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Abstract. The present study aimed to retrospectively assess 
the effects of human epidermal growth factor receptor 2 
(HER2) expression on the diagnosis of patients with hormone 
receptor (HR)+/HER2‑ late‑stage breast cancer undergoing 
advanced first‑line endocrine‑based treatment. A total of 72 
late‑stage breast tumor cases from June 2017 to June 2019 
were selected from the Department of Surgical Oncology, 
Shaanxi Provincial People's Hospital (Xi'an, China) and 
included in the present study. The expression of estrogen 
receptor, progesterone receptor and HER2 was detected by 
immunohistochemistry. The subjects were divided into two 
groups: the HER2‑negative (0) cohort (n=31) and the HER2 
low expression cohort (n=41). The age, BMI, Karnofsky 
Performance Status (KPS) score, tumor size, lymph node 
metastasis, pathological type, Ki‑67 expression and meno‑
pausal status of the patients were obtained through the 
electronic medical record system of Shaanxi Provincial 
People's Hospital. Progression‑free survival (PFS) and overall 
survival (OS) were evaluated for all patients. The median PFS 
and OS of the HER2(0) cohort were longer than those of the 
HER2 low expression cohort (all P<0.05). It was shown that 
age (hazard ratio, 6.000 and 5.465), KPS score (hazard ratio, 
4.000 and 3.865), lymph node metastasis (hazard ratio, 3.143; 
2.983) and HER2 status (hazard ratio, 3.167 and 2.996) were 
independent influencing factors of the prognosis of patients 
with HR+/HER2‑ advanced breast cancer (ABC) (all P<0.05). 
Three models (model 1, no parameters adjusted; model 2, 
BMI, tumor size, pathological type, Ki‑67 and menopausal 
status adjusted; and model 3, age, KPS functional status score 

and lymph node metastasis adjusted based on model 2) were 
established within the HER2(0) cohort as the reference for 
statistical analysis using the multivariate Cox's regression 
test. In models 2 and 3, the risk of poor prognosis of ABC 
within the HER2 low expression cohort was significantly 
higher compared with that in the HER2(0) cohort (hazard 
ratio, 3.558 and 4.477; 95% CI, 1.349‑9.996 and 1.933‑11.586; 
P=0.003 and P<0.001). The HER2 expression status of 
patients with HR+/HER2‑ ABC receiving advanced first‑line 
endocrine therapy may affect PFS and OS.

Introduction

Breast cancer (BC) is a prevalent malignancy in Chinese 
female patients. A survey in 2020 showed that the incidence 
rate was 36.1 cases per 100,000 individuals, and the mortality 
rate was 8.8 cases per 100,000 individuals (1). Although 
diagnosis and treatment technology have improved in recent 
years, no curative options exist for advanced BC (ABC), 
driving the predominance of mortality incidences in such 
cases (2). Endocrine therapy, including tamoxifen, aromatase 
inhibitors and flurvist, is the first choice for patients with 
hormone receptor (HR)+/human epidermal growth factor 
receptor‑2 (HER2)‑ advanced, postmenopausal ABC (3,4). 
Emerging research on drugs used to overcome endocrine 
resistance, including CDK4/CDK6 and mTOR inhibitors, 
continuously optimize this treatment method (5,6). HER2 is 
a transmembrane receptor on the cell surface, amplified in 
20‑30% of patients with invasive BC, and it is associated with 
a poor prognosis. The HER2 status of patients with BC has 
notable guiding value for developing treatment plans (7‑9). 
A number of studies refer to patients with HER2‑, HER2 
1+ and HER2 2+ FISH as patients with low HER2 expres‑
sion (10,11). In clinical studies, the influence by different 
HER2 expression‑profiles upon survival of patients with 
HR‑/HER2+ ABC undergoing endocrine‑based treatment(s) 
is still unclear, thus creating the basis for the current study. 
HER2‑low expression has been shown to affect the overall 
survival (OS) period and lead to a shorter survival time. The 
present study therefore investigated the effects of low HER2 
expression on survival in patients with HR+/HER2‑ ABC, in 
order to help develop treatments.
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Materials and methods

Research materials. The cases of 72 patients with ABC 
who underwent treatment within the medical center of The 
Department of Surgical Oncology, Shaanxi Provincial People's 
Hospital (Xi'an, China) between June 2017 and June 2019 
were include in this study. Inclusion criteria were as follows: 
i) Female patients diagnosed with ABC; ii) patients who did not 
receive any BC‑related treatment before admission; iii) patho‑
logical manifestations were estrogen receptor (ER)+ and/or 
progesterone receptor (PR)+ and HER2‑; iv) endocrine therapy 
was the first‑line treatment; and v) the general clinical data and 
follow‑up data were complete. Exclusion criteria: i) Patients 
with bilateral BC; ii) presence of other malignant tumors; 
iii) patients whose treatment was interrupted or withdrawn 
due to severe toxic side effects during treatment; iv) immune 
system disease or mental illness; and v) lack of follow‑up. This 
is a retrospective study, reviewed and approved by the Ethics 
Committee of Shaanxi Provincial People's Hospital.

Detection of ER, PR and HER2. ER and PR were detected 
by immunohistochemistry, and a ratio of nuclear staining 
≥2% was described as positive. ER+ and PR+ together 
were used to indicate HR+. HER2 was evaluated using the 
immunohistochemical scoring system (12) suggested by the 
American Society of Clinical Oncology and the Society of 
American Pathologists: i) HER2(0), HER2+ or HER2++ was 
negative, and ii) HER2 1+ or 2++ and FISH was negative was 
considered low expression of HER2. Subjects were divided 
into two cohorts: A HER2‑negative (0) cohort (n=31) and a 
HER2 low expression cohort (n=41). Immunohistochemistry 
was used to detect the expression of ER, PR and HER2. 
Paraffin‑embedded wax blocks were made into 4 µm serial 
sections. Bake at 65˚C for 2 h, dewaxed with xylene to water. 
The sections were stained with 3% hydrogen peroxide for 
10 min to exclude endogenous peroxidase. The sections 
were washed with tap water and distilled water, and antigen 
repair was performed. Briefly, 10% neutral formalin fixation, 
dewaxing and hydration were performed, then the sections 
were washed with PBS, incubated with 3% H2O2 at room 
temperature for 10 min, and then washed again with phos‑
phate buffer. The sections were immersed in 0.01 mol/l citrate 
buffer, heated to 92‑96˚C in microwave oven for 10 min, 
cooled to room temperature for 10‑30 min, and rinsed with 
PBS. next, 2% sheep serum (Shanghai Yuanye Biotechnology 
Co., ltd.) was added at room temperature for 20 min, excess 
liquid was removed, mouse anti‑human ER, PR and HER2 
antibodies (BD Biosciences) were added at 37˚C for 1‑2 h, 
and then tissues were rinsed with PBS buffer. The 2% bioti‑
nylated anti‑mouse antibody (cat. no. RMB98601; Origene 
Technologies, Inc.) was added dropwise followed by incuba‑
tion at 37˚C for 30 min; the sections were then rinsed with 
PBS and stained with 3,3'‑diaminobenzidine. Re‑staining was 
performed using hematoxylin staining for 5‑10 min, followed 
by washing twice with distilled water for 5 min each time. 
Sectioned were soaked in 75, 85 and 95 ethanol at room 
temperature for 5 min, and then dimethylbenzene was added 
at room temperature for 5 min. The results of the staining 
were obtained from the electronic medical record system of 
Shaanxi Provincial People's Hospital before the study.

Data gathering. The clinicopathological characteristics of the 
patients with BC were obtained through the electronic patient 
medical history platform. These included information on age, 
BMI, Karnofsky Performance Status (KPS) functional status 
score (13), tumor size, lymph node metastasis, pathological 
type, Ki‑67 and menopausal status; menopause was defined as 
the decline of ovarian function and cessation of menstruation.

Patient follow‑up. Follow‑up was completed through outpa‑
tient review, inpatient examination or by telephone, with a 
follow‑up interval of 3 months. The follow‑up endpoint was 
July 2022, and both PFS and OS of all patients were analyzed.

Statistical analysis. Data were assessed using SPSS (v.21.0; 
IBM Corp.). The descriptive statistics that satisfied the normal 
distribution are presented as the mean ± SEM, and the two 
cohorts were compared using the independent samples t‑test. 
Count datasets were denoted to be n (%), and either χ2 or 
Fisher's exact test was used for comparison. A rank sum test 
was applied to compare ranked data. Kaplan‑Meier OS and 
PFS curves were compared by logrank. graphPad software 
(version 8.0; Dotmatics) was used for plotting, and the baseline 
HER2 status was used as a categorical variable. Multivariate 
Cox's regression test was used to assess the relationship 
between HER2 status and OS, DFS and prognosis. Model 1, 
no parameters were adjusted; model 2, adjusted BMI, tumor 
size, pathological type, Ki‑67 and menopausal status; Model 
3, age, KPS functional status score and lymph node metastasis 
were adjusted based on model 2. P<0.05 indicated statistical 
significance for any denoted variation(s).

Results

Comparative analysis of clinicopathological data of cases with 
different HER2 status. no significant difference was found in 
the age, BMI, KPS functional status score, tumor size, lymph 
node metastasis, pathological type, CDK4/6 inhibitor use, meta‑
static site, Ki‑67 and menopausal status among patients with 
ABC at different HER2 status at baseline (P>0.05; Table I).

Comparison of survival analysis between two cohorts. The 
average follow‑up time of the 72 patients with ABC who received 
endocrine treatment was 35 months (range, 23‑58 months). 
Median OS for the HER2(0) cohort was 49 months (range, 
43‑58 months), while median OS for the HER2 low expression 
cohort was 41 months (range, 35‑50 months) (P<0.05; Fig. 1). 
The median PFS for the HER2(0) cohort was 20 months (range, 
13‑38 months) months, whereas median PFS for the HER2 low 
expression cohort was 15 months (range, 9‑28 months; P<0.05; 
Fig. 2).

Multivariate Cox regression test to assess influencing factors 
for the prognosis of patients with HR+/HER2‑ ABC. Age, KPS 
functional status score, lymph node metastasis and HER2 
status were assessed by Cox's regression test. It was revealed 
that age (hazard ratio, 6.000, 5.465), KPS functional status 
score (hazard ratio, 4.000, 3.865), lymph node metastasis 
(hazard ratio, 3.143, 2.983) and HER2 status (hazard ratio, 
3.167, 2.996) were independent risk factors for the prognosis 
of patients with HR+/HER2‑ (all P<0.05; Table II).
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Effect of HER2 baseline status on the prognosis of patients 
with HR+/HER2‑ ABC under different models. Three models 
were established for multivariate Cox's regression test with the 
HER2(0) cohort as reference. In model 2 and 3 (model 1, no 
parameters adjusted; model 2, BMI, tumor size, pathological 
type, Ki‑67 and menopausal status adjusted; and model 3, 
age, KPS functional status score and lymph node metastasis 
adjusted based on model 2), the risk of poor prognosis within 
the HER2 low expression cohort was significantly higher 
compared with the HER2(0) cohort (hazard ratio, 1.985,2.133 
and 3.558; 95% CI, 0.689‑5.748,0.803‑6.889 and 1.349‑9.996; 
P=0.210,0.166 and 0.003; Table III).

Discussion

HER2 forms heterodimers with other members of the 
epidermal growth factor family to activate the MAPK, Janus 
kinase, PI3K and other signaling pathways, and promote 
the occurrence and development of various tumors (14); It 
is one of the main mechanisms of tumor cell proliferation, 
migration, invasion and survival (2,15‑17). Recent studies 
have shown that 15‑20% of BC cases harbor HER2 upregula‑
tion (18,19). Harbeck (20) and Huai et al (21) showed that low 
expression of HER2 in BC cases with lymph node metas‑
tases was associated with a poor prognosis. Furthermore, in 

Table I. Comparative analysis for clinicopathological data of clinical cases in the HER2(0) cohort and in the HER2 low expres‑
sion cohort.

Clinicopathological characteristics HER2(0) (n=31)  HER2 low expression (n=41) t/χ2 P‑value

Age, years 64.53±8.34 65.86±7.67 0.702 0.485
BMI, kg/m2 23.86±2.20 23.61±2.14 0.485 0.629
KPS functional status score, Points 75.63±13.56 70.76±12.18 1.6 0.114
Tumor dimension, cm 6.13±1.36 6.31±1.40 0.547 0.586
lymph node metastasis, n (%) 21 (67.74) 28 (69.29) 0.002 0.96
Pathological type, n (%)    
  Invasive ductal carcinoma 20 (64.52) 30 (73.17) ‑ 0.665a

  Invasive lobular carcinoma 7 (22.58) 6 (14.63)  
  Others 4 (12.90) 5 (12.20)  
Ki‑67, n (%)    
  ≤30 13 (41.94) 19 (46.34) 0.139 0.71
  >30 18 (58.06) 22 (53.66)  
Menopause, n (%) 22 (70.96) 35 (85.37) 2.219 0.136
CDK4/6 inhibitor use 6 (19.35) 10 (24.39) 0.259 0.611
Metastatic sites, n (%)    
  no metastatic 24 (77.42) 30 (73.17)  0.663a

  Visceral metastasis 7 (22.58) 10 (24.39)  
  Brain metastasis 0 1 (2.44)  

aCalculated using Fisher's exact test. HER2, human epidermal growth factor receptor 2; KPS, Karnofsky Performance Status.

Figure 1. PFS comparative analysis across all cohorts. Figure 2. OS comparative analysis across all cohorts.



WAng et al:  HER2 EXPRESSIOn STATuS On THE PROgnOSIS OF PATIEnTS WITH BREAST CAnCER4

cases of early BC, reduced expression in HER2 is markedly 
associated with the prognosis of patients having previously 
received surgical treatment, rendering this a separate param‑
eter in predicting poor prognosis within clinical cases (22). 
In a study by luque et al (23), patients with HER2 2+ ABC 
were characterized by larger tumor volume, higher lymph 
node involvement, more severe clinical stage and higher 
Ki‑67 expression at the first diagnosis. Yu et al (24) reported 
that, compared with the negative patient cohort, Ki‑67 was 
markedly increased within the low‑expression cohort; the 
case population having T3 stage was markedly elevated, 
the lymph node metastasis rate was markedly increased, the 
axillary lymph node clearance rate notably increased and the 
rate of recurrence or metastasis was markedly higher within 
three years after the operation.

The present study is one of the first to compare medical 
statistics of ABC cases with differing HER2 status at base‑
line. It was shown that no major variation existed within 
baseline age, BMI, KPS functional status score, tumor size, 
lymph node metastasis, pathological type, Ki‑67 and meno‑
pausal status among patients with ABC with different HER2 
status, indicating that HER2 had no marked influence on the 
first‑diagnosis status in such patients. In the further survival 

analysis, median PFS and OS for the HER2(0) cohort were 
enhanced compared with those of the HER2 low expres‑
sion cohort, indicating that HER2 status had a particular 
impact on the short‑term prognosis of patients. Endocrine 
therapy has been widely recognized in recent years (25) 
and its scope of application in treating different types of 
patients with BC is also expanding. neoadjuvant endocrine 
therapy, instead of neoadjuvant chemotherapy, is an efficient 
clinical healing strategy for patients with ER+ BC, which 
can reduce the tumor stage, to receive breast‑conserving 
operation for BC and reduce the postoperative adjuvant 
chemotherapy (26). However, there are still some contro‑
versies about the optimal duration of endocrine therapy and 
the optimal individualized treatment plan. The results of 
the present study show that HER2 status has a particular 
impact on the short‑term prognosis of patients with ABC 
undergoing first‑line endocrine‑based treatment and has 
value in guiding the formulation of treatment plans. In this 
study, multivariate Cox's regression test under different 
adjustment models was further carried out, and the results 
showed that HER2 has an independent effect on OS and PFS 
of patients and was not restricted by other clinical factors. 
Results were consistent with previous findings in patients 
with other types of BC. Recently, researchers have found 
that the mutual regulation of ER/HER2 within aromatase 
inhibitor‑resistant BC can upregulate the expression of the 
oncogene transcription factor c‑Myc (27). At the same time, 
c‑Myc has a role in regulating glutamine metabolism related 
to endocrine resistance (28), which may be associated with 
the difference in diagnosis of patients with different HER2 
status in the current study. However, this hypothesis needs 
further in vitro studies to confirm.

In conclusion, the results from the present study indicated 
that HER2 expression status may affect PFS and OS in patients 
with HR+/HER2‑ advanced BC treated with advanced first‑line 
endocrine therapy. However, this investigation remained at 
single‑center level and had transitory follow‑up, thus requiring 
to a larger cohort size to further improve and supplement the 
study conclusions.
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Table II. Multivariate COX regression analysis for analyzing the influencing factors of prognosis of patients with HR+/HER2‑ 
advanced breast cancer.

 PFS OS
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Hazard ratio 95% CI P‑value Hazard ratio 95% CI P‑value

Age, years 6.000 2.105‑17.11 <0.001 5.465 1.986‑15.676 <0.001
KPS functional status score 4.000 1.693‑23.093 <0.001 3.865 1.670‑21.346 <0.001
lymph node metastasis 3.143 1.518‑6.508 <0.001 2.983 1.339‑6.236 <0.001
HER2 status 3.167 1.446‑6.936 <0.001 2.996 1.362‑6.660 <0.001

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; KPS, Karnofsky Performance Status; OS, overall survival; PFS, 
progression‑free survival.

Table III. Effect of HER2 baseline status on the prognosis 
of patients with HR+/HER2‑ advanced breast cancer under 
different models.

 HER2 low expression group
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Model Hazard ratio 95% CI P‑value

Model 1a 1.985 0.689‑5.748 0.210
Model 2b 2.133 0.803‑6.889 0.166
Model 3c 3.558 1.349‑9.996 0.003

aModel 1, no parameters were adjusted. bModel 2, BMI, tumor size, 
pathological type, Ki‑67 and menopausal status were adjusted. cModel 
3, age, KPS functional status score and lymph node metastasis were 
adjusted based on model 2. HER2, human epidermal growth factor 
receptor 2; HR, hormone receptor; KPS, Karnofsky Performance 
Status.
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