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Ki-67 has been widely performed and become an important biomarker in worldwide clinics, but the standard cut off 
value of Ki-67 index in breast cancer is still controversy. The objective study was to understand the Ki-67 in breast cancer 
subtypes and to investigate relative risk of breast cancer subtypes according to Ki-67 cut off value in Korean breast 
cancer. Immunohistochemical staining (IHC) for estrogen receptor (ER), progesterone receptor (PR), human epidermal 
growth factor receptor 2 (HER2), and Ki-67 index was examined from 123 breast cancer patients. Ki-67 index was 
significantly overexpressed in PR, ER, and HER2 hormone negative groups. Ki-67 index in Triple negative and HER2 
subtypes was shown significantly higher than that in Luminal A and Luminal B subtype. Then, we compared the relative 
risk of each subtype according to 14% and 20% Ki-67 cut off value, which were applied in most clinics. Especially, 
20% Ki-67 cut off value in HER2 and Triple negative subtypes was shown 8.41 fold and 2.83 fold higher relative risk 
than this in Luminal A subtype. Moreover, Ki-67 index in HER2 2+ or 3+ status showed significantly overexpressed than 
this in HER2 1+ status. At the 20% Ki-67 cut off value, HER2 1+ or 2+ status and 3+ status showed significant difference. 
Therefore, the 20% Ki-67 cut off value will be useful as a precise prognostic management and helpful for interpreting 
diverse outcomes of other subtypes in breast cancer patients. 
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INTRODUCTION 

 
Breast cancer has the second most incidence rates in 

females (Siegel et al., 2016). Treatment of breast cancer is 

determined by breast cancer subtypes according to main 
distinct hormone (estrogen and progesterone) receptors and 
human epidermal growth factor receptor 2 receptor (HER2) 
(O'Brien et al., 2010; Luporsi et al., 2012). It's classified as 
four subtypes; Luminal A subtype, which shows Estrogen 
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receptor (ER) or progesterone receptor (PR)-positive and 
HER2-negative breast cancer; Luminal B subtype, which 
shows ER or PR-positive and HER2-positive breast cancer; 
HER2 subtype, which shows ER or PR-negative and HER2-
positive breast cancer; Triple negative, which shows ER or 
PR-negative and HER2 negative subtype. 

As a requirement for the effectiveness and improvement 
of breast cancer treatment, nowadays, St. Gallen Consensus 
suggested the revised classification of breast cancer subtypes 
adding Ki-67 marker proposed by Cheang et al. (Cheang et 
al., 2009; Goldhirsch et al., 2011). Among the four subtypes, 
Luminal B, HER2, and Triple negative subtype patients have 
shown poorer outcomes than Luminal A subtype patients. 
In the revised classification, Ki-67 index is more surrogate 
marker to differentiate Luminal A and Luminal B subtypes 
in the perspective of prediction to poor prognosis (O'Brien 
et al., 2010; Leong and Zhuang, 2011). 

Ki-67 is a nuclear protein that is associated with cell pro- 
liferation and considered as prognostic markers in breast 
cancer (Trihia et al., 2003). Ki-67 index is ranged from 0% 
to 100% and measured by the percentage of the positive 
stained tumor nuclear cells out of all tumor cells (Trihia et al., 
2003). However, the Ki-67 index for differentiating high and 
low Ki-67 is controversial (Cheang et al., 2009; Bustreo et al., 
2016; Chung et al., 2016). As a cut-off value for differen- 
tiating Ki-67 high and Ki-67 low, 14% and 20% were both 
used in pathologic fields. Even though Ki-67 is suggested 
as an important marker in breast cancer, the implication of 
clinical decision and prediction is needed to be accurate. 

The purpose of this study is to find out Ki-67 characteristics 
of four subtypes in 123 Korean breast cancer patients. We 
focused on the characteristics of Ki-67 index in ER, PR and 
HER2 IHC assessment. We also analyzed relative risk of 
each breast cancer subtypes according to Ki-67 cut-off value 
(14% and 20%) for effective decision-making. 

 
MATERIALS AND METHODS 

Study population 

A total of 123 formalin-fixed, paraffin-embedded (FFPE) 
tissues from invasive ductal carcinoma were collected 
from the department of pathology, Yonsei University Wonju 

Severance Christian Hospital in Republic of Korea between 
2011 and 2013. Ethical approval for this study was obtained 
from the Ethical Committee of our Institution (approval no. 
1-2010-0018). 

Immunohistochemistry (IHC) staining 

The 123 FFPE tissues were examined with immunohisto- 
chemistry for ER, PR, and HER2 and were performed with 
Ki-67 according to the manufacturer's protocol (Dako Cyto- 
mation, Glostrup, Denmark). The slides of 123 FFPE tissues 
were reviewed separately by 2 qualified pathologists. To 
estimate the percentage of cells that stained positive for ER 
and PR, 100 tumor cells were counted, and the ratio of the 
number of stained cells to the total number of cells was cal- 
culated and reported as a percentage. For ER and PR, above 
10% of the proportion and intensity scores was considered 
as ER and PR positive. For HER2, HER2 0/1+ indicate 
HER2-negative status and HER2 3+ indicate HER2-positive 
status. Tumors showing a 2+ score by IHC are considered 
undetermined and tested by FISH to confirm their HER2 
status (Moerland et al., 2006). Ki-67 index is defined as 
positivity rates of stained malignant cells and is ranged from 
0% to 100%. 

Overall, breast carcinomas were divided into 4 major 
molecular subtypes: Luminal A, Luminal B, Triple negative, 
and HER2. 

Statistical analysis 

Descriptive statistics and t-test of Ki-67 index in ER, PR 
and HER2 positive and negative patients were analyzed 
using GraphPad Prism v5.02 (GraphPad, La Jolla, CA, USA). 
For Ki-67 index in Luminal B, HER2, and Triple negative 
expression compared to Luminal A, Student's t-test was used 
to determine statistical significance. The relative risk for four 
subtypes and HER2 grade according to the Ki-67 index of 
14% and 20% was calculated by MedCalc software (Med- 
Calc Software, Mariakerke, Belgium). 

 
RESULTS 

Clinical characteristics in breast cancer 

Patient characteristics are summarized in Table 1. One 
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hundred and twenty-three FFPE tissue samples were used 
in this study. Cases were randomly collected according to 
Korean breast cancer prevalence according to age distribution, 
followed as 12 cases (9.8%) in 30 s, 38 cases (30.9%) in 40 s, 
42 cases (34.1%) in 50 s, 19 cases (15.4%) in 60 s, and 12 
cases (9.8%) over 70 s. ER IHC positive cases were 82 
(66.7%). PR IHC positive cases were 70 (56.9%). HER2 
IHC positive cases were 79 (64.2%) (Table 1). 

Ki-67 index on HER2, estrogen, and progesterone status 

Ki-67 index in ER, PR, and HER2 negative cancer was 
significantly higher than in those in ER, PR, and HER2 
positive cancer, respectively (P<0.0001, P<0.0001, and P= 
0.0006). The mean of Ki-67 index was 53.05 (95% Confi- 
dence Interval (CI) 44.30~61.80) in ER negative and 21.33 
(95% CI 17.93~24.73) in ER positive. The mean of Ki-67 
index was 45.94 (95% CI 38.17~53.72) in PR negative 
and 21.27 (95% CI 17.43~25.11) in PR positive. The mean 
of Ki-67 index was 42.23 (95% CI 33.58~50.87) in HER2 
negative and 26.15 (95% CI 21.37~30.93) in HER2 positive 
(Table 2). 

Comparison between the Ki-67 index and four subtypes 
of breast cancer 

In order to investigate Ki-67 index in each breast cancer 
subtype, 123 breast cancer tissues were divided into four 
groups; Luminal A, Luminal B, HER2, and Triple negative  
by using ER, PR, and HER2 status. The mean of Ki-67 
index in Triple negative breast cancer subtype was 59.38 
(95% CI 30.00~83.75) and followed by 42.13 (95% CI 
26.25~63.75) in HER2, 24.06 (95% CI 10.00~30.00) in 
Luminal B, and 20.15 (95% CI 8.50~30.00) in Luminal A. 
Compared to Ki-67 in Luminal A which expects better pro- 
gnosis, Ki-67 in HER2 and Triple negative breast cancer 
subtype was shown significantly higher expression, respec- 
tively (P<0.0001 and P<0.0001) (Fig. 1). 

In order to investigate whether cut-off of Ki-67 in breast 
cancer subtypes is affected, 14% cut off and 20% cut off of 
Ki-67 in each breast cancer subtype was analyzed by relative 
risk. Relative risks of 14% and 20% cut off Ki-67 in Luminal 
B were not shown significant difference compared to those 
in Luminal A. A relative risk of 14% cut off Ki-67 in HER2 
and Triple negative were 5.43 (95% CI 0.77~38.01) and 
2.51 (95% CI 0.84~7.47), but no significant difference was 
shown (P=0.09 and P=0.09). Notably, Relative risk of 20% 
cut off Ki-67 in HER2 and Triple negative subtypes were 
8.41 (95% CI 1.19~59.67) and 2.83 (95% CI 1.08~7.38) 
(P=0.03 and P=0.03, respectively) (Table 3). 

Table 1. Clinical characteristics in 123 breast cancer women 

Variables Cases % 
Age 

30 s 12  9.8 
40 s 38 30.9 
50 s 42 34.1 
60 s 19 15.4 
>70 s 12 9.8 

ER IHC 
Negative 41 33.3 
Positive 82 66.7 

PR IHC 
Negative 53 43.1 
Positive 70 56.9 

HER2 IHC 
Negative 44 35.8 
Positive 79 64.2 

ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human 
epidermal growth factor receptor 2; IHC, Immunohistochemistry

Table 2. Ki-67 index on HER2, estrogen, and progesterone IHC

 Cases 
Ki-67 index 

Mean (95% CI) P-value
ER IHC  

Negative 41 53.05 (44.30~61.80) <0.0001
Positive 82 21.33 (17.93~24.73) 

PR IHC   
Negative 53 45.94 (38.17~53.72) <0.0001
Positive 70 21.27 (17.43~25.11) 

HER2 IHC  
Negative 44 42.23 (33.58~50.87) 0.0006
Positive 79 26.15 (21.37~30.93) 

ER, Estrogen receptor; PR, Progesterone receptor; HER2, Human 
epidermal growth factor receptor 2 
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Comparison of the Ki-67 index in HER2 positive status 

Since Ki-67 in HER2 subtype was shown high expression, 
we found out HER2 is related to Ki-67. Ki-67 in HER2 1+, 
HER2 2+ and HER2 3+ were compared. Ki-67 in HER2 
2+ and HER2 3+ patients showed significantly higher ex- 
pression, compared to that in HER2 1+ (P=0.0485 and P= 
0.004). The mean of Ki-67 was a 19.07 (95% CI 11.42~ 

26.71) in HER2 1+, 27.58 (95% CI 18.41~36.76) in HER2 
2+, and 32.22 (95% CI 23.82~40.62) in HER 3+ (Fig. 2). 

In order to analyze clinical implication of a 14% cut off 
Ki-67 and 20% cut-off Ki-67 in HER2 status, the relative risk 

was analyzed. 20% cut-off Ki-67 in HER2 3+ is 2.23 (95% 
CI 1.13~4.84) higher than HER2 1+ (P=0.02) (Table 4). 

 
DISCUSSION 

 
Prognostic markers are important for treatment in various 

cancers and Ki-67 index in breast cancer has been widely 
used as a perspective of predictive and prognostic values 
(Kim et al., 2008; Kim et al., 2016). However, the cut-off 
value of Ki-67 is varied and need standard predictive or 
prognostic value. Especially, several studies focused on dis- 
tinction between Luminal A and B breast cancer subtypes 

Table 3. Relative risk between Ki-67 index and breast cancer subtypes 

 
Ki-67 index ≥ 14% Ki-67 index ≥ 20% 

Relative risk (95% CI) P-value Relative risk (95% CI) P-value 
Luminal A (n=48) ref ref 
Luminal B (n=35) 1.14 (0.65~2.01) P = 0.65 1.15 (0.68~1.93) P = 0.60 
HER2 (n=16)  5.43 (0.77~38.01) P = 0.09  8.41 (1.19~59.67) P = 0.03 
Triple negative (n=24) 2.51 (0.84~7.47) P = 0.09 2.83 (1.08~7.38) P = 0.03 
Luminal A, ER positive or PR positive, and HER2 negative; Luminal B, ER positive or PR positive, and HER2 positive; HER2, ER
negative, PR negative, and HER2 positive; Triple negative, ER negative, PR negative, and HER2 negative 

Fig. 2. Comparison of the Ki-67 expression in HER2 positive
status. Ki-67 in HER2 2+ and HER2 3+ was significantly shown
higher expression compared to Ki-67 in HER2 1+ (P=0.0485 and
P=0.004). The mean of Ki-67 was 19.07 (95% CI 11.42~26.71) in
HER2 1+, 27.58 (95% CI 18.41~36.76) in HER2 2+, and 32.22
(95% CI 23.82~40.62). 

Fig. 1. Comparison between the Ki-67 expression levels and four
subtypes of breast cancer. The high expression of the Ki-67 in
basal-like breast cancer subtype was the highest expressed and
followed by HER2 and luminal B. Compared to Ki-67 in luminal
A, Ki-67 in HER2 and basal-like breast cancer subtype was shown
significantly high expression, respectively (P<0.0001 and P<
0.0001). *, P<0.05; **, P<0.01; ***, P<0.001. 
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(Cheang et al., 2009). The re-classification by Ki-67 as the 
prognostic point of view became important because a Luminal 
B subtype has shown poorer outcomes than Luminal A 
subtype (Cheang et al., 2009; Goldhirsch et al., 2011). 

Ki-67 index is highly expressed in all three ER, PR and 
HER2 negative status. Ki-67 index in ER, PR, and HER2 
negative breast cancer was 2.5, 2.1, and 1.6 fold higher than 
those in ER, PR, and HER2 positive breast cancer (P< 
0.0001, P<0.0001, and P=0.0006) (Table 2). Moreover, the 
expression of the Ki-67 in Triple negative breast cancer 
subtype was the highest expressed and followed by HER2 
and Luminal B (Fig. 1). 

Jian Yan et al. indicated prognostic values of two groups 
with each subtype using ER, PR, and HER2 status, and Ki-67 
positive and negative. Compared to Luminal A, Luminal B, 
HER2, and Triple negative breast cancer subtype showed 
significant poor prognosis. Moreover, the Ki-67 positive 
breast cancer was shown poorer prognosis than Ki-67 nega- 
tive breast cancer (Yan et al., 2015). This study supports 
our data and Ki-67 index is routinely needed with Triple 
negative and HER2 subtype to differentiate poor prognosis. 

Even though Ki-67 index is commonly used worldwide, 
standard cut-off value for Ki-67 index was not determined. 
For effective treatment of breast cancer, controversially used 
cut off Ki-67, which is 14% and 20%, were analyzed. A 
relative risk of 20% cut off Ki-67 in HER2 and basal like 
is 8.41 and 2.83 and showed better relative risk compared 
to 14% cut off Ki-67 (Table 3). Tashima et al. showed that 
optimal cut off 20% Ki-67 in basal like cancer indicated poor 
prognosis through retrospective study of 4,000 breast cancer 
patients (Tashima et al., 2015). Bustreo et al. suggested over 
20% Ki-67 in luminal subtypes also showed poor prognosis 
(Bustreo et al., 2016). Denkert et al. and Tan et al. suggested 

20% cut off value of Ki-67 impact the poor prognosis and 
chemotherapy treatment in breast cancer (Denkert and von 
Minckwitz, 2014; Tan et al., 2014). In this study, we also 
support that 20% Ki-67 cut off value is reliable to predict 
prognosis of breast cancer in Korea. 

Another new finding was that Ki-67 index according to 
HER2 status was significantly increased (HER2 1+ vs HER2 
2+ and HER2 1+ vs HER2 3+, P=0.0485 and P=0.004) 
(Fig. 2). Shokouh et al. also found that Ki-67 is related to 
not only tumor grade but also HER2 status (Shokouh et al., 
2015). Our data also showed similar result and co-monitoring 
of Ki-67 and HER2 as well as Luminal A and B will play a 
clinically crucial role in patients with ambiguous HER2 status 
as additional prognostic marker. 

In summary, we compared clinical risk of Ki-67 using 
14% and 20% cut off value in four breast cancer subtypes 
and found that 20% cut off value is more practical to apply 
clinical making decision in Korea. In addition, we indivi- 
dually confirmed relation between Ki-67 index and other 
conventional markers; ER, PR, and HER2 receptors to find 
out clinical management of Ki-67 to provide complementary 
guideline for chemotherapy and hormonal therapy. 
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