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ABSTRACT
Objective: The clinical feature of breast cancer is very heterogeneous because of the variable prognostic factors impact its behaviour. The aim of
study is to find the prognostic importance of Ki-67 and to analyse the correlation between Ki-67 index and the other conventional prognostic factors
in breast cancer patients.
Materials and Methods: Between 2010 and 2017, patients with invasive ductal carcinoma who received radiotherapy after surgery were included in study. A single pathologist re-defined of all cases retrospectively. Ki-67 were established three categories based on Ki-67 levels: low (<10%),
intermediate (10-25%) and high (>25%).
Results: A total of 258 patients were included. 46 of 258 (18%) patients were in low, 82 of 258 (32%) patients were in intermediate and 130 of
258 (50%) patients were in high Ki-67 group. There were no correlations between menopausal status, age, and Ki-67 level. Low-pT stages tended to
have low Ki-67 expression (p=0.07). Low-pN stages correlated with low Ki-67 values (p=0.007). Patients with ECE (+) were prone to have higher
Ki-67 values (p=0.02). The significant correlation was seen between Ki-67 and tumour grading (p=<0.0001). Patients with LVI (+) had higher Ki-67
expression (p=0.007). Luminal A tumours were correlated with low Ki-67 group (p=<0.0001). Ki-67 values had significant effect on DFS (p=0.03)
but not OS (p=0.09).
Conclusion: This study showed that high Ki-67 expression is associated with higher pT-stage, higher pN-stage, higher grade, ER/PR negativity,
HER2/neu positivity, ECE and LVI positivity. The prognostic impact of Ki-67 was only demonstrated for DFS.
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Introduction
The most common cancer type in women is breast cancer and the lifetime risk for breast cancer is 12% (1). The clinical feature of breast
cancer is very heterogeneous because of the variable prognostic factors impact its behaviour (2). To know prognostic factors may help to
estimate the prognosis and to choose the most appropriate treatment modality. Age, histopathologic subtypes, tumour size, tumour grade,
lymph node involvement, extracapsular extension (ECE), lymphovascular invasion (LVI), and hormonal receptor status are the most
important conventional prognostic factors (3).
In addition to these factors, to know proliferation pattern of tumour is important for the treatment decision. In routine clinical practice,
immunohistochemical evaluation of Ki-67 is frequently utilised to assess proliferative features of tumour cells. Except resting phase (G0),
Ki-67 is detected in all proliferative phases of the cell cycle (G1, S, G2, and M). Ki-67 existing cells can be immunochemically marked,
imaged, counted and showed as a percentage of total cells (4). It has been used for many years for breast cancer; it is currently utilised to
distinguish between Luminal A-like and Luminal B-like subtypes in ER+/HER2- breast cancer and physicians frequently use Ki-67 index
for making a decision on adjuvant treatment (5-7).
In spite of consistent data about Ki-67 index, the relationship between Ki-67 index and the other prognostic factors remains uncertain.
The results of studies evaluating the association between Ki-67 and tumour grade in breast cancer have been varied. Some of the research-
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ers claimed that high grade tumours were correlated with high expression of Ki-67, whereas the others did not find any association (8-11).
The relationship between Ki-67 index and steroid hormone receptors
(oestrogen hormone receptor (ER) and progesterone hormone receptor (PR)) were investigated in previous studies. Most of the studies
showed a negative correlation between steroid hormone receptors and
Ki-67 levels (8-10). In regard to human epidermal growth factor receptor 2 (HER2) status, the results are controversial, as some of the
researchers have found a positive correlation but the others have not
(8, 12, 13). The results of studies which investigated the association
between tumour stage and Ki-67 index conflicted with each other. The
relationship between nodal status and Ki-67 index is not clear yet (8).
The effect of Ki-67 values on survival outcome is also uncertain.

Immunohistochemically stained sections were used for the assessment
of Ki-67. MIB-1 staining for Ki-67 was examined with 4x and 10x
object lenses to identify the area of most intense staining (“hot spot”).
Scoring Ki-67 was performed by counting at least 500 tumour cells
in high-power fields with a 40x object lens. All brown-stained nuclei,
regardless of staining intensity, were counted as positive. We did not
specify any cut-off value because of there is still no absolute cut-off
value was defined for the Ki-67 proliferation index. We established
three categories based on Ki-67 level: low (<10%), intermediate (1025%) and high (>25%) as some authors specified ‘low proliferative
activity’ as Ki-67 values <10%, and ‘high proliferation activity’ as Ki67 values >25%. Ki-67 levels between 10% and 25% were defined as
a grey zone interval (16).

The primary aim of this study was to find the prognostic importance
of Ki-67 and to analyse the correlation between Ki-67 index and the
other conventional prognostic factors in breast cancer patients who
received curative radiotherapy. The secondary end point of this study
was to evaluate the other possible prognostic factors that affect overall
survival (OS) and progression free survival (PFS).

Statistical Analysis
All statistical analyses were performed using Statistical Package for
Social Sciences software version 22.0 (IBM Corp.; Armonk, NY,
USA). Patient, treatment and disease characteristics were evaluated using descriptive statistics. The correlation between Ki-67 groups and
other clinicopathologic parameters were evaluated using Pearson’s Chisquare test, and Fisher exact test or Spearman test. The relationship
between absolute Ki-67 values and other clinicopathologic parameters
were assessed using an ANOVA test. Different groups of continuous
variables were compared by Kruskal-Wallis test. The overall survival
(OS) was identified as the time from the surgery to the date of the
death or last follow-up. The disease-free survival (DFS) was identified
as the time from the surgery to the date of demonstrated recurrence/
progression or death. Survival analyses were evaluated using KaplanMeier test and two-sided log-rank test was performed to make a comparison between subgroups. Hazard ratios and 95% confidence intervals (CIs) were measured using Cox regression analysis. The variables
which had statistical significance in univariate analysis (p<0.05) were
added in multivariate analysis as covariates. A p value less than 0.05
was accepted statistically significant.

Materials and Methods
Patient population
Between 2010 and 2017, patients with invasive ductal carcinoma who
received radiotherapy after surgery were included in this study. Totally,
the data of 590 women with breast cancer were retrospectively evaluated. Patients age <18, Karnofsky Performance Status <70, had another
concurrent cancer, had an incomplete lymph node dissection, received
neoadjuvant chemotherapy, had bilateral tumours, had initially distant
metastases, and follow-up period <12 months were excluded. Finally,
258 patients with breast cancer were evaluated.
This research was confirmed by the board of Necmettin Erbakan University Meram School of Medicine and complied with the Declaration
of Helsinki. Because of the retrospective nature of study, informed
consent was not taken from the patients.
Treatment and follow-up
After surgery, all patients received their radiotherapy, chemotherapy and/
or hormonotherapy according to routine treatment procedures. Patients
were examined for tumour status in 3-month intervals for two years and
in a 6-month interval for three to five years, and annually thereafter.
Histopathological evaluation
A single pathologist (F.S.) re-defined the histologic examples of all cases
retrospectively, based on the guideline recommendations of the American Society of Clinical Oncology/College of American Pathologists
(ASCO/CAP protocols) without information of the patient outcomes
(14). The histologic type, tumour grade, tumour dimension, number
of metastatic axillary lymph nodes, the existence of ECE and the existence of LVI were re-evaluated using haematoxylin- and eosin-stained,
formalin-fixed and paraffin wax-embedded tumour slides. Pathological
staging was performed using the 7th American Joint Committee on
Cancer (AJCC) TNM staging system. ER and PR were judged as a
positive when the nuclei were stained in more than 1% of the cancer
cells. HER2 was judged as a positive when strong complete staining in
>10% of cancer cells (ie, 3+). Fluorescent in situ hybridization (FISH)
or silver-enhanced in-situ hybridization (SISH) was carried out when
moderate complete staining in >10 % of cancer cells (i.e., 2+). HER2
was accepted positive when the HER2/CEP17 ratio >2 and gene copy
number >4 signal/cell (15).

Results
Patients, tumour and treatment characteristics
A total of 258 patients were included in the current study with a median follow of 35 (range; 12-133) months from 2010 to 2017. One
hundred of 258 patients (39%) were premenopausal, 24 of 258 patients (9%) were perimenopausal and 134 of 258 patients (52%) were
postmenopausal. The median age was 52 (range; 27-83 years) years.
The detailed patients, tumour, and treatment features are displayed
in Table 1.
Relationship of Ki-67 status with patient and tumour characteristics
The median Ki-67 value was 27.5% (range: 0 to 95%; mean: 30%).
Forty-six of 258 (18%) patients were in low, 82 of 258 (32%) patients
were in intermediate and 130 of 258 (50%) patients were in high Ki67 expression group. There were no correlations between menopausal
status, age and Ki-67 groups (p=0.3 and p=0.6, respectively). Concerning the dimension of tumour, low-pT stages tended to have low Ki-67
expression (p=0.07). Ninety-two percent of low expression group had
pT1-2 disease, whereas only 8% of the low expression group had pT3-4
disease. Similarly, 87% of the intermediate Ki-67 group had pT1-2 disease, whereas 13% of the intermediate Ki-67 group had pT3-4 disease.
Because of low number of pT3-4 cases (32 of 258 patients), to make a
conclusion about the high expression group is difficult but 53% of patients with pT3-4 disease were in high expression group. Regarding the
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Table 1. Patients, tumour and treatment
characteristics

Variables

No. of patients
(total: 258)

Table 2. The relationship between absolute Ki-67
values and clinicopathologic variables

%

Age (years)
Median (range)

Absolute Ki-67
value (mean)

p

Premenopausal

30.50

0.1

Perimenopausal

31.50

Postmenopausal

29.93

Total

30.29

Menopausal status
52 (27-83)

Menopausal status
Premenopausal

100

39

Perimenopausal

24

9

Postmenopausal

134

52

Modified radical mastectomy

148

57

Breast conserving surgery

110

43

Surgery type

Tumour grade
Grade 1

27

11

Grade 2

168

65

Grade 3

63

24

Tumour stages
pT1

77

30

pT2

149

58

pT3

22

8

pT4

104

Lymph node stages
pN0

94

36

pN1

93

36

pN2

44

17

pN3

27

11

ER (+) PR (+) HER2 (-)

159

62

ER (+) PR (+) HER2 (+)

53

20

ER (-) PR (-) HER2 (+)

23

9

Triple (-)

23

9

Hormonal status

ECE
Yes

97

38

No

128

50

Unknown

33

12

Yes

116

45

No

125

48

Unknown

17

7

Low (0-9%)

46

18

Intermediate (10-25%)

82

32

High (>25%)

130

50

LVI

Ki-67 values

258

Variables
(n=258)

ER: oestrogen hormone receptor; PR: progesterone hormone receptor;
HER2: human epidermal growth factor receptor 2; ECE: extracapsular
extension; LVI: lymphovascular invasion

Tumour grade
Grade 1

11.96

Grade 2

29.05

Grade 3

41.46

Total

30.29

<0.0001*

Tumour stages
pT1-2

29.95

pT3-4

32.72

Total

30.29

0.5

Lymph node stages
pN0-1

27.23

pN2-3

38.07

Total

30.29

0.001*

Hormonal status
ER (+) PR (+) HER2 (-)

24.71

ER (+) PR (+) HER2 (+)

31.04

ER (-) PR (-) HER2 (+)

48.13

Triple (-)

49.35

Total

30.29

<0.0001*

ECE
Yes

27.08

No

34.07

Total

30.09

0.02*

LVI
Yes

26.93

No

33.70

Total

30.19

0.02*

Ki-67 values
Low (0-9%)

4.09

Intermediate (10-25%)

15.29

High (>25%)

49.03

Total

30.29

<0.0001*

ER: oestrogen hormone receptor; PR: progesterone hormone
receptor; HER2: human epidermal growth factor receptor 2;
ECE: extracapsular extension; LVI: lymphovascular invasion
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nodal status, low-pN stages were correlated with low Ki-67 expression
(p=0.007). Eighty-seven percent of low Ki-67 group had pN0-1 disease
while 65% of pN2-3 patients had high expression of Ki-67. Patients
with ECE (+) were prone to have high Ki-67 values, whereas patients
with ECE (-) prone to have low Ki-67 values (p=0.02). Seventy-one
percent of patients with ECE (-) were in low expression group, whereas
60% of patients with ECE (+) were in high expression group. The significant association was seen between Ki-67 levels and tumour grading
(p=<0.0001). Low-grade tumours were correlated with low Ki-67 expression whereas high-grade tumours were correlated with high Ki-67
expression. Forty-eight percent, 37% and 15% of grade 1 tumours were
in low, intermediate and high Ki-67 expression group, respectively. Nine
percent, 24% and 67% of grade 3 tumours were in low, intermediate
and high Ki-67 expression group, respectively. Patients with LVI (+) had
higher expression of Ki-67 than patients with LVI (-) (p=0.007). Eighty
percent of patients with LVI (-) were in low expression group. ER/PR
(+) tumours were correlated with low Ki-67 expression (p=<0.0001).
Ninety-eight percent of patient in low Ki-67 expression group had ER/
PR (+) disease whereas 28% of patients with ER/PR (+) were in high Ki67 group. Regarding HER2 status, HER2 (+) tumours were correlated
with high expression of Ki-67 (p=<0.0001). In a low Ki-67 group, 80%
of patients were HER2 (-) while 68% of HER2 (+) patients were in high
Ki-67 group. Parallelly, hormonal receptor status was associated with
Ki-67 values (p=<0.0001). Luminal A (ER/PR (+), HER2 (-)) tumours
were correlated with the low Ki-67 group. In low expression group, 81%
of patients had ER/PR (+), HER2 (-) (Luminal A-like subtype), 17%
of patients had ER/PR (+), HER2 (+) (Luminal B-like subtype), 2%
of patients had ER/PR (-), HER2/neu (+) and none of the patient had
ER/PR (-), HER2 (-) (triple (-). Correlatively, 83%, 17% and 0% of
patients with triple (-) disease were in high, intermediate and low Ki-67
expression group, respectively. The relationship between absolute Ki-67
values and clinicopathologic variables were also evaluated and the results
were shown in Table 2.
Survival Analysis
During a median follow-up of 35 months, 250 of 258 patients (97%)
were alive and 16 of 258 patients (4%) had distant metastases. The mean
OS and DFS were 127 (range; 123 to 131) and 121 (range; 115 to 126)
months, respectively. 5-year OS and DFS rates were 95% and 87%, respectively. The tumour grade (p=0.01), hormonal status (p=0.006), nodal stage (p=0.01), and LVI (p=0.03) were significant prognostic factors
for OS in univariate analysis. Regarding Ki-67 values, 6 of 8 died patients

Figure 1. Overall survival based on Ki-67 values

(75%) were in high expression group and 2 of 8 died patients 25(%)
were in intermediate expression group while there was no died patient in
low expression group. However, these differences did not reach significance (Figure 1; p=0.09). In terms of DFS, the tumour grade (p=0.001),
hormonal status (p=0.003) and Ki-67 values (p=0.03) were independent
prognostic factors for DFS. Twelve of 16 patients (75%) with metastases
were in high expression group, 3 of 16 patients with metastases were in
intermediate expression group and only 1 patient had metastasis in the
low expression group. The disease-free survival outcomes based on Ki67 values were shown in Figure 2 (p=0.03). According to multivariate
analysis, only the hormonal status was independent prognostic factor for
both OS (p=0.02; HR=9.98 [1.40-15.41]) and DFS (p=0.03; HR=4.20
[1.14-15.41]).

Discussion and Conclusion
The primary aim of this study was to find the prognostic importance
of Ki-67 index and to analyse the correlation between Ki-67 index and
other conventional prognostic factors in breast cancer patients who
received curative radiotherapy.
Despite the variability in the cut-off points (5% to 34% or more) and
the lack of standardized procedure for Ki-67 assessment, to find its
predictive and prognostic value has been frequently attractive for researchers. The 2009 St. Gallen consensus divided three subgroups according to Ki-67 levels: low (≤15%), intermediate (16% to 30%), and
high (≥30%); the 2011 St. Gallen recommended a Ki-67 cut-off point
of 14% for distinguishing between Luminal A-like and Luminal B-like
tumours; the 2013 St. Gallen changed the cut-off point to 20%, the
2015 St. Gallen advised the Ki-67 values between 20% and 29% was
used to distinguish luminal B-like disease (5, 6, 16).
In the PACS01 study, the authors showed that, with using a cut-off
point as 14%, the risk of misclassification was 37% when Ki-67 value
was between 10-25%, and it was 11% when Ki-67 value was <10% or
≥25% (17). In this study, there was not any cut-off point defined and
Ki-67 was established as three categories based on levels: low (<10%),
intermediate (10-25%) and high (>25%).
In the current study, we did not show any correlation between patient
age, menopausal status, and Ki-67 index but most of well-known conventional prognostic factors significantly associated with Ki-67 values.
Our data indicated that low-pT stages tended to have low expression
of Ki-67. These findings were in accordance with the outcomes of

Figure 2. Disease free survival based on Ki-67 values
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Fausto et al. (18) and Inwald et al. (19). In accordance with the current research, Alco et al. (20) reported the results of largest study from
Turkey in 2015 and revealed that the Ki-67 index was positively correlated with an increasing tumour size. Low-pN stages were also correlated with low Ki-67 expression. Our findings were consistent with
the results of previous studies (19-21). In the current study, the significant association was seen between Ki-67 levels and tumour grading.
Low-grade tumours were correlated with low Ki-67 expression whereas
high-grade tumours were correlated with high Ki-67 expression. This
correlation was demonstrated in many previous studies (8-10, 19-22).
The other powerful correlation was shown in steroid hormone receptor
status and expression of Ki-67 in former research (8-10, 19-22). These
studies showed a remarkable association between higher Ki-67 expression and ER/PR negativity. Our results were consistent with the literature. Regarding HER2 status, the results were inconsistent. Some of
the studies showed a positive association between higher Ki-67 expression and HER2 negativity, but most of the studies displayed a positive
correlation between higher Ki-67 expression and HER2 positivity (8,
12, 13, 19-22). In the current study, high Ki-67 expression was correlated with HER2 positivity. In addition, with these results, we found
that Luminal A (ER/PR(+), HER2(-)) tumours tended to have low
Ki-67 expression and triple (-) tumours tended to have high Ki-67
expression. In accordance with our results, Alco et al. (20) showed
that the Ki-67 index was negatively correlated with HR positivity, and
positively correlated with HER2 positivity.
We did not get any data which investigate the correlation between
ECE and Ki-67 index in literature but according to our results, patients with ECE (+) prone to had higher Ki-67 values. There are very
limited data analysing the correlation between LVI and Ki-67. In the
present study, patients with LVI had high expression levels of Ki-67
similar to the results of Alco et al. (20).
The results of the studies investigating the effect of Ki-67 on survival
outcomes were conflicting with each other. Although some of the
researchers showed prognostic effects of Ki-67 expression on survival
outcomes, the others did not demonstrate any correlation (8, 19, 21,
23). We found a significant relationship between high expression of
Ki-67 and poor DFS. In spite of most of deaths (75%) were in high
expression group we did not find any correlation between Ki-67 expression and OS. This may be because of a relatively small number of
patients and short follow-up time.
Currently, Ki-67 assessment is used for prediction of prognosis, to distinguish between Luminal A-like and Luminal B-like subtypes in ER+/
HER2- and to help with decision making on adjuvant chemotherapy
(5-7, 16). Although, its routine use in clinical practice is still not recommended due to the lack of a standardized procedure of Ki-67 evaluation, interpretation, scoring, and definition of cut-off value; it has
been suggested that each pathology department should specify their
own assessment methodology of Ki-67 (24).
We are aware of that there are some limitations of the study, including
limited sample size, relatively short follow-up time, and its retrospective nature. The retrospective design of the study did not negatively
affect the association of the Ki-67 index with the other patient and
tumour characteristics, but the survival outcomes might be affected
by this situation.
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In conclusion, this single institution study showed that high expression
of Ki-67 is associated with higher pT-stage, higher pN-stage, higher

grade, ER/PR negativity, HER2/neu positivity, ECE and LVI positivity. The prognostic impact of Ki-67 was only demonstrated for DFS
and longer follow-up time may be required to see its effect on OS.
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