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Abstract. Efficacy of trastuzumab, carboplatin and docetaxel 
in human epidermal growth factor receptor‑2 (HER‑2)‑positive 
breast cancer patients was investigated. A total of 180 
HER‑2‑positive breast cancer patients admitted to The First 
People's Hospital of Yunnan Province were selected, of which 
80 patients were treated with carboplatin and docetaxel and 
served as the control group (CG), and 100 patients were treated 
with trastuzumab, carboplatin and docetaxel and served as the 
research group (RG). Clinical efficacy, pathological efficacy, 
adverse reactions, inflammatory factors interleukin‑6 (IL‑6) 
and tumor necrosis factor‑α (TNF‑α), cellular immune 
indexes of T‑lymphocyte subsets (CD4+, CD8+, CD4+/CD8+), 
and the oxidative stress indexes superoxide dismutase (SOD) 
and myeloperoxidase (MPO) were observed before and after 
treatment and were compared between both groups. Patients 
were followed up for 5 years, and the 5‑year disease‑free 
survival (DFS), as well as the overall survival (OS) were 
compared. Clinical efficacy and pathological efficacy in 
the RG were significantly higher than those in the CG, and 
the incidence rate of adverse reactions had no significant 
difference between the two groups. There was no significant 
difference in inflammatory factors, cellular immune indexes 
and oxidative stress indexes between the two groups before 
treatment. After treatment, the levels of IL‑6, TNF‑α, CD8+ 
and MPO in both groups were significantly reduced and were 
significantly lower in RG than those in CG. However, the levels 
of CD4+, CD4+/CD8+ and SOD in both groups were signifi-
cantly increased after treatment and were significantly higher 
in RG than those in CG. The 5‑year DFS and OS of the RG 
were significantly higher than those of the CG. In conclusion, 
trastuzumab, carboplatin and docetaxel present high efficacy, 
safety, and 5‑year DFS and OS in HER‑2‑positive breast 

cancer patients, and have good recovery effect on inflamma-
tion, immune response and oxidative stress.

Introduction

Breast cancer, a high‑morbidity and mortality type of cancer, 
is one of the leading causes of cancer‑associated deaths 
among women worldwide (1,2). According to the statistics of 
the American Cancer Society, 252,710 new invasive breast 
cancer patients and 40,610 diseased patients were estimated in 
2017 (3). Human epidermal growth factor receptor‑2 (HER‑2) 
is a member of HER protein family, which plays an important 
role in the pathogenesis of breast cancer, regulates cyclin E 
and is related to poor viability (4,5). HER‑2‑positive cancer is 
one of the most aggressive subtypes of breast cancer, which 
is often associated with metastasis, poor prognosis and short 
survival time (6,7). At present, the treatment strategies for 
HER‑2‑positive breast cancer patients include local surgery, 
radiotherapy, systemic chemotherapy, biotherapy, and endo-
crine therapy, as well as the primary systemic therapy (also 
known as HER‑2‑targeted therapy and neoadjuvant therapy) 
which has the highest breast‑conserving surgery rate (8,9). In 
the present study, a multi‑angle efficacy evaluation around a 
primary systemic therapy was carried out, in order to provide 
clinical basic data for the breast cancer treatment.

Tratuzumab is a monoclonal antibody used to target HER‑2 
and inhibit its function. Tratuzumab can be used in early and 
metastatic HER‑2‑positive breast cancer patients (10,11). 
Studies have shown that trastuzumab not only has the func-
tion of cutting off HER‑2 signal transmission, but can also 
change the immune microenvironment of tumors (10,11). The 
genomic characteristics of tratuzumab can predict the survival 
of HER‑2‑positive breast cancer patients (12). Carboplatin is 
a chemotherapeutic agent widely used in malignant tumors, 
including breast cancer, which can be used to treat various 
solid malignant tumors (13,14). Denkert et al (15) have reported 
that carboplatin can enhance the interaction of chemotherapy 
with host immune response, having certain clinical benefits 
for HER‑2‑positive early breast cancer patients. Docetaxel 
is a taxane with antitumor activity, which can induce cell 
cycle to stagnate at G2/M, produce cytotoxicity and cause 
apoptosis (16,17). At present, docetaxel is considered one 
of the drugs used in the first‑line combination therapy of 
HER‑2‑positive metastatic breast cancer patients (18). The 
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aforementioned three drugs have been applied to the treatment 
of HER‑2‑positive early and locally advanced breast cancer 
patients as a therapeutic scheme with good tolerance, high 
safety and no long‑term toxicity or side‑effects (19).

Currently, there are few researches on the efficacy 
evaluation of the combined treatment of the three drugs for 
HER‑2‑breast cancer patients. In the present study, the effi-
cacy, safety, survival and changes of relevant indicators of 
these drugs were observed and analyzed.

Patients and methods

General information. A total of 180 HER‑2‑positive breast 
cancer female patients, admitted to The First People's Hospital 
of Yunnan Province (Kunming, China) from January 2013 to 
June 2014, were enrolled in this study. Eighty patients were 
selected as the control group (CG) and were treated with 
carboplatin and docetaxel, and 100 patients were selected as 
the research group (RG) and were treated with trastuzumab 
carboplatin and docetaxel. The patients in the CG were 
22‑78 years of age with an average age of 48.9±5.7 years, and 
the patients in the RG were 25‑79 years of age with an average 
age of 50.1±5.9 years. The study was approved by the Ethics 
Committee of The First People's Hospital of Yunnan Province. 
Signed informed consents were obtained from the patients 
and/or guardians.

Inclusion and exclusion criteria. The inclusion criteria were 
as follows: Patients with HER‑2‑positive breast cancer, as 
diagnosed by a histopathological examination (20); patients 
who had not received any treatment method; patients with no 
history of surgery; patients that accepted a 5‑year follow‑up 
and were willing to cooperate for this research; and patients 
who had complete clinicopathological data. The exclusion 
criteria were as follows: Patients with contraindications or 
allergic history to the treatment; patients with breast tissue 
inflammation; patients with hyperthyroidism and other 
diseases that could affect the results of the study; patients 
with other serious organ dysfunction; patients with malignant 
tumors in the past; pregnant women. Inclusion criteria were 
applicable to all subjects.

Treatment methods. Patients in both groups were treated 
with conventional therapy. The patients in CG received 
intravenous drip of carboplatin with AuC=5 mg/ml/min 
and docetaxel with AuC=75 mg/m2 (J55611 and J43650, 
respectively; Shanghai Jinsui Biotechnology Co., Ltd.; ) 
once every 3 weeks for 4‑6 cycles of treatment. The patients 
in RG received intravenous drip of carboplatin, docetaxel 
and trastuzumab (TM‑Tras‑00002_1; Shanghai TheraMabs 
Biotechnology Co., Ltd.), 8 mg/kg for the first time and 
6 mg/kg for the second time, once every 3 weeks, for 17 cycles 
of treatment.

Efficacy evaluation. Clinical efficacy was evaluated according 
to the efficacy evaluation criteria of solid tumors (RECIST 
version 1.1) (21): Complete remission (CR) was considered 
when the lesion completely disappeared and the duration was 
≥4 weeks. Partial remission (PR) was considered when the 
reduction of the lesion's longest diameter was ≥30% and the 

duration was ≥4 weeks. The occurrence of new lesions and 
increase of lesion length ≥20% was considered as progressive 
disease (PD). Stable disease (SD) was considered when the long 
diameter of lesions decreased or increased, and the disease 
could be characterized between PR and PD. According to the 
efficacy of both groups, CR and PR were defined as effective 
and the total effective rate was calculated as (CR + PR)/(total 
no. of cases) x100%.

Pathological efficacy was evaluated with reference to the 
Miller‑Payne grading system (22) and was defined according 
to the lesion density or the reduction percentage of the reac-
tion volume: G1 was 0%, G2 was <33%, G3 was 33‑66%, G4 
was 67‑99% and G5 was 100%. G1 to G5 describe the condition 
of tumor cells in lesions from no improvement to necrosis or 
disappearance. According to the efficacy of both groups, G3, 
G4 and G5 were defined as effective and the total effective rate 
was calculated as (G3 + G4 + G5)/(total no. of cases) x100%.

Observational indicators. Clinical efficacy, pathological 
efficacy, adverse reactions, inflammatory factors interleukin‑6 
(IL‑6) and tumor necrosis factor‑α (TNF‑α), cellular immune 
indexes T‑lymphocyte subsets (CD4+, CD8+, CD4+/CD8+), 
and the oxidative stress indexes superoxide dismutase (SOD) 
and myeloperoxidase (MPO) before and after treatment, 
as well as the 5‑year disease‑free survival (DFS) and overall 
survival (OS) of patients, were observed and compared 
between the two groups.

Detection methods. Before and after treatment, 3 ml of elbow 
venous blood were collected from the patients of both groups, 
and placed into anticoagulant‑free and EDTA‑K2 blood 
collection vessels. The peripheral blood T‑lymphocyte subsets 
were detected by flow cytometry. A total of 10 µl of fluorescein 
isothiocyanate (FITC)‑labeled fluorescent monoclonal anti-
body (CD4‑FITC/CD8‑ECD) (1:200; RM25013 and 737659, 
respectively; China Shanghai Haoran Biotechnology Co., Ltd.) 
were added to each test tube, and 100 µl of venous blood from 
the EDTA‑K2 blood collection vessel were added and mixed 
evenly. The samples were left in the dark at room temperature 
for 20 min. Next, 500 µl of red blood cell lysis buffer were 
added to lyse erythrocytes, and the samples were left in the 
dark at room temperature for 15 min; 500 µl of PBS buffer 
were added and mixed well, and the mixture was left at room 
temperature for 10 min in the dark. Samples were detected 
by a flow cytometer (NovoCyte™; ACEA Biosciences, Inc.), 
and the CD4+, CD8+ and CD4+/CD8+ data were analyzed using 
CellQuest software (Becton, Dickinson and Co.).

The venous blood in the anticoagulant‑free blood collec-
tion vessel was placed on a centrifuge and was centrifuged at 
1,500 x g at 4˚C for 10 min. The separated upper serum was 
stored in a refrigerator at ‑20˚C for later use. The concentra-
tions of serum IL‑6, TNF‑α, SOD and MPO were detected 
by ELISA (23), according to the manufacturer's instructions 
of IL‑6, TNF‑α, SOD and MPO detection kits (Shanghai 
Fanke Biotechnology Co., Ltd.). Blank wells (without any 
reagent), standard wells and sample wells to be tested were 
set up. A total of 50 liters of standard substance were added 
to the standard substance well, 50 liters of sample were added 
to the sample wells, and 50 liters of streptavidin‑HRP were 
added to each well. The plate was sealed and the temperature 
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was kept at 37˚C for 60 min. Liquid was discarded, and the 
plate was washed by washing liquid, and then spin‑dried. This 
procedure was repeated 5 times. Developer A (50 liters) and 
developer B (50 liters) were added to each well and mixed 
well, and the wells were placed stably in the dark at 37˚C for 
10 min. Next, 50 µl of stop solution were added to each well. 
BioTek full‑automatic microplate reader (800TS; Shanghai 
BioExcellence Co., Ltd.) was used. The blank wells were 
zeroed and the absorbance value (OD value) of each well was 
sequentially measured at 450 nm wavelength. The concentra-
tions of IL‑6, TNF‑α, SOD, and MPO were calculated.

Follow‑up. Patients were followed up 4 times/year for 5 years 
through telephone calls, visits and consulting pathological data. 
DFS time was defined as the period from the first treatment of 
the patient till the first relapse of the disease, and OS time was 
defined as the period from the diagnosis of the disease till the 
death of the patient or the last follow‑up day.

Statistical analysis. GraphPad Prism 6 software (GraphPad 
Software, Inc.) was used for the statistical analysis of the data, 
and the production and analysis of the figures. Counting data 
were expressed by the number of cases and percentage [n (%)], 

Table I. Comparison of clinicopathological characteristics of patients in the two groups [n (%), mean ± SD].

Clinicopathological characteristics Control group (n=80) Research group (n=100) χ2/t value P‑value

Age (years)   0.180 0.671
  <35 8 (10.00) 12 (12.00)
  ≥35 72 (90.00) 88 (88.00)
Menstrual status   0.422 0.650
  Before menopause 29 (36.25) 41 (41.00)
  After menopause 51 (63.75) 59 (59.00)
Histological classification   0.321 0.852
  I 2 (2.50) 4 (4.00)
  Ⅱ 23 (28.75) 29 (29.00)
  Ⅲ 55 (68.75) 67 (67.00)
Hormone receptor status   1.608 0.205
  Positive 34 (42.50) 52 (52.00)
  Negative 46 (57.50) 48 (48.00)
T staging   0.302 0.583
  1/2 71 (88.75) 86 (86.00)
  3/4 9 (11.25) 14 (14.00)
N staging   0.384 0.825
  0 35 (43.75) 41 (41.00)
  1 34 (42.50) 42 (42.00)
  2 11 (13.75) 17 (17.00)
TNM staging   1.381 0.501
  I 2 (2.50) 5 (5.00)
  Ⅱ 60 (75.00) 68 (68.00)
  Ⅲ 18 (22.50) 27 (27.00)
Breast surgery   0.497 0.481
  Breast‑conserving 7 (8.75) 12 (12.00)
  Total removal  73 (91.25) 88 (88.00)
Adjuvant endocrine therapy   0.360 0.549
  Yes 42 (52.50) 48 (48.00)
  No 38 (47.50) 52 (52.00)
Postoperative radiotherapy   0.120 0.729
  Yes 50 (62.50) 65 (65.00)
  No 30 (37.50) 35 (35.00)
Tumor diameter (cm) 4.37±1.35 4.49±1.47 0.564 0.573
Place of residence   0.587 0.444
  Countryside 26 (32.50) 38 (38.00)
  Cities and towns 54 (67.50) 62 (62.00)
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and Chi‑square test was used for their comparisons between 
groups. Measurement data were expressed as the mean ± SD 
and their comparison between two groups was conducted by 
the independent samples t‑test, whereas for the comparisons 
between multiple groups ANOvA with LSD post hoc test 
were carried out. Kaplan‑Meier method was used to analyze 
the DFS and OS of the patients, and log‑rank test was used 
to evaluate the differences in survival time between the two 
groups. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Clinicopathological data. There was no significant difference 
between the two groups in age, menstrual status, histological 
grade, hormone receptor status, T staging, N staging, TNM 
staging, breast surgery, adjuvant endocrine therapy, postop-
erative radiotherapy, tumor diameter, or place of residence 
(P>0.05) (Table I).

Comparison of clinical efficacy. Clinical efficacy results for 
the CG showed that CR, PR, SD and PD cases were 15, 27, 

20 and 18, respectively, with a total effective rate of 52.50%. 
The clinical efficacy results for the RG showed that CR, 
PR, SD and PD cases were 18, 58, 18 and 6, respectively, 
with a total effective rate of 76.00%. The total effective 
rate in the RG was significantly higher than that of the CG 
(P<0.001) (Table Ⅱ).

Comparison of pathological efficacy. Pathological efficacy 
results for the CG showed that G1, G2, G3, G4 and G5 cases 
were 20, 28, 18, 12 and 2, respectively, with a total effective 
rate of 40.00%. The pathological efficacy results for the RG 
showed that G1, G2, G3, G4 and G5 cases were 13, 24, 33, 22 and 
8, respectively, with a total effective rate of 63.00%. The total 
effective rate in the RG was significantly higher than that of 
the CG (P<0.01) (Table Ⅲ).

Comparison of adverse reactions. After treatment, the adverse 
reactions in both groups of patients included of Ⅲ‑Ⅳ degree 
myelosuppression, Ⅲ‑Ⅳ degree gastrointestinal reaction, 
liver function damage, cardiac toxicity, and peripheral 
neurotoxicity. The main adverse reactions were Ⅲ‑Ⅳ degree 
myelosuppression, Ⅲ‑Ⅳ degree gastrointestinal reaction, and 

Table Ⅱ. Comparison of clinical efficacy between the two groups before and after treatment [n (%)].

Group n CR PR SD PD Total efficacy

CG   80 15 (18.75) 27 (33.75) 20 (25.00) 18 (22.50) 52.50%
RG 100 18 (18.00) 58 (58.00) 18 (18.00) 6 (6.00) 76.00%
χ2 value ‑ ‑ ‑ ‑ ‑ 10.870
P‑value ‑ ‑ ‑ ‑ ‑ 0.001

CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; CG, control group; RG, research group.

Table Ⅲ. Comparison of pathological efficacy between the two groups before and after treatment [n (%)].

Group n G1 G2 G3 G4 G5 Total efficacy

CG   80 20 (25.00) 28 (35.00) 18 (22.50) 12 (15.00) 2 (2.50) 40.00%
RG 100 13 (13.00) 24 (24.00) 33 (33.00) 22 (22.00) 8 (8.00) 63.00%
χ2 value ‑ ‑ ‑ ‑ ‑ ‑ 9.434
P‑value ‑ ‑ ‑ ‑ ‑ ‑ 0.002

CG, control group; RG, research group.

Table Ⅳ. Comparison of the adverse reactions in the two groups [n (%)].

Category CG (n=80) RG (n=100) χ2 value P‑value

Ⅲ‑Ⅳ degree myelosuppression 20 (25.00) 28 (28.00) 0.205 0.651
Ⅲ‑Ⅳ degree gastrointestinal reaction 9 (11.25) 13 (13.00) 0.127 0.722
Liver function damage 6 (7.50) 8 (8.00) 0.010 0.920
Cardiac toxicity 0 (0.00) 1 (1.00) 0.804 0.370
Peripheral neurotoxicity 9 (11.25) 12 (12.00) 0.024 0.876

CG, control group; RG, research group.
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peripheral neurotoxicity. The incidence rate of adverse reac-
tions in both groups of patients had no significant difference 
(P>0.05) (Table Ⅳ).

Changes of the levels of inflammatory factors. There was no 
significant difference in the levels of inflammatory factors 
between RG and CG before treatment (P>0.05). After treat-
ment, IL‑6 and TNF‑α levels decreased significantly in both 
groups (P<0.001), and the levels in RG were significantly lower 
than those in CG (P<0.001) (Fig. 1).

Changes of cellular immune indexes. There was no significant 
difference in cellular immune indexes between RG and CG 
before treatment (P>0.05). After treatment, CD4+, CD4+/CD8+ 
levels increased significantly in both groups (P<0.001), and 
the levels in RG were significantly higher than those in CG 
(P<0.001). However, CD8+ decreased significantly in both 
groups after treatment (P<0.001), and CD8+ level was signifi-
cantly lower in RG than that in CG (P<0.01) (Fig. 2).

Changes of oxidative stress indexes. There was no significant 
difference in oxidative stress indexes between RG and CG 

before treatment (P>0.05). After treatment, SOD of patients 
in both groups increased significantly (P<0.001), and SOD 
level in RG was significantly higher than that in CG (P<0.01). 
However, MPO in both groups after treatment reduced signifi-
cantly (P<0.001), and MPO level in RG was significantly lower 
than that in CG (P<0.001) (Fig. 3).

Survival analysis. A total of 180 patients were successfully 
followed up for 5 years. The 5‑year DFS and OS of RG were 
significantly higher than those of CG (P<0.05) (Fig. 4).

Discussion

Inflammatory response in tumor microenvironment is related 
to poor prognosis in breast cancer, which may be related to the 
involvement of inflammatory mediators in stimulating prolif-
eration, invasion and angiogenesis of breast cancer cells (24). 
Thriveni et al (25) have reported that TNF‑α is expressed in the 
plasma of patients with invasive cancer diseases at high levels, 
as an inflammatory microenvironment marker for patients 
with primary breast cancer. IL‑6 is an inflammatory medium 
related to the activity of cancer cells. The amplification or 

Figure 1. Changes of the levels of inflammatory factors in both groups before and after treatment. Inflammatory factor (A) IL‑6 and (B) TNF‑α decreased 
significantly in both groups after treatment. ***P<0.001. IL‑6, interleukin‑6; TNF‑α, tumor necrosis factor‑α.

Figure 2. Changes of the cellular immune indexes in both groups before and after treatment. (A) Cellular immune index CD4+ increased significantly in both 
groups after treatment. (B) Cellular immune index CD8+ decreased significantly in both groups after treatment. (C) Cellular immune indexes CD4+/CD8+ 
increased significantly in both groups after treatment. **P<0.01 and ***P<0.001.
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overexpression of IL‑6 has a certain predictive ability for the 
recurrence of estrogen or progesterone receptor‑positive breast 
cancer in females (26,27). Co‑expression of serum IL‑6 and 
TNF‑α can be used as an effective tumor marker for tumor 
invasion and breast cancer prognosis (28). In the present study, 
the levels of inflammatory factors IL‑6 and TNF‑α of patients 
in both groups were significantly reduced after treatment, 
and the levels in the RG were significantly lower than those 
in CG, indicating that trastuzumab, carboplatin and docetaxel 
have better recovery effect for patients with inflammatory 
imbalance. Seo et al (29) have considered that the infiltration 
of T‑lymphocyte subsets is tied to the phenotype of breast 
cancer stem cells and epithelial‑mesenchymal transformation. 
T‑lymphocyte subsets, as indicators of immune function, have 
a certain predictive ability for tumor progression and lymph 
node metastasis. CD4 and CD4+/CD8+ have been reported to 
be negatively correlated with breast cancer tumor progres-
sion whereas, a positive correlation has been reported for 
CD8+ (30). In the present study, CD4+ and CD4+/CD8+ had 
higher expression levels in RG after treatment, while CD8+ 
expression level was lower in RG after treatment, indicating 
that trastuzumab, carboplatin and docetaxel have better effect 
on relieving immunosuppression in patients. Oxidative stress 

balance is involved in the occurrence and development of 
breast cancer. Oxidation and anti‑oxidant preparations play an 
important part in the regulation of breast cancer. Low level 
SOD has been linked to the occurrence and development of 
breast cancer (31). Recently, studies have also reported that 
SOD mimetics, which mimic SOD performance, have inhibi-
tory effects on the migration, invasion and angiogenesis of 
breast cancer cells and can be used as drugs in redox therapy 
for breast cancer (32). MPO is an endogenous metabolic/oxida-
tive lysosomal enzyme secreted by neutrophils and monocytes, 
which can play a crucial role in tumor invasion by activating 
carcinogens into genotoxic intermediates and then enhancing 
xenogenic carcinogenicity (33). As reported, breast cancer 
patients have higher MPO levels, which may also reflect the 
oxidative stress imbalance of the disease (34). As to the role 
of oxidative stress in breast cancer, zapf et al (35) have stated 
that breast cancer patients have low levels of SOD and high 
levels of MPO, and simple chemotherapy would aggravate the 
oxidative stress levels of both. In the present study, the patients 
of the RG had higher level of SOD and lower level of MPO 
after treatment, suggesting that trastuzumab, carboplatin and 
docetaxel have more gratifying effects on reversing the oxida-
tive stress imbalance of the patients.

Figure 3. Changes of the oxidative stress indexes in both groups before and after treatment. (A) Oxidative stress index SOD increased significantly in both 
groups after treatment. (B) Oxidative stress index MPO decreased significantly in both groups after treatment. **P<0.01 and ***P<0.001. SOD, superoxide 
dismutase; MPO, myeloperoxidase.

Figure 4. Comparison of survival analysis results. The 5‑year (A) disease‑free survival and (B) overall survival of the patients in the RG were significantly 
higher than those in the CG. RG, research group; CG, control group.
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The results of the study revealed that the clinical efficacy 
and pathological efficacy in the RG were significantly higher 
than those in the CG, and there was no significant difference 
in the incidence rate of adverse reactions between the two 
groups. Finally, a 5‑year follow‑up of the patients in both 
groups was conducted. Compared with the patients in the 
CG, the patients in the RG had higher 5‑year DFS and OS, 
indicating that trastuzumab, carboplatin and docetaxel could 
significantly improve the 5‑year DFS and OS of patients.

The present study also confirmed the clinical benefits of 
trastuzumab, carboplatin and docetaxel; however, there is still 
room for improvement. First of all, further research could be 
conducted on cell biology and the specific regulatory mecha-
nism on breast cancer cells. Secondly, a larger sample size 
should be included in order to improve the accuracy of the 
research results.

In conclusion, trastuzumab, carboplatin and docetaxel can 
be potentially used in clinic for the HER‑2 positive breast 
cancer treatment.
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