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OBJECTIVE
Immunohistochemical Ki-67 index is a useful method to determine the prognosis. We aimed to evaluate 
the association of Ki-67 score, using 14% and 20% cut-off values, with clinicopathological parameters 
in invasive breast carcinomas.

METHODS
Pathology reports of 162 females were retrospectively reviewed and parameters including age, meno-
pausal status, multifocality/multicentricity (MF/MC), tumor size, histological type, grade, lymphovas-
cular invasion (LVI), perineural invasion, axillary lymph node status, ER, PR, HER2 status, Ki-67 index, 
and molecular subtype were recorded. The cases were grouped according to two separate Ki-67 cut-off 
values (high: ≥14% and ≥20%, low <14%, and <20%). Ki-67 score was compared with other clinico-
pathological parameters statistically using Chi-square test.

RESULTS
When the Ki-67 score was grouped according to 14% or 20% cut-off values, it was found to be associ-
ated with similar clinicopathological parameters. There was a significant correlation between high Ki-67 
score and high grade (p<0.001, p<0.001), LVI (p=0.002, p=0.022), ER negativity (p=0.001, p<0.001). 
When ER expression was grouped as negative, low positive and positive, similar results were obtained 
(p=0.003, p=0.001). There was a significant association between Ki-67 score and molecular subtypes 
(p<0.001, p<0.001): Ki-67 score was higher in cases that belong to Luminal B subtype and lower in cases 
that belong to Luminal A in comparison to others. Ki-67 score had no association with age, menopausal 
status, MF/MC, tumor size, perineural invasion, axillary lymph node involvement, PR, and HER2 status.

CONCLUSION
Standardization of interpretation of Ki-67 proliferative index and cut-off value for scoring will improve 
the demonstration of the prognostic signification of Ki-67 in invasive breast carcinomas.
Keywords: Breast cancer; Ki-67; molecular subtype; prognosis.
Copyright © 2021, Turkish Society for Radiation Oncology

Introduction

Ki-67 is a proliferation marker that controls the cell cy-
cle. It is expressed in the cell nucleus and reaches the 

peak level during mitosis.[1] Tumors that exhibit in-
creased proliferation tend to be more aggressive clini-
cally and immunohistochemical detection of the Ki-67 
index is a useful method to determine the prognosis.
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Interpretation of ER, PR, HER2, and Ki-67
All immunohistochemical studies had been performed 
in the pathology laboratory of the same university hos-
pital. Cases were considered positive for ER and PR 
when nuclear staining was observed in at least 1% of 
tumor cells regardless of the intensity of staining. ER 
positivity was also evaluated as two groups: 1-10% low 
positive, >10% positive (11). HER2 immunostaining 
was considered positive when complete intense mem-
brane staining (score 3+) was observed in at least >10% 
of tumor cells.[11] Forty-eight cases which were uncer-
tain for HER2 (score 2) had been evaluated by in situ 
hybridization and positive 4 cases were also interpreted 
as HER2 positive.

For Ki-67, CONFIRM anti-Ki67 (30-9) Rabbit Mon-
oclonal Primary Antibody was used. At least 3 fields were 
selected to represent the spectrum of staining seen on 
initial overview of the whole section. Scoring involved 
the counting of at least 500 invasive tumor cells. Nuclear 
staining was considered positive and staining intensity 
was not relevant.[1] Then, all cases were divided into 
groups using 14% and 20% cut-off values for Ki-67 score 
(high: ≥14 and ≥20, low <14 and <20) (Fig. 1).[12,13]

Molecular Classification
All cases were classified into the four molecular sub-
types by using HR (ER and/or PR), HER2 and Ki-67 
status: Luminal A (HR+ HER2- and low Ki-67 score), 
Luminal B (HR+ HER2+ or HR+ HER2- and high Ki-
67 score), HER2 expressing type (HR- HER2+), Triple 
Negative (HR- HER2-).[12]

Statistical Analysis
Descriptive statistics were used to describe the data. 
Normal distribution was tested by Shapiro-Wilk tests. 

[1-3] It was reported that the high Ki-67 levels were as-
sociated with decreased survival in patients with breast 
cancer.[1,2]

Various studies have been conducted on the rela-
tionship of the Ki-67 score with clinicopathological 
parameters in invasive breast carcinomas.[2-7] High 
Ki-67 index was found significantly related with poor 
prognostic parameters as high tumor grade and axil-
lary lymph node metastases.[2-5,7]

When the relationship of the Ki-67 index with im-
portant prognostic biological markers for breast cancer 
was investigated, it was found that the high Ki-67 score 
was associated with hormone receptor (HR) negativity 
and human epidermal growth factor receptor 2 (HER2) 
positivity.[4,5] According to their molecular subtypes, 
the Ki-67 index was found to be higher in Luminal B, 
HER2 expressing or Triple Negative types compared to 
Luminal A.[4,7]

In this study, we aimed to evaluate the association 
of low or high Ki-67 score, using 14% and 20% cut-off 
values, with clinicopathological parameters including 
age, menopausal status, multifocality-multicentricity 
(MF/MC), tumor size, histological type, grade, lym-
phovascular invasion (LVI), perineural invasion, axil-
lary lymph node involvement, estrogen receptor (ER), 
progesterone receptor (PR), HER2 expression, and 
molecular subtypes in invasive breast carcinomas.

Materials and Methods

Patients
This study included 162 female patients with invasive 
breast cancer, diagnosed in the pathology department 
of an university hospital, between April 2011 and May 
2012. The patients who were received neoadjuvant 
therapy were excluded from the study.

Pathology reports were retrospectively reviewed 
and clinicopathological parameters including age, 
menopausal status, MF/MC, tumor size, histological 
type, grade, LVI, perineural invasion, axillary lymph 
node status, ER, PR, HER2 status, and Ki-67 prolifera-
tive index were recorded for each cases.

Cases with multiple tumors were interpreted based 
on the largest tumor size. Tumor size and axillary 
lymph node status were classified based on the TNM, 
AJCC 8 classification.[8] The histological types were 
evaluated according to the World Health Organization 
(WHO) Classification of Breast Tumors, 4th Edition.[9] 
The modified Bloom-Richardson grading system was 
used for histological grading.[10]

Fig. 1. High Ki-67 score in invasive carcinoma of no 
special type (Left: H&E×100, Right: Ki-67×200).
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Non-parametric data were compared using Chi-square 
test. P<0.05 were considered statistically significant. 
Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 21.0.

Ethic
This study is in accordance with the Helsinki Declara-
tion. The study protocol was accepted by Amasya Uni-
versity Clinical Research Ethics Committee (No: 14, 
Date: 07/01/2021).

Results

Clinicopathological Characteristics
The mean age of 162 invasive breast carcinoma cases 
participating in the study was 55 (24-85) years.

The surgeries performed were breast-conserving 
surgery in 79 (48.8%) cases, modified radical mastec-
tomy in 65 (40.1%) cases, and simple mastectomy in 
18 (11.1%) cases. Axillary dissections were performed 
with all breast-conserving surgeries except four cases 
whose age was over 70 years. In addition, we could not 
access to follow-up and information of the axillary sta-
tus of a 48-year-old patient with simple mastectomy.

The tumor sizes varied from 0.4 to 10 (mean 2.6) 
cm. Thirtyseven (22.8%) cases showed MF/MC and 2 
(1.2%) cases had bilateral tumors.

Axillary lymph node status was known for 157 and 
unknown for 5 (3.1%) cases. Axillary lymph nodes 
were negative for 67 (41.3%) cases. 12 (7.4%) cases 
had micrometastasis (MM) and/or isolated tumor cells 
(ITC) (MM:7, MM+ITC:2, ITC:3). The remaining 78 
(48.2%) cases contained varying numbers of positive 
lymph nodes.

According to cut-off value of 14%: 72 (44.4%) cases 
had low and 90 (55.6%) cases had high Ki-67 score. 
Molecular subtypes using this value were as follows: 
63 (38.9%) Luminal A, 65 (40.1%) Luminal B, 13 (8%) 
HER2 expressing type, and 21 (13%) Triple Negative.

According to cut-off value of 20%: 86 (53.1%) cases 
had low and 76 (46.9%) cases had high Ki-67 score. 
Molecular subtypes using this value were as follows: 
74 (45.7%) Luminal A, 54 (33.3%) Luminal B, 13 (8%) 
HER2 expressing type, and 21 (13%) Triple Negative. 
The clinicopathological characteristics of the patients 
and tumors were summarized in Table 1.

Relationship between Ki-67 Expression and Clini-
copathological Parameters
According to our analysis, the correlations of the Ki-67 
score with clinicopathological parameters were simi-

Table 1 Clinicopathological characteristics of invasive 
breast cancer patients

Parameter n %

Age (years)
 ≤35 14 8.6
 36-50 43 26.6
 51-65 70 43.2
 >65 35 21.6
Menopausal status
 Premenopausal 58 35.8
 Postmenopausal 104 64.2
Type of surgery
 Breast-conserving surgery 79 48.8
 Modified radical mastectomy 65 40.1
 Simple mastectomy 18 11.1
Laterality
 Right 82 50.6
 Left 78 48.2
 Bilateral 2 1.2
Multifocality/Multicentricity
 Present 37 22.8
 Absent 125 77.2
Tumor size (cm)
 ≤2 72 44.5
 >2 and ≤5 83 51.2
 >5 7 4.3
Histological subtype
 Invasive carcinoma of no special type (NST) 114 70.4
 Mixed invasive NST and lobular carcinoma 15 9.3
 Other carcinomas of mixed type 13 8.0
 Invasive lobular carcinoma 8 4.9
 Metaplastic carcinoma with squamous 4 2.5 
 differentiation
 Mucinous carcinoma 3 1.9
 Tubular carcinoma 2 1.2
 Invasive papillary carcinoma 1 0.6
 Carcinoma with apocrine differentiation 1 0.6
 Carcinoma with signet-ring-cell differentiation 1 0.6
Histological grade
 I 8 4.9
 II 82 50.6
 III 72 44.5
Lymphovascular invasion
 Present 100 61.7
 Absent 62 38.3
Perineural invasion
 Present 70 43.2
 Absent 92 56.8
Axillary lymph node status
 Negative 67 41.3
 Micrometastasis and/or ITC 12 7.4
 1-3 positive 46 28.4
 4-9 positive 16 9.9
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It was observed that grade III cases were more com-
mon in the group with high Ki-67.

Ki-67 score was also statistically associated with 
LVI (p=0.002, 0.022). It was higher in cases with LVI 
compared to cases with no LVI. There was no associa-
tion between Ki-67 score and perineural invasion.

For the statistical analysis, five cases of unknown 
axillary lymph node status were ignored. 157 cases 
were divided into two groups with negative and posi-
tive lymph nodes. Cases with only ITC were added to 
lymph node-negative group, while the cases with MM 
were grouped with other lymph node-positive cases. 
There was no statistically significant relationship be-
tween Ki-67 score and axillary lymph node status.

We found a statistically significant association be-
tween Ki-67 score and ER status (p=0.001, <0.001). 
Ki-67 was higher in cases that are negative for ER 
compared to cases which express ER. When we clas-
sified the cases as negative, low positive and positive, 
we found similar results (p=0.003, p=0.001). However, 
since the number of cases in the low positive group 
was not sufficient, statistical interpretation could not 
be made regarding the difference between the positive 
and low positive groups. We could not find any signifi-
cant correlation of the Ki-67 score with PR and HER2.

When we compared the molecular subtypes, there 
was a statistically significant association between 
the Ki-67 score and molecular subtypes (p<0.001, 
p<0.001). The Ki-67 score was significantly higher in 
cases that belong to the Luminal B subtype and lower 
in cases that belong to Luminal A in comparison to 
others. Luminal A and B ratios varied according to the 
cut-off value: All Luminal A cases (63 and 74 cases ac-
cording to 14% and 20% value, respectively) had low 
Ki-67 score. According to 14% and 20% values, respec-
tively, 62 of 65 (95.4%) and 50 of 54 (92.6%) Luminal 
B cases had high Ki-67 score. Although most cases had 
high Ki-67 score in Triple-Negative and HER2 express-
ing subtypes, the rates in these groups were not high 
enough to make a statistically significant difference in 
comparison to other molecular subtypes.

Discussion

In breast cancer, the prognostic significance of the Ki-67 
proliferative index has been demonstrated in the major-
ity of the studies.[1,14] Besides, nowadays Ki-67 index 
is used to predict the response to neoadjuvant chemo-
therapy in cases with breast cancer.[1,15] It is also used 
in the differentiation of Luminal A and Luminal B mo-
lecular subtypes in invasive breast carcinomas.[12,16]

lar when the cut-off value was 14% or 20% (Table 2). 
The Ki-67 score had no relationship with patient age, 
menopausal status, MF/MC, and tumor size.

We compared the Ki-67 score with histological 
types but our case number was not sufficient for statisti-
cal analysis. In this study, the most common histologi-
cal type was invasive carcinoma of no special type (IC-
NST). They were mostly (56.1%) had high Ki-67 score 
based on 14% cut-off value, but mostly (54.4%) had low 
Ki-67 score according to 20%. According to both cut-off 
values, all (4/4) of the metaplastic carcinomas and car-
cinoma with signet-ring-cell differentiation (1/1) case 
had high Ki-67 score, while 7/8 cases of lobular carcino-
ma and all tubular carcinoma (2/2) cases had low score.

There was a statistically significant association be-
tween Ki-67 score and tumor grade (p<0.001, p<0.001). 

Table 1 Cont.

Parameter n %

 ≥10 positive 16 9.9
 Unknown 5 3.1
Estrogen receptor
 Positive 127 78.4
 Positive (>10%) 121 74.7
 Low (1-10%) 6 3.7
 Negative 35 21.6
Progesterone receptor  
 Positive 101 62.3
 Negative 61 37.7
HER2  
 Positive 24 14.8
 Negative 138 85.2
Ki-67 score (14% cut-off)  
 Low (<14%) 72 44.4
 High (≥14%) 90 55.6
Ki-67 score (20% cut-off)  
 Low (<20%) 86 53.1
 High (≥20%) 76 46.9
Molecular subtypes (14% cut-off)
 Luminal A 63 38.9
 Luminal B 65 40.1
 HER2 expressing type 13 8.0
 Triple negative 21 13.0
Molecular subtypes (20% cut-off)
 Luminal A 74 45.7
 Luminal B 54 33.3
 HER2 expressing type 13 8.0
 Triple negative 21 13.0
Total 162 100.0

NST: No special type; ITC: Isolated tumor cells; HER2: Human epidermal 
growth factor receptor 2
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Table 2 Analysis of Ki-67 score in relation to clinicopathological parameters of invasive breast cancer patients

Parameter       Ki-67 score

     14% cut-off      20% cut-off

   Low   High  p*  Low   High  p*

  n  % n  %  n  % n  %

Age (years)
 ≤35 4  5.6 10  11.1 0.116 6  7 8  10.5 0.267
 36-50 20  27.8 23  25.6  24  27.9 19  25
 51-65 27  37.5 43  47.8  33  38.4 37  48.7
 >65 21  29.2 14  15.6  23  26.7 12  15.8
Menopausal status
 Premenopausal 24  33.3 34  37.8 0.558 30  34.9 28  36.8 0.795
 Postmenopausal 48  66.7 56  62.2  56  65.1 48  63.2
Multifocality-multicentricity
 Present 18  25 19  21.1 0.558 21  24.4 16  21.1 0.611
 Absent 54  75 71  78.9  65  75.6 60  78.9
Grade
 I 7  9.7 1  1.1 <0.001 7  8.1 1  1.3 <0.001
 II 47  65.3 35  38.9  56  65.1 26  34.2
 III 18  25 54  60  23  26.7 49  64.5
Tumor size (cm)
 ≤2 36  50 36  40  41  47.7 31  40.8
 2-5 33  45.8 50  55.6 0.439 41  47.7 42  55.3 0.628
 >5 3  4.2 4  4.4  4  4.7 3  3.9
Lymphovascular invasion
 Present 35  48.6 65  72.2 0.002 46  53.5 54  71.1 0.022
 Absent 37  51.4 25  27.8  40  46.5 22  28.9
Perineural invasion
 Present 27  37.5 43  47.8 0.189 34  39.5 36  47.4 0.315
 Absent 45  62.5 47  52.2  52  60.5 40  52.6
Lymph node involvement**
 Negative 35  50.7 35  39.8 0.171 39  47 31  41.9 0.521
 Positive 34  49.3 53  60.2  44  53 43  58.1
Estrogen receptor
 Positive 65  90.3 62  68.9 0.001 77  89.5 50  65.8 <0.001
 Negative 7  9.7 28  31.1  9  10.5 26  34.2
Estrogen receptor
 Positive (>10%) 61  84.7 60  66.7 0.003 73  84.9 48  63.2 0.001
 Low positive (1-10%) 7  9.7 28  31.1  9  10.5 26  34.2
 Negative (<1%) 4  5.6 2  2.2  4  4.7 2  2.6
Progesterone receptor
 Positive 49  68.1 52  57.8 0.180 59  68.6 42  55.3 0.080
 Negative 23  31.9 38  42.2  27  31.4 34  44.7
HER2 expression
 Positive 7  9.7 17  18.9 0.103 10  11.6 14  18.4 0.225
 Negative 65  90.3 73  81.1  76  88.4 62  81.6
Molecular subtype
 Luminal A 63  87.5 0  0 <0.001 74  86 0  0 <0.001
 Luminal B 3  4.2 62  68.9  4  4.7 50  65.8
 HER2 expressing 4  5.6 9  10  6  7 7  9.2
 Triple negative 2  2.8 19  21.1  2  2.3 19  25

*p<0.05 was considered statistically significant. **Five cases with unknown lymph node status were ignored and 157 cases could be evaluated statistically in 
terms of lymph node involvement. HER2: Human epidermal growth factor receptor 2
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There is no standardization and a certain cut-point 
for Ki-67 scoring. The St Gallen consensus 2009 has 
proposed three scores as low (≤15%), intermediate 
(16-30%), and high (>30%).[17] According to St Gal-
len 2011 consensus low Ki-67 score has been defined 
as <14%. Based on this cut-off value, HR-positive and 
HER2 negative breast carcinomas have been classified 
as Luminal A if they had a low Ki-67 score, and Lumi-
nal B if they had a high Ki-67 score.[12] The cut-off 
value was revised as 20% at the 2013 St Gallen Interna-
tional Expert Consensus meeting.[13]

In a study, when Ki-67 antibody was applied sepa-
rately to primary breast carcinoma and synchronous 
axillary lymph node metastasis, it was shown that there 
was discordance between Ki-67 expressions. The pro-
portion of Ki-67 labeled cancer cells was significantly 
higher in axillary metastasis.[18] The method used 
may also have impact on the significance of Ki-67. In 
another study, it was found that classical whole section 
was superior to tissue microarray method in terms of 
prognosis and clinicopathological correlation.[19] In 
this study, we only studied on primary breast cancers 
and excluded the cases with adjuvant therapy. We ob-
tained the Ki-67 proliferative index from archive data 
and all of them were applied to the whole section dur-
ing routine work. We used both 14% and 20% cut-off 
values for scoring Ki-67.[12,13]

The relationship between Ki-67 and clinicopatho-
logical parameters in invasive breast carcinomas was 
investigated in various studies.[2-7] In our study, the 
correlations of Ki-67 score with clinicopathological 
parameters were similar when the cut-off value was 
14% or 20%.

Elkablawy et al.[7] reported that high Ki-67 score 
was statistically associated with older age.When we 
compared the patient age and menopausal status 
with the Ki-67 score, we couldn’t find a significant 
relationship.

In this study, the most common histological type 
was IC-NST and they were mostly had high Ki-67 
score based on 14% cut-off value but mostly had low 
score according to 20% cut-off value. We could not 
perform statistical analysis due to the small number of 
cases. However, we observed that all cases of the meta-
plastic carcinoma and carcinoma with signet-ring-cell 
differentiation cases that known as poor prognostic 
histological types had high Ki-67 score based on both 
cut-off values. On the contrary, Ki-67 score was found 
to be low in most lobular carcinoma and all tubular 
carcinoma cases, which are known as histological types 
with a better prognosis than IC-NST.[9]

High Ki-67 score has been reported as associated 
with poor differentiated tumors.[2] In our study, we 
found a statistically significant association between Ki-
67 score and tumor grade as in the literature.[2-5,7] We 
observed that Grade III cases were more common in 
the group with high Ki-67.

Sun et al.[5] reported that the Ki-67 score increased 
with increasing tumor size in the early stage breast car-
cinomas but when the tumor progressed to a certain 
stage, the Ki-67 score did not increase accordingly. In 
our study, there was no association between the Ki-67 
score and the tumor size.

In some studies, it was reported that there was a 
significant correlation between Ki-67 score and ax-
illary lymph node involvement.[2,3,7] High Ki-67 
score was also reported as associated with distant me-
tastasis.[2] In our series, we could not find a signifi-
cant association between Ki-67 score and lymph node 
status. There was also no correlation between the Ki-
67 score and perineural invasion. Since the data used 
in the present study were limited to pathology archive 
reports, distant metastasis data could not be obtained. 
However, we found that a high Ki-67 score was statis-
tically associated with the presence of LVI. Even if our 
other results are not enough, we may consider that 
more invasive tumors had higher Ki-67 score based 
on this last result.

It has been reported that mean Ki-67 levels and/or 
Ki-67 score was significantly associated with HR and 
HER2 expression. High Ki-67 values had been reported 
to be correlated with ER negativity, PR negativity, and 
HER2 positivity.[2,4,5] The present study also exhib-
ited a statistically significant association between Ki-67 
score and ER status. Ki-67 was higher in cases which 
are negative for ER compared to cases which express 
ER. However, we couldn’t find a correlation of Ki-67 
score with PR and HER2.

In the literature, it has been reported that the Ki-67 
score has a significant relationship with molecular sub-
types.[4,7] Aman et al.[4] found that Triple Negative 
and HER2 expressing subtypes were associated high 
Ki-67 score. In another study, Ki-67 proliferative index 
was associated with Luminal B and HER2 expressing 
type.[7] In our study, we also found a statistically sig-
nificant association between Ki-67 score and molecular 
subtypes. Ki-67 score was higher in cases that belong to 
the Luminal B subtype and lower in cases that belong 
to Luminal A in comparison to others. The number of 
cases in Triple-Negative and HER2 expressing types 
was low. Probably for this reason, although most of the 
cases had high Ki-67 score in these subtypes, the rates 
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were not high enough to make significant difference in 
comparison to other molecular subgroups.

Conclusion

In the present study, we obtained results supporting that 
the Ki-67 score is an important biomarker in breast car-
cinomas and observed that the correlations of the Ki-67 
score with clinicopathological parameters were similar 
when the cut-off value was 14% or 20%. We found a sig-
nificant correlation between high Ki-67 score and high 
tumor grade, LVI, ER negativity. In addition, the Ki-67 
score was higher in cases that belong to the Luminal B 
subtype and lower in cases that belong to Luminal A in 
comparison to others. Standardization of interpretation 
of Ki-67 proliferative index and cut-off value for scor-
ing will improve the demonstration of the prognostic 
signification of Ki-67 in invasive breast carcinomas.
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