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Abstract: Objective: To analyze the efficacy of trastuzumab combined with chemotherapy and sequential radiothera-
py after breast cancer surgery. Methods: A total of 97 breast cancer patients diagnosed in our hospital were select-
ed as the subjects, and divided into Groups A and B using random number table method, double-blind method, and 
sortition. Among them, there were 48 cases in Group B who received chemotherapy and sequential radiotherapy 
after surgery and 49 cases in Group A that received trastuzumab combined with chemotherapy and sequential 
radiotherapy after surgery, and the efficacies of Group A and B were compared. Results: After therapy, the levels 
of HER2 ECD and CA153 in Group A were lower than those in Group B (P < 0.05) and the ratio of ++ and +++ in 
Group A was lower than that in Group B (P < 0.05), while the ratio of - and + in Group A was higher than that in 
Group B. The recurrence rate and tumor metastasis rate in Group A were 4.08% and 6.12% respectively, which were 
significantly lower than those in Group B (18.75% and 22.92%, P < 0.05). PFS and OS in Group A were 11.45±2.95 
months and 19.13±2.75 months respectively, which were longer than those in Group B (7.87±2.61 months and 
13.65±2.43 months, P < 0.05). LVEF and cTnI in Group A were higher than those in Group B after chemotherapy, 
before radiotherapy, and after radiotherapy (P < 0.05). Conclusion: The trastuzumab combined with chemotherapy 
and sequential radiotherapy after breast cancer surgery can effectively improve the efficacy and control postop-
erative tumor metastasis or recurrence, and patients treated with trastuzumab combined with chemotherapy and 
sequential radiotherapy can have a longer OS and a higher 1-year survival rate.

Keywords: Breast cancer, trastuzumab, herceptin, chemotherapy, sequential radiotherapy

Introduction

Breast cancer has always been a kind of malig-
nant tumor with a high incidence in female pop-
ulation, and its incidence has been increasing 
gradually in recent years. A 2018 statistics 
report suggested that, there were approximate-
ly 18.1 million new patients with malignant 
tumors worldwide, of which approximately 11% 
were breast cancer patients [1]. As social prog-
ress is being expedited, there are remarkable 
changes in people’s living and eating habits. 
Additionally, with an advance in medical exami-
nation methods and an increase in people’s 
health awareness, there are growing numbers 
of people who actively receive a breast cancer 
screening. Therefore, there is an incremental 
rise in the incidence rate of breast cancer.

For patients with breast cancer diagnosed 
early, surgery combined with radiotherapy and 

chemotherapy is the standard protocol. Al- 
though surgery alone can effectively remove 
lesions, there are still risks of metastasis and 
recurrence after surgery. Chemotherapy and 
radiotherapy after surgery can control the risks 
of metastasis and recurrence, obtain effective 
and long-term effects, and make patients have 
better prognosis [2]. With the in-depth studies, 
it was found that endocrine therapy could be 
performed on breast cancer patients. The em- 
pirical studies revealed that, human epidermal 
growth factor receptor-2 (HER-2), a transmem-
brane glycoprotein, normally regulates the dif-
ferentiation and proliferation of tissue cells. 
Once the protein is abnormally activated, it can 
easily cause the growth of tumor cells and ele-
vate the risk of tumor occurrence. For patients 
with tumors, it will increase the risk of metasta-
sis and recurrence [3, 4]. Relevant studies sug-
gested that HER-2 levels of approximately 25% 
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of breast cancer patients are too high, suggest-
ing a poor prognosis [5].

Regarding this study conclusion, drugs for 
HER-2 control are extensively explored in many 
studies at home and abroad, speculating that 
this protocol can effectively improve the overall 
curative effects of breast cancer patients and 
ensure a better prognosis. Domestic studies 
have found that the survival time of breast can-
cer patients treated with trastuzumab is 3-6 
months longer than those treated without 
trastuzumab [6]. However, some foreign stud-
ies have found that trastuzumab application 
has cardiotoxic side effects, which may directly 
threaten the life safety of patients in serious 
cases [7]. Studies have shown that the inci-
dence of cardiotoxicity in patients treated with 
trastuzumab for breast cancer exceeds 20%, 
while the incidence of cardiotoxicity in patients 
not treated with trastuzumab is only about 5% 
[8]. There is no unified conclusion about the 
value of trastuzumab in the treatment of breast 
cancer patients for a long time. Therefore, a 
total of 97 confirmed breast cancer patients 
were selected in this study to specifically ana-
lyze the efficacy of trastuzumab combined  
with chemotherapy and sequential radiothera-
py after breast cancer surgery.

Materials and methods

Materials

A total of 97 breast cancer patients admitted to 
our hospital from January 2016 to January 
2018 were selected as the subjects. All pa- 
tients had a clear consciousness, knew the 
contents of the study, and voluntarily signed 
the study consent form. The study was appro- 
ved by the Ethics Committee of Jiujiang No. 1 
People’s Hospital. Inclusion criteria: breast  
cancer patients confirmed by clinical imaging 
examination and pathological examination [9], 
females aged over 18 years, previously rece- 
ived a modified radical mastectomy, at least 
half a year of estimated survival time, and avail-
able for follow-up for more than 1 year. Excl- 
usion criteria: no indices for postoperative 
radiotherapy and chemotherapy, a history of 
heart diseases, previously received radiothera-
py and chemotherapy or Herceptin, had a tumor 
metastasis or recurrence during treatment, 
and a family history of breast cancer.

Methods

Both groups received a modified radical mas-
tectomy by the same group of physicians. 
Postoperative chemotherapy and sequential 
radiotherapy were performed. Chemotherapy: 
AC + T regimens were adopted. AC regimen: 
intravenous administration of 500 mg/m2 cycl- 
ophosphamide (specification: 0.2 g, SFDA app- 
roval number H32020857, Jiangsu Hengrui 
Pharmaceutical Co., Ltd.), d1, intravenous ad- 
ministration of 75 mg/m2 epirubicin (specifica-
tion: 10 mg, SFDA approval number H1999- 
0280, manufacturer: Haizheng Pfizer Pharma- 
ceutical Co., Ltd.), d1. T regimen: intravenous 
administration of 75 mg/m2 docetaxel (specifi-
cation: 1 ml: 40 mg, SFDA approval number 
H20080443, manufacturer: Jiangsu Aosaikang 
Pharmaceutical Co., Ltd.), d1, dexamethasone 
(specification: 0.75 mg×100 s, SFDA approval 
number H4402446, manufacturer: Guangdong 
South China Pharmaceutical Group Co., Ltd.) 
was given for pretreatment before docetaxel 
treatment. In addition, leukocytosis, anti-eme-
sis and stomach-preserving treatments were 
given simultaneously. The whole chemotherapy 
cycle lasted for 21 days, with a total of 4 cycles. 
Radiotherapy: the liver and kidney function 
tests, an electrocardiogram (EKG) test and a 
routine blood examination were performed 2 
weeks after the chemotherapy. If the results of 
the tests and examination were normal, radio-
therapy was performed. Either whole breast 
radiation therapy (WBRT) or radiation therapy 
for the whole thoracic wall and regional lymph 
node drainage area was selected based on the 
pathological stage of the patient. The intensity-
modulated conformal radiotherapy was used 
for both groups. The patient was placed in a 
supine and reverse trendelenburg position, the 
upper limbs were lifted up and spread to the 
sides of the head, and the healthy upper limb 
was placed on the body side. CT simulation 
positioning was performed, and scanning was 
carried out from the upper neck to the upper 
abdomen. The radiotherapy protocol was made 
according to the scanning results. Normal car-
diac tissues were outlined on CT simulation 
images. 6MV X-ray and varian 23EX linear 
accelerator were selected, and appropriate tis-
sue compensation was performed on the 
affected chest wall. The dose was controlled at 
50 gy/25 f/5 w.
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Group B received a postoperative adjuvant 
therapy based on the aforementioned thera-
pies, while Group A received trastuzumab 
(Herceptin, specification: lyophilized powder, 
440 mg (20 ml), 1 bottle (containing diluent), 
registration number S20050008, manufactur-
er: Genentech Inc.) and chemotherapy drugs. 
The 8 mg/kg loading dose was selected for 
intravenous administration for the first time, 
and then the dosage was controlled at 6 mg/kg 
for one year.

Observation indices

Basic data: age, body mass index (BMI), men-
struation, tumor size, tumor site, TNM staging.

Serological indices: 5 ml of peripheral venous 
blood was drawn in the fasting state of the 
patient before and after treatment respectively, 
and carbohydrate antigen 153 (CA153) and 
HER2 extracellular domain (ECD) protein level 
were accessed using enzyme-linked immuno-
sorbent assay (ELISA). The positive standards 
of HER2 ECD and CA153 were ≥15 ng/ml [10] 
and ≥28 U/ml respectively [11].

HER2 positive degree: the detection was per-
formed using immunohistochemical staining, 
and there were a total of 4 results, namely, 3+ 
strongly positive: a weak to moderate complete 
cell membrane strong staining was observed in 
more than 30% of tumor cells; 2+ strongly posi-
tive: a weak to moderate intact cell membrane 
staining was observed in 10% or more of tumor 
cells; 1+ positive: an incomplete and weak cell 
membrane staining was observed in any pro-
portion of tumor cells; and 1- negative: no 
staining.

Recurrence and metastasis: a two-year follow- 
up was performed for the two groups, and the 
recurrence and metastasis were recorded dur-
ing the follow-up period.

Survival: a two-year follow- up was performed 
for the two groups, and the overall survival (OS) 
and progression-free survival (PFS) of the two 
groups were compared [12].

Cardiac toxicity: left ventricular ejection frac-
tion (LVEF) was measured using echocardiogra-
phy before chemotherapy, after chemotherapy, 
before radiotherapy, and after radiotherapy. 
The venous blood was drawn at respective 

times, and serum was separated at a speed of 
3500 rpm/min. The serum collected was test-
ed using VIDAS troponin kit produced by 
Biomerieux for the cardiac troponin (cTnI) level. 
LVEF below 55% was considered abnormal, and 
the normal level of cTnI was 0-0.026 Ug/L. 

Statistical method

Statistical analysis was conducted using SPSS 
23.0, and the measurement data were expre- 
ssed by 

_
x  ± sd. The results were compared 

using the independent sample t test. The count-
ing data were expressed by [n (%)], the results 
are compared using X2 test, the multipoint ratio 
was analyzed using ANVOA, the F test graph 
was made using Graphpad Prism 8, and P < 
0.05 indicated that the difference was statisti-
cally significant.

Results

Basic data 

The comparisons of the mean ages, mean 
BMIs, and mean tumor diameters between 
Groups A and B were not statistically different 
(P > 0.05), and the comparisons of the ratios  
of menopause and non-menopause and the 
ratios of tumor on the left and right between 
Groups A and B were not statistically different 
(P > 0.05), and the comparisons of the ratios of 
TNM I, II and III between Groups A and B were 
not statistically different (P > 0.05) (Table 1).

Herceptin combination therapy improved sero-
logical indices

There was no significant difference in HER2 
ECD and CA153 levels between Groups A and B 
before treatment (P > 0.05). The levels of HER2 
ECD and CA153 after radiotherapy and chemo-
therapy in Group A were lower than those before 
radiotherapy and chemotherapy in Group A, the 
levels of indices after treatment in Group B 
were lower than those before treatment in 
Group B (P < 0.05), and the levels of HER2 ECD 
and CA153 in Group A after treatment were 
lower than those in Group B (P < 0.05) (Figure 
1).

Herceptin combination therapy improved 
HER2 positive degree 

There was no statistically significant difference 
in the ratios of -, +, ++, and +++ between 
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Groups A and B before treatment (P > 0.05). 
The ratios of - and + after treatment in Group A 
were higher than that before treatment in 
Group A, while the ratios of ++ and +++ after 
treatment in Group A were lower than that 
before treatment in Group A (P < 0.05). The 
ratios of - and + after treatment in Group B 
were higher than that before treatment in 
Group B, while the ratio of +++ after treatment 
in Group B was lower than that before treat-
ment in Group B (P < 0.05), and there was no 
significant difference between the ratio of ++ 
and +++ before treatment in Group B (P > 0.05). 
After treatment, the ratios of - and + in Group A 
were higher than those in Group B, and the 
ratios of ++ and +++ in Group A were lower than 
those in Group B (P < 0.05) (Table 2).

Herceptin combination therapy reduced recur-
rence and metastasis

The recurrence rate during the follow-up period 
after treatment in Group A was remarkably 
lower than that in Group B (P < 0.05). The tumor 
metastasis rate in Group A during the follow-up 
period was markedly lower than that in Group 
B, and the differences were all statistically sig-
nificant (P < 0.05) (Table 3).

Herceptin combination therapy improved 
survival

PFS during the follow-up period after radiother-
apy and chemotherapy in Group A was longer 
than that in Group B, and there was a statisti-
cally significant difference (P < 0.05). During 

Table 1. Comparison of basic data between Groups A and B (
_
x  ± sd)/[n (%)]

Data Group A (n=49) Group B (n=48) t/X2 P
Age (years) 44.85±5.91 45.13±6.37 0.224 0.823
BMI (kg/m2) 22.16±2.19 22.30±2.37 0.302 0.763
Menstrual conditions menopause 26 (53.06) 25 (52.08) 0.009 0.923

non menopause 23 (46.94) 23 (47.92)
Mean tumor diameter (cm) 3.56±1.28 3.62±1.42 0.219 0.827
Tumor site left 28 (57.14) 29 (60.42) 0.107 0.743

right 21 (42.86) 19 (39.58)
TNM staging stage 8 (16.33) 6 (12.50) 0.527 0.164

stage 20 (40.82) 19 (39.58)
stage 21 (42.86) 23 (47.92)

Figure 1. Comparison of HER2 ECD and CA153 levels between Groups A and B. There are slight differences in the 
levels of HER2 ECD (A) and CA153 (B) between Groups A and B before treatment (P > 0.05). The levels of HER2 
ECD and CA153 after treatment in Group B are markedly higher than those in Group A (P < 0.05). * indicates the 
comparison between Groups A and B (P < 0.05).
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the follow-up period, OS in Group A was longer 
than that in Group B, and the difference was 
statistically significant (P < 0.05) (Table 4; 
Figures 2 and 3).

Herceptin combination therapy increased 
cardiac toxicity

There was no significant difference in LVEF and 
cTnI levels between Groups A and B before che-
motherapy (P > 0.05). LVEF after chemothera-
py, before radiotherapy, and after radiotherapy 
in the two groups were lower than that before 
chemotherapy in the two groups, and the differ-
ences among the time points were statistically 
significant (P < 0.05). LVEF in Group A was lower 
than that in Group B after chemotherapy, be- 
fore radiotherapy, and after radiotherapy (P < 
0.05). cTnI in Group A after chemotherapy, 
before radiotherapy, and after radiotherapy 
was higher than that in Group A before chemo-
therapy, and the differences among the time 
points were statistically significant (P < 0.05). 
There were slight differences in cTnI between 
Group B before and after chemotherapy (P > 
0.05). cTnI in Group B before and after radio-
therapy was higher than that before and after 

chemotherapy (P < 0.05). cTnI in Group A after 
chemotherapy, before radiotherapy, and after 
radiotherapy was higher than that in Group B (P 
< 0.05) (Figure 4).

Discussion

There was a high correlation between HER-2 
positive and survival of breast cancer patients, 
namely, the survival rate of HER-2 positive 
breast cancer patients was lower than that of 
HER-2 negative breast cancer patients. The 
tumor cells of HER-2 positive breast cancer 
patients would proliferate more rapidly, and the 
tumor cells would spread faster, affecting other 
tissues and organs more easily and exerting 
serious impacts on the prognosis of breast can-
cer patients [13, 14]. However, if distant metas-
tasis or multiple metastasis of multiple organs 
and tissues occurs in breast cancer patients, 
conventional surgery, radiotherapy and chemo-
therapy cannot effectively control the disease 
[15]. 

As a recombinant humanized monoclonal anti-
body, trastuzumab can specifically combine 
with HER-2 highly expressed cells to inhibit 

Table 2. Comparison of HER2 positive degree between Groups A and B before and after treatment [n 
(%)]
Group Time - + ++ +++
Group A (n=49) Before treatment 0 (0.000) 6 (12.24) 10 (20.41) 33 (67.35)

After treatment 13 (26.53) 29 (59.18) 3 (6.12) 4 (8.16)
X2

Before and after treatment in Group A 14.988 23.511 4.346 35.517
PBefore and after treatment in Group A 0.000 < 0.000 0.037 < 0.000
Group B (n=48) Before treatment 0 (0.000) 4 (8.33) 13 (27.08) 31 (64.58)

After treatment 5 (10.42) 14 (29.17) 11 (22.92) 18 (37.50)
X2

Before and after treatment in Group B 5.275 6.838 0.515 7.045
PBefore and after treatment in Group B 0.022 0.009 0.473 0.008
X2

After inter-group treatment 4.166 8.853 5.538 11.900
PAfter inter-group treatment 0.041 0.003 0.019 0.001

Table 4. Comparison of survival between 
Groups A and B during follow-up period (

_
x  ± 

sd, month)

Group Number of 
cases PFS OS

Group A 49 11.45±2.95 19.13±2.75
Group B 48 7.87±2.61 13.65±2.43
t 6.325 10.392
P 0.000 0.000

Table 3. Comparison of recurrence rate and 
metastasis rate between Groups A and B dur-
ing follow-up period [n (%)]

Group Number of 
cases Recurrence Metastasis

Group A 49 2 (4.08) 3 (6.12)
Group B 48 9 (18.75) 11 (22.92)
X2 5.189 5.538
P 0.023 0.019



Effects of adjuvant therapy with trastuzumab (Herceptin)

8575 Int J Clin Exp Med 2020;13(11):8570-8577

tumor cell proliferation and play an important 
anti-tumor role [16]. Since Herceptin, a trastu-
zumab drug, has been extensively implement-
ed clinically, many studies suggested that the 
combined use of Herceptin in the treatment of 
malignant tumor patients with high HER-2 
expression level effectively improved efficacy 
[17]. In this study, Group A received Herceptin 
and postoperative radiotherapy and chemo-
therapy after breast cancer surgery, and the 
results demonstrated that the serum levels of 
HER2 ECD and CA153 in Group A after treat-
ment were remarkably lower than those in 
Group B not receiving Herceptin (P < 0.05), indi-
cating that HER2 ECD and CA153 levels of 
breast cancer patients can be effectively con-
trolled by Herceptin. HER2 ECD is an extracel-
lular domain protein of HER2, CA153 is an 
important breast cancer serum marker, and 
Herceptin can directly inhibit their expressions 
[18]. In this study, the ratios of HER2 - and + in 
Group A after treatment were higher than those 
in Group B, and the ratios of ++ and +++ in 
Group A were lower than those in Group B (P < 
0.05), suggesting that Herceptin could effec-
tively control the degree of HER2 overexpres-
sion and significantly reduce the HER2 positive 
level. During the follow-up period of this study, 
the recurrence rate and tumor metastasis rate 
of Group A were 4.08% and 6.12%, respective-
ly, lower than those of Group B (18.75% and 

22.92%, respectively). In addition, PFS and OS 
of Group A were longer than those of Group B (P 
< 0.05). A similar study also showed that the 
recurrence rate of breast cancer chemotherapy 
combined with Herceptin was significantly 
lower than that of the group without Herceptin 
(5.00% vs. 17.50%) [19], indicating that com-
bined use of Herceptin in postoperative radio-
therapy and chemotherapy for breast cancer 
could achieve better long-term results, effec-
tively reduce the metastasis and recurrence of 
tumor after treatment, and ensure better prog-
nosis for patients. This shall be attributed to 
factor that Herceptin had a more sustained 
control on the proliferation and metastasis of 
tumor cells and delayed the progression of the 
disease. 

In this study, LVEF and cTnI levels in Group A 
were lower than those in Group B after chemo-
therapy, before radiotherapy, and after radio-
therapy (P < 0.05), and a similar study also 
showed that the levels of LVEF and cTnI in 
breast cancer patients treated with combined 
Herceptin were significantly lower than those 
not treated with Herceptin (P < 0.05) [20], indi-
cating that Herceptin in postoperative treat-
ment of breast cancer can reduce LVEF and 
cTnI levels of patients and cause cardiac toxic 

Figure 2. Comparation of PFS between Groups A and 
B during the follow-up period. PFS in Group A is sig-
nificantly longer than that in Group B during follow-
up period (P < 0.05), Hazard ratio (Mantel-Haenszel) 
95% CI of ratio: A/B=0.02795 to 0.6066, B/A=1.649 
to 35.78.

Figure 3. Comparation of OS between Groups A 
and B during the follow-up period. OS in Group A is 
significantly longer than that in Group B during the 
follow-up period (P < 0.05), Hazard ratio (Mantel-
Haenszel) 95% CI of ratio: A/B=0.03285 to 0.3464, 
B/A=2.887 to 30.44.
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reactions. LVEF reduction is the most common 
type of cardiac toxic event in the treatment of 
breast cancer patients receiving Herceptin, and 
is correlated with age, hypertension history, 
and anthracyclines [21]. cTnI can indicate the 
degree of myocardial damage, and monitor the 
occurrence of late left ventricular dilatation and 
right ventricular wall thinning. These two indi-
ces are commonly used cardiac markers, and 
the determination of their levels is conducive to 
judging the cardiac functional state of patients 
[22]. HER-2 signal peptide and downstream sig-
nal transduction pathway are closely related to 
the exertion of cardiac functions. If HER-2 pro-
tein expression is observed to be blocked in 
cardiac cells of patients with malignant tumors, 
the cardiac functions will be obviously blocked 
and may even cause heart failure [23]. Em- 
pirical studies reveal that, if the LVEF of patients 
aged over 60 years and with a history of antihy-
pertensive treatment is below 55%, the inci-
dence rate of cardiac toxic events will be signifi-
cantly increased [24, 25]. Empirical studies 
reported that, cancer patients with LVEF be- 
tween 50-55% had a higher risk of congestive 
heart failure [26].

In summary, Herceptin combined with chemo-
therapy and sequential radiotherapy after br- 
east cancer surgery can reduce HER2 positive 
degree, tumor recurrence and metastasis after 
treatment, and achieve better survival benefits. 

However, Herceptin can also cause certain car-
diac toxicity, which should be paid attention to 
clinically. However, this study also has some 
deficiencies, which are reflected in the small 
numbers of subjects included, short follow-up 
time after treatment, and potential bias in the 
results. In the future, more comprehensive and 
in-depth studies should be performed.
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