-positive breast 
cancer who underwent surgery in the Central 
Hospital of Wuhan from July 2013 to June 2017 
were consecutively enrolled in the present 
study. The inclusion criteria were: (1) diagnosed 
as breast cancer confirmed by clinicopatholog-
ic examination; (2) HER2-positivity confirmed by 
immunohistochemistry (IHC) or amplification of 

fluorescence in situ hybridization; (3) under-
went surgery and scheduled to receive EC-D-T 
adjuvant chemotherapy; (4) age older than 18 
years; (5) left ventricular ejection fraction (LV- 
EF) ≥55%; (6) had no history of chemotherapy 
or neoadjuvant therapy. Patients were excluded 
if they had the following conditions: (1) contra-
indications to chemotherapy; (2) impaired car-
diac function (e.g., uncontrolled or symptomatic 
angina, clinically significant arrhythmias, con-
gestive heart failure and transmural myocardial 
infarction); (3) serious infection; (4) other con-
current tumors; (5) life expectancy less than 12 
months; (6) unable to be regularly followed up; 
(7) pregnant. This study was approved by the 
Institutional Review Board of Central Hospital 
of Wuhan and was performed in accordance 
with Good Clinical Practice guidelines and the 
Declaration of Helsinki. All patients provided 
written informed consent.

Adjuvant chemotherapy

Adjuvant chemotherapy of EC-D-T was adminis-
tered to patients within one month after sur-
gery according to the patients’ status, and the 
EC-D-T regimen was given as follows: Epirubicin 
(E) at a dose of 100 mg/m2 intravenous (IV) 
infusion on day 1, Cyclophosphamide (C) at a 
dose of 600 mg/m2 IV infusion on day 1. Both E 
and C were repeated every 21 days for 4 cycles 
(M3), then followed by docetaxel (D) 75-100 
mg/m2 IV infusion on day 1 every 21 days for 4 
cycles (M6), trastuzumab was administrated at 
a dose of 4 mg/kg in the first week concurrently 
with docetaxel, followed by a dose of 2 mg/kg 
weekly for subsequent 11 weeks, then followed 
by a dose of 6 mg/kg every 21 days to com-
plete 1 year of trastuzumab therapy (M3-M15). 
Treatment protocol and measurements were 
shown in Figure 1.

Figure 1. Treatment protocol and measurements. HER2 codon 655 A>G polymorphism, LVEF, cTnl, and NT-proBNP 
were detected at baseline (M0); LVEF, cTnI, NT-proBNP and cardiotoxicity were detected at M3, M6, M9, M12, and 
M15. LVEF, left ventricular ejection fraction; cTnI, cardiac troponin I; NT-proBNP, N terminal pro B type natriuretic 
peptide.
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Sample collection and measurement 

Peripheral blood samples were collected in vac-
utainer tubes containing EDTA before the initia-
tion of EC-D-T adjuvant chemotherapy (M0), 
and at M3, M6, M9, M12 and M15, respective-
ly. All samples were divided into two parts, one 
was immediately coagulated for 20 minutes at 
4°C 2000 r/min to sperate plasma for the mea-
surement of cardiac troponin I (cTnI) and N-ter- 
minal pro brain natriuretic peptide (NT-proBNP), 
and the other was stored at -80°C for further 
analysis. The plasma levels of cTnI and NT- 
proBNP were measured using Elecsys 2010 
Automatic Electrochemiluminescence Immuno-
analyzer and correlative kits (Roche, Basel, 
Switzerland).

HER2 codon 655 A>G genotyping 

Peripheral blood leukocytes were separated 
from the blood samples collected at M0, and 
genomic DNA was isolated from the leukocytes 
using a phenol-chloroform assay. The HER2 
codon 655 A>G was detected by a polymerase 
chain reaction-restriction fragment-length poly-
morphism (PCR-RFLP) assay. DNA was ampli-
fied in a Perkin-Elmer GeneAmp PCR System 
9700 (Perkin-Elmer Corp., Norwalk City, CT, 
USA) according to the manufacturer’s protocol. 
The primers were as follows: forward: 5’- 
AGAGCGCCAGCCCTCTGACGTCCAT-3’, reverse: 
5’-TCCGTTTCCTGCAGCAGTCTCCGCA-3’. Amplifi- 
cation condition was: 94°C for 5 min followed 
by 35 cycles of 94°C for 30 s, 62°C for 30 s, 
and 72°C for 30 s followed by a final extension 
step at 72°C for 5 min. After PCR amplification, 
the PCR products (148 bp) were digested with 
BsmAI restriction enzyme (New England Bio- 
labs, Inc., Beverly, MA, USA) for 3 h at 55°C, 
and the DNA fragments were visualized on a 
3.0% agarose gel. The presence of G at the 
codon 655 of the HER-2 gene was identified by 
116 and 32 bp fragments and presence of A at 
this position by a single 148 bp product.

Cardiotoxicity assessment 

Monitoring of ultrasound cardiogram was per-
formed at M0, M3, M6, M9, M12 and M15, and 
LVEF was assessed according to the American 
Society of Echocardiography recommendations 
[13]. Cardiotoxicity was defined as the occur-
rence of any of the following after initiation of 
adjuvant chemotherapy: (1) an absolute decline 

of LVEF at least 10 percentage points from 
baseline to a value <53% identified by echocar-
diogram [14], (2) heart failure, acute coronary 
artery syndrome or fatal arrhythmia [15]. 

Statistical analysis

Normally distributed continuous variables were 
presented as mean value ± standard deviation. 
Skewed distributed or unknown distributed 
continuous variables were expressed as medi-
an (25th-75th quantiles), and the comparison 
was determined by Wilcoxon rank sum test or 
Kruskal-Wallis H test. Categorized variables 
were described as count (percentage), and the 
comparison was determined by Chi-square te- 
st. Addictive model of HER2 codon 655 A>G 
(AA=0, AG=1, GG=2) was used in the univariate 
and multivariate logistic regression model anal-
ysis of factors affecting cardiotoxicity occur-
rence. Statistical analysis was performed by 
use of SPSS 22.0 software (SPSS Inc, Chicago, 
IL, USA), and GraphPad Prism 7.01 software 
(GraphPad Software, La Jolla, CA, USA) was 
used for making figures. P value <0.05 was con-
sidered significant. 

Results

Patients’ characteristics 

The mean age of 91 HER-positive breast cancer 
patients was 50.4±7.4 years, and the mean 
BMI was 21.9±2.2 kg/m2 (Table 1). The num-
ber (percentage) of patients who smoke, had 
hypertension, diabetes mellitus, dyslipidemia, 
hyperuricemia and chronic kidney disease were 
20 (22.0%), 23 (25.3%), 5 (5.5%), 22 (24.2%), 
18 (19.8%) and 5 (5.5%) respectively. In addi-
tion, the baseline median values of patients’ 
LVEF, cTnI, and NT-proBNP were 67.0 (64.0-
71.0)%, 0.039 (0.012-0.079) ng/mL and 0.065 
(0.052-0.087) ng/mL respectively. As for HER2 
codon 655 A>G distribution, 64 (70.3%) 
patients had AA genotype, 24 (26.4%) had AG 
genotype and 3 (3.3%) had GG genotype. Other 
detailed baseline characteristics are listed in 
Table 1.

Cardiotoxicity events and incidences

During the study, no heart failure event, acute 
coronary syndrome event, or life-threatening 
arrhythmias event was observed in HER2-
positive breast cancer patients undergoing 
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EC-D-T adjuvant chemotherapy (Table 2). The 
total events of ΔLVEF≥10%, LVEF<53%, and 
ΔLVEF≥10%&LVEF<53% were 173, 89 and  
77 cases respectively. The total cardiotoxicity 
events were 77 cases, and the cumulative car-
diotoxicity incidences of patients were 0 (0.0%), 
0 (0.0%), 12 (13.2%), 20 (22.0%), 24 (26.4%) 
and 26 (28.6%) at M0, M3, M6, M9, M12 and 
M15 respectively. 

Difference of LVEF, cTnl, and NT-proBNP be-
tween patients with cardiotoxicity and non-
cardiotoxicity 

According to the cumulative cardiotoxicity inci-
dence of patients, there were 26 patients 

(28.6%) developed cardiotoxicity (cardiotoxicity 
group) and 65 patients (71.4%) did not (non-
cardiotoxicity group). Comparisons of LVEF be- 
tween patients with cardiotoxicity and non-car-
diotoxicity were determined at each visit, which 
disclosed that at M0 (P<0.001), M3 (P<0.001), 
M6 (P<0.001), M9 (P<0.001), M12 (P<0.001) 
and M15 (P<0.001), LVEF was lower in patients 
with cardiotoxicity compared with patients with 
non-cardiotoxicity (Figure 2A). As for cTnl, it was 
higher in patients with cardiotoxicity compared 
with those with non-cardiotoxicity at M0 
(P<0.001), M3 (P<0.001), M6 (P<0.001), M9 
(P<0.001), M12 (P<0.001) and M15 (P<0.001) 
(Figure 2B). Whereas regarding NT-proBNP, its 

Table 2. Cardiotoxicity events and incidence at each visit

Items M0 M3 M6 M9 M12 M15 Total 
events

Heart failure event (n/%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 
Acute coronary syndrome event (n/%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0
Life-threatening arrhythmia event (n/%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 
ΔLVEF≥10% event (n/%) 0 (0.0) 7 (7.7) 30 (33.0) 54 (59.3) 39 (42.9) 43 (47.3) 173
LVEF<53% event (n/%) 0 (0.0) 2 (2.2) 16 (17.6) 23 (25.3) 24 (26.4) 24 (26.4) 89
ΔLVEF≥10%&LVEF<53% event (n/%) 0 (0.0) 0 (0.0) 12 (13.2) 20 (22.0) 22 (24.2) 23 (25.3) 77
Cardiotoxicity event (n/%) 0 (0.0) 0 (0.0) 12 (13.2) 20 (22.0) 22 (24.2) 23 (25.3) 77
Cumulative cardiotoxicity incidence (n/%) 0 (0.0) 0 (0.0) 12 (13.2) 20 (22.0) 24 (26.4) 26 (28.6) -
Data are presented as count (percentage). LVEF: left ventricular ejection fraction; ΔLVEF: LVEF change from baseline. 

Table 1. Baseline characteristics of HER2-positive breast cancer patients
Characteristics Patients (N=91)
Age (years) 50.4±7.4

BMI (kg/m2) 21.9±2.2

Smoking (n/%) 20 (22.0)

Chronic comorbidities (n/%)

Hypertension 23 (25.3)

    Diabetes mellitus 5 (5.5)

    Dyslipidemia 22 (24.2)

    Hyperuricemia 18 (19.8)

    Chron HER2 is a member of HER family of tyrosine kinase receptors, who regulates signaling pathways such as Ras/
p42/44 MAPK and PI3K/AKT that involve in cell apoptosis, metastasis, ic kidney disease

5 (5.5)

ECOG score (n/%)

    0 64 (70.3)

    1 27 (29.7)

LVEF (%) 67.0 (64.0-71.0)

cTnI (ng/mL) 0.039 (0.012-0.079)

NT-proBNP (ng/mL) 0.065 (0.052-0.087)

HER2 codon 655 A>G (n/%)

    AA 64 (70.3)

    AG 24 (26.4)

    GG 3 (3.3)
Data are presented as mean value ± standard deviation, count (percentage) or median (25th-75th quantiles). HER2: human epidermal growth factor receptor-2; BMI: body 
mass index; ECOG: Eastern Cooperative Oncology Group; LVEF: left ventricular ejection fraction; cTnI: cardiac troponin I; NT-proBNP: N terminal pro B type natriuretic 
peptide.
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median value was higher at M0 (P=0.046) but 
similar at M3 (P=0.223), M6 (P=0.550), M9 
(P=0.138), M12 (P=0.156) and M15 (P=0.234) 
in patients with cardiotoxicity compared to pa- 
tients with non-cardiotoxicity (Figure 2C).

Difference of LVEF and incidence of cardiotox-
icity among patients with HER2 codon 655 AA, 
AG and GG genotypes 

Comparison of LVEF among patients with HER2 
codon 655 AA, AG, and GG genotypes at each 
visit revealed that LVEF was similar among 
patients with the 3 genotypes at M0 (P=0.209), 
M3 (P=0.053), M6 (P=0.109), M9 (P=0.061), 
and M12 (P=0.053) but gradually reduced in 
patients with HER2 codon 655 AA, AG and GG 
genotypes at M15 (P=0.024) (Figure 3A). Re- 
garding the incidence of cardiotoxicity, it was 
higher in patients with HER2 codon 655 AG 
genotype compared with those with HER2 
codon 655 AA genotype (P=0.017) (Figure 3B). 
The incidence of cardiotoxicity was numerically 
increased in patients with HER2 codon 655 GG 
genotype compared to patients with HER2 
codon 655 AA genotype (P=0.060) and patients 
with HER2 codon 655 AG genotype (P=0.496) 
but with no statistical significance. Due to lack 
of HER2 codon 655 GG cases, patients with 

HER2 codon 655 AG and GG genotypes were 
combined together to further determine the dif-
ference of LVEF and incidence of cardiotoxicity 
between patients with HER2 codon 655 AA and 
patients with HER2 codon 655 AG/GG. It was 
observed that LVEF was similar at M0 (P=0.108) 
but reduced at M3 (P=0.021), M6 (P=0.039), 
M9 (P=0.018), M12 (P=0.018), and M15 (P= 
0.010) in patients with HER2 codon 655 AG/
GG genotypes compared to those with HER2 
codon 655 AA genotype (Figure 3C). The inci-
dence of cardiotoxicity was increased in pa- 
tients with HER2 codon 655 AG/GG genotypes 
compared to those with HER2 codon 655 AA 
genotype (P=0.007) (Figure 3D).

Univariate and multivariate logistic regression 
of factors predicting cardiotoxicity 

Univariate logistic regression analysis exhibited 
that HER2 codon 655 A>G (OR=3.117, P= 
0.008), BMI (OR=1.321, P=0.013), smoking 
(OR=3.437, P=0.020), hypertension (OR= 
3.239, P=0.021), hyperuricemia (OR=3.294, 
P=0.029), baseline cTnI (OR=1.030, P<0.001) 
and baseline NT-proBNP level (OR=1.015, P= 
0.010) were correlated with increased inci-
dence of cardiotoxicity in HER2-positive breast 
cancer patients received EC-D-T adjuvant che-

Figure 2. LVEF, cTnl, and NT-proBNP levels between 
cardiotoxicity and non-cardiotoxicity patients. LVEF was 
lower in patients with cardiotoxicity compared to patients 
with non-cardiotoxicity at each visit (A); cTnI was higher 
in patients with cardiotoxicity compared to patients with 
non-cardiotoxicity at each visit (B); NT-proBNP was higher 
at baseline (M0), but similar in patients with cardiotoxic-
ity compared to patients with non-cardiotoxicity at each 
following visit (C). Comparison of LVEF, cTnl, and NT-proB-
NP levels between cardiotoxicity patients and non-cardio-
toxicity patients at each visit was determined by Wilcoxon 
rank test. P<0.05 was considered significant. LVEF, left 
ventricular ejection fraction; cTnI, cardiac troponin I; NT-
proBNP, N terminal pro B type natriuretic peptide.
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motherapy (Table 3). Further multivariate logis-
tic regression analysis disclosed that HER2 
codon 655 A>G (OR=7.989, P=0.007), smoking 
(OR=17.200, P=0.008) and baseline cTnl (OR= 
1.043, P=0.001) were independent predictive 
factors for increased risk of cardiotoxicity in 
HER2-positive breast cancer patients undergo-
ing EC-D-T adjuvant chemotherapy (Table 4). 

Discussion 

In the present study, (1) cumulative incidence 
of cardiotoxicity was 28.6%; (2) the prevalence 
of HER2 codon 655 AA, AG, GG genotypes were 
70.3%, 26.4% and 3.3% respectively in our 
study population. (3) HER2 codon 655 A>G, 
smoke and baseline cTnI were independent pre-

dictive factors for increased risk of cardiotoxic-
ity in HER2-positive breast cancer patients 
undergoing EC-D-T adjuvant chemotherapy. 

Cardiotoxicity induced by chemotherapy is the 
leading cause of morbidity and mortality in 
breast cancer survivors, and the use of anthra-
cyclines or trastuzumab or the combination of 
the two has been reported to be a key contribu-
tor to cardiotoxicity in breast cancer patients 
[9]. Research discloses that at least 10-15% of 
all breast cancer patients experience anthracy-
clines-induced cardiotoxicity, and 20-33% of 
HER2-positive breast cancer patients suffer 
from trastuzumab-induced cardiotoxicity [16-
20]. However, the incidence of cardiotoxicity in 
Chinese HER2-positive breast cancer patients 

Figure 3. LVEF and incidence of cardiotoxicity among HER2 codon 655 AA, AG and GG carriers. LVEF among HER2 
codon 655 AA, AG and GG carriers was similar at M0, M3, M6, M9, and M12, but decreased as G allele increased 
at M15 (A). The incidence of cardiotoxicity was higher in HER2 codon 655 AG carriers compared to AA carriers, but 
numerically elevated in HER2 codon 655 GG carriers compared with HER2 codon 655 AG and GG carriers (B). LVEF 
was similar between HER2 codon 655 AA carriers and HER2 codon 655 AG/GG carriers at baseline (M0), but higher 
in HER2 codon 655 AA carriers compared to HER2 codon 655 AG/GG carriers at M3, M6, M9, M12 and M15 (C). 
The incidence of cardiotoxicity was decreased in HER2 codon 655 AA carriers compared to HER2 codon 655 AG/
GG carriers (D). LVEF level among three groups of patients was detected by Kruskal-Wallis H test, and LVEF level 
between two groups of patients was determined using Wilcoxon rank-sum test. Incidence of cardiotoxicity among 
three/two groups of patients was detected by Chi-square test. P<0.05 was considered significant. LVEF, left ven-
tricular ejection fraction; HER2, human epidermal growth factor receptor-2; cTnI, cardiac troponin I; NT-proBNP, N 
terminal pro B type natriuretic peptide.
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receiving anthracycline and trastuzumab com-
bined adjuvant chemotherapy (EC-D-T) has not 
been reported. In this study, we recorded car-
diotoxicity events of Chinese HER2-positive 
breast cancer patients undergoing EC-D-T adju-

HER2 codon 655 A>G in HER2-positive breast 
cancer patients is not frequently reported in 
China. Our study recruited 91 Chinese HER2-
positive breast cancer patients and disclosed 
that the prevalence of HER2 codon 655 AA, AG, 

Table 3. Univariate logistic regression model analysis of factors 
predicting cardiotoxicity

Items
Univariate logistic regression

P value OR
95% CI

Lower Higher
HER2 codon 655 (GG=2, AG=1, AA=0) 0.008 3.117 1.337 7.266 
Age 0.155 1.047 0.983 1.115 
BMI 0.013 1.321 1.059 1.647 
Smoking (yes vs. no) 0.020 3.437 1.217 9.710 
Hypertension (yes vs. no) 0.021 3.239 1.193 8.795 
Diabetes mellitus (yes vs. no) 0.565 1.722 0.271 10.955 
Dyslipidemia (yes vs. no) 0.146 2.118 0.770 5.820 
Hyperuricemia (yes vs. no) 0.029 3.294 1.128 9.619 
Chronic kidney disease (yes vs. no) 0.135 4.109 0.645 26.178 
ECOG score (1 vs. 0) 0.248 1.765 0.673 4.630 
cTnI (M0) <0.001 1.030 1.015 1.044 
NT-proBNP (M0) 0.010 1.015 1.004 1.026 
Factors predicting cardiotoxicity were determined by univariate logistic regression 
analysis. P value <0.05 was considered significant. HER2: human epidermal growth 
factor receptor-2; BMI: body mass index; ECOG: Eastern Cooperative Oncology 
Group; cTnI: cardiac troponin I; NT-proBNP: N terminal pro B type natriuretic peptide.

Table 4. Multivariate logistic regression model analysis of factors 
predicting cardiotoxicity

Items
Multivariate logistic regression

P value OR
95% CI

Lower Higher
HER2 codon 655 (GG=2, AG=1, AA=0) 0.007 7.989 1.785 35.756 
Age 0.278 0.936 0.830 1.055 
BMI 0.686 1.088 0.722 1.641 
Smoking (yes vs. no) 0.008 17.200 2.133 138.680 
Hypertension (yes vs. no) 0.321 2.443 0.419 14.251 
Diabetes mellitus (yes vs. no) 0.064 0.030 0.001 1.221 
Dyslipidemia (yes vs. no) 0.317 2.766 0.377 20.289 
Hyperuricemia (yes vs. no) 0.302 2.959 0.377 23.219 
Chronic kidney disease (yes vs. no) 0.766 0.539 0.009 31.625 
ECOG score (1 vs. 0) 0.058 4.973 0.945 26.181 
cTnI (M0) 0.001 1.043 1.017 1.070 
NT-proBNP (M0) 0.704 1.004 0.984 1.024 
Factors predicting cardiotoxicity were determined by multivariate logistic regression 
analysis. P value <0.05 was considered significant. HER2: human epidermal growth 
factor receptor-2; BMI: body mass index; ECOG: Eastern Cooperative Oncology 
Group; cTnI: cardiac troponin I; NT-proBNP: N terminal pro B type natriuretic peptide.

vant chemotherapy and ob- 
served that the incidence of 
cardiotoxicity was 28.6%, whi- 
ch fell in the range reported 
in previous studies. This mi- 
ght be because anthracycline 
and trastuzumab generate 
reactive oxygen species that 
induced injury to cardiomyo-
cytes, thereby impairing the 
normal cardiac function and 
reducing LVEF, which increa- 
sed the risk of cardiotoxicity 
in HER2-positive breast can-
cer patients [16, 17].

HER2 is a member of the HER 
family of tyrosine kinase re- 
ceptors, that regulates signal-
ing pathways such as Ras/
p42/44 MAPK and PI3K/AKT 
that are involved in cell apop-
tosis, metastasis, invasion, 
angiogenesis and differentia-
tion. It predicts increased risk 
of metastasis and reduced 
survival in breast cancer pa- 
tients [2]. Polymorphism of 
HER2 codon 655 A>G chang-
es the encoded amino acid 
from Ile to Val, and the pres-
ence of Val is revealed to 
decrease the tyrosine activity 
and increase cell sensitivity 
to trastuzumab in HER2-po- 
sitive breast cancer patients 
[10]. HER2 codon 655 A> 
G polymorphism is seen in 
nearly all the population glob-
ally, while the prevalence var-
ies from one race to another 
[19]. In China, one previous 
study observes that the fre-
quencies of HER2 codon 655 
AA, AG, and GG genotypes 
were 72%, 26% and 2% in 
breast cancer patients [10]. 
However, the prevalence of 
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GG genotypes were 70.3%, 26.4% and 3.3% 
respectively, which was consistent with the pre-
vious data. 

In addition, HER2 codon 655 A>G also increas-
es the dependency of cardiomyocytes on HER2 
signaling as well as their sensitivity to cytotoxic 
drugs [5]. This enlightens the explorations on 
whether HER2 codon 655 A>G influences car-
diotoxicity in HER2-positive breast cancer pa- 
tients and studies have validated that HER2 
codon 655 A>G increases the risk of trastu-
zumab-induced cardiotoxicity in HER2-positive 
breast cancer patients among Spain, French, 
and Canadian populations [10-12]. However, it 
is also well-known that anthracycline is a criti-
cal contributor to cardiotoxicity, and for HER2-
positive breast cancer patients underwent EC- 
D-T adjuvant chemotherapy regimen in Chinese 
population, the predictive value of HER2 codon 
655 A>G on the risk of cardiotoxicity is still 
unclear. Therefore, the present study investi-
gated the influence of HER2 codon 655 A>G on 
cardiotoxicity in HER2-positive patients under-
went EC-D-T adjuvant chemotherapy, which dis-
played that HER2 codon 655 A>G, smoking 
and baseline cTnI were independent predictive 
factors for increased risk of cardiotoxicity in 
HER2-positive breast cancer patients received 
EC-D-T adjuvant chemotherapy. The possible 
explanations were: (1) anthracyclines and 
trastuzumab might elevate the oxidative stress, 
damage the DNA, impair mitochondrial func-
tion as well as induce senescence or death of 
the key cardiac and progenitor cells; and HER2 
codon 655 A>G might increase the effect of 
cytotoxic drugs on cardiac cells, hence increas-
ing the risk of cardiotoxicity in HER2-positive 
breast cancer patients. (2) cell damage and cell 
death initiated far before cardiotoxicity was 
recognized, and cell membrane rupture re- 
leased the cTnI located on sarcomeres into the 
peripheral blood. Thus, increased baseline 
level of cTnI in peripheral blood could predict an 
increase in cardiotoxicity risk [21]. 

Several limitations still exist in this study. 
Although the sample size in our study was rela-
tively larger compared with most single cohort 
studies, the number of HER2 codon 655 GG 
cases was still insufficient for a decent statisti-
cal analysis. Therefore, a larger-scaled study 
was necessary to validate our findings. The fol-
low-up duration was relatively short, thus the 
long-term incidence of cardiotoxicity or the 

long-term influence of HER2 codon 655 A>G on 
cardiotoxicity risk of EC-D-T adjuvant chemo-
therapy was not investigated. Finally, the de- 
tailed mechanism of HER2 codon 655 A>G in 
HER2-positive breast cancer or its molecular 
correlation with EC-D-T chemotherapy-induced 
cardiotoxicity in HER2-positive breast cancer 
patients still needs further investigation. 

In conclusion, cardiotoxicity incidence is 28.6% 
and HER2 codon 655 A>G serves as an inde-
pendent predictive factor for increased cardio-
toxicity risk in Chinese HER2-positive breast 
cancer patients undergoing EC-D-T adjuvant 
chemotherapy. 
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