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Introduction
Ki-67 is widely available as a prognostic factor and a predictive marker of chemotherapy benefit 

in breast cancer patients [1-6]. Ki-67 is frequently used as a key marker to guide systemic treatment 
decisions in both the neoadjuvant and adjuvant settings, although there is no standardized 
method with good reproducibility and reliable cutoff values [7]. In preanalytic validity, formalin 
fixation adversely affects the measurement results. Similarly, in terms of analytical validity, tumor 
heterogeneity and the lack of a standard measuring method by pathologists may also affect 
measurement of Ki-67 [8].

The Oncotype DX test (Genomic Health, Redwood City, CA, USA) is a multi-gene reverse 
transcriptase PCR (RT-PCR) assay that was developed for use with formalin-fixed paraffin-
embedded tumors, and provides the Recurrence Score® (RS) that predicts chemotherapy benefit and 
the risk of distant breast cancer recurrence [9-14]. Based on RS, patients are divided into three risk 
groups: low risk (RS < 18), intermediate risk (18 ≤ RS < 31), or high risk (RS ≥ 31). The use of RS to 
guide clinical treatment decisions has been incorporated into clinical guidelines such as ASCO [15], 
NCCN [16], ESMO [17], and the St Gallen Consensus Guidelines [18,19].

Furthermore, research in recent years has shown that PgR should be included when considering 
chemotherapy, with a PgR cut-off of < 20% argued for inclusion in chemotherapy [20]. At the 13th 
St Gallen International Breast Cancer Conference in 2013, to distinguish between luminal A-like 
and luminal B-like breast cancer, a new definition was proposed, involving a combination of the 
expression of Estrogen Receptor (ER), Progesterone Receptor (PgR), and Ki-67.

Because too many variations in analytical practice restrict the value for the clinical utility of 
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Abstract

Background: At the 13th St Gallen International Breast Cancer Conference in 2013, a new definition of 
luminal A-like and luminal B-like breast cancer was proposed, involving the expression of Estrogen Receptor 
(ER), Progesterone Receptor (PgR), and Ki-67. We examined the rate of concordance between the risk groups 
using the Oncotype DX Recurrence Score (RS) and the previous and newly proposed luminal subtypes with the 
standardized Ki-67 assessment.

Method: The relationship between a previously and newly proposed, immunohistochemically defined 
luminal A and B subtype with the Oncotype DX RS of 41 cases of T1-2 N0-1 M0 (ER positive, HER2 negative) 
breast cancer was assessed. We first classified the patients into the previously defined luminal A and B subtypes, 
according to the level of Ki-67 as either “low” (<14%) or “high” (≥14%), as assessed by local pathologists. Next, 
to consider the necessity for standardizing Ki-67 measurement methods, we re-examined Ki-67 with a central 
review. By introducing PgR positivity (≥20%), we classified these patients to newly proposed luminal subtypes 
and compared them with the risk groups stratified by Oncotype DX RS.

Results: In the previously proposed luminal subtypes, the concordance rate between luminal A and the low 
RS category was 76.5% according to local pathologists and 90.1% by central review, whereas the rate between 
luminal B and the intermediate to high RS category was 46.7% and 45.8%, respectively. In newly proposed 
luminal subtypes, the concordance rate between luminal A and low RS category was 100% and between the 
luminal B and intermediate to high RS category was 53.6%.

Conclusion: Although this study was based on a retrospective chart review of a small sample size, the 
newly proposed luminal subtypes, including addition of PgR positivity, appeared to improve the precision of 
selecting patients with intermediate to high RS categories.
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Ki-67 [8,21,22], the Oncotype DX test has often been introduced 
as a reliable biomarker test, although it is very expensive and the 
National Health Insurance Program in Japan does not cover its cost. 
Accordingly, we need to more efficiently select intermediate to high RS 
patients who should be considered for treatment with chemotherapy. 
To consider the possibility of selecting patients with an intermediate 
to high RS more accurately, we hypothesize that the newly proposed 
definition of luminal subtypes at the 13th St Gallen International 
Breast Cancer Conference and the standardized Ki-67 assessment 
are able to help determine the benefit from adjuvant chemotherapy. 
Here we examined the rate of concordance between risk groups from 
the Oncotype DX Recurrence Score (RS) and the previous and newly 
proposed luminal A and B subtypes with the standardized Ki-67 
assessment. As a secondary end point, we compared the correlation 
of the Oncotype Dx RS with histopathological characteristics of the 
tumor including Ki67 and PgR status in these patients.

Methods
Patients and materials

The cohort included consecutive patients with early breast cancer 
who underwent surgery from December 2011 to January 2015 at the 
Tokyo-West Tokushukai Hospital (Tokyo, Japan) and who requested 
RS. Of these patients, the Oncotype DX assay was performed in 41 

patients with early breast cancer (T1-2, N0-1, M0, ER-positive, and 
HER2-negative). The Oncotype DX test is intended to be used by 
patients with newly diagnosed, early-stage (stage I or II), lymph node-
negative, ER-positive, and HER2-negative invasive breast cancer who 
will be treated with adjuvant therapy. The Oncotype DX test may also 
be used to select postmenopausal patients with stage II or III a, lymph 
node-positive, ER-positive, and HER2-negative (and those who will 
be treated with hormone therapy) invasive breast cancer.

Assessing Ki-67 scores and other biomarkers

An IHC score consisting of at least 10% positive cells was used 
to define ER/PgR positivity. A positive score for HER2 was either 
HER2 3+ by IHC analysis (defined as uniform intense membrane 
staining of >30% of invasive tumor cells) or fluorescence in situ 
hybridization (ratio of HER2 to chromosome 17 centromere of >2.0). 
Immunohistochemical staining was quantitatively evaluated by 
light microscopy, in which the entire tissue section was scanned at 
low-power magnification (10×) to determine areas with the highest 
number of positive nuclei (hot-spots) within the invasive component. 
Ki-67 was expressed as the percentage of cells positive for mind bomb 
E3 ubiquitin protein ligase 1 (MIB-1) among a total of at least 1000 
malignant cells at high-power magnification (40×). Nuclear staining 
of the tumor cells was considered as negative if 14% or fewer of the 
cells were stained for Ki-67 and as positive if more than 14% were 
stained for KI-67. An MIB-1 clone (Dako, Carpinteria, CA, USA) 
was used for immunohistochemical analysis of Ki-67. All cases were 
evaluated by registered local pathologists. Although many different 
systems for grading pathological responses have been proposed, no 
standard method has yet been adopted.

A central review by a professionally trained physician was 
performed by scanning magnification to count at least 1000 cells in the 
most densely labeled areas. For all nonmatching cases, the percentage 
of tumor cells with any nuclear staining was recorded. The central 
review used calculations based on the hot-spot counting method, 
because counting the area with the highest number of positive cells 
was more reproducible than random counting.

The relationship of the previous and newly proposed 
immunohistochemically defined luminal subtypes 
compared with the Oncotype DX RS

To assess the validity of the previous and newly proposed 
surrogate definitions of the “luminal A” and “luminal B (HER2-
negative)” intrinsic molecular subtypes of breast cancer outlined at the 
2011 and 2013 St Gallen International Breast Cancer Conference, we 
hypothesized that the newly proposed definition of luminal subtypes 
improves the precision of selecting patients with intermediate to 
high RS. We also considered the necessity of standardizing Ki-
67 measurement methods by central review. For that reason, we 
examined the rate of concordance between the risk groups using the 
Oncotype DX RS and the previously defined and newly proposed 
luminal subtypes with the standardized Ki-67 assessment. We first 
classified these 41 patients into the previously proposed luminal A 
and B subtypes according to the level of Ki-67 with either a “low” 
(<14%) or “high” (≥14%) core as assessed by local pathologists. 
Next, to consider the necessity of standardizing Ki-67 measurement 
methods, we re-examined Ki-67 status by central review. Finally, by 
including PgR positivity (≥20%), we also classified patients who had 

Table 1: Baseline clinicopathological characteristics.

Characteristics
All patients

N=41
No. (%)

RS<18
n=26

No. (%)

18≤RS
n=15

No. (%)

Median age, year (range) 54.6 (28-80) 51.8 (28-77) 59.7 (43-80)

menopause
Yes
No

21 (51.2)
20 (48.8)

10 (38.5)
19 (61.5)

11 (73.3)
4 (26.7)

Surgery
mastectomy
breast conserving
surgery

8 (19.5)
33 (80.5)

4 (15.4)
22 (84.6)

4 (26.7)
11 (73.3)

Tumor size
T < 2cm
2cm ≤ T < 5cm
5cm ≤ T

30 (73.2)
9 (22.0)
2 (4.8)

19 (73.1)
6 (23.1)
1 (3.8)

11 (73.3)
3 (20.0)
1 (6.7)

Node status
0
1-3

38 (92.7)
3 (7.3)

25 (96.2)
1 (3.8)

13 (86.7)
2 (13.3)

PgR status
PgR < 20%
20% ≤  PgR

9 (22.0)
32 (78.0)

1 (3.8)
25 (96.2)

8 (53.3)
7 (46.7)

Ki-67 (local)
Ki-67 < 14%
14% ≤ Ki-67

11 (26.8)
30 (73.2)

8 (30.8)
18 (69.2)

3 (20.0)
12 (80.0)

Ki-67 (central)
Ki-67 < 14%
14% ≤ Ki-67

17 (41.5)
24 (58.5)

13 (50.0)
13 (50.0)

4 (26.7)
11 (73.3)
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their Ki-67 status re-examined by central review to newly proposed 
luminal subtypes, and compared them with the risk groups as per 
Oncotype DX RS.

The correlation of the Oncotype Dx RS with PgR status 
and Ki-67

The stat2008  software (statistical program file developed with 
Microsoft Excel, Igakutoshoshuppan, Tokyo, Japan) was used for 
Spearman’s correlation analysis.

According to the policies of our institutional ethics committee, 
general consent was obtained from all patients receiving medical care.

Results
Baseline clinical characteristics

In this study, 41 patients with early breast cancer, who were 
eligible for the Oncotype DX test, were identified. These patients 
were divided into two groups according to Oncotype DX RS (i.e., RS 
< 18 vs. 18 ≤ RS). A total of 26 (63.4%) of 41 patients had a RS < 18, 
whereas 15 (36.6%) of the 41 patients had a RS of 18 or more. The 
distribution of clinicopathological features in both groups is shown 
in  (Table 1). The median patient age was 54.6 years (range, 28-80 
years) with 20 premenopausal and 21 postmenopausal. A total of 33 
(80.5%) patients had breast conserving surgery. The median tumor 
size was 1.54 cm (range, 0.3-7.0 cm).

Comparing risk groups using oncotype DX RS and the 
previously proposed luminal subtypes 

According to the level of Ki-67 assessed by local pathologists in the 
previously proposed luminal subtypes, 11 patients were categorized 
into the luminal a subtype, whereas 30 were categorized into the 
luminal B subtype. Among the luminal a subtype, 8 of 11 cases were 
identified as low risk. Among the luminal B subtype, 12 of 30 cases 
were identified as being at an intermediate to high risk. As assessed by 
local pathologists, the concordance rate between the luminal A and 
low risk group was 72.7% (8/11) and that between the luminal B and 
intermediate to high risk group was 40% (12/30) (Table 2).

According to the level of Ki-67 assessed by central review in the 

previously proposed luminal subtypes, 17 patients were categorized 
into the luminal a subtype and 24 patients were categorized into 
the luminal B subtype. Among the luminal a subtype, 13 of 17 cases 
were identified in the low risk group. Among the luminal B subtype, 
11 of 24 cases were included in the intermediate to high risk group. 
As assessed by local pathologists, the concordance rate between 
the luminal A and low risk group was 76.5% (13/17), whereas the 
concordance rate between the luminal B and intermediate to high risk 
group was 45.8% (11/24) (Table 3).

Comparing risk groups using Oncotype DX RS and newly 
proposed luminal A and B subtypes 

Among patients who had their Ki-67 status re-examined by 
central review and according to the newly proposed luminal subtypes, 
13 patients were categorized into the luminal A subtype, and the 
remaining 28 patients were categorized into the luminal B subtype. 
Among the luminal A subtype, all of the 13 cases were included in 
the low risk group. Among luminal B subtype, 15 of 28 cases were 
included in the intermediate to high risk group. The concordance 
rate between luminal A and low risk group were 100% (13/13) as 
determined by the central review, whereas the concordance rate 
between luminal B and the intermediate to high risk group was 
53.6% (15/28) (Table 4). We found that 53.6% (15 patients) who were 
identified in the intermediate to high risk group were considered for 
adjuvant chemotherapy in our cohort. When introducing the newly 
proposed luminal subtypes and Ki-67 status as assessed by the central 
review to order the Oncotype Dx test, the concordance rate between 
the luminal A and low risk group, and the luminal B and intermediate 
to high risk group improved from 72.7% to 100% and 40.0% to 53.6%, 
respectively.

Table 2: Comparison between the risk groups as per Oncotype DX RS and 
previously proposed luminal subtypes according to the level of Ki-67 assessed 
by local pathologists.

RS low risk RS int. – high risk total

Luminal A 8 3 11

Luminal B 18 12 30

Total 26 15 41

Table 3: Comparison between the risk groups as per Oncotype DX RS and 
previously proposed luminal subtypes according to the level of Ki-67 assessed 
by central review.

RS low risk RS int. – high risk total

Luminal A 13 4 17

Luminal B 13 11 24

Total 26 15 41

Table 4: Comparison between the risk groups as per Oncotype DX RS and 
newly proposed luminal A and B subtypes with the level of Ki-67 assessed by 
central review.

RS low risk RS int. – high risk total

Luminal A 13 0 13

Luminal B 13 15 28

Total 26 15 41
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Figure 1: Correlation of Oncotype DX RS with pgR status. Correlation 
coefficient=0.50, P<0.01.
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The correlation between Oncotype Dx RS with Ki-67 and 
PgR status

We also analyzed the correlation between other histopathological 
characteristics of the tumor with Oncotype RS. In our study, there 
was a significant correlation between PgR status and Oncotype RS 
(correlation coefficient = 0.50, P < 0.01; Figure 1). However, there was 
no significant correlation between Ki-67 status as assessed by either a 
local pathologist or central review and the Oncotype RS (correlation 
coefficient = 0.08, P = 0.30; correlation coefficient = 0.09, P = 0.28, 
respectively; Figures 2 & 3).

Discussion
Identification of intrinsic subtypes is most precise using molecular 

technologies; however, where such assays are unavailable, surrogate 
definitions of subtype can be obtained by IHC measurements of ER, 
PgR, Ki-67, and HER2 with in situ hybridization confirmation. There 
is adequate evidence to support the critical role estrogen plays in 
the breast and its involvement in the pathogenesis of breast cancer 
[23]. In comparison, the role of progesterone in the human adult 
mammary gland and in breast cancer is less clear. A recent study 
has reported that progesterone/progestins are able to inhibit and 
stimulate proliferation of breast cancer cells, whereas human breast 
cancer cell lines expressing PR have also been used to elucidate 
mechanisms associated with the proliferative and tumorigenic roles 
of progesterone. In cancer cells, progesterone/progestin’s can both 
promote and inhibit proliferation [24]. Furthermore, recent studies 
have demonstrated that patients with early breast cancer and those 
who are ER positive and/or PR positive (i.e., luminal) have lower 
risks of recurrence and mortality compared with women who are 
ER-negative and/or PR-negative disease [25,26]. Women with ER-
positive/PR-negative, ER-negative/PR-positive, or ER-negative/ PR-
negative tumors experienced higher risks of mortality compared with 
women with ER-positive/PR-positive tumors, independent of various 
demographics and clinical tumor characteristics [27].

The International Ki-67 in Breast Cancer Working Group 
published their recommendations for Ki-67 assessment in breast 
cancer in 2011. However, these recommendations included no 
established quality assurance schemes to ensure that the procedures 
for Ki-67 analysis in one laboratory lead to comparable scores 
in others, and this article did not recommend standardizing an 

evaluation method of Ki-67 [8]. Thus, the direct application of 
specific cut-off rates for comparison must be considered unreliable 
unless the analyses are performed in a high-volume laboratory with 
its own reference data. Our previous study analyzed 287 primary 
breast cancer patients who underwent preoperative CNB to compare 
the concordance rates for assessing Ki-67 status evaluated either by 
automated or central/local pathology assessment and showed that 
central review and the use of an automated analyzer can improve 
the accuracy of Ki-67 assessment. We then confirmed the necessity 
of a standardized evaluation method for Ki-67 expression in breast 
cancer to overcome the disadvantages of variable counting methods 
and measurement sites [20,21].

Current immunohistochemical markers do not allow accurate 
prediction of the risk of recurrence, and improvements are required 
to clearly identify which women are at sufficiently low risk to be able 
to safely avoid the use of chemotherapy. A previous study reported 
that the Oncotype DX RS provided additional prognostic information 
regarding distant recurrence beyond classical clinicopathologic 
factors. However, its cost is a barrier for its use in many other 
countries. It is therefore important to select appropriate patients for 
the Oncotype DX test. In this study, the newly proposed definition of 
luminal subtypes with standardizing Ki-67 measurement methods by 
the central review improved the precision of selecting patients with 
intermediate to high RS from 40.0% to 53.6%. In addition, all non-
selected patients showed a low RS. A major limitation of this study is 
that it is a retrospective chart review with a small sample size, non-
randomized, and limited to a single oncology center. Despite these 
limitations, this approach may have wide applicability and improve 
clinical information when selecting appropriate patients for the 
Oncotype DX assay.

Previous studies have demonstrated that lower expression of PgR 
has been associated with higher Oncotype RS [28-29]. Moreover, 
another paper reported that a strong correlation existed between the 
Ki-67 value and Oncotype DX RS, especially in tumors with a Ki-67 
value ≥25%. They also found that the likelihood of a tumor with a Ki-
67 value ≥25% having an intermediate or high Oncotype RS is >90% 
and these patients may benefit from adjuvant chemotherapy [30]. 
In this study, there was a statistically significant correlation between 
PgR and Oncotype DX RS, but there was no significant correlation 
between Ki-67 status as assessed by either a local pathologist or 
central review and Oncotype RS.

0

5

10

15

20

25

30

35

0% 20% 40% 60%

Ki-67 

RS 

Figure 2: Correlation of Oncotype DX RS with Ki-67 (local). Correlation 
coefficient=0.08, P=0.30.
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Figure 3: Correlation of Oncotype DX RS with Ki-67 (central). Correlation 
coefficient= 0.09, P=0.28.
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In conclusion, we found that the newly proposed luminal 
subtypes from the 13th St. Gallen International Breast Cancer 
Conference in 2013 and Ki-67 assessment by a central review in order 
to select patients who would benefit from Oncotype DX improved the 
precision of selecting patients with intermediate to high RS. Although 
this study was based on a retrospective chart review of a small 
number of patients, newly proposed luminal subtypes by inclusion of 
PgR positivity appears to improve the precision of selecting patients 
within low RS categories and for whom adjuvant chemotherapy could 
be avoided.
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