
Abstract. Background/Aim: In order to define accurate
survival outcome in breast cancer, 10-year follow-up is
required and such long-term survival information are few and
difficult to gather. Patients and Methods: We recruited 253
breast cancer patients who undertook operation with no prior
chemotherapy. Ten-year survival outcomes were evaluated by
clinicopathological factors. Results: Significant univariate
prognostic factors were: T factor, N factor, preoperative values
of tumor markers, and biological factors. T-factor, CEA,
hormone receptor, and Ki-67 were the final independent
prognostic factors of recurrence-free survival through
multivariate analysis. The Luminal A group except for the Ki-
67-positive cases showed the best survival outcomes, while the
HER2-positive or triple-negative (TN) groups showed worse
prognosis than the Luminal A group, and Ki-67 was shown to
be an excellent prognostic factor in each stage (p<0.01).
Conclusion: Ki-67 has a great potential as a prognostic
biomarker while  prognostic information of this sort could be
beneficial for development of novel therapeutic strategies.

In recent years, breast cancer abruptly increases in Japan and
age adjustment morbidity caught-up with that of colorectal
cancer, winning the first place for cancer-related mortality in
females (1). It had been thought that survival outcome in breast
cancer is associated with pathological stage which, during the
1990’s, used to be determined based on tumor diameter and
lymph node metastasis (2). The treatment plan for breast cancer
was, therefore, determined based on disease tumor staging back
in those days. On the other hand, we recently got accustomed
to deciding therapeutic indication according to classical
molecular biological factors such as either hormone receptor

(estrogen receptor, ER, and progesterone receptor, PgR) or
HER2 protein status, because effective molecular-targeting
against such molecules has since progressed (3). Most recently,
the St. Gallen Consensus Meeting 2011 adapted novel tumor
prognostic classifications according to Ki-67 status, where Ki-
67 can dissociate high risk patients from hormone receptor-
positive cases as a Luminal B group (4).

The Ki-67 antibody was discovered as an autoantibody in
the blood of leukemia patients (5, 6). The antigen that this
antibody recognizes is a Ki-67 antigen. It is the
nucleoprotein with molecular weights of 395 and 345 kDa
which increases in expression when a cell enters mitosis. Ki-
67 is therefore regarded as an index to show proliferation
ability (7, 8). Interestingly, Ki-67 antigen-specific antisense
inhibited proliferation of human multiple myeloma cell lines
suggesting that it has a crucial function in terms of cell
proliferation (9, 10). There have been numerous reports on
Ki-67 describing prognostic significance in breast cancer
(11-13), however there are few to validate breast cancer
patients with natural history (chemotherapy-naïve) who had
been followed-up for 10 years.

In order to define accurate survival outcome of breast
cancer, 10 year follow-up is required differently from other
cancer types, while such long-term survival information are
extremely few. We, herein, studied biological factors as well
as clinicopathological characteristics in chemotherapy-naive
breast cancer patients regarding prognosis, and elucidated
factors highly associated with cancer recurrence and death
in order to define biological traits of breast cancer not
modified by preoperative treatments. From the obtained
results, we recapitulated robust relevance of pathological
staining for Ki-67 in tumor tissues even among aggressive
subtypes of breast cancer such as HER2-positive or triple-
negative (TN) cases.

Patients and Methods

Patients. A total of 253 primary breast cancer patients were
registered for clinicopathological and prognostic analysis, who
undertook operations with no prior chemotherapy at the Kitasato
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University Hospital between April, 1995 and December, 1999. We
excluded cases with bilateral breast tumors and multiple primary
cancers of other organs.

Patients’ characteristics are shown in Table I. Two hundred and
fifty three patients had information available for the 16
clinicopathological factors excluding pathological Stage (pStage)
and prognosis (Table I). The 16 clinicopathological factors included
5 preoperative factors (age, sex, and preoperative serum values of
CEA, CA15-3, and TPA), 3 TNM stage-determining pathological
factors (pathological T, N and M factors instead of pStage itself), 5
pathological factors unrelated to TNM factors (histology, and
immunohistochemistry of estrogen receptor (ER), progesterone
receptor (PgR), HER2, and Ki-67), 3 treatment factors (operative
methods, postoperative adjuvant chemotherapy, and postoperative
adjuvant hormone therapy). Positive cut-off lines were defined in
the SRL laboratories (Tokyo, Japan), as equal or beyond than 2.5

ng/ml in preoperative CEA, equal or beyond than 28 U/ml in
preoperative CA 15-3, and equal or beyond than 70 U/ml in
preoperative TPA. The stage-determining factors, including pStage
itself, were based on the 7th Union for International Cancer Control
(UICC). Prognostic analysis was performed for 10-year recurrence-
free survival (RFS) and overall survival (OS).

Briefly, the average age of the patients was 51.7 (range: 22-84)
years. The 253 patients were classified 84/112/57 in stage I/II/III,
respectively. Sixty-two patients died, with 57 tumor-related deaths,
and 191 patients survived at 10 years (5 patients died due to disease
unrelated to breast cancer). A total of 141/253 patients (55.7%) who
underwent surgical resection received postoperative adjuvant
chemotherapy. The adjuvant regimens consisted largely of 5-
fluorouracil (5-FU)-based chemotherapy as venous infusion [5- FU-
only (n=6), 5-FU/methotrexate/cyclophosphamide:CMF (n=66), 5-
FU/ adriamycin/cyclophosphamide: CAF (n=16), 5-FU/ therarubicin
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Variables Number %

Patient 253 100.0 

Preoperative factor
Age (mean±S.D.) 51.7±11.0
Gender

Male 1 0.4 
Female 252 99.6 

Preoperative CEA value
≥2.5 ng/ml 19 7.5 
<2.5 ng/ml 228 90.1 
Unknown 6 2.4 

Preoperative TPA value
≥70 IU/ml 24 9.5 
<70 IU/ml 217 85.8 
Unknown 12 4.7 

Preoperative CA15-3 value
≥28 IU/ml 5 2.0 
<28 IU/ml 242 95.6 
Unknown 6 2.4 

Stage related pathological factor
pT factor

pT1 134 53.0 
pT2 99 39.1 
pT3 15 5.9 
pT4 5 2.0 

pN factor
pN0 136 53.7 
pN1 65 25.7 
pN2 31 12.3 
pN3 21 8.3 

pM factor
pM0 253 100.0 
pM1 0 0.0 

pStage
I 84 33.2 
II 112 44.3 
III 57 22.5 

Variables Number %

Stage-unrelated pathological factor
Histology

Invasive ductal carcinoma 223 88.1 
Invasive lobular carcinoma 9 3.6 
Others 11 4.4 
Unknown 10 3.9 

Estrogen receptor (IHC)
Positive 176 69.6 
Negative 77 30.4 

Progesteron receptor (IHC)
Positive 164 64.8 
Negative 89 35.2 

HER2 (IHC)
Positive 50 19.8 
Negative 203 80.2 

Ki-67 (IHC)
Positive 36 14.2 
Negative 217 85.8 

Treatment factor
Method
Mastectomy 172 68.0 
Lumpectomy 81 32.0 

Postoperative adjuvant hormone therapy
Yes 95 37.5 
No 158 62.5 

Postoperative adjuvant chemotherapy
Yes 141 55.7 
No 112 44.3 

Prognosis
Recurrence

Yes 79 31.2 
No 174 68.8 

Death
Yes 62 24.5 
No 191 75.5 

S.D., Standard deviation; IHC, immunohistochemistry.

Table I. Characteristics of the 253 primary breast cancer patients.



(n=1)], tegafur/uracil (UFT)-based chemotherapy (n=25) as oral
therapy and doxifluridine based chemotherapy (n=27) as oral
therapy. A total of 95/253 patients (37.5%) who underwent surgical
resection received postoperative adjuvant hormone therapy. The
adjuvant hormone therapy regimens consisted largely of tamoxifen
citrate (n=60) as oral therapy, toremifene citrate (n=22) as oral
therapy, fadrozole (n=5) as oral therapy and goserelin acetate (n=8)
as hypodermic injection.

Immunohistochemistry. Immunohistochemistry was performed for
hormone receptors such as ER (ER antibody; 1D5 DAKO,
DENMARK, dilution 1:100) and PgR (PgR antibody; PgR636
DAKO, dilution 1:100), human epidermal growth factor receptor-2
(HER2; Hercep Test DAKO, dilution 1:200), and Ki-67 (Ki-67
antibody; MIB-1 DAKO, dilution 1:200): ER and PgR were judged
for positive cases which stained nuclei more than 1% according to
the previous report (14).

Ki-67 was evaluated in positive cases which stained more than
20% according to a previous report (15). HER2-positive cases were
evaluated according to Hercep Test definition (16).

Statistical analysis. The Kaplan-Meier method was used to evaluate
10-year recurrence-free survival (RFS) and overall survival (OS),
and differences in survival rates were assessed by the log-rank test.
RFS was measured from the date of operation to the date of cancer
recurrence. OS was defined from the date of operation to the date of

death, including death unrelated to cancer after 10 years of follow-
up (7-120, median 87.4). Variables that had prognostic potential in
the univariate analysis (p<0.05) were applied to the multivariate
proportional hazard model. A value of p<0.05 was considered
significant. All statistical analyses were carried out with the SAS
software package JMP version 9.0 (SAS Institute, Cary, NC, USA).

Results

Univariate analysis for 10-year RFS and 10-year OS in 253
chemo-naive breast cancers patients who underwent operation.
All significant prognostic factors (p<0.05) selected in a
univariate manner are presented in Table II. The prognostic
factors for 10-year RFS with statistically significant difference
were age (p=0.0021), preoperative CEA value (p=0.0002),
preoperative TPA value (p=0.0053), tumor diameter (T factor,
p=0.0003), lymph node metastasis (N factor, p<0.0001),
hormone receptor status (p=0.0029), and Ki-67 status
(p<0.0001). Regarding treatment factors, postoperative
adjuvant hormone therapy (p=0.0018) and postoperative
adjuvant chemotherapy (p<0.0001) were also significant. 

On the other hand, poor prognostic factors for 10-year OS
with statistically significant difference, following univariate
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Table II. Univariate prognostic analysis of 253 patients with breast cancer.

Categories Classification Number Number 10-year p-Value 10-year OS p-Value
proportion RFS

Age ≥50 years 125 49% 74.66% 0.002 84.21% 0.026 
<50 years 128 51% 57.40% 71.11%

Preoperative CEA value ≥2.5 ng/ml 19 8% 45.22% <0.001 38.45% <0.001
<2.5 ng/ml 228 92% 68.05% 81.26%

Preoperative TPA value ≥70 IU/ml 24 10% 48.02% 0.005 65.22% 0.012 
<70 IU/ml 217 90% 68.14% 80.24%

Preoperative CA15-3 value ≥28 IU/ml 5 2% 40.00% NS 30.00% 0.028 
<28 IU/ml 242 98% 66.89% 78.88%

pT factor pT1 134 53% 75.09% <0.001 89.16% <0.001
pT2-4 119 47% 56.11% 65.55%

pN factor pN0 136 54% 78.77% <0.001 87.17% <0.001
pN+ 117 46% 52.31% 67.69%

Histology Invasive ductal carcinoma 223 92% 65.50% NS 77.37% NS
Others 20 8% 72.10% 83.31%

Hormone receptor (IHC) Positive 180 71% 68.42% 0.003 83.05% <0.001
Negative 73 29% 60.20% 64.88%

HER2 (IHC) Positive 50 20% 61.17% NS 63.16% 0.004 
Negative 203 80% 67.40% 81.26%

Ki-67 (IHC) Positive 36 14% 34.78% <0.001 39.01% <0.001
Negative 217 86% 71.19% 84.50%

Method Total 172 68% 61.27% 0.007 73.22% 0.007 
Partial 81 32% 76.51% 87.95%

Postoperative adjuvant hormone therapy Yes 95 38% 79.00% 0.002 89.31% 0.002 
No 158 62% 58.25% 71.06%

Postoperative adjuvant chemotherapy Yes 141 56% 56.34% <0.001 68.07% <0.001
No 112 44% 79.23% 91.47%

RFS, Recurrence-free survival; OS, overall survival; NS, not significant; IHC, immunohistochemistry.



analysis, were age (p=0.026), preoperative CEA value
(p<0.0001), preoperative TPA value (p=0.012), preoperative
CA15-3 (p=0.028), T factor (p<0.0001), N factor (p=0.0003),
hormone receptor status (p<0.0001), HER2 status (p=0.004),
and Ki-67 status (p<0.0001). Postoperative adjuvant hormone
therapy (p=0.0021) and postoperative adjuvant chemotherapy
(p<0.0001) were also significant prognostic factors.

Multivariate proportional hazard model for 10-year RFS and
10-year OS in chemotherapy-naïve breast cancer patients
who underwent operation. Among the 253 patients, the
multivariate proportional hazard model was applied to 237
patients and to 235 patients for whom all information were
available for the 10 and 12 clinicopathological factors,
respectively for 10-year RFS and 10-year OS. In the
multivariate prognostic analysis for 10-year RFS, Ki-67
[Hazard ratio (HR)=1.80; p=0.0001], preoperative CEA
value (HR=1.65; p=0.015), and age (HR=1.43; p=0.038)
were independent prognostic factors (Table III). 

On the other hand, in the multivariate prognostic analysis
for 10-year OS, Ki-67 (HR=2.31; p=0.0001), preoperative
CEA value (HR=2.02; p=0.0019), HR status (HR=1.67;
p=0.0030), age (HR=1.49; p=0.015), and T factor
(HR=1.49; p=0.022) were independent prognostic factors
(Table IV).

Kaplan-Meier curve of the independent prognostic factors
(T-factor, age, Ki-67, and preoperative CEA value) are
shown for 10-year RFS and 10-year OS in Figure 1. Among
the robust prognostic factors, Ki-67 was the strongest one
and could potentially predict for breast cancer patient
prognosis, so we focused on Ki-67 for further analysis in  the
present study.

Association of Ki-67 status and other clinicopathological
factors. We investigated on the prognostic relevance of Ki-
67 according to pStage or molecular classification. Firstly,
we compared Ki-67 staining frequency according to various
prognostic factors. Ki-67 positivity was more frequently
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Table III. Multivariate prognostic analysis for 10-year RFS in brest cancer.

Prognostic factor HR 95% CI p-Value

Ki-67 (IHC) 1.80 1.36-2.34 <0.001
Preoperative value of CEA 2.5 ng/ml or over 1.65 1.11-2.31 0.015 
Below 50 years of age against 50 years of age or over 1.43 1.12-1.83 0.004 
Preoperative value of TPA 70 IU/ml or over 1.31 0.93-1.78 NS
Adjuvant hormone therapy 1.26 0.95-1.71 NS
pN+ against pN0 1.20 0.85-1.73 NS
Hormone receptor (IHC) 1.19 0.92-1.53 NS
pT2/3/4 against pT1 1.14 0.89-1.48 NS
Postoperative adjuvant chemotherapy 0.95 0.65-1.41 NS
Method 0.92 0.67-1.25 NS

HR; Hazard Ratio. CI; Confidence interval. IHC; Immunohistochemistry. NS; not significant.

Table IV. Multivariate prognostic analysis for 10-year OS in brest cancer.

Prognostic factor HR 95% CI p-Value

Ki-67 (IHC) 2.31 1.67-3.19 <0.001
Preoperative value of CEA 2.5 ng/ml or over 2.02 1.32-2.96 0.002 
Hormone receptor (IHC) 1.67 1.19-2.33 0.003 
Below 50 years of age against 50 years of age or over 1.49 1.08-2.08 0.015 
pT2/3/4 against pT1 1.49 1.06-2.17 0.022 
Postoperative adjuvant hormone therapy 1.21 0.81-1.88 NS
HER2 (IHC) 1.19 0.84-1.65 NS
Preoperative value of CA15-3 28 IU/ml or over 1.17 0.55-2.13 NS
Preoperative value of TPA 70 IU/ml or over 1.15 0.73-1.71 NS
Method 0.97 0.61-1.46 NS
pN+ against pN0 0.76 0.49-1.23 NS
Postoperative adjuvant chemotherapy 0.58 0.34-0.99 0.045 

HR; Hazard Ratio. CI; Confidence interval. IHC; Immunohistochemistry. NS; Not significant.
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Figure 1. Kaplan-Meier curves of 10-year recurrence-free survival (RFS) and 10-year overall survival (OS) by independent prognostic factors from
multivariate analysis. a. Breast cancer patients with high pT factor showed significantly poorer recurrence free survival than those with low pT factor
(p=0.0003). b. Breast cancer patients with high pT factor showed significantly poorer overall survival than patients with low pT factor (p<0.0001). c.
Breast cancer patients with age below 50 years showed significantly poorer recurrence free survival than those with age equal or over 50 years (p=0.0021).
d. Breast cancer patients with age below 50 years showed significantly poorer overall survival than those with age equal to or over 50 years (p=0.024).
e. Breast cancer patients with positive staining of Ki-67 showed significantly poorer recurrence-free survival than those with negative staining (p<0.0001).
f. Breast cancer patients with positive staining of Ki-67 showed significantly poorer overall survival than those with negative staining (p<0.0001). g.
Breast cancer patients with high preoperative CEA value showed significantly poorer recurrence-free survival than those with low value (p=0.0002). h.
Breast cancer patients with high preoperative CEA value showed significantly poorer overall survival than those with low value (p<0.0001).
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Figure 2. Kaplan-Meier curves of 10-year RFS and 10-year OS according to pathological Stage (pStage) and Ki-67. a. In pStage I breast cancer,
patients with positive staining of Ki-67 showed significantly poorer prognosis for 10-year RFS than those with its negative staining for Ki-67
(p=0.0011). b. In pStage I breast cancer, patients with positive staining for Ki-67 showed significantly poorer prognosis for 10-year OS than those
with negative staining (p<0.0001). c. In pStage II breast cancer, patients with positive Ki-67 staining showed significantly poorer prognosis for 10-
year RFS than those with negative staining (p=0.0006). d. In pStage II breast cancer, patients with positive Ki-67 staining showed significantly
poorer prognosis for 10-year OS than those with negative staining of Ki-67 (p<0.0001). e. In pStage III breast cancer, patients with positive Ki-67
staining of showed significantly poorer prognosis for 10-year RFS than those with negative staining (p=0.014). f. In pStage III breast cancer, patients
with positive staining of Ki-67 showed significantly poorer prognosis for 10-year OS than those with negative staining (p=0.0012).
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Figure 3. Kaplan-Meier curve of 10-year RFS and 10-year OS according to breast cancer molecular subtype and Ki-67. a. In hormone receptor-positive,
HER2-negative breast cancer, patients with positive Ki-67 staining did not show poorer prognosis for 10-year RFS than those with its negative staining
(p=0.46). b. In hormone receptor-positive, HER2-negative breast cancer, patients with positive staining for Ki-67 showed significantly poorer prognosis
for 10-year OS than those with negative staining (p=0.039). c. In hormone receptor-positive, HER2-positive breast cancer, patients with positive staining
for Ki-67 did not show poorer prognosis for 10-year RFS than those with negative staining (p=0.079). d. In hormone receptor-positive, HER2-positive
breast cancer, patients with positive staining of Ki-67 showed significantly poorer prognosis for 10-year OS than those with its negative staining
(p=0.033). e. In hormone receptor-negative, HER2-positive breast cancer, patients with positive staining of Ki-67 showed significantly poorer prognosis
for 10-year RFS than those with its negative staining (p<0.0001). f. In hormone receptor-negative, HER2-positive breast cancer, patients with positive
staining of Ki-67 showed significantly poorer prognosis for 10-year OS than those with its negative staining (p<0.0001). g. In triple-negative (TN)
breast cancer, patients with positive staining of Ki-67 showed significantly poorer prognosis than those with its negative staining (p=0.0009). h. In TN
breast cancer, patients with positive staining of Ki-67 showed significantly poorer prognosis for 10-year OS than those with negative staining (p=0.0019).



found breast cancer patients with high preoperative CEA
values (p=0.019) or TPA (p=0.032), lymph node metastasis
(p<0.0001), ER-negative (p=0.018), PgR-negative
(p<0.0001), HER2-positive (p=0.008), and triple-negative
TN (p=0.014), suggesting that Ki-67 is involved in
aggressive breast cancer phenotypes. 

On the other hand, patients with positive Ki-67 showed
significantly poorer prognosis than those with negative Ki-
67 in pStage I (Figure 2a and 2b), pStage II (Figure 2c and
2d), and pStage III (Figure 2e and 2f). This may show that
Ki-67 was the most robust independent prognostic factor in
multivariate prognostic analysis. 

We then investigated the prognostic stratification by Ki-67
for the 4 definite breast cancer phenotypes that are designated
as Luminal A (hormone receptor-positive, HER2-negative-,
Luminal B (hormone receptor-positive, HER2-positive-, HER2
(hormone receptor-negative, HER2-positive-, and TN
(hormone receptor-negative, HER2-negative (-type)). The
Luminal A group showed the best survival outcomes among
chemo-naive breast cancer patients (Figure 3a). Interestingly,
the Luminal A group did not show significant differences
according to Ki-67 status for 10-year RFS, while Ki-67
clarified prognostic stratification with significant difference for
10-year OS in the Luminal A group (Figure 3b). This similar
tendency was also found in the Luminal B group (hormone
receptor-positive, and HER2-positive). Among Luminal-B
group patients, Ki-67 showed marginal significance for 10-
year RFS (Figure 3c), while it showed significant difference
for 10-year OS (Figure 3d). These findings may suggest that
Ki-67 is the indicator reflecting resistant phenotypes against
post-recurrence phenotype in Luminal A/B breast cancer.

Most intriguingly, Ki-67 showed potent prognostic
relevance even in aggressive subgroups such as the HER2-
positive and the TN group. HER2-positive or TN groups
showed worse prognosis than the Luminal A, and Ki-67
showed potent prognostic relevance (p<0.01) in HER2-
positive (Figure 3e and, f) and TN group (Figure 3g and h)
for both 10-year RFS and OS.

The multivariate sub-analysis again revealed that Ki-67
could be an independent prognostic factor in aggressive
breast cancer. In the multivariate prognostic analysis for 10-
year RFS in the TN group (n=47), Ki-67 (HR=2.30;
p<0.0001) and preoperative CEA value (HR=2.91; p=0.004)
were independent prognostic factors among the significant
univariate prognostic factors. In terms of 10-year OS in TN
group, Ki-67 (HR=2.39; p=0.0002) and preoperative CEA
value (HR=2.95; p=0.004) were independent prognostic
factors among the significant univariate prognostic factors.
On the other hand, in the multivariate prognostic analysis for
10-year RFS in the HER2-positive group (n=50), Ki-67
(HR=2.58; p=0.0001) was only remnant among the
significant univariate prognostic factors such as preoperative
CEA value, preoperative TPA value, and Ki67. In terms of

10-year OS in the HER2-positive group, Ki-67 (HR=2.43;
p=0.0002) was also an independent prognostic factor among
the significant prognostic factors such as preoperative TPA
value, pN factor, and Ki67.

Discussion

Both adjuvant and neo-adjuvant chemotherapy, as well as
hormonal treatment, have contributed majorly in improving
recurrence-free survival (RFS) and overall survival (OS) in
breast cancer (17-20). However, they may include the
possibility of high toxicity and, therefore, a potential limit to
the patient for therapeutic continuation. Physicians should,
thus, consider both advantage and disadvantage to the
patients. In order to guide therapeutic decisions, physicians
use clinical and histopathological variables as well as
biomarkers as prognostic or predictive tools, these latter being
the most effective, if linked with well-evidenced targeted
therapies, such as ER and HER2 (21-23). In our current study,
we recapitulated that Ki-67 has a great potential as a
prognostic biomarker in aggressive breast cancer as well as
in the Luminal groups among patients with no prior
chemotherapy. Current breast cancer treatment diversifies,
and preoperative therapy is indicative for many cases. So far,
there have been few reports describing a prognostic value of
Ki-67 for chemo-naïve patients, including 10-year follow-up
information as in our current study.

Ki-67 was discovered in the beginning of 1980’s. And it has
been used as growth-related factor of a malignant tumor
represented by malignant lymphoma, and has been repeatedly
reported as an aggressive prognostic marker in breast cancer
(15, 24-26). Importantly, the St. Gallen consensus meeting held
in 2011, additionally clarified the new Luminal B entity to be
separated from Luminal A by Ki-67 (4). Moreover, the TN
breast cancer showed aggressive clinical course, and recent
reports assumed that Ki-67 is a prognostic factor even among
the TN group (27, 28). These results are quite consistent with
our current results. In the present study, it was shown for the
first time that Ki-67 can be a potent prognostic factor in HER2-
positive breast cancer, which has also an aggressive clinical
potential in chemo-naïve conditions. Although our analysis
included a small number of cases as a sub-analysis, Ki-67 was
shown to be an independent prognostic factor by multivariate
analysis in the aggressive breast cancer such as TN and HER2-
positive cases. Our results emphasize on the clinical importance
of Ki-67 as a prognostic indicator in breast cancer with no prior
chemotherapy. Seeing prognosis of Luminal A/B type stratified
by Ki-67, more robust significance was found in OS rather than
RFS, suggesting that Ki-67 indicates likelihood to show
resistant phenotype for hormone therapy. Resistance of Ki-67-
positive breast cancer against hormone therapy (29, 30) or
chemotherapy (31, 32) was also actually supported by our
clinical experience.
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We used a 20% cut-off value in this current study, where
positive/negative judgment was relatively obvious. Namely,
the positive cases of Ki-67 staining largely showed strong
positivity in much more than 20%, while we experienced few
cases with judgment of ~20% positive. We thus feel that Ki-
67 is a relatively objective and excellent indicator to predict
prognosis in breast cancer.

In conclusion, Ki-67 has a great potential as a prognostic
biomarker in aggressive breast cancer as well as in the
Luminal groups, and such prognostic information could be
beneficial for the development of therapeutic strategy.
Moreover, cell surface molecules like tyrosine kinases that
could be therapeutically targeted and which are associated in
expression with and actually involved in indication of Ki-67
may have a great potential for development of the new active
drug for the breast cancer harboring augmented expression
of Ki-67 and exhibiting aggressive traits in the near future.
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