
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​
v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​​l​i​c​​e​n​s​​​e​s​​/​​b​y​​-​n​c​​-​​n​d​/​4​.​0​/.

Wang et al. BMC Cancer          (2025) 25:962 
https://doi.org/10.1186/s12885-025-14374-8

BMC Cancer

†Changsong Wang JingChang Chen and Xuexia Lv contributed 
equally to this work.

*Correspondence:
Changsong Wang
wangtmmu150@163.com
Xiaoyue Wang
xiaoyuewnormal@163.com

Full list of author information is available at the end of the article

Abstract
The Ki-67 index, which is a proliferative index, has become more important in making treatment decisions for 
patients with breast cancer (BC) and plays both a predictive role and a prognostic role. However, a few factors 
limit its use in clinical practice, particularly the assessment of the percentage of Ki-67-positive cells and the cutoff 
value of Ki-67. In this study, we examined the expression of Ki-67 via immunohistochemistry and systematically 
evaluated the value of the Ki-67 index in patients with BC. This was a retrospective study including 280 patients 
diagnosed with BC. There were marked differences in overall survival (OS) between patients with BC when the 
Ki-67 index ranged from 46 to 68% (χ2 = 5.87, P = 0.0154; χ2 = 7.64, P = 0.0057, respectively), and the same results 
were also found when the staining density was added to the Ki-67 index; however, the staining density alone has 
limited value in assessing the value of Ki-67. There were marked differences in disease-free survival (DFS) among 
BC patients when the Ki-67 index ranged from 50 to 58% (χ2 = 7.31, P = 0.0069; χ2 = 7.88, P = 0.005). When 14% was 
used as a cutoff point to classify the molecular type of BC, the luminal A-type patients were significantly different 
from patients with HER2-overexpressing subtype BC in terms of OS (χ2 = 5.33, P = 0.021). There was a significant 
difference in the OS of patients with human epidermal growth factor receptor 2 (HER-2)-overexpressing subtype 
BC when the Ki-67 index fell within the range of 49-60% (χ2 = 4.86, P = 0.0275; χ2 = 5.50, P = 0.019, respectively). 
There were significant differences between luminal A-type BC and HER2-overexpressing subtype BC in terms of 
OS (χ2 = 5.53, P = 0.019), according to suggestions of the 2019 CSCO consensus. There were significant differences 
between the two groups of luminal B HER-2(-) BC when the Ki-67 index was 52% (χ2 = 6.61, P = 0.0101). The 
differentiated Ki-67 index can be used to assess the OS and DFS of patients with BC, and the staining density of Ki-
67 has little value in assessing prognosis in these patients. Different molecular classification methods may influence 
the assessment of prognosis and the results of molecular subtype in patients with BC. To predict the prognosis of 
BC patients, it is more scientifically feasible to use the interval values of Ki-67 than a specific value.
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Introduction
According to the latest national statistical data on can-
cer from the China National Cancer Center in 2019, the 
incidence rate of BC in China was 45.29/100,000. BC 
rank second among all cancers in terms of incidence rate 
and rank first in terms of the incidence rate of cancers in 
women. BC constitute the fifth leading cause of cancer-
related death among all cancers in women, accounting 
for approximately 70,000 cases/year [1, 2].

Gerdes and colleagues first identified the Ki-67 anti-
gen in Hodgkin’s lymphoma in the early 1980s, its name 
was based on the initials of the laboratory name, Ki for 
Kiel University, and the 67 label referring to the clone 
number on the 96-well plate [3]. Subsequently, it was 
found that the Ki-67 antigen was expressed in a variety 
of tumors and was helpful in judging the proliferative 
activity of tumor cells [4, 5]. Ki-67 is also a key biomarker 
for the prognosis and molecular classification of patients 
with breast cancers (BC) [6, 7]. In 2011, a consensus was 
reached at the St Gallen Conference, which required the 
use of 14% as the critical value of Ki-67 to distinguish 
luminal A-type BC from luminal B-type BC [8, 9]. How-
ever, the cutoff value of Ki-67 was revised to 20% at the 
2013 St Gallen Conference because the “significant mean 
value” was extracted from an “in-house” dataset [10]. 
Moreover, the cutoff value recommended by the interna-
tional Ki-67-in-breast-cancer working group was unable 
to achieve universal effects [11]. Even 28.35% was used as 
a cutoff value by Shet for distinguishing different molecu-
lar subtypes of BC [12]. Some guidelines also provided 
ambiguous expressions of the critical value of Ki-67, such 
as “high expression’’ and “low expression” [13–15]. Con-
sequently, a few experts have suggested using ≥ 20% as 
the critical value of a “high expression” state of Ki-67 [16, 
17]. The 2019 CSCO Guidelines suggested that the criti-
cal value of Ki-67 should be determined according to the 
practical situations of various laboratories. Most Chinese 
experts agreed that < 15% indicated low expression and 
> 30% indicated high expression. When the Ki-67 index is 
15%~30%, it is suggested that patients make clinical deci-
sions according to secondary pathology consultations or 
other indices [18]. Therefore, the importance of Ki-67 in 
prognosis and different subtypes of BC has been high-
lighted by pathologists and clinicians.

In practical pathological diagnosis, the cutoff point of 
Ki-67 is difficult to determine and has poor reproduc-
ibility [19–22]. Different laboratories, technicians with 
different degrees of familiarity and pathologists with or 
without specialist training might obtain different results. 
In particular, it was more difficult to perform standard 
operations after the cutoff point of Ki-67 was fixed. 

Moreover, whether the intensity of Ki-67 staining is sig-
nificant for prognosis and molecular classification is still 
a controversial topic. The question remains: Does a cutoff 
value interval, not a single number, have greater practica-
bility in daily pathological diagnosis? Moreover, patholo-
gists have difficulty determining an accurate cutoff value 
by using any method, such as manual counting or artifi-
cial intelligence-assisted counting, and different staining 
intensities are also considered. Given this complexity, it is 
worth exploring the method of determining the percent-
age of Ki-67-positive cells simply and conveniently, and 
the necessity of using a value interval of Ki-67 and not 
a single number to determine the prognosis of patients 
with BC, as well as the validity of the interval of Ki-67 in 
practice, is also herein discussed.

Materials and methods
Clinical data
Paraffin samples from 280 patients with BC treated from 
January 2005 to July 2013 at the Joint Logistic Support 
Force 989th Hospital were collected for a retrospective 
study. All patients had complete follow-up data. In addi-
tion, three patients had metastatic lesions, and 6 patients 
had not undergone radical surgery. None of the patients 
had received any therapy before the operation. The inclu-
sion criteria for the respondents were as follows: (1) All 
patients were diagnosed through breast puncture or 
postoperative examination after radical surgery. (2) none 
of the patients received any therapy before the operation, 
such as neoadjuvant chemotherapy, radiotherapy, neo-
adjuvant endocrine therapy or HER2-targeted therapy, 
etc. (3) all patients had complete follow-up data. (4) if the 
patients died, the cause of death was due to metastasis 
or relapse of BC. Patients who met one of the following 
conditions were excluded: (1) did not have complete fol-
low-up data, (2) received any treatment for breast cancer 
before surgery, (3) died for reasons other than BC metas-
tasis or relapse, or (4) had poor quality of life caused by 
other reasons or died from other tumors. This study was 
approved by the ethics committee of the 989th hospital, 
and all included respondents signed informed consent 
forms. This study was conducted in accordance with the 
Declaration of Helsinki. Informed consent was obtained 
from every participant or from their relatives.

Immunohistochemical analysis
Paraffin-embedded tumor tissues were cut into 2–5  μm 
thick sections for next step staining. For immunohisto-
chemical analyses on a Benchmark XT system (Ventana, 
AZ, USA), deparaffinized sections were immersed in 0.3% 
H2O2 in methanol for 30  min to eliminate endogenous 
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peroxidase activity, followed by incubation with PBS con-
taining 1% normal serum corresponding to the second-
ary IgG and 1% bovine serum albumin (BSA) to reduce 
nonspecific reactions. The sections were incubated with 
rabbit anti-human Ki-67 (MIB-1) (dilution 1:200; Maxim, 
Fuzhou, China), rabbit anti-human ready-to-use mono-
clonal estrogen receptor (ER, SP1, Maxim, Fuzhou, 
China), progesterone receptor (PR, SP2, Maxim, Fuzhou, 
China), or human epidermal growth factor receptor 2 
(HER-2, MXR001, Maxim, Fuzhou, China). After incuba-
tion with biotinylated secondary Abs at room tempera-
ture (RT) for 1 h, immune complexes were amplified with 
streptavidin-alkaline phosphatase (SAP) immunohisto-
chemical staining kits (Maxim, Fuzhou, China) following 
the manufacturer’s instructions. A negative control was 
generated by omitting the primary antibodies and sub-
stituting them with the corresponding normal isotype-
matched immunoglobulin IgG.

IHC scoring for ER, PR, Ki-67
ER, PR and Ki-67 protein positivity involves the cell 
nucleus. Cells were assessed as positive with the occur-
rence of yellow nuclei or brown particles. The interpreta-
tion of the Ki-67 index was as follows: the whole section 
was previewed under a low-power lens before interpreta-
tion to judge whether the staining was uniform. If there 
was even staining, samples were observed under a high-
power lens (40×) to count more than 500 cancer cells. 
If there was uneven staining, the hot-spot region with a 
concentrated positive cell number was selected to count 
more than 500 cancer cells. The samples that approached 
to the cutoff point were evaluated again by 2 other inde-
pendent pathologists, and the average Ki-67 index was 
calculated. Finally, the mean value was chosen as the final 
Ki-67 index value (Fig.  1A-D). Samples for which the 
staining intensity could not be determined and ambigu-
ous cell profiles were excluded from the count. In addi-
tion, the staining intensity of the tumor cells was scored 
as light yellow (1 point), deep yellow (2 points) or brown 
(3 points). The staining index was calculated as the per-
centage of positive cells× the staining intensity. The mini-
mum and maximum staining indices were 1% and 285%, 
respectively. When brown particles were observed in 
more than 1% of the BC cell nuclei, the ER and PR were 
considered positive.

IHC scoring and FISH detection for HER-2
The interpretation of HER-2-positive criteria was as fol-
lows: 0+: no staining or ≤ 10% of invasive cancer cells 
showing incomplete and weak membrane staining; 1+: 
>10% of invasive cancer cells presenting incomplete and 
weak cell membrane staining; 2+: >10% of invasive can-
cer cells presenting incomplete and/or moderate cell 
membrane staining or ≤ 10% of invasive cancer cells 

presenting strong and complete cell membrane staining; 
and 3+: >10% of invasive cancer cells presenting strong, 
complete, and uniform cell membrane staining (Fig. 1E-
H). In the presence of HER-2 2 + staining, fluorescence in 
situ hybridization detection was implemented to further 
determine the HER-2 status. The probe for FISH detec-
tion of HER-2 was purchased from Maxim, Fuzhou, 
China (Product number: KIT-2001-20), and opera-
tion was carried out according to the manufacturer’s 
instructions.

All immunohistochemistry and FISH results were 
interpreted independently by 2 senior pathologists.

Molecular classification
Molecular classification was performed on the basis 
of the consensus at the St Gallen Conference in 2011 
(luminal A-type and luminal B-type BC were distin-
guished by using 14% as the critical value of Ki-67) and 
the 2019 CSCO guidelines (low expression if the critical 
value of Ki-67 is less than < 15%). If the critical value of 
Ki-67 was greater than 30%, this indicated high expres-
sion. When the expression of ER (+), HER-2 (-) and Ki-67 
was between 15% and 30%, the molecular classification 
of BC was performed according to the percentage of cells 
with positive PR expression. Under these circumstances, 
PR = 20% was used as the critical value according to the 
2019 CSCO guidelines. If the PR expression was > 20%, 
the samples were considered luminal A-type BC. If the 
PR expression was < 20%, the samples were determined 
to be luminal B-type BC.

Statistical analysis
The statistical analyses were completed by using SPSS 
version18.0 (SPSS Inc., Chicago, IL, USA). Survival 
data (overall survival (OS) and disease-free survival 
(DFS)) were analyzed via Kaplan‒Meier survival curves 
and compared by using log-rank tests among different 
groups. Statistical significance was 2-sided, and P val-
ues < 0.05 were considered to indicate statistical signifi-
cance. In practice, we performed statistical analysis with 
a cut-off value of 14% according to the recommendations 
of St. Gallon guideline, and if there was no difference 
between difference molecular subtypes, we increased 
the gradient by 5% until a statistically significant interval 
value of Ki-67 was obtained.

Results
Clinicopathological characteristics of patients with BC
Among the patients with BC enrolled in this study, there 
were 4 males (1.43%) and 276 females (98.57%). All the 
respondents were between 25 and 84 years old, with 
an average age of 51 years. Specifically, 2 patients were 
younger than 30 years old, 222 patients were between 
30 and 60 years old, and 56 patients were over 60 years 
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Fig. 1  Different staining intensities of Ki-67 and HER-2 by immunohistochemical staining. A: Ki-67 hot spots, Magnification, ×200. B: Ki-67 index < 14%, 
Magnification, ×200. C: Ki-67 index = 14%, Magnification, ×200. D: Ki-67 index > 30%, Magnification, ×200. E: HER-2 (0+), Magnification, ×100. F: HER-2 (1+), 
Magnification, ×200. G: HER-2 (2+), Magnification, ×200. H: HER-2 (3+). Magnification, ×200
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old. Among these patients, invasive ductal carcinoma not 
otherwise specified (DCS, NOS) was found in 93.57% 
of patients, invasive lobular carcinoma (ILC) was found 
in 2.14% of patients, invasive micropapillary carcinoma 
was found in 1.07% of patients, mucinous carcinoma 
was found in 2.5% of patients, medullary carcinoma was 
found in 0.36% of patients, and apocrine carcinoma was 
found in 0.36% of patients. With respect to lymphatic 
metastasis, there were 146 patients without lymphatic 
metastasis (N0), 66 patients with metastasis to 1–3 nodes 
(N1), 39 patients with lymphatic metastasis to 4–9 nodes 
(N2), and 20 patients with lymphatic metastasis to ≥ 10 
nodes (N3). In a word, there were 46.13% (125/271) of the 
patients had positive lymph nodes, and 53.87% (146/271) 
did not have lymph node metastasis. According to the 
pathological stages of AJCC (pTNM), there were 42 cases 

in Stage IA, 104 cases in Stage IIA, 60 cases in Stage IIB, 
43 cases in Stage IIIA, 1 case in Stage IIIB, 20 cases in 
Stage IIIC, and 1 case in Stage IV. There were 15.50% 
(42/271) of patients had stage I disease, 60.52% (164/271) 
of patients had stage II disease, 23.62% (64/271) of 
patients had stage III disease, and 0.37% (1/271) of 
patients had stage IV disease. Other pathological charac-
teristics of the patients are shown in Table 1. The median 
follow-up time was 80.2 months (range from 2 to 157 
months).

Differences in the different Ki-67 indices and overall 
survival (OS) rates of patients with BC
After staining and interpretation, more than 500 tumor 
cells were counted in 277 samples. Therefore, the 
actual statistical group included 277 BC samples. The 
median Ki-67 value was 24.3% (ranging from 1 to 95%), 
Ki-67 ≤ 1% accounted for 7.22% (20/277) of the patients, 
> 1% Ki-67 < 90% accounted for 89.17% (247/277) of the 
patients, and Ki-67 ≥ 90% accounted for 3.61% (10/277) 
of the patients. According to the statistical analysis, the 
OS of patients with BC decreased significantly when the 
Ki-67 index fell within 46 − 68% (χ2 = 5.87, P = 0.0154; 
χ2 = 7.64, P = 0.0057, respectively, Table 2; Fig. 2A and B). 
The results indicated that a Ki-67 index interval between 
46% and 68% can be used to determine the OS of patients 
with BC.

Does the staining intensity of Ki-67 in tumor cells sig-
nificantly influence the OS of patients with BC? The 
staining intensity was determined on the basis of the 
Ki-67 index. The results revealed significant differences 
in OS between the two groups when the critical value 
was 133% after accumulation of the Ki-67 index and the 
staining intensity, and patients with high expression of 
the Ki-67 index had a relatively poor prognosis (χ2 = 6.71, 
P = 0.0096; Table  3; Fig.  2C). When staining intensity is 
not considered, the cut-off value of 46% should be used to 
judge the OS of BC patients. However, there was no sig-
nificant difference in OS between the group with stain-
ing intensity (cut-off value 133%) and the group without 
staining intensity (cut-off value 46%) for other indices 
(χ2 = 2.90, P = 0.0888; Table  3). These findings indicated 
that the staining intensity of Ki-67 was not valuable for 
OS prediction in patients with BC.

Table 1  Pathological characteristics of 280 patients with BC
Factors N %
Sex (N = 280)
  M 4 1.43%
  FM 276 98.57%
Age (year) (N = 280)
  ≤ 30 2 0.71%
  30–60 222 79.29%
  >60 56 20.00%
Histological type (N = 280)
  DCS 262 93.57%
  ILC 6 2.14%
  invasive micropapillary carcinoma 3 1.07%
  mucinous carcinoma 7 2.50%
  medullary carcinoma 1 0.36%
  apocrine carcinoma 1 0.36%
T stage (N = 271)*

  T1b 15 5.54%
  T1c 49 18.08%
  T2 183 67.53%
  T3 22 8.12%
  T4 2 0.74%
N stage (N = 271) *

  0 146 53.87%
  N1 66 24.35%
  N2 39 14.39%
  N3 20 7.38%
AJCC stage (N = 271) *

  IA 42 15.50%
  IIA 104 38.38%
  IIB 60 22.14%
  IIIA 43 15.87%
  IIIB 1 0.37%
  IIIC 20 7.38%
  IV 1 0.37%
Abbreviations: M, male; FM, female; DCS, invasive ductal carcinoma; ILC, 
invasive lobular carcinoma; AJCC, American Joint Committee on Cancer
*There were 3 cases had metastatic lesions and 6 cases had not undergone 
radical operation, there were no complete T stage, N stage and AJCC stage data

Table 2  Relationship between Ki-67 index and OS of patients 
with BC
Ki-67 index Death (n) Survive (n) χ2 P
< 46% 45 186 5.87 0.0154
≧ 46% 14 32
< 68% 51 206 7.64 0.0057
≧ 68% 8 12
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Relationship between the expression of Ki-67 in BC and the 
DFS of patients
At the end of the follow-up period, 36 of the 280 patients 
with BC developed metastasis or in situ relapse at differ-
ent positions. According to the statistical analysis, the 

DFS of patients with BC gradually decreased as the Ki-67 
index increased from 50 to 58% (χ2 = 7.31, P = 0.0069; 
χ2 = 7.88, P = 0.005, respectively). This revealed that 
the Ki-67 index was useful for determining the DFS of 
patients with BC when it was in the range of 50 − 58% 
(Table 4; Fig. 3).

Relationship between the expression of Ki-67 in different 
molecular subtypes of BC and the OS of patients
Among 280 patients with BC, 254 patients with invasive 
ductal carcinoma were classified on the basis of the criti-
cal Ki-67 index value (14%) according to the consensus of 
the St. Gallen Conference in 2011. Sixty cases of luminal 
A-type BC, 112 cases of luminal B-type BC, 43 cases of 
HER2-overexpressing subtype BC, and 39 cases of tri-
ple-negative-type BC were distinguished. According to 
the statistical analysis, luminal A-type BC patients were 
significantly different from patients with HER2-overex-
pressing subtype in terms of OS (χ2 = 5.33, P = 0.0210; 
Table 5; Fig. 4A), and no difference with triple negative-
type BC patients (χ2 = 3.36, P = 0.067. Table 5; Fig. 4B).

To further investigate the relationship between the 
Ki-67 index and each molecular type of BC, a statistical 

Table 3  Relationship between staining intensity of Ki-67 and OS 
of patients with BC
Ki-67 
index + staining 
intensity

Death 
(n)

Sur-
vive 
(n)

Death 
rate (%)

χ2 P

< 46% 45 188 19.31%
≧ 46% 14 30 34.09%
< 133% 46 189 19.57% 2.90 0.0888※

≧ 133% 13 29 30.95% 6.71 0.0096*

※46% vs. 133% group; * <133% vs. ≧ 133% group

Table 4  Relationship between ki-67 index and DFS of patients 
with BC
Ki-67 index Death (n) Survive (n) χ2 P
< 50% 33 174 7.31 0.0069
≧ 50% 11 26
< 58% 34 178 7.88 0.0050
≧ 58% 10 22

Fig. 3  Kaplan-Meier curves (DFS) of the patients with BCs according to the different Ki-67 cutoff point. A: Patients with labeling index ( ≧ 50%) had 
significantly inferior DFS rate compared withKi-67 labeling index (< 50%). B: Patients with Ki-67 labeling index ( ≧ 58%) had significantly inferior DFS rate 
compared with Ki-67 labeling index (< 58%)

 

Fig. 2  Kaplan-Meier curves of the patients with BCs according to the different Ki-67 index. A: Patients with Ki-67 labeling index ( ≧ 46%) had significantly 
inferior OS rate compared with Ki-67 labeling index (< 46%). B: Patients with Ki-67 labeling index ( ≧ 68%) had significantly inferior OS rate compared with 
Ki-67 labeling index (< 68%). C: Kaplan-Meier curves of the BC patients with Ki-67 labeling index plus different stained intensity
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analysis of the relationship between the percentage of Ki-
67-positive cells and the molecular type of patients with 
BC was carried out. There was a significant difference in 
the OS of patients with HER2-overexpressing subtype BC 
when the Ki-67 index ranged from 49 − 60% (χ2 = 4.86, 
P = 0.0275; χ2 = 5.50, P = 0.0190, respectively; Fig. 4C and 
D), but there were no significant differences among the 
luminal A-type group, luminal B-type group and triple 
negative-type group.

Molecular classification of patients with BC on the basis 
of the molecular classification proposed by the Chinese 
society of clinical oncology (CSCO) in 2019
Among 280 patients with BC, 250 patients with inva-
sive ductal carcinoma underwent molecular classifica-
tion according to the CSCO standards set forth in 2019. 
According to the molecular classification results, there 
were 90 cases of luminal A-type BC, 78 cases of luminal 
B-type BC, 43 cases of HER2-overexpressing subtype BC, 
and 39 cases of triple-negative BC. According to the sta-
tistical analysis results, there were significant differences 
between luminal A-type BC and HER2-overexpressing 

Table 5  Molecular type of patients with BC according to St. Gallen conference in 2011
Molecular type Death (n) Survive (n) Total (n) median Ki-67 index (%) χ2 P
Luminal A 9 51 60 7.52%
Luminal B HER-2 (-) 13 57 70 27.41%
Luminal B HER-2 (+) 9 33 42 23.84%
Over-expression HER-2 15 28 43 31.10% 5.33 0.021※

Triple-negative 12 27 39 35.32% 3.36 0.067*
※Luminal A type vs.HER-2 over-expression type; * Luminal A type vs. triple negative type

Fig. 4  According to the 11th St. Gallen International Consensus Meeting, the difference was seen between Luminal A type and over-expression of 
HER-2 type, triple-negative type. A: Luminal A type vs. over-expression of HER-2 type. B: Luminal A type vs. triple-negative type. C: Patients withHER-2 
over-expression BC with labeling index ( ≧ 49%) had significantly inferior OS rate compared with Ki-67 labeling index (< 49%). D: Patients withHER-2 over-
expression BC with Ki-67 labeling index ( ≧ 60%) had significantly inferior OS rate compared with Ki-67 labeling index (< 60%)
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subtype BC in terms of OS (χ2 = 5.53, P = 0.019). Patients 
with HER2-overexpressing subtype BC had a higher 
death rate and poorer prognosis, but there was no sig-
nificant difference in OS between patients with luminal 
B-type BC and those with triple-negative BC (Table  6; 
Fig. 5A).

The relationship between the Ki-67 index and the prog-
nosis of patients with specific molecular classifications 
based on CSCO in 2019 was analyzed. According to the 
statistical analysis, there were significant differences 
between the two groups in terms of the luminal B HER-2 
(-) type when the cutoff value of the Ki-67 index was 52% 
(χ2 = 6.61, P = 0.0101) (Fig.  5B). Moreover, there were 
significant differences between the two groups in terms 
of the HER2-overexpressing subtype when the Ki-67 
index fell within the critical interval of 47-60% (χ2 = 4.86, 
P = 0.0275; χ2 = 5.0, P = 0.0190, respectively) (Fig. 5C and 
D), but these two groups showed no significant difference 
in terms of other molecular subtypes. Interestingly, all 19 
patients with luminal A-type BC survived when the Ki-67 
index was ≤ 4% (during the follow-up visit period), and 
the results indicated that BC patients with very low Ki-67 
indices had high survival rates.

Discussion
The applications of Ki-67 in BC can be divided into two 
main parts: (1) Molecular classification is particularly 
necessary when distinguishing luminal A-type BC from 
luminal B-type BC because the former requires only 
endocrine therapy, whereas the latter necessitates sys-
tematic chemotherapy based on endocrine therapy to 

achieve good clinical effects [10]. Hence, distinguishing 
these two types of BC in clinical practice is necessary. (2) 
Prognosis of patients with BC. Many studies have dem-
onstrated that patients with higher Ki-67 indices have 
poorer prognoses and that they more easily relapse [9, 
23, 24]. However, the opposite results have also been 
reported: patients with a higher Ki-67 index achieve bet-
ter pathological complete response (pCR), without con-
sidering the HR state, HER-2 state or triple-negative type 
of BC [25]. Some studies have even reported that the 
Ki-67 index is unrelated to the prognosis of patients with 
BC [19, 26]. Moreover, the prognosis is poorer when the 
Ki-67 index is lower [27]. Researchers have demonstrated 
that other clinical pathological features, including histo-
logical grade, lymphatic metastasis, tumor volume, vas-
cular invasion, etc., should be considered when assessing 
the influence of the Ki-67 index on patients with BC [28]. 
Therefore, the value of Ki-67 in the management of BC 
is controversial, and how to use the cutoff value of Ki-67 
correctly and precisely is a clinical conundrum.

Moreover, Ki-67 has not been widely applied in the 
clinic because of differences among observers, which has 
resulted in different molecular classifications and dif-
ferent treatment options. Additionally, some clinicians 
depend more on the Ki-67 division between the “high 
Ki-67 group” and the “low Ki-67 group” when determin-
ing treatment. However, the critical value of the “low 
Ki-67 group” ranged between 0% and 28.6% [29, 30], 
indicating significant differences. In a word, the cut-off 
value of Ki-67 index was significant difference between 
the different pathologists. Therefore, precisely identifying 

Table 6  Molecular type of patients with BC according to CSCO consensus in 2019
Molecular type Death (n) Survive (n) Total (n) Death rate (%) median Ki-67 index (%) χ2 P
Luminal A 15 75 90 16.67% 11.23%
Luminal B HER-2 (-) 7 29 36 19.44% 37.7%
Luminal B HER-2 (+) 9 33 42 21.43% 23.84%
Over-expression HER-2 type※ 15 28 43 34.88% 31.10% 5.53 0.019※

Triple-negative type 12 27 39 30.77% 35.32%
※ Luminal A type vs. HER-2 over-expression type

Fig. 5  A: According to the 2019 CSCO meeting, the difference was seen between Luminal A type and over-expression of HER-2 type of BC. B: Luminal 
B HER-2 (-) type patients with Ki-67 labeling index ( ≧ 52%) had significantly inferior OS rate compared with Ki-67 labeling index (< 52%). C: the HER-2 
over-expression patients with labeling index ( ≧ 47%) had significantly inferior OS rate compared with Ki-67 labeling index (< 47%). D: the HER-2 over-
expression patients with Ki-67 labeling index ( ≧ 60%) had significantly inferior OS rate compared with Ki-67 labeling index (< 60%)
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the critical value of the Ki-67 index and the values of the 
Ki-67 index for determining the prognosis and molecu-
lar classification of patients with BC, as well as making 
reasonable and efficient use of Ki-67 in BC, are highly 
important.

Immunohistochemical staining is the most common 
analytical method for detecting Ki-67. This method is not 
only economic and simple but also requires no compli-
cated equipment. However, Ki-67 has limited practical 
value in clinical practice because there are many inter-
ference factors before, during and after the experiment. 
The main interference factors before the experiment are 
the selection of stationary liquid, the fixed time and the 
cold ischemia time. Interference during the experiment 
generally include the type of antibody, antigen repair 
method, staining development time and proficiency of 
technicians. The main postexperimental influencing fac-
tors include the method for counting positive cells, pro-
fessional training of observers, and accurate recognition 
of positive cells. Influencing factors before and during the 
experiment can be avoided through standardized opera-
tion as much as possible, including choosing 10% neu-
tral formalin as the fixed liquid, controlling the time of 
samples in the fixed liquid after separation within 30 min, 
ensuring at least 24 h of fixation time, and using the pri-
mary antibody of the same batch from the same factory, 
the same antigen repair method after optimization, and 
the same technician. The counting of positive cells after 
the experiment was the most difficult work.

To optimize the counting method and decrease differ-
ences among observers as much as possible, the Interna-
tional Ki-67 in Breast Cancer Working Group offered the 
following suggestions to promote applications of Ki-67 
in BC: counting at least 3 high-power fields (×40 objec-
tives) or counting 500–1000 tumor cells, including inva-
sion edges of tumors and hot spot regions [31]. However, 
the artificial intelligence (AI)-assisted Ki-67 digital image 
analysis was reported recently, and the results showed 
a high degree of concordance with manual counting of 
Ki-67, at the same time the results of Ki-67 index have 
prognostic potential [32]. Ki-67 index was also calculated 
by using image analysis software, the results showed that 
the staining intensity of the tumor cells to be counted 
can be adjusted, and the efficiency was much higher 
than manual counting [33]. Even a replacement for Ki-67 
had been fully evaluated. A head-to-head comparison of 
Ki-67 index and phosphohistone H3 to assess its prog-
nostic value in breast cancer, the results displayed that 
phosphohistone H3 was a stronger and more robust 
prognostic indicator than Ki-67 in patients with BC [34]. 
A published paper evaluated the Ki-67 index in luminal 
BC by using 3 methods: (1) the number of Ki-67 expres-
sion in 1000 tumor cells in the hot spot area was counted, 
(2) the average expression of Ki-67 in tumor cells in 

the defined hot spot area, (3) the expression of Ki-67 in 
tumor cells throughout the whole section, the results 
showed that the first method was an optimal method 
for its high reliability and reproducibility [35]. Thus, the 
puzzle of whether to count the hot spot or average count 
of the Ki-67 index has been perfectly solved. At the same 
time, the same observer was assigned three counts in 2 
days for patients whose Ki-67 index ranged between 10% 
and 20% to decrease the discrepancies among different 
observers as much as possible in our study. Next, the 
mean value was used as the final Ki-67 index.

In this study, the percentage of Ki-67-positive cells in 
277 patients with BC was calculated, and statistically sig-
nificant differences were detected among patients with 
BC in terms of OS when the critical value of the Ki-67 
index fell within the interval of 46 − 68%. In other words, 
the death rate of patients gradually increased, and the 
prognosis deteriorated with an increasing Ki-67 index. 
Since the interval of the Ki-67 index is large, it is easy for 
pathologists to promote this index, and it has relatively 
high repeatability. The staining intensity of Ki-67 was 
included in the evaluation index, which can also influ-
ence the OS prediction of patients with BC (cut-off value 
133% ). However, the group for with the staining inten-
sity was considered (cut-off value 133% ) and the group 
without such consideration of the staining intensity (cut-
off value 46%) showed no statistically significant differ-
ences in OS prediction. These findings indicate that the 
intensity of Ki-67 staining has no significant value in the 
prediction of OS in patients with BC. In other words, if 
the staining intensity of Ki-67 was considered, different 
cut-off values should be used to determine the OS of BC 
patients.

Zhu noted that setting the critical value of the Ki-67 
index at 30% was an independent prognostic fac-
tor for the OS and DFS of triple-negative BC patients 
[36]. Patients with triple-negative cancer and a Ki-67 
index > 30% had a relatively poor prognosis, and this was 
especially true for patients with stage I disease. When 
the critical value of the Ki-67 index was 10%, BC patients 
with both high expression (≥ 10%) and low expression 
(< 10%) had significant differences in OS and recurrence-
free survival (RFS) when there was low PR expression 
(< 20%). In particular, patients with high Ki-67 expres-
sion and low PR expression had the poorest prognosis 
[37]. Similarly, the Ki-67 index is important for determin-
ing the DFS of patients with BC. According to this study, 
the DFS of patients with BC decreased gradually when 
the Ki-67 index value increased from 50 to 58%, but the 
interval from the Ki-67 index to the determination of 
DFS was relatively small, and special attention should be 
given to this interval. However, some studies have shown 
that when the critical value of the Ki-67 index is 14%, 
patients with luminal-type BC and high Ki-67 expression 
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(≥ 14%) and low PR expression (< 50%) achieve relatively 
high clinical complete remission (CR) from neoadjuvant 
chemotherapy [38].

There is a “gray zone” during molecular classification of 
patients with BC on the basis of the Ki-67 index, espe-
cially when different methods are applied. During the 
molecular classification of patients with BC based on the 
consensus of the St. Gallen Conference in 2011, it is rela-
tively difficult to set 14% as the critical value of the Ki-67 
index in practical applications. In particular, the repeat-
ability is poorer when the primary count is between 12% 
and 16%. However, there were still counting errors made 
by the same technician, and the error was even greater 
across multiple technicians. In this study, the same 
observer was assigned three counts in 2 days for patients 
whose Ki-67 index ranged between 10% and 20%. Next, 
the mean value was used as the final Ki-67 index. This 
can decrease errors among different observers as much 
as possible, and the total number of cells can increase 
significantly. The biggest defect lies in high workloads, 
and it is applicable only to situations with small sample 
sizes. During molecular classification based on the CSCO 
standards of 2019, repeated counting or decision-making 
according to other evidence was needed when the Ki-67 
index ranged between 15% and 30% [18], which increased 
the workload and led to poor repeatability as well as 
increased errors. Decreasing the number of “gray zones” 
and differences in the molecular classification of BC was 
the key challenge in this study.

During the molecular classification of patients with BC 
on the basis of the consensus of the St. Gallen Confer-
ence in 2011, the OS of patients with luminal A-type BC 
was not significantly different from that of patients with 
HER2-overexpressing subtype and patients with triple-
negative-type BC. The OS of patients with HER2-overex-
pressing subtype BC significantly differed when the Ki-67 
index fell within 49 − 60%, but there was no significant 
difference among the other subtypes. In 2019, the OS 
of patients with luminal A-type BC significantly differed 
from that of patients with HER2-overexpressing subtype 
BC in terms of OS, but it was not significantly different 
from that of patients with other subtypes. Differences 
caused by two different molecular classification methods 
might influence the prognosis of patients. When 52% was 
used as the Ki-67 index, there was a significant differ-
ences in OS among patients with the luminal B HER-2(-) 
subtype. Moreover, there was a significant difference in 
OS among patients with HER2-overexpressing subtype 
BC when the Ki-67 index was 47%. These findings further 
indicate differences in the Ki-67 index among different 
molecular classification methods, which deserve special 
attention.

Conclusions
In summary, a systematic study on the application value 
of the Ki-67 index in patients with BC was carried out. 
The results revealed that the Ki-67 index has a large value 
range that is suitable for determining the OS of patients 
with BC and that it can decrease the degree of difference 
in interpretation among different observers. The stain-
ing intensity slightly influenced OS predictions made on 
the basis of the Ki-67 index. The interval of the Ki-67 
index for the determination of DFS in patients with BC 
is relatively small, and the Ki-67 index may impose a 
high requirement for interpretation in practice. Differ-
ent molecular classification methods influence the prog-
nostic assessment and classification of patients with BC. 
Therefore, molecular classification methods should be 
chosen carefully to provide more effective clinical treat-
ment. Moreover, other clinical pathological features 
should be considered.
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