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Objective: To explore the influence of trastuzumab (TZ) combined with docetaxel (DTX) 
on serum tumor markers (TMs) in the treatment of human epidermal growth factor receptor 
2-positive (HER-2+) breast cancer (BC) and to analyze the factors influencing therapeutic 
efficacy.
Methods: Ninety-six patients with HER-2+ BC treated in the First Affiliated Hospital of 
Anhui University Of Science and Technology from January 2019 to December 2020 were 
selected. According to different treatment plans, the patients were divided into two arms with 
48 cases each. The control group (CG) was treated with DTX, and the research group (RG) 
was given TZ combined with DTX (TZ+DTX). The two arms were compared regarding the 
following aspects: curative effects, adverse reaction, alterations of TMs and inflammatory 
factors (IFs), and quality of life. Logistic regression analysis was performed to analyze the 
factors affecting the efficacy of patients.
Results: After treatment, the TMs carcinoembryonic antigen (CEA), carbohydrate antigen 
(CA)125 and CA15-3 were significantly lower in RG compared with CG. The levels of IFs 
C-reactive protein (CRP) and tumor necrosis factor-α (TNF-α) were also lower in CG. The 
overall response rate and the Karnofsky performance status (KPS) score were significantly 
higher in RG. No evident difference was observed in the total incidence of adverse reactions 
between the two arms. The high expression of CEA, CA125 and CA15-3 as well as DTX 
monotherapy increased the risk of adverse prognosis.
Conclusion: TZ+DTX can effectively improve the clinical efficacy of HER-2+ BC patients 
and reduce their levels of serum TMs and IFs.
Keywords: trastuzumab combined with docetaxel, HER-2+ breast cancer, tumor markers, 
analysis of therapeutic factors

Introduction
Clinically, breast cancer (BC) is a common and frequently-occurring disease as well 
as one of the commonly seen malignancies in women.1 With the development of 
economy and the change of people’s lifestyle, the incidence of BC is increasing in 
recent years.2 It has been reported that 20–30% of BC patients are human epidermal 
growth factor receptor 2 positive (HER-2+).3 It is reported that the expression of 
HER-2 gene is closely related to the degree of malignancy and disease progression 
of BC patients; it is also an important factor affecting the therapeutic effect, as well 
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as one of the risk factors leading to adverse prognosis 
in BC patients.4 Therefore, finding suitable and effective 
intervention methods is particularly important for improv-
ing the prognosis of patients with HER-2+ BC.

Trastuzumab (TZ), a monoclonal targeted anti-cancer 
drug that specifically acts on HER-2 receptors, can bind 
to HER-2 and block the promoting effect of epidermal 
growth factor on tumor cell growth, thus improving the 
progression-free survival of patients.5 TZ can also elim-
inate cancer cells by stimulating immune cells, and 
suppress the growth-enhancing effect of the HER-2 
family by downregulating HER-2 gene.6 Therefore, TZ 
is highly targeted for patients with HER-2+ BC.7 

However, clinical evidence shows that TZ alone is dif-
ficult to achieve satisfactory results, and will lead to 
a series of toxic and side effects such as rash, gastro-
intestinal reaction and bone marrow suppression in most 
patients during treatment.8 Studies have shown that TZ 
has been used to inhibit HER-2 activity, but the major 
resistance of TZ challenges its application in the treat-
ment of HER-2+ BC; Therefore, the identification of 
resistance mechanisms and the addition of new drugs 
may better block the development of HER family recep-
tor signals.9 Hence, it is particularly important to find 
new and efficient treatments. Docetaxel (DTX) is a taxol 
anti-tumor drug that plays an anti-tumor role by inter-
fering with microtubule network necessary for cell mito-
sis and interphase cell function.10 It also has the 
characteristics of high activity, which can kill tumor 
cells by increasing the number of microtubules in the 
body.11 At present, DTX has been widely used as an 
intravenous anti-cancer drug for solid malignant tumors 
such as non-small cell lung cancer, BC and prostate 
cancer.12 According to the research of Lee et al, DTX 
intervention for BC patients can prevent and reduce the 
incidence of febrile neutropenia and the hospitalization 
rate of patients.13 Another study reported that TZ com-
bined with DTX (TZ+DTX) is the main drug to treat-
ment HER-2+ BC,14 indicating that TZ+DTX is feasible 
for the treatment of HER-2+ BC.

However, there are currently few studies on the combined 
application of TZ and DTX in HER-2+ BC. Accordingly, TZ 
+DTX was given to HER-2-positive BC patients in this 
study, to observe the therapeutic effect and the improvement 
of serum tumor markers (TMs), and to analyze the risk 
factors affecting the therapeutic effect, so as to provide 
more reference for the treatment of HER-2+ BC patients.

Materials and Methods
General Data
The study population of this retrospective study was 96 
patients with HER-2+ BC treated in the First Affiliated 
Hospital of Anhui University Of Science and Technology 
from January 2019 to December 2020. According to different 
treatment plans, the patients were divided into two arms, with 
48 cases each. The control group (CG) was treated with DTX, 
and the research group (RG) was treated with TZ+DTX. This 
study was ethically reviewed and approved by the First 
Affiliated Hospital of Anhui University Of Science and 
Technology Ethics Committee, and was conducted in strict 
compliance with the Declaration of Helsinki. All the subjects 
and their guardians signed the informed consent to participate. 
Inclusion criteria: All the enrolled patients were diagnosed as 
HER-2+ BC by pathology and imaging,15 with life expectancy 
>6 months, detailed and complete clinical data, as well as high 
cooperation with the follow-up. The exclusion criteria were 
previous chemotherapy with DTX, use of drugs in the past six 
months that may affect the indicators of this study, other anti- 
tumor treatments in the past 1 month, severe blood system 
diseases, other malignancies, bone marrow dysfunction or 
heart, and liver and kidney dysfunction. Additionally, dropouts 
and those who lost to follow up were excluded.

Treatment Methods
CG: DTX (Sunho Pharmaceutical, Guangdong, China, 
H20178011) was given at 75 mg·m−2, iv gtt, with the 
infusion time ≤1 h. The drug was infused on the first day 
of the 3-week chemotherapy cycle, and patients were 
treated for a total of 4 chemotherapy cycles.

RG: TZ (USA, J20090090) was added on the basis of 
intervention in CG, with the first dose of 8mg·kg−1, iv gtt, 
and infusion time ≤1.5 h. After that, the dosage was 
adjusted to 6 mg·kg, and the infusion time was ≤1.5h. 
TZ was administered intravenously once every 4 weeks 
for a total of 4 times.

Outcome Measures
1. Detection of TMs and inflammatory factors (IFs):16 

Fasting blood samples (5 mL) were collected before 
and after treatment in both groups and centrifuged 
(1500 × g, 4°C) for 10 min. Serum carcinoembryo-
nic antigen (CEA), carbohydrate antigen (CA)125, 
CA15-3, C-reactive protein (CRP) and tumor necro-
sis factor-α (TNF-α) were measured before and after 
treatment strictly according to the instructions of 
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Enzyme Linked Immunosorbent Assay (ELISA) 
kits (Valan Biotechn, Shanghai, China, ABE10309, 
E01788, E01292, ABE11427, E01593). The sam-
ples to be tested were incubated with the coating 
solution in the ELISA plate at 37°C for 2 h and 
stayed overnight at 4°C. They were then closed 
overnight with 10% calf serum at 4°C. After wash-
ing, the samples to be tested were cultured with 
primary antibodies at 37°C for 2 h and then with 
the secondary antibody at the same temperature for 
1 h. After the color reaction, the stopping solution 
was added and the absorbance of each well was 
measured at 450 nm with Multiskan FC microplate 
(Thermo Fisher Scientific, Shanghai, China).

2. Clinical efficacy: The clinical efficacy after treat-
ment was observed in both groups. If the BC lesion 
disappeared completely after treatment and main-
tained for 4 weeks, it was a complete response 
(CR). A partial response (PR) was indicated when 
the size of the BC lesion was reduced by more than 
50% after treatment for at least 4 weeks. If the 
reduction of BC lesion size was between 25% and 
50% after treatment, with no new lesions, it was 
considered stable disease (SD). If the BC lesion size 
increased by more than 25% after treatment, with 
the appearance of cardiac lesions, it was considered 
as progressive disease (PD). Total effective rate = 
(CR+PR) cases/total cases × 100%.

3. Adverse reactions: A series of adverse reactions 
occurred during treatment, including grade III–IV 
myelosuppression, grade III–IV gastrointestinal 
reactions, nausea and vomiting, liver damage, car-
diotoxicity, and peripheral neurotoxicity, were 
observed and recorded in both groups.

4. Quality of life (QoL):17 Patients’ QoL after treat-
ment was evaluated by the Karnofsky performance 
status (KPS) from three dimensions, namely, the 
ability to carry on normal activity and to work, the 
ability to care for self, and the condition. On a 100- 
point scale, higher scores indicate better QoL.

Statistical Processing
SPSS21.0 (SPSS, Inc, Chicago, IL, USA) and GraphPad 
Prism 6.0 (GraphPad Software Inc., San Diego, CA, USA) 
were used for data statistical analysis and image rendering, 
respectively. Counting data were described as number of 
cases/percentages [n(%)], and compared by Chi-square 
test or continuous correction Chi-square when the 

theoretical frequency was <5. Mean±SD was used for 
measurement data, and T-test of independent samples 
(inter-group) and paired T-test (intra-group) were the 
methods for comparison. The influencing factors of 
adverse prognosis were analyzed by Logistic regression. 
A statistically significant difference is defined as P<0.05.

Results
General Data
The general clinical data such as average age, average body 
mass, residence, ethnicity, education, tumor type, TNM sta-
ging, as well as smoking and drinking history were not 
statistically different between the two arms (P>0.05), Table 1.

Comparison of Serum TMs Before and 
After Treatment
TMs CEA, CA125 and CA15-3 had no evident difference 
between RG and CG before treatment (P>0.05); After 
treatment, the above TMs reduced remarkably in both 
arms (P<0.001), and the average levels in RG were 
lower than those in CG (P<0.001), Figure 1.

Comparison of IFs Before and After 
Treatment
The IFs CRP and TNF-α had no significant difference 
between CG and RG before treatment (P>0.05); After 
treatment, CRP and TNF-α reduced markedly in both 
arms (P<0.001), with more significant reductions in RG 
(P<0.001), Figure 2.

Comparison of Curative Effects After 
Treatment
The Response Evaluation Criteria In Solid Tumors 
(RECIST) was used to calculate the clinical efficacy of 
the two groups after treatment. It was found that there 
were 6 cases of CR, 36 cases of PR, 4 cases of SD and 2 
cases of PD in RG after treatment, with a total effective 
rate of 87.50%. In CG, there were 4 cases of CR, 29 cases 
of PR, 7 cases of SD and 8 cases of PD, and the total 
effective rate was 68.75%. The total effective rate of RG 
was significantly higher than that of CG (P<0.05), Table 2.

Adverse Reactions During Treatment
The statistics of the incidence of adverse reactions during 
treatment revealed no significant difference between RG 
and CG (20.83% vs 25.00%, P>0.05), Table 3.
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Comparison of QoL Scores Before and 
After Treatment
The QoL assessed by the KPS score showed no distinct 
difference between CG and RG before treatment (P>0.05); 
After treatment, the KPS score increased significantly in 
both arms (P<0.001), and the increase was more evident in 
RG (P<0.001), Table 4.

Multivariate Analysis of Factors Affecting 
the Curative Effect of Patients with 
HER-2+ BC
To evaluate the factors affecting treatment efficacy, the 
patients were divided into good prognosis group (n=75) 
and poor prognosis group (n=21) based on the follow-up 
results. Multivariate Logistic regression analysis was per-
formed for the factors with differences, and the results 

identified that CEA (P=0.015), CA125 (P=0.014), CA15- 
3 (P=0.008) and DTX monotherapy (P=0.001) were inde-
pendent risk factors affecting the curative effect of HER-2 
+ BC patients. That is to say, the high expression of CEA, 
CA125 and CA15-3, and DTX monotherapy increase the 
risk of adverse prognosis, Tables 5 and 6.

Discussion
Generally, patients with HER-2+ BC have large tumors and 
accompany by systemic metastasis, with a poor overall condi-
tion. Therefore, combined chemotherapy is the main means to 
treat the disease.18 In recent years, studies have shown that 
patients with HER-2+ BC will develop severe myelosuppres-
sion and serious anemia and hypoxia.19 Moreover, given that 
patients are older with poor tolerance, it is of great significance 
to choose a treatment scheme with high efficacy and safety.

Table 1 General Data of Patients in Two Groups [n(%)] (Mean±SD)

Categories Research Group (n=48) Control Group (n=48) t/χ2 P

Average age (years) 50.16±5.27 50.39±5.34 0.212 0.832

BMI (kg/m2) 22.43±3.12 22.85±3.17 0.654 0.515

Residence 1.046 0.307

Urban 28 (58.33) 23 (47.92)
Rural 20 (41.67) 25 (52.08)

Ethnicity 1.688 0.194
Han 35 (72.92) 29 (60.42)

Ethnic minorities 13 (27.08) 19 (39.58)

Educational background 0.667 0.414

≥High school 22 (45.83) 26 (54.17)

<High school 26 (54.17) 22 (45.83)

Tumor type 0.488 0.922

Invasive ductal carcinoma 24 (50.00) 27 (56.25)
Invasive lobular carcinoma 19 (39.58) 17 (35.42)

Inflammatory breast cancer 2 (4.17) 2 (4.17)

Medullary carcinoma 3 (6.25) 2 (4.17)

TNM staging 0.274 0.872

IIIa 18 (37.50) 19 (39.58)
IIIb 20 (41.67) 21 (43.75)

IV 10 (20.83) 8 (16.67)

History of smoking 0.668 0.414

Yes 27 (56.25) 23 (47.92)

No 21 (43.75) 25 (52.08)

History of drinking 0.389 0.533

Yes 30 (62.50) 27 (56.25)
No 18 (37.50) 21 (43.75)
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Studies have shown that the proliferation of cancer 
cells is an important pathological factor affecting the prog-
nosis and chemotherapy effect of BC patients. The more 
the cancer cells proliferate, the higher the content of TMs 
synthesized by cancer cells and released into the blood 
circulation.20 In order to explore the effect of TZ+DTX on 

serum TMs in patients with HER-2+ BC, we analyzed 
related markers. CEA, a traditional tumor-associated anti-
gen, is highly expressed in the serum of patients with 
advanced cancer, and is often used to assist the diagnosis 
of lung cancer, BC, liver cancer and other tumors.21 

CA125 is a specific tumor marker for ovarian and 

Figure 1 Comparison of serum tumor markers between two groups before and after treatment. (A) There was no difference in CEA expression between the two groups 
before treatment, but CEA in the research group was significantly lower than that in the control group after treatment. (B) There was no difference in CA125 expression 
between the two groups before treatment, but CA125 in the research group was significantly lower than that in the control group after treatment. (C) There was no 
difference in CA15-3 expression between the two groups before treatment, but CA15-3 expression in the research group was significantly lower than that in the control 
group after treatment. 
Note: ***Indicates P<0.001.

Figure 2 Comparison of inflammatory factors between two groups before and after treatment. (A) There was no difference in CRP expression between the two groups 
before treatment, but CRP in the research group was significantly lower than that in the control group after treatment. (B) There was no difference in TNF-α expression 
between the two groups before treatment, but TNF-α expression in the research group was significantly lower than that in the control group after treatment. 
Note: ***Indicates P<0.001.

Table 2 Comparison of Curative Effects Between Two Groups After Treatment [n(%)]

Groups n CR PR SD PD Total Effective Rate (%)

Research group 48 6 (12.50) 36 (75.00) 4 (8.33) 2 (4.17) 42 (87.50)

Control group 48 4 (8.33) 29 (60.42) 7 (14.58) 8 (16.67) 33 (68.75)
χ2 – – – – – 4.937

P – – – – – 0.026
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endometrial cancers.22 CA15-3, as a glycoprotein on the 
cell membrane, is lysed during the proliferation of malig-
nant tumors and enters the blood circulation; It is also 
a BC-related antigen that can exist in BC cells and be 

released into the blood.23 According to Chen et al, the 
detection of serum TMs CEA, CA125 and CA15-3 is 
widely used in clinical detection of BC lesions, as well 
as the occurrence and development of BC.24 In this study, 
the serum levels of TMs CEA, CA125, CA15-3 were 
detected by ELISA before and after treatment. The results 
revealed that the levels of the above TMs all decreased 
remarkably in both arms, especially in RG. It indicates that 
TZ+DTX has a stronger killing effect on BC cells than 
monotherapy, and can effectively inhibit TMs and slow 
down tumor progression. Studies have shown that CRP is 
a sensitive marker of systemic inflammation and is signif-
icantly associated with various cancers including BC.25 

TNF-α is a pleiotropic cytokine that has been found to 
be mitotic in BC cells both in vivo and in vitro.26 In the 
study of Lemos et al, the use of TZ to treat patients with 
HER-2+ is shown to adjust the proinflammatory markers 
in patients to reach the level of healthy controls.27 The 
results of this study showed that after treatment, CRP and 
TNF-α reduced in both groups and were even lower in CG, 
which suggested that TZ+DTX can reduce the systemic 
inflammatory response of patients to a certain extent, with 
more positive therapeutic significance for the control of 
patients’ condition.

Patients with HER-2+ BC are at high risk of recur-
rence and metastasis and poor overall prognosis, while 
targeted therapy can significantly reduce the risk of recur-
rence and death in such patients.28 Takahashi et al 
reported that TZ combined with DTX is effective and 
well tolerated in patients with recurrent or metastatic 
HER-2+ BC.29 In this study, TZ+DTX was used for 
intervention. The results revealed that the overall response 
rate of RG (87.50%) was significantly higher than that of 
CG (68.75%), suggesting that the combination therapy 
was more effective in treating HER-2+ BC. It may be 
related to the pharmacological mechanism of the two 
drugs, and their combined application can play a better 
additive effect, so the curative effect is better. We also 

Table 3 Incidence of Adverse Reactions in Two Groups During Treatment [n(%)]

Groups n Grade III–IV 
Myelosuppression

Grade III–IV 
Gastrointestinal 
Reaction

Nausea 
and 
Vomiting

Liver 
Function 
Damage

Cardiotoxicity Peripheral 
Neurotoxicity

Total 
Incidence 
(%)

Research group 48 3 (6.25) 2 (4.17) 2 (4.17) 1 (2.08) 1 (2.08) 1 (2.08) 10 (20.83)

Control group 48 4 (8.33) 3 (6.25) 3 (6.25) 2 (4.17) 0 (0.00) 0 (0.00) 12 (25.00)

χ2 – 0.154 0.221 0.221 0.344 1.011 1.011 0.236

P – 0.695 0.646 0.646 0.558 0.315 0.315 0.627

Table 4 Comparison of Quality of Life Scores Between Two 
Groups Before and After Treatment (Mean±SD)

Groups n KPS Score

Before Treatment After Treatment

Research group 48 77.62±5.29 91.05±8.22
Control group 48 76.89±6.47 84.64±7.12

t – 0.605 4.084

P – 0.547 <0.001

Table 5 Variable Assignment Table of Unconditional Logistic 
Regression Analysis

Factor Variable Assignment

CEA X1 Continuous variable

CA125 X2 Continuous variable
CA15-3 X3 Continuous variable

CRP X4 Continuous variable

TNF-α X5 Continuous variable
KPS score X6 Continuous variable

Therapy X7 0 = docetaxel, 1 = trastuzumab combined 

with docetaxel

Table 6 Multivariate Analysis of Factors Influencing the Curative 
Effect of Patients with HER-2+ Breast Cancer

Factor P OR 95% CI

CEA 0.015 1.638 1.105–2.433

CA125 0.014 1.208 0.457–0.998
CA15-3 0.008 1.135 0.924–1.458

CRP 0.434 0.985 0.935–1.094

TNF-α 0.376 0.989 0.967–1.014
KPS score 0.520 1.039 0.924–1.169

Docetaxel monotherapy 0.001 2.172 1.785–2.634
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evaluated the adverse reactions during the treatment. The 
total incidence of adverse reactions was 20.83% in RG 
and 25.00% in CG, with no evident difference between 
the two arms, indicating that TZ+DTX had a high safety 
and would not increased adverse reactions. With the 
growing incidence of BC, a large number of women suffer 
from BC, and the QoL of patients is also increasingly 
concerned.30 In this study, the KPS score was used to 
evaluate patients’ QoL after treatment. It was found that 
the KPS score increased markedly in both arms after 
treatment, and was higher in RG compared with CG, 
demonstrating that TZ+DTX can not only improve the 
curative effect, but also better improve the QoL of 
patients. Finally, we analyzed the factors influencing the 
curative effect of HER-2+ BC patients by Logistic regres-
sion. The results identified that high expression of CEA, 
CA125 and CA15-3, and DTX monotherapy increased the 
risk of poor prognosis.

To sum up, TZ+DTX can validly improve the clinical 
efficacy of HER-2+ BC patients and reduce the levels of 
serum TMs and IFs. However, there is still room for 
improvement in this study. For example, patients receiving 
TZ alone could be enrolled to observe changes in tumor 
markers during treatment. In addition, we can supplement 
the basic experiments regarding the treatment mechanism 
of the two treatments and explore the risk factors affecting 
the curative effect of patients at the molecular level. In the 
future, we will gradually improve the study from the above 
perspectives.
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