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Abstract

Background OncotypeDX® (ODX) is a well-validated
assay for breast cancer treatment planning. We explored
whether the conventional pathological factors could pick
up high risk patients without the help of the ODX.
Methods The ODX was performed on 139 hormone
receptor-positive invasive breast cancers in a single Japa-
nese institution. The recurrence risk was compared
between the ODX and the St. Gallen Consensuses. The
correlations were analyzed between the Recurrence Score
(RS) measured by ODX and the pathological factors. In
addition, we performed a follow-up survey and examined
the association of the RS with the confirmed recurrence or
death.

Results The ODX classified 68 (49 %) as low RS, 52
(37 %) as intermediate RS, and 19 (14 %) as high RS

cases. Correlations were noted between RS and
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progesterone receptor (PR) (r = —0.53), Ki-67 (r = 0.42),
and nuclear grade (NG) (r = 0.41). None had a high RS
with PR(3+4) or NG1. Only one high RS patient had a Ki-
67 (<20 %). The combinations of high RS with PR(0)/Ki-
67 (=20 %) and PR(1+4)/Ki-67 (=20 %) were 70 and
58 %, respectively. The combinations with high RS and
PR(0)/NG3, PR(0)/NG2, and PR(1+)/NG3 were 83, 75,
and 75 %, respectively. The median follow-up was
39.1 months (range 24.0-67.8). There were one low RS
(1 %), four intermediate RS (8 %), and three high RS
patients (16 %) who developed local or distant recurrence.
Conclusion Hormone receptor-positive invasive breast
cancers are stratified with the combinations of PR/Ki-67 or
PR/NG. Some of the high recurrence risk cases might be
identified without the ODX.

Keywords Breast cancer - OncotypeDX -
Progesterone receptor - Nuclear grade - Ki-67

Introduction

Hormone receptor status is one of several clinicopatho-
logical tumor characteristics used for treatment planning
and for assessing prognosis of early breast cancer. Hor-
mone receptor-positive breast cancers generally do not
benefit from chemotherapy. Only 15 % of patients with
hormone receptor positive early breast cancers treated with
tamoxifen alone recur over a 10-year period. Therefore, an
estimated 85 % of these patients would be overtreated if
adjuvant cytotoxic chemotherapy were universally admin-
istered [1]. The utilization of molecular genomic profiling
has increased in recent years. Perou et al. [2] suggested that
each breast cancer subtype might reflect intrinsic molecular
differences in mammary epithelial biology. Sgrlie et al. [3]
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suggested that the luminal epithelial estrogen receptor-
positive group could be classified into at least two sub-
groups as defined by both hormone receptor and HER2
expression into luminal subtype A and luminal subtype B.
Luminal A breast cancers have a low risk of relapse and
luminal B breast cancers show a worse prognosis [4]. In
addition, the clinical and pathologic response to chemo-
therapy is higher in the luminal B subtype than in the
luminal A subtype [5]. For these reasons the distinction
between luminal type breast cancers is of great clinical
interest for treatment planning.

The OncorypeDX® (ODX) is a clinically validated,
21-gene assay that predicts both the likelihood of distant
recurrence and the magnitude of adjuvant chemotherapy
benefit for patients with hormone receptor-positive breast
cancer [1, 6]. The St. Gallen Expert Consensus, the
National Comprehensive Cancer Network, and the Amer-
ican Society of Clinical Oncology guidelines have all
described the application of both pathological markers and
genomic profiling for breast cancer management [7-9].

In this study, we compared the results of the ODX with
those of the St. Gallen Conferences. We also investigated
the relationship between the Recurrence Score (RS) mea-
sured by the ODX and commonly used pathological factors
to assess whether high recurrence risk cases could be
identified without the ODX. In addition we performed a
follow-up survey in this cohort.

Patients and methods

From October 2007 to October 2010, the ODX assay was
performed on 139 hormone receptor-positive invasive
breast cancer patients in our institution. To confirm the
prognostic value of the ODX results, the risk categories
were compared with the well-known St. Gallen 2007, 2009,
and 2011 Consensuses [7, 10, 11]. In the St. Gallen 2007
Consensus, the use of nuclear grade was allowed [10]. The
pathological evaluation with nuclear grading has clinically
been widespread in Japanese institutions and mentioned in
“General Rules for Clinical and Pathological Recording of
Breast Cancer”. We used the practical nuclear grading for
the St. Gallen 2009 instead of histological grading. Second,
the correlations between the RS and the conventional
pathological factors were analyzed. The pathological fac-
tors consisted of tumor size (T), lymph node metastasis (N),
nuclear grade (NG), lymphatic and vascular invasion (LI,
VI), estrogen receptor (ER), progesterone receptor (PR),
HER2, and Ki-67. The expression of ER and PR was
measured with the Allred score. In brief, an Allred score 0
or 2 equated to 0, score 3 or 4 to 1+, score 5 or 6 to 2+, and
score 7 or 8 to 3+. HER2 expression was evaluated by the
HercepTest (Dako, Glostrup, Denmark). Ki-67 was

identified with the MIB-1 antibody (Dako, Glostrup, Den-
mark) and was automatically scored with an Ariol-SL50
instrument (Applied Imaging) at Genetic Laboratory Co.,
Hokkaido, Japan. In brief, Ariol-SL50 was set up to remove
stromal cells, inflammation cells by the nuclear shape and
size. The intraductal lesion was excluded from the counting
area. Ki-67 was calculated as the ratio of Ki-67-positive
cancer cells to total cancer cells. The measurement counted
more than 1,000 cancer cells/spot and was performed at 5
hot spots. The Ki-67 labeling index was calculated by the
average of 5 hot spots. In addition we used the same tissue
sections to examine Ki-67 and ODX. The cutoff value of
Ki-67 was 14 % according to the St. Gallen 2011 Confer-
ence [11]. However, the Ki-67 staining and counting
methods are different in each institution. A Ki-67 cutoff
value of 20 % was the most approved of the St. Gallen 2013
expert panels for defining luminal B subtype [12]. In this
study we adopted the practical and simple cutoff value of
20 %. The pathological diagnosis was performed under the
supervision of one experienced pathologist (K.S.).

The patient characteristics are summarized in Table 1.
The ages ranged from 25 to 73 years with a mean of 50 years.
The numbers of premenopausal and postmenopausal patients
were 82 (59 %) and 57 (41 %), respectively. Mastectomy
specimens were available for 134 patients (96 %), and core
biopsy samples were used for the others. Eighty patients
(58 %) had tumors less than 2 cm in diameter. Eighty-three
patients (60 %) had negative axillary nodes, 12 patients
(9 %) had isolated tumor cells (ITC), five patients (4 %) had
micrometastasis (pN1mi), and 34 patients (24 %) were pN1.
Five patients (4 %) had more than four positive nodes. Sixty
patients (43 %) were NG1, 44 patients (32 %) were NG2,
and 35 patients (25 %) were NG3. Seventy-three patients
were LI0 (53 %), and 122 patients were VIO (88 %). In terms
of the biological markers, 120 (86 %) women were ER(3+)
and 79 (57 %) were PR(3+). Only one patient (1 %) had
HER?2 overexpression. Fifty-one patients (37 %) had low Ki-
67 expression (<20 %) and 88 patients (63 %) had high Ki-
67 expression (>20 %).

In 68 low RS cases, 67 patients were treated with
adjuvant hormonal therapy alone and one patient received
no treatment. In 52 intermediate RS cases, 15 patients were
treated with adjuvant chemotherapy followed by hormonal
therapy and the others received hormonal therapy alone. In
19 high RS cases, all patients were treated with adjuvant
chemotherapy followed by hormonal therapy.

Spearman rank correlation coefficients were calculated.
When the r was >0.4 or <—0.4 for two factors, they were
considered correlated. Kaplan—Meier analysis was used to
calculate and visually display disease free survival curves;
a log-rank test was used to compare curves. These analyses
were performed with StatView for Windows version 5 and
IBM SPSS Statistics version 20.
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Table 1 Patient characteristics

Number % Number %
Age (mean, range) (50.4, 25-73) Lymphatic invasion
Menopausal state 0 73 53
Premenopausal 82 59 1 51 37
Postmenopausal 57 41 2 6
Specimen 3 1
Biopsy 5 4 Unknown 4
Mastectomy 134 96 Vascular invasion
Tumor size 0 122 88
Tla (< 0.5) 3 2 1 11 8
T1b (> 0.5 to < 1.0) 16 12 2 1 1
Tlc (> 1.0 to <2.0) 61 44 Unknown 5 4
T2 (>2.0to <5.0) 54 39 Estrogen receptor
T3 (5.0 <) 4 3 0 1
T4b 1 1+ 3 2
Lymph node status 24 15 11
pNO 83 60 3+ 120 86
ITC 12 9 Progesterone receptor
pN1mi 5 4 0 14 10
pN1 34 24 1+ 14 10
pN2 4 3 2+ 32 23
pN3 1 1 34+ 79 57
Nuclear grade HER2
60 43 0 75 54
2 44 32 1+ 39 28
35 25 2+ 24 17
3+ 1 1
Ki-67
<20 % 51 37
> 20 % 88 63

Results
RS and the St. Gallen Conferences

The ODX assay revealed 68 (49 %) low RS cases, 52
(37 %) intermediate RS cases, and 19 (14 %) high RS
cases. The comparison between the St. Gallen 2007 and
RS is described in Fig. la. Nearly all of the cases in the
intermediate risk group were incorrectly classified under
the St. Gallen criteria. The comparison between the St.
Gallen 2009 and RS is shown in Fig. 1b. We used the
practical nuclear grading for the evaluation of tumor
proliferation, but histological grading was only men-
tioned in the St. Gallen 2009 Consensus. HT denotes a
relative indication for hormonal therapy alone. CT
denotes a relative indication for chemotherapy. The high
RS cases were appropriately classified into the HT + CT
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group; however, some low RS cases were also included
in this group. The comparison between the St. Gallen
2011 and RS is shown in Fig. 1c. Most of the high RS
cases were included in the luminal B group; however,
some low RS cases were also classified into the luminal
B group.

RS and pathological factors

PR and RS were negatively correlated (r = —0.53). No
high RS had PR(3+) (Fig. 2a). Correlations between RS
and Ki-67 or NG were also identified (r = 0.42 and 0.41,
respectively) (Fig. 2b, c¢). There was no high RS patient
with NG1. There was only one high RS patient (2 %) with
Ki-67 (<20 %). On the other hand, the correlations with T,
N, LI, VI, ER, and HER2 were weaker (r ranging from
—0.33 to 0.22) (Table 2).
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Fig. 1 a Comparison between St. Gallen 2007 and RS. Nearly all of
the cases in the intermediate risk group were incorrectly classified
under the St. Gallen criteria. b Comparison between St. Gallen 2009
and RS. We used the practical nuclear grading for the evaluation of
tumor proliferation, but histological grading was only mentioned in
the St. Gallen 2009 Consensus. HT denotes a relative indication for

hormonal therapy alone. CT denotes a relative indication for
chemotherapy. The high RS cases were appropriately classified into
the HT + CT group. However, some low RS cases were also included
in this group. ¢ Comparison between St. Gallen 2011 and RS. Most of
the high RS cases were included in the luminal B group. However,
some low RS cases were also classified into the luminal B group
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Fig. 2 a Correlation between PR and RS was negatively correlated
with RS (r = —0.53). No patients had high RS with PR(3+). b A
correlation between Ki-67 and RS was observed (r = 0.42). Only one

PR and Ki-67 in the high RS cases

The rate of high RS with PR(0) and Ki-67 (>20 %) was
70 %, that of PR(1+) and Ki-67 (=20 %) was 58 %, and
that of PR(2+) and Ki-67 (=20 %) was 21 % (Fig. 3a).

PR and NG in the high RS cases

Among the high RS cases, the rate of PR(0) and NG3 was
83 %, that of PR(0) and NG2 was 75 %, and that of
PR(1+4) and NG3 was 75 %. There was no high RS patient
with PR(3+) or NG1 (Fig. 3b).

Disease free survival

The median follow-up for all patients after the operation
was 39.1 months (range 24.0-67.8). Kaplan—Meier curves

patient (2 %) had high RS with Ki-67 (<20 %). ¢ Correlation between
NG and RS was observed (r = 0.41). There was no high risk patient
in the NG1

for disease free survival of the St. Gallen Consensuses are
shown in Fig. 4. There was no recurrence case in the low
risk group of the St. Gallen 2007, the HT group of the St.
Gallen 2009 and the luminal A group of the St. Gallen
2011 (a log-rank test was not available). There were one
low RS (1 %, RS = 17), four intermediate RS (8 %,
RS = 28, 25, 24, and 19), and three high RS patients
(16 %, RS = 48, 46, and 33) who developed local or dis-
tant recurrence (Fig. 4d). Of these cases only one high RS
patient (RS = 46) was dead 9 months following surgery as
a result of multiple bone and lung metastases.

Discussion

Cheang et al. [13] reported that breast cancers could, in
clinical practice, be classified into subtypes based on the
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Table 2 Correlations between pathological factors and RS

Pathological factor r

Progesterone receptor —0.526
Ki-67 0.422
Nuclear grade 0.411
Estrogen receptor —-0.332
HER2 0.224
Lymph node status —0.193
Tumor size 0.161
Lymphatic invasion 0.117
Vascular invasion 0.056

Spearman rank correlation coefficients were calculated. When the
r was >0.4 or <—0.4 for two factors, they were considered correlated

immunohistochemical (IHC) evaluation of ER, PR, HER2,
and Ki-67. They also defined the cutoff value of the Ki-67
labeling index at 13.25 % to classify the luminal type
breast cancers. Cuzick [14] also reported that these four
IHC biomarkers (IHC4 score) provide prognostic infor-
mation, which could be considered at least equivalent to
the RS. By using these IHC biomarkers many physicians
risk stratify each patient and plan treatment on the basis of
risk and biomarkers.

Molecular genomic profiling is integral to the postop-
erative treatment planning of breast cancer patients.
Eighty-four percent of the Expert Panel of the 12th St.
Gallen Consensus Meeting approved the ODX to predict
the effectiveness of adjuvant chemotherapy in hormone
receptor-positive disease. In this study, we compared the
risk classification of the St. Gallen Conferences with the
ODX and found that the St. Gallen Consensuses were of
limited usefulness for the risk classification of the luminal
B subgroup because the treatment strategies were not
suitable for all patients. The St. Gallen Consensuses require

RS
High Risk
(%)
100 Ki<20%
58% = Ki220%
80 (712)
60
21%
40 (4/19)
0%
(0/47)
20 0% d Ohamr  Ki220%
o o e

PR(0) PR(14) PR(24) PR(34
Fig. 3 a PR and Ki-67 in the high RS cases. The rate of high RS with
PR(0) and Ki-67 (=20 %) was 70 %, that of PR(14+) and Ki-67
(>20 %) was 58 %, and that of PR(2+) and Ki-67 (>20 %) was

21 %. b PR and NG in the high RS cases. Among the high RS cases,
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further refinement in order to prevent over- and under-
treatment of luminal B breast cancer patients.

Most molecular profiling assays are costly and generally
not covered by medical insurance, which poses a barrier to
universal adoption. Klein et al. [15] reported that the use of
pathology-generated equations could be used to estimate
the RS for breast cancer patients. Ingoldsby et al. [16] also
suggested that the combinations of traditional pathological
parameters and biomarkers corresponding to 10 genes (ER,
PR, Ki-67, HER2, BCL2, CD68, aurora A kinase, surviv-
ing, cyclin B1, and BAG1) could be used as an alternative to
the RT-PCR assay to reduce the number of patients that
need further analysis by the ODX. In light of their studies
we assessed whether commonly used pathological factors
could substitute for the RS. Our results indicated that the RS
was moderately correlated with PR, Ki-67, and NG. Can-
cello et al. [17] reported that the ER(4)/PR(—)/HER2(—)
subgroup was associated with a reduced breast cancer-
related survival and overall survival when compared with
the ER(+)/PR(+4)/HER2(—) subgroup. They concluded that
the loss of PR identified luminal B breast cancer subgroups
at higher risk of relapse and death, both with HER2-positive
and HER2-negative disease. Kurebayashi et al. [18] indi-
cated that hormonal therapy alone could not prevent distant
metastasis with PR-negative breast cancers and/or with
cancers showing marked lymphovascular invasion or high
Ki-67 labeling index in a Japanese multi-institute cohort
study. The significance of IHC assessment of PR was also
emphasized in the St. Gallen International Breast Cancer
Conference 2013 [12]. Prat et al. [19] reported that the new
proposed THC-based definition of luminal A tumors was
hormone receptor-positive/HER2-negative/Ki-67 less than
14 % and PR more than 20 %. With respect to hormonal
therapy, the ER(+4)/PR(4) subgroup shows a better
response to selective ER modulator therapy than ER(+)/

RS
High Risk
(%)

NG 1
100 NG 2
=NG3
80
60
0%
. 1 y
40 i “(N 5) NG 3
20 % 0% KT 4 NG 2
(072) (0/15) (o39)
‘ NG 1
PR(0) PR(1#) PR(24) PR(34

the rate of PR(0) and NG3 was 83 %, that of PR(0) and NG2 was
75 %, and that of PR(14) and NG3 was 75 %. There was no high RS
patient with PR(3+) or NG1
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PR(—) cancers. PR is a marker of a functional ER, and the
expression of PR approximates ER activity. In addition, it
has been suggested that the absence of PR may reflect
hyperactive cross talk between ER and growth factor sig-
naling pathways [20]. These observations increase the value
of PR in the risk stratification of hormone receptor-positive
breast cancer.

Both NG and Ki-67 are proliferation factors. Cancer cells
express Ki-67 during the G1, S, G2, and M phases, but not
during the resting phase GO. In particular, the expression level
is low in the G1 and S phases and peaks in mitosis [21].
Nuclear grade is defined as the sum of both nuclear atypia and
mitotic count. For these reasons, NG correlates with Ki-67
expression. Ki-67 is widely used to risk stratify breast cancer
[13]; however, our data failed to show a perfect correlation
between Ki-67 and the RS, suggesting that Ki-67 itself is
insufficient for risk stratification. We combined PR and Ki-67
or PR and NG and found that this combination of factors
resulted in comparable risk stratification as obtained with

ODX. In contrast, N, T, LI, and VI, which are also highly
prognostic clinical factors in early breast cancers, did not
correlate with the RS in this study. With regard to lymph node
metastasis, it was reported that the routine use of IHC to look
for low volume metastasis was not indicated, because the
presence of micrometastasis did not change management
[11]. We also consider that lymph node metastasis is not so
fatal to hormone receptor-positive breast cancers because
lymph node status was poorly relative to RS (r = —0.193).
Although the node-positive postmenopausal patients are
eligible for the ODX, the node-positive premenopausal
patients are not; however, 20 node-positive premenopausal
cases (24 %) are actually included in this study. We should
ascertain the eligibility of the ODX for the premenopausal
node-positive breast cancer patients in the RXPONDER trial
(SWOG S1007), which is an ongoing clinical trial designed to
address this question.

This study was limited in terms of generalizability by
the selection of patients from a single institution. All cases,
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however, were reviewed and analyzed by a single pathol-
ogist, which resulted in consistent scoring.

We propose that the combinations of PR/NG or PR/Ki-
67 be used to select patients for further risk stratification
via ODX.

Conclusions

Hormone receptor-positive invasive breast cancers are
stratified with the combinations of PR/Ki-67 or PR/NG.
Some of the high recurrence risk cases might be identified
without the ODX.

Conflict of interest The authors declare that they have no conflict
of interest.
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