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Abstract. Ki67 has potential prognostic and predictive values 
for breast cancer patients, and has become an important 
biomarker in routine clinical practice. The aims of the present 
study were to investigate the distribution of Ki67 expression 
and its correlation with other clinicopathological parameters 
in central China. In total, 1,259 patients with newly-diagnosed 
invasive breast cancer were included in the present study. The 
clinical information was obtained from the electronic medical 
records. The expression levels of Ki67, estrogen receptor (ER), 
progesterone receptor (PR) and human epidermal growth 
factor receptor 2 (HER2) were detected by immunohisto-
chemical analysis. The associations between Ki67 scores and 
other prognostic factors were evaluated as continuous and 
categorical variables. The mean value of the Ki67 scores of 
all patients was 31%. In total, ~36% (456/1,259) of the patients 
demonstrated a low expression of Ki67. A statistically signifi-
cant correlation was identified between the mean Ki67 scores 
and the lymph node status, tumor grade, ER, PR and HER2 
status, and clinical stage or molecular subtypes (all P<0.001). 
When Ki67 was categorized into high (>14%) and low (≤14%) 
level groups, the χ2 test was used to verify these results. The 
Ki67 scores demonstrated no statistically significant differ-
ences between the HER2-positive (non-luminal) and three 

negative subtypes, with the exception of patients with a tumor 
size of >2 cm (P=0.02). In conclusion, the results revealed the 
presence of significant correlations between Ki67 and other 
clinicopathological parameters.

Introduction

Breast cancer (BC) is the most common type of cancer and the 
leading cause of cancer-associated mortalities (1). An improved 
understanding of the key molecules involved in the pathogen-
esis of BC is essential for personalized treatment. Ki67 is a 
proliferation marker that is expressed in all the phases of the 
cell cycle, with the exception of the G0 phase (2-4). A number 
of studies have demonstrated the prognostic value of Ki67 
in BC (5,6). In addition, Ki67 levels are useful in identifying 
patients that are most likely to benefit from chemotherapy (7). 
Furthermore, changes in Ki67 levels have been used as a 
primary efficacy endpoint in clinical trials (8,9).

At present, Ki67 is an important biomarker used in 
routine clinical pathological practice, with potential applica-
tions in prognosis, used to predict responses or resistance to 
chemotherapy and endocrine therapy, estimate residual risks 
in patients receiving standard therapies and as a dynamic 
biomarker to measure treatment efficacies in samples obtained 
prior to, during and subsequent to neoadjuvant therapy (10). 
Increasingly, Ki67 levels are used for clinical research purposes, 
including as a primary efficacy endpoint during clinical trials 
and, in certain circumstances, for clinical management. The 
2011 St Gallen Expert Panel indicated that a Ki67 level of 
≥14% distinguished luminal B from luminal A tumors in 
BC molecular subtyping (11,12). Therefore, understanding 
the association of Ki67 with pathological characteristics 
(including histological grade, tumor size and lymph node 
metastasis) and immunohistochemical indexes [including the 
estrogen receptor (ER), progesterone receptor (PR) and human 
epidermal growth factor receptor 2 (HER2) status] is impor-
tant for clinical evaluations and guiding treatment strategies.
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Until recently, limited information was available regarding 
the expression of Ki67 among Chinese females with BC. 
Furthermore, previous studies on the association between 
Ki67 and other clinicopathological parameters have only 
included small sample sizes (13-15); therefore, this association 
remains controversial. The aim of the present study was to 
investigate the distribution of Ki67 expression and its asso-
ciation with other clinicopathological parameters. In addition, 
Ki67 expression in molecular subtypes with various tumor 
sizes or lymph node statuses were analyzed.

Materials and methods

Patients. The present study was population-based and 
included a cohort of females with newly-diagnosed BC who 
had been treated in the breast centers of four hospitals in 
Wuhan, China, between June 2011 and December 2012. The 
study included patients from the Renmin Hospital of Wuhan 
University, Zhongnan Hospital of Wuhan University, Hubei 
Cancer Hospital and the Central Hospital of Wuhan. In total, 
1,535 cases were included in the study. Only invasive BC cases 
were included; male patients or those with incomplete medical 
records were excluded. Overall, 1,259 patients were eligible to 
for inclusion in the this study.

Clinical information regarding age at diagnosis, ethnicity, 
clinical stage, pre-surgical chemotherapy treatments, type of 
surgery and post-surgical therapy treatments, was retrieved 
from the electronic medical records subsequent to Institutional 
Review Board approval. The tumor size and grade, nodal 
stage, status of molecules (ER, PR, HER2 and Ki67) and 
histological subtype were acquired from the pathology data-
base. As part of the clinical work-up, these investigations were 
performed prospectively upon excision specimens at the time 
of diagnosis. According to specific criteria, all the pathological 
results of this study were histopathologically analyzed by two 
experienced histological pathologists. The classification was 
performed according to definitions provided by the World 
Health Organization (16). The tumors were graded according 
to the modified Nottingham grading system (17). The patients 
were staged according to the 2010 7th edition of the American 
Joint Committee on Cancer tumor-node-metastasis (TNM) 
staging system for BC (18). The study was approved by the 
Ethics Committee of Wuhan University.

ER, PR, HER2 and Ki67 detection. Tumor samples obtained 
from the patients were assessed or reassessed (if the initial 
results were already available) by two experienced patholo-
gists to obtain the Ki67 score, as well as the ER, PR and HER2 
status. The four hospitals used the same primary antibodies.

ER and PR immunohistochemical staining was performed 
using a mouse monoclonal anti-human ER antibody (clone, 
1D5; Dako, Glostrup, Denmark) and a mouse monoclonal 
anti-human PR antibody (clone, 636; Dako) at a 1:100 dilution. 
The cut-off value for a positive result was positive staining 
for ER and PR in ≥1% of tumor cells in 10 selected tumor 
sub-regions (19). The results were recorded as the percentage 
of positively-stained nuclei, and the intensity was graded 
between 0 and 3+ as follows: i) 0 (negative result), positive 
staining in <1% of the tumor cells; ii) 1+, mildly distinct, posi-
tive staining in ≤25% of the tumor cells; iii) 2+, moderately 

distinct, positive staining in 25%-50% of the tumor cells; and 
iv) 3+, strong, positive staining in >50% of the tumor cells.

HER2 immunohistochemical staining was performed 
using the HercepTest™ assay (Dako). The expression of HER2 
was initially determined by immunohistochemistry and graded 
between 0 and 3+ as follows: i) 0 (negative result), absence or 
presence of HER2 in <10% of the tumor cells; ii) 1+ (negative 
result), membranous, weak and discontinuous staining in >10% 
of the tumor cells; iii) 2+ (questionable result), membranous, 
low/moderate and continuous staining in >10% of the tumor 
cells, or membranous, intense and continuous staining in 
≤30% of the tumor cells; and iv) 3+ (positive result), membra-
nous, intense and continuous staining in >30% of the tumor 
cells. Samples with HER2 scores of 2+ were confirmed to be 
HER2‑negative or HER2‑positive using fluorescence in situ 
hybridization analysis (20).

Ki67 immunohistochemical staining was performed using 
a mouse monoclonal anti-human Ki67 antibody (clone, MIB-1; 
Dako) at a 1:100 dilution. At least three fields in particular 
staining ‘hot-spots’ were selected in order to represent the 
spectrum of staining observed upon the initial overview of the 
entire section. The cancer cells in the three micrographs were 
manually counted (500-1,000 cells were counted), and the 
percentage of positively-stained cancer cells were considered 
to be the Ki67 score (10).

The BC cases were divided into five subtypes based on the 
expression levels of ER, PR and HER2, and the Ki67 prolif-
eration index as follows: i) Luminal A subtype: ER- and/or 
PR-positive, HER2-negative and a low Ki67 proliferation index 
of ≤14%; ii) luminal B (high Ki67) subtype: ER- and/or 
PR-positive, HER2-negative and a high Ki67 index (>14%); 
iii) luminal B (HER2-positive) subtype: ER- and/or PR-posi-
tive, HER2-positive and any Ki67 index; iv) HER2-positive 
(non-luminal) subtype: ER- and PR-negative, HER2-positive 
and any Ki67 index; and v) triple-negative subtype: ER-, PR- 
and HER2-negative, and any Ki67 index (21).

Statistical analysis. The correlation of Ki67 as a categorical 
variable was determined using the χ2-test, two-sample t-test 
or one-way analysis of variance for continuous variables. 
When equal variances were assumed, post hoc multiple 
comparisons used the least significant difference and 
Student-Newman-Keuls tests. When equal variances were 
not assumed, Dunnett's T3 and Dunnett's C tests were used. 
Statistical analyses were performed using SPSS version 21.0 
software (SPSS Inc., Chicago, IL, USA). Two-tailed P<0.05 
was considered to indicate a statistically significant difference.

Results

Clinicopathological features of patients and distribution of 
Ki67 expression. The clinicopathological characteristics of the 
BC patients are listed in Table I. All the patients were female, 
with a median age of 50 years (range, 20-91 years). The 
majority of the tumor sizes ranged between 2 and 5 cm (pT2) 
(65%). All the patients underwent axillary dissection. In total, 
673/1,259 cases (53%) were lymph node-negative. Grade II 
tumors accounted for 62% (782/1,259) of cases, whilst the 
ER-, PR- and HER2-positive rates were 60% (758/1,259), 51% 
(642/1,259) and 35% (439/1,259), respectively.
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Figure 2. Correlation tendencies between mean Ki67 scores and other clinicopathological parameters. Mean Ki67 scores and correlation with (A) tumor size, 
(B) lymph node status, (C) tumor grade, (D) ER status, (E) PR status, (F) HER2 status, (G) age, (H) TNM stage and (I) molecular subtypes. ER, estrogen 
receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemical stage; TNM, tumor-node-metastasis; L.A, 
luminal A; L.B1, luminal B (high Ki67); L.B2, luminal B (HER2-positive); HER2, HER2-positive (non-luminal); T.N, triple-negative. 

  A   B   C

  D   E   F

  G   H   I

Figure 1. Distribution of Ki67 expression in the breast cancer cases and specific molecular subtypes. (A) Number of cases in each group with different Ki67 
scores. (B) Mean Ki67 scores in the different molecular subtypes. (C) Mean Ki67 scores in the molecular subtypes with different tumor sizes. (D) Mean 
Ki67 scores in the molecular subtypes with different node statuses. L.A, luminal A; L.B1, luminal B (high Ki67); L.B2, luminal B (HER2-positive); HER2, 
HER2-positive (non-luminal); T.N, triple-negative; HER2, human epidermal growth factor receptor 2; pT, pathological tumor.

  A

  C   D

  B
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The mean Ki67 score was 31.22% (median, 25%; range, 
0‑91%). Overall, the Ki67 scores were as follows: ≤15% in 
500 cases; >15% but ≤30% for 281 cases; >30% but ≤45% in 
93 cases; >45% but ≤60% for 221 cases; >60% but ≤75% in 
27 cases; and >75% in 137 cases (Fig. 1A). The clinicopatho-
logical characteristics, mean Ki67 scores and Ki67 expression 
levels are listed in Table I.

Of the 1,259 eligible patients, 308 (24%) were classified 
with a luminal A subtype, 274 (22%) with luminal B (high 
Ki67), 211 (17%) with luminal B (HER2-positive), 230 (18%) 
with HER2-positive (non-luminal) and 236 (19%) with a 
triple-negative subtype. The mean Ki67 scores of these 
subtypes were 6.48, 37.94, 31.31, 40.29 and 46.79%, respec-
tively. Significant differences were identified between the Ki67 
scores of different BC subtypes (Fig. 1B).

Association between Ki67 and other clinicopathological 
parameters. As a continuous variable, statistically significant 
differences were observed between the mean Ki67 scores 
and the lymph node status, tumor grade, ER, PR and HER2 
status, clinical stage and molecular subtypes (P<0.001; 
Fig. 2). When Ki67 was categorized into high (>14%) and 
low (≤14%) level groups, the χ2 test was used to verify 
these results. No statistically significant associations were 

identified between the mean Ki67 scores and age (P=0.991) 
or tumor size (P=0.086). When Ki67 was a categorized 
variable, a statistically significant association was revealed 
between Ki67 expression and tumor size (P=0.002). The data 
are presented in Table II. Fig. 2 demonstrates the correlation 
tendency between the mean Ki67 scores and the clinico-
pathological parameters of tumor size, lymph node status, 
tumor grade, ER, PR and HER2 status, age, TNM stage and 
molecular subtype.

Ki67 expression in molecular subtypes with various lymph 
node statuses or tumor sizes. Ki67 expression in the five 
molecular subtypes and its association with the various 
lymph node statuses or tumor sizes are listed in Table III. 
Statistically significant differences were identified between 
BC subtypes with different Ki67 scores and the various 
lymph node statuses and tumor sizes. In addition, the mean 
Ki67 scores were found to be higher in the triple-negative 
subtype compared with the HER2-positive (non-luminal) 
subtype. However, no statistically significant differences were 
evident between the mean Ki67 scores in the HER2-positive 
(non-luminal) and triple-negative subtypes, with the excep-
tion of patients with tumors with a size of >2 cm (P=0.02; 
Fig. 1B-D).

Table III. Ki67 expression in different molecular breast cancer subtypes.

Variables T≤2 cm T>2 cm Node‑negative Node‑positive Total

Luminal A
  Low Ki67 expressiona 88 220 188 120 308
  High Ki67 expressiona 0 0 0 0 0
  Ki67 level (%)b 5.55±3.21 6.85±3.23 6.16±3.35 6.97±3.09 6.48±3.27
Luminal B (high ki67)
  Low Ki67 expressiona 0 0 0 0 0
  High Ki67 expressiona 60 214 138 136 274
  Ki67 level (%)b 41.17±22.59 37.03±18.92 36.49±19.64 39.41±19.94 37.94±19.81
Luminal B (HER2-positive)
  Low Ki67 expressiona 20 34 27 27 54
  High Ki67 expressiona 38 119 72 85 157
  Ki67 level (%)b 27.91±21.51 32.60±21.22 29.92±20.84 32.54±21.81 31.31±21.35
HER2-positive (non-luminal)
  Low Ki67 expressiona 8 32 21 19 40
  High Ki67 expressiona 39 151 92 98 190
  Ki67 level (%)b 43.49±22.63 39.47±24.34 37.59±23.70 42.90±24.11 40.29±24.00
Triple negative
  Low Ki67 expressiona 13 41 40 14 54
  High Ki67 expressiona 29 153 95 87 182
  Ki67 level (%)b 41.55±30.32 47.93±28.46 43.17±29.79 51.63±26.90 46.79±28.83
Statistical analysis (P-value)
  χ2 test <0.001 0.001 0.001 0.001 0.001
  One-way ANOVA <0.001 0.001 0.001 0.001 0.001
  Dunnett's T3 testc 1 0.020 0.654 0.121 0.081

aCut-off, 14%; bdata are expressed as the mean ± standard deviation; ccomparison between HER2-positive (non-luminal) and triple-negative 
subtypes. HER2, human epidermal growth factor receptor 2; T, tumor size; ANOVA, analysis of variance.
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Discussion

To the best of our knowledge, this is the first study to 
describe the distribution of Ki67 expression in BC. However, 
Ki67 expression levels were previously reported in several 
small-sample BC studies (13,21,22). Haroon et al (13) iden-
tified that ~39.8% (78/194) of the BC patients included in 
the study exhibited a low Ki67 expression (cut-off, 15%), 
while Fasching et al observed the same in ~29.3% (162/552; 
cut-off, 13%) of the included patients (21). Furthermore, 
~36.2% (471/1,302) of invasive ductal BC patients and 59.7% 
(237/397) of invasive lobular BC patients demonstrated 
a low Ki67 expression (cut-off, 14%) in a study by Heus-
inger et al (22). Although the analysis of Ki67 expression 
may differ from previous studies, the present study demon-
strated similar findings, with 36.2% (456/1,259) of patients 
with a low Ki67 expression (cut‑off, 15%). The findings of 
the present study also indicated that the distribution of Ki67 
expression in a Chinese cohort of BC cases may be the same 
as that in other countries.

A number of previous studies have investigated the 
correlation between Ki67 and other clinicopathological 
parameters (13-15); however, the findings were controversial. 
A study that included a cohort of Pakistani patients revealed 
a significant association between Ki67 expression and 
tumor grade, PR, HER2 and lymph node status. However, 
no correlation was identified between the ER status and 
tumor size (13). The earliest study conducted in the United 
Kingdom, demonstrated a significant association between 
the Ki67 index and the histological grade, size and type 
of the tumors (14). However, these studies included only a 
small number of samples. The present population-based 
study revealed that Ki67 was significantly associated with 
all the clinicopathological parameters, with the exception of 
age. In accordance with previous studies, the present study 
confirmed the importance of the Ki67 level in predicting the 
prognosis of BC (23-26).

The results of the present study also identified marked 
differences between the Ki67 scores and the levels of the ER, 
PR and HER2. Higher levels of ER and PR were correlated 
with declining Ki67 scores, while higher levels of HER2 
were associated with increasing Ki67 scores. These results 
indicated that there was an increased proliferative activity in 
the BC cells with lower levels of ER and PR, or higher levels 
of HER2, and that Ki67 is an accurate biomarker that reflects 
tumor cellular proliferate activity. Furthermore, the results 
demonstrated that the Ki67 score increased with increasing 
tumor size in the early stages of BC. However, when the BC 
progressed to a certain stage, the Ki67 score did not increase 
accordingly. This indicated that the proliferative activity 
increases with the progression of a tumor to a certain stage, 
at which it no longer significantly changes. This may be due 
to insufficient blood supply and nutrition, which is unable to 
support tumor growth after a certain point.

A previous study also identified higher Ki67 expres-
sion levels in triple-negative and HER2-positive subtypes 
compared with the luminal subtypes (27). However, whether 
the levels of Ki67 are highest in the triple-negative or the 
HER2-positive subtype required further investigation. In 
the present study, the expression of molecular subtypes 

with various tumor sizes and lymph node statuses were also 
identified. The results revealed that the mean Ki67 scores 
were not significantly different between the HER2‑positive 
(non-luminal) and triple-negative subtypes, with the excep-
tion of patients with a tumor size of >2 cm. This indicated 
the presence of stronger proliferative activity in the 
triple-negative subtype compared with the HER2-positive 
(non-luminal) subtype, with regard to patients with a tumor 
size of >2cm BC patients.

The present study also has certain limitations. The immu-
nohistochemical approaches that were used had limited 
technical reproducibility, subjective interpretation and quali-
tative readouts. In addition the samples and data obtained for 
the study were from different hospitals and pathology labora-
tories, which may have lead to specific biases. Nevertheless, 
this population-based study from central China demonstrated 
the correlation between Ki67 and other clinicopathological 
parameters in invasive BC cases. Furthermore, to the best of 
our knowledge, this study contained the greatest number of 
samples used in China and in other counties to investigate 
the distribution of Ki67 in BC patients.

In conclusion, in the present study a significant correlation 
was identified between Ki67 and ER, PR, and HER2 status, 
tumor size, lymph node status, tumor grade and molecular 
subtypes in invasive BC, which indicates that Ki67 presents 
an important biomarker. Thus, analysis of Ki67 expression 
may be useful in clinical practice and may present an option 
for the personalized treatment of BC patients in the future.
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