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Figure 1. A heat map of tumors in the genomic grade index
(GGI) and prognosis study is shown. One hundred five tumors
were subjected to gene expression analysis. (A) Columns of
the heat map correspond to 97 genes used for GGI analysis,
and rows of the heat map correspond to individual tumors,
which were sorted first by histological grade (HG) 1, HG2,
or HG3, and then by GGI within each histological grade
category. In the heat map, high expression is red and low
expression is green. (B) GGl score of each tumor is plotted
on the right side of the corresponding row of heat map. (C)
The prognosis of patients with each tumor is shown. Red rep-
resents patients with recurrence, and blue represents those
without recurrence. L indicates low; H, high.

genomic grade index tumors. Relations between genomic
grade index and the various clinicopathological para-
meters are shown in Table 1, indicating that high genomic
grade index tumors were more likely to be large, PR nega-
tive, HER2 positive, and Ki67 positive.

The recurrence-free survival (RFS) rate for patients
with high genomic grade index tumors was significantly
(P < .001) lower than for those with low genomic grade
index tumors (55% vs 88%, 10 years after surgery)
(Fig. 2A). After classification of the 62 histological grade
2 tumors into high genomic grade index and low genomic
grade index tumors, the RFS rates for the patients with
these tumors were compared (Fig. 2B). The rate for
patients with high genomic grade index tumors was signif-
icantly (P = .012) lower than for those with low genomic
grade index tumors (54% vs 83%, 10 years after surgery),
indicating that genomic grade index can help to clearly
differentiate high-risk from low-risk tumors even among
histological grade 2 tumors.

Comparison of Genomic Grade Index

With Other Prognostic Factors for the
Prediction of RFS Rates

Association of various conventional prognostic factors
with RES was analyzed by means of univariate analysis
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Figure 2. Recurrence-free survival curves are shown (A) for
all patients (n = 105) and (B) for patients with histological
grade 2 tumors (n = 62) according to genomic grade index
(GG). L indicates low; H, high; HG2; histological grade 2.

(Table 2), and it was found to be significant between high
recurrence rates and large tumor size, high histological
grade, or positive HER2. Moreover, high genomic grade
index was significantly (P < .001) associated with a high
recurrence rate. Multivariate analysis demonstrated that
genomic grade index was the most important and signifi-
cant predictive factor for disease recurrence (P=.013) inde-
pendently from other, conventional prognostic factors.
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Table 2. Univariate and Multivariate Analysis of Various Prognostic Factors

Factor Univariate®
Hazard Lower Upper
Ratio 95% CI 95% CI

Mens 1.79 0.80 4.04

T 2.49 122 5.05

HG 271 1.08 6.84

PR 0.51 0.20 1.30

HER2 2.84 1.21 6.65

Kie7 1.69 0.67 4.26

GGl 2.22 1.45 3.39

Multivariate®
P Hazard Lower Upper P
Ratio 95% CI 95% CI

1160 1.49 0.60 3.68 .390
012 172 0.88 337 110
035 149 0.49 4.7 520
160 0.63 0.22 1.80 390
016 1.80 0.72 4.46 210
270 0.65 0.22 1.89 430
<.001 1.86 114 3.05 013

Cl indicates confidence interval; Mens; menstruation; T, tumor size; HG, histological grade; PR, progesterone receptor; HER2, human epidermal growth recep-

tor 2, GGI; genomic grade index.
2Cox proportional hazard model.
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Figure 3. A heat map of tumors in the genomic grade index
and chemoresponse study is shown. Eighty-four tumors were
subjected to gene expression analysis. (A) Columns in the
heat map correspond to 97 genes used for genomic grade
index (GGI) analysis, and rows in the heat map correspond to
individual tumors, which were sorted first by histological
grade (HG) 1, HG2, or HG3, and then by GGI within each HG
category. In the heat map, high expression is red and low
expression is green. (B) The GGl score of each tumor is plot-
ted on the right side of the corresponding row of heat map.
(C) The pathological response to neoadjuvant chemotherapy
(paclitaxel followed by S5-fluorouracil/epirubicin/cyclophos-
phamide) of each tumor is shown. Red represents pathologi-
cal complete response (pCR), and blue represents non-pCR.
L indicates low; H, high.

Genomic Grade Index and Response

to Chemotherapy

The gene expression profile of the tumor biopsy samples
(n = 84) obtained before neoadjuvant chemotherapy
(P-FEC) were analyzed by means of DNA microarray
for classification into high genomic grade index and
low genomic grade index tumors (Fig. 3). Of the 7
histological grade 1 tumors, 5 (71.4%) were classified
into low genomic grade index tumors, and of the 17
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histological grade 3 tumors, 14 (82.4%) were classified
into high genomic grade index tumors. Of the 60
histological grade 2 tumors, 29 (48.3%) were classified
into low genomic grade index tumors and 31 (51.7%)
into high genomic grade index tumors.

The pathological CR rate to P-FEC was significantly
(P = .022) higher for high genomic grade index (31.9%)
tumors than low genomic grade index tumors (10.8%)
(Table 3). The subset analysis according to ER status
showed that the pathological CR rate was higher for high
genomic grade index tumors than low genomic grade
index tumors both in the ER-positive subset (17.4% vs
4.0%) and in the ER-negative subset (45.8% vs 25.0%),
although the difference was not statistically significant.

Disease-free survival of these 84 patients according
to genomic grade index is shown in Figure 4 (median
follow-up period, 28 months; range, 1-56 months). There
was no significant difference in RFS between high
genomic grade index tumors and low genomic grade
index tumors.

DISCUSSION

In the study presented here, we evaluated the prognostic
value of genomic grade index for lymph node-negative
and ER-positive breast cancer patients treated with adju-
vant hormonal therapy alone. We were able to demon-
strate that in the case of Japanese breast cancers, most
histological grade 3 tumors can be classified into high
genomic grade index tumors and most histological grade
1 tumors into low genomic grade index tumors, as was
previously reported for Caucasian breast cancers. High
genomic grade index tumors were more likely to be ER
negative, PR negative, HER2 positive, and Ki67 positive,
and are thus considered to possess a biologically aggressive
phenotype. Accordingly, prognosis for high genomic
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Table 3. Relationship Between GGl and pCR Rates for
Neoadjuvant Chemotherapy

No. of pCR Rate P
um
Tumors  paa  Laal
Total 84 31.9% 10.8% .022
ER positive 48 17.4% 4.0% 129
ER negative 36 45.8% 25.0% 227

GGl indicates genomic grade index; pCR, pathological complete response;
H-GGl, high-GGl; L-GGI, low-GGlI.
*Chi-square test.

grade index tumors was significantly poorer than for low
genomic grade index tumors, and more importantly,
histological grade 2 tumors could be clearly differentiated
into high genomic grade index tumors with poor progno-
sis and low genomic grade index tumors with good prog-
nosis. All these findings for the association between
genomic grade index and prognosis for Japanese breast
cancers are consistent with those reported for Caucasian
breast cancer patients, indicating that genomic grade
index determined by the 97-gene signature for molecular
classification of breast tumors is a statistically robust
method regardless of ethnicity.

Because prognosis for lymph node-negative and ER-
positive breast tumors is usually estimated by using tumor
size, histological grade, PR, HER2, and more recently
Ki67, it seems important to compare genomic grade index
with these conventional prognostic parameters to deter-
mine the independent prognostic value of genomic grade
index. However, such a comparison has never been done
in previously reported studies. We therefore conducted a
multivariate analysis of genomic grade index and conven-
tional prognostic factors and were able to show that
genomic grade index is a highly significant prognostic
factor independent of the other, conventional prognostic
factors. These results seem to indicate that genomic grade
index would be very uscful for decision making as to
whether adjuvant chemotherapy should be added to
adjuvant hormonal therapy for lymph node-negative and
ER-positive breast cancers.

Prognostic signatures (MammaPrint and Oncotype
DX) other than genomic grade index have also been
reported, and all these signatures appear to have a similar
prognostic performance, but are likely to be limited to
ER-positive tumors.® The common and most prominent
characteristic among these prognostic signatures is the
high expression of the genes responsive for cell prolifera-
tion. Ki67 is the most reliable marker for cell proliferation
among those currently available, and we have been able to
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Figure 4. Prognosis of breast cancer patients treated with
neoadjuvant chemotherapy is shown. Recurrence-free sur-
vival curves of 84 patients treated with neoadjuvant chemo-
therapy (paclitaxel followed by S-fluorouracil/epirubicin/
cyclophosphamide) are shown according to genomic grade
index (GGI). H indicates high; L, low.

show that, as expected, high genomic grade index tumors
are associated with Ki67-positive tumors. However, we
believe that the prognostic value of genomic grade index is
stronger than that of Ki67, because the multivariate analy-
sis has clearly shown that genomic grade index is most
strongly associated with prognosis independently of other
parameters, including Ki67. These results seem to suggest
that genomic grade index can identify cell proliferation
more accurately than Ki67 or that genomic grade index
can identify not only cell proliferation but also other
biological features related to metastases.

Because high genomic grade index tumors are asso-
ciated with high proliferation, and highly proliferating
tumors can be expected to d well to ch herapy,
we also investigated, as part of this study, the association
of genomic grade index with pathological CR rates in the
neoadjuvant setting, and were able to show that high
genomic grade index tumors are significantly (P = .022)
associated with a high pathological CR rate. This tend-
ency was also observed in the ER-positive tumor subset.
These results are essentially consistent with those reported
very recently by Liedtke et al, who have shown that high
genomic grade index breast cancer tumors are associated
with a high pathological CR rate to neoadjuvant chemo-
therapy consisting of paclitaxel followed by 5-fluoroura-
cil/doxorubicin/cyclophosphamide.® All these results
taken together indicate that, in the lymph node-negative
and ER-positive subset, high genomic grade index tumors
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show a poor prognosis, but at the same time they are
thought to have a relatively higher sensitivity to P-FEC.
Therefore, it is speculated that prognosis of patients with
such tumors can be improved by addition of adjuvant
chemotherapy (P-FEC) to adjuvant hormonal therapy.
This speculation needs to be proven in future study.

We found that there was no significant difference in
RFS between high genomic grade index tumors and low
genomic grade index tumors (Fig. 4). Because high
genomic grade index tumors have a worse baseline prog-
nosis as compared with low genomic grade index tumors,
a modest increase in sensitivity to P-FEC associated with
high genomic grade index tumors might be unable to
translate into the improvement of their prognosis over
low genomic grade index tumors. Interestingly, Liedtke
et al reported that high genomic grade index tumors
showed a worse prognosis than low genomic grade index
tumors in the ER-positive subset. Therefore, it is consid-
ered that genomic grade index modestly predicts chemosen-
sitivity in patients who receive neoadjuvant chemotherapy,
but its impact on prognosis still remains to be clarified.

In the prognosis study of 105 patients, we used
poly-T primers for RNA amplification, but in the chemo-
response study of 84 patients, we used the Ovation
method (random primers) because of a small sample
volume of Mammotome specimens. It is possible that
determination of genomic grade index would be affected
by the different chemical approaches to RNA amplifica-
tion.”'" However, concordance between histological
grade 1 and low genomic grade index and between histo-
logical grade 3 and high genomic grade index was simi-
larly high both in the prognosis study (37 of 43, 86%)
and in the chemoresponse study (19 of 24, 79%), suggest-
ing that genomic grade index results obtained using the
Ovation method would be comparable to those obtained
using poly-T primers.

In conclusion, we were able to show that genomic
grade index is a very strong prognostic factor for lymph
node-negative and ER-positive tumors independently of
the currently available prognostic biomarkers, including
PR, HER?2, and Ki67, and that high genomic grade index
tumors are more likely to respond to chemotherapy (P-
FEC). Thus, genomic grade index seems to represent a
helpful diagnostic tool for decision making as to the addi-
tion of adjuvant chemotherapy to adjuvant hormonal
therapy for this subset of breast tumors. Very recently,
Toussaint'" et al reported that they succeeded in the
conversion of DNA microarray-based determination of
genomic grade index to a quantitative reverse-transcrip-
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tase polymerase chain reaction (PCR) assay (PCR-
genomic grade index), which can be used for RNA derived
from formalin-fixed paraffin-embedded tumor speci-
mens. The methods they have developed seem to have the
potential to be widely used for risk assessment of lymph
node-negative and ER-positive breast cancers.
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Abstract The present p 1 study was desig; to

1 a new therapy comprised of the
aromatase inhibitor anastrozole (ANA) and the oral flu-
oropyrimidines, UFT and S-1 against the estrogen receptor
(ER)-positive human breast cancer cell line MCF-7/Arom
14, which was stably transfected with the cDNA of human
aromatase. MCF-7/Arom 14 cells showed a high aromatase
activity and notably were able to grow in the presence of
testosterone and estradiol (E;) in vitro. ANA and 5-fluo-
rouracil (5-FU) inhibited cell growth at

-ations of

ic agents d bicin (ADM) or pacli 1
(TXL) were analyzed The protein and mRNA expressnon
levels of ER- in the tumor tissue were markedly decreased
after treatment with S-1 or S-1 + ANA, but not after
treatment with either ADM or TXL. The reduced ER-a
level after S-1 treatment might contribute to the increased
antitumor activity of ANA by reducing ER-o-induced
growth signaling in addition to the decrease in estrogen
production induced by ANA. Based on these results, the
combination of ANA and S-1 might yield a greater benefit

0.005-10 and 0.2-5 pM, respectively, and the combination
of both drugs additively inhibited cell growth. The growth
of MCF-7/Arom 14 tumors was significantly inhibited by
ANA and S-1 or UFT in vivo. The combination of ANA
with S-1 or UFT admlmstcred usmg a 21-day consecutlve,

ic-like regi g ly enh d the anti-
tumor efficacy, suppressing tumor growth for 2-4 times
longer than monotherapy. To investigate the mechanisms
by which S-1 enhances the antitumor activity of ANA, the
protein and mRNA expression levels of ER-a in tumor
tissue after treatment with S-1, ANA, and the typical
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than other chemotherapeutic agents in postmenopausal
women with ER-positive breast cancer.
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Abbreviations

ANA Anastrozole

CI Combination index

DCC Dextran-coated charcoal-stripped
ADM Doxorubicin hydrochloride

Ct Threshold cycle

DIF DPD inhibitory fluoropyrimidine
DPD Dihydropyri dehydr

E, 17p-Estradiol

ER Estrogen receptor

5-FU 5-Fluorouracil

FCS Fetal calf serum

GAPDH  Glyceraldehyde-3-phosphate dehydrogenase

GD Growth delay

HPMC Hydroxypropyl methylcellulose
HRP Horseradish peroxidase
ICso 50% Inhibitory concentration
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TXL Paclitaxel

RT-PCR  Reverse transcriptional polymerase chain
reaction

RTV Relative tumor volume

S-1 Tegaful-gimeracil—oteracil

TAM Tamoxifen

Tes-P Testosterone pellet

TGI Tumor growth inhibition

UFT Tegafur-uracil

Introduction

Breast cancer is the most common cancer among women,
and several treatment modalities have been aggressively
investigated [1]. As in the case with cancer of other organs,
the treatment of breast cancer patients has recently tended to
be more personalized and detailed as a result of the analysis
of various biomarkers, such as hormone receptors (ER/PgR),
as well as the HER-2 status and other risk factors. In an
adjuvant setting, the details of treatment options for indi-
vidual patients are frequently discussed and revised [1].

Essentially, adjuvant endocrine therapy is recommended
for all hormone receptor-positive breast cancer patients,
and the addition of adjuvant chemotherapy to endocrine
therapy has been shown to further improve the prognosis of
ER-positive breast cancer patients [2]. However, the
addition of anthracyclines to adjuvant endocrine therapy
has recently been shown to improve the outcome of
patients with ER-positive and HER2-positive breast cancer
(luminal B) but not the outcome of patients with ER-
positive and HER2-negative breast cancer (luminal A) [3].
Hayes et al. also reported an additional benefit of adjuvant
paclitaxel (TXL) for patients luminal B but not for those
with luminal A [4]. Thus, patients with the luminal A
subset are unlikely to benefit from adjuvant chemothera-
pies including anthracyclines and/or taxanes. As the pro-
portion of luminal A tumors (73.2%) is higher than that of
luminal B tumors (13.8%) [5], the development of effective
chemoendocrine regimens for the patients with luminal A
tumors is urgently needed [6].

In Japan, several clinical studies using an oral dihy-
dropyrimidine dehydrogenase (DPD)-inhibitory fluoropyr-
imidine (DIF), tegafur-uracil (UFT), have been performed,
and the combination of UFT with tamoxifen (TAM) has
been demonstrated to improve the overall survival of
patients with node-negative and ER-positive tumors,
compared with surgery alone [7]. In node-positive patients,
UFT combined with TAM was shown not to be inferior to
the intravenous cyclophosphamid, h ate—fluoro-
uracil regimen in terms of relapse-free survival [8, 9]. In
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addition, preliminary results have indicated that UFT
confers an additional benefit to TAM alone in a ER-posi-
tive and HER2-negat|ve tumor subset [10]. Therefore, a
combi docrine therapy coi g of TAM
with UFT might be a promising postoperative treatment
option for patients with luminal A-type tumors.

Approximately two-thirds of breast cancers are hor-
mone-responsive, and this proportion is higher among
postmenopausal women [1]. In the treatment of postmen-

with ad d di inhib-
nors (AI), including anastrozole (ANA), have exhibited a
superior survival and toxicity profile compared with the
antiestrogen TAM [11-13]. Among the newly developed
oral fluoropyrimidines that are being used to treat breast
cancer p S-1 and cap have been d
strated to be active as a 2nd or 3rd line therapy for
ER-negative breast cancer patients who have failed to
respond to anthracycline or taxane therapy; however, the
efficacies of these agents in combination with TAM or Al
are still under clinical investigation for ER-positive, post-
menopausal breast cancer patients.

S-1, unlike capecitabine, is composed of 1 M tegafur
(a masked form of 5-FU), 0.4 M gimeracil (a potent
inhibitor of the 5-FU degradation enzyme in the liver and
tumor tissues), and 1 M potassium oteracil (which mainly
inhibits the phosphorylation of 5-FU in the gastrointestinal
[GI] tract) [14]. S-1 has been shown to be effective against
ER-negative breast cancer (MX-1 and MC-2) and other
human cancers in vivo [14] and to have a potent antitumor
efficacy with a lower GI toxicity for various types of cancers
[15, 16]. In particular, S-1 showed a high clinical response
rate of about 42% among previously untreated breast cancer
patients in a clinical phase II study in Japan [17].

Aromatase is mainly expressed in cancer and stromal
cells in the mammary gland and the systemic adlpose tls—
sues of post 1 while gen is
from adrenal andmgen [18, 19]. However, estabhshed
human breast cancer cell lines in vitro have less aromatase
activity than surgically removed breast cancer tissues [20];
moreover, the plasma levels of estrogen and adrenal
androgen in mice are reportedly extremely low [21]. To
investigate the efficacy of aromatase inhibitor against
human breast cancer xenografts in nude mice, we estab-
lished the ER-positive human breast cancer cell line MCF-
7/Arom 14, which stably expresses aromatase as a result of
the transfection of human aromatase cDNA, and implanted
these cells with the concomitant implantation of a testos-
terone-releasing pellet (Tes-P) into nude mice. This study
describes the characteristics of MCF-7/Arom 14 breast
cancer cells in vitro and the in vivo antitumor efficacy of
oral fluoropyrimidines and ANA, either alone or in com-
bination, against such ER-positive breast tumors with high
aromatase activity levels.
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In this study, we sought to determine whether the co-
administration of S-1 and ANA for 3 weeks according to a
metronomic-like schedule would be capable of signifi-
cantly dov lating the exp of ER-a in breast
tumors, leading to an augmentation of the antitumor effi-
cacy when used in combination with ANA.

Materials and methods
Reagents

Tegafur, gimeracil, oteracil, uracil, and ANA were syn-
thesized in our laboratory. S-1 was prepared by mixing
tegafur, gimeracil, and oteracil at a molar ratio of 1:0.4:1 in
0.5% hydroxypropyl methylcellulose (HPMC). UFT was
prepared by mixing tegafur and uracil at a molar ratio of
1:4 in 0.5% HPMC. 5-Fluorouracil (5-FU) and TXL were
purchased from Wako Pure Chemicals Co., Ltd. Testos-
terone and 17p-estradiol (E,) were purchased from Tokyo
Chemical Ind., Co., Ltd. and Sigma Chemical Co.,
respectively. Doxorubicin hydrochloride injection (ADM)
and estradiol propionate injection were purchased from
Kyowa Hakko Kirin Co., Ltd. and ASKA Pharmaceutical
Co., Ltd., respectively.

Fetal calf seram (FCS) and dextran-coated charcoal-
stripped (DCC)-FCS was purchased from JRH Bic
and Tissue-Culture Bioscience, respectively. Tween® 80
and Cremophor® were purchased from NACALAI Tesque,
Inc. The High-Capacity cDNA Archive Kit, TagMan gene
expression assay primer probe set for ER-a, and glycer-
aldehyde-3-phosphate  dehydrogenase (GAPDH) were
purchased from Applied Biosystems Inc. The QuantiTect
Probe PCR Kit was purchased from Qiagen.

Anti human ER-x rabbit polyclonal antibody was pur-
chased from Santa Cruz Biotechnology, Inc. All other
reagents were commercially available products of the
highest grade.

Cell line and transfection

A typical ER-a positive breast cancer cell line, MCF-7, was
purchased from the American Type Culture Collection.
Full-length cDNA of human aromatase (cytochrome P-19,
entry number NM-000103) was purchased from GenBank.
The cDNA was ligated into the mammalian expression
vector pCI-neo vector (Promega K. K), and the expression
vector was then transfected into MCF-7 using FuGENE 6,
according to the method described by Uyttersprot et al.
[22). The enzyme activity of aromatase was determined
using (*HJ-androst-d-ene-3, 17-dione [18-°H (N)], the
radioactivity of which was 24 kCi/mmol as a substrate
according to the method described by Silva et al. [23].

Cell growth assay in vitro

To reduce endogenous estrogen-like activity, the cells were
pre-cultured with phenol-red, which exerts a weak estro-
genic activity, free RPM-1640 supplemented with 2.5%
DCC-FCS at 37°C under 5% CO, and 100% humidity in
vitro. The cells were seeded into a 96-multiwell plate on
day 0 in the p or ab of various cc ion:
of testosterone or E; (6 wells/plate, with the reproducibility
clarified using five plates). The hormone-dependent cell
growth was evaluated according to the reported crystal
violet-staining method [24] on day 10 (MCF-7/Arom 14) or
day 8 (MCF-7) according to the following formula: Cell
growth (% of hormone-free well) = (ODs4o of hormone-
treated well)/(ODs4q of hormone-free well) x 100 (%).

To determine the growth inhibitory activities of 5-FU or
ANA, various concentrations of 5-FU and ANA were
added to the medium in the presence of 3 nM of testos-
terone on the day after cell seeding, and cell growth was
evaluated on day 10 according to the following formula:
Cell growth (% of control) = (ODsyo of treated well)/
(ODs4 of control) x 100 (%).

The combinatory effect of 5-FU and ANA against MCF-
7/Arom 14 was evaluated based on the combination index
(CI), as described by Chou [25]. MCF-7/Arom 14 was see-
ded into 96-multi well plates on day 0, ANA and 5-FU were
applied in a fixed molar ratio of 1:100 on day 1, and cell
growth was evaluated on day 10. The value of CI was cal-
culated based on the growth inhibition ratio using CalcuSyn.

Antitumor activity in vivo

All animal studies were carmried out according to the
guidelines and with the approval of the institutional animal
care and use of Taiho Phar 1 Co., Ltd.
Five-week-old female BALB/c nu/nu mice were purchased
from CLEA Japan Inc. Mice were housed under specific
pathogen-free conditions, and food and water were given
ad libitum. After the mice had been in quarantine for
1 week, they were implanted subcutaneously (s.c.) with a
8-mm°® fragment of MCF-7/Arom 14 solid tumor, and
estradiol propionate (0.25 mg/body) was administered on
the day after tumor implantation. To evaluate the antitumor
activity, the mice were divided into seven groups according
to the tumor volume once the mean tumor volume reached
about 150-200 mm? (day 0). Each group consisted of 10
mice. Testosterone was mixed with cholesterol and used to
prepare the Tes-P so that each pellet contained 2 mg of
testosterone according to a previously reported method
[26]. The Tes-P was then implanted s.c. at a site contra-
lateral to the tumor on day 0 (s.c.). S-1 (10 mg/kg, p.o.),
UFT (20 mg/kg, p.o.), and ANA (3 mg/kg, s.c.) dissolved
in saline containing 1% Tween® 80 were administered
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once daily from days 1 to 21. The maximal tumor diame-
ters were measured twice a week, and the tumor volume
was estimated as 0.5 x Length x Width®>. The relative
tumor volume (RTV) was calculated using the following
formula: RTV = tumor volume on measured day/tumor
volume on day 0. On day 22, the tumor growth inhibition
ratio (TGI) was calculated using the following formula:
TGI = {1 — (mean tumor volume of treated group)/(mean
tumor volume of control group)} x 100 (%). Tumor size
was plotted, and the period required for the RTV to reach 3
was estimated using linear regression. The growth delay
period (GDP) was calculated using the following formula:
GDP (days) = (Estimated period required for the mean
RTV of the treated group to reach 3) — (Estimated period
for the mean RTV of the control group to reach 3),
according to the method described by Luo et al. [27].

1 ') 1 a1

ining for ER-a in tumor tissue

MCF-7/Arom 14-bearing mice were prepared as mentioned
above and were divided into five groups once the tumor
diameter reached about 1 cm (day 0). Each group consisted
of five mice. S-1 (10 mg/kg, p.o.) and ANA (3 mg/kg, s.c.)
were administered from days 1 to 7. TXL (15 mg/kg),
which was dissolved in saline supplemented with 8.3%
Cremophor® EL and 8.3% ethanol or ADM (5 mg/kg), was
administered intravenously on day 1; this dose has been
previously reported to be effective [28, 29]. On day 8, the
tumor tissue was collected and divided into two parts to
evaluate the protein and mRNA expression levels of ER-o.

Real-time reverse transcription (RT)-polymerase chain
reaction (PCR) for ER-a in tumor tissue

Total RNA was isolated from the residual part of the tumor
tissue, and first-strand cDNA was synthesized from 500 ng
of total RNA using the High-Capacity cDNA Archive Kit,
as described by the manufacturer, using i-cycler. Real-time
RT-PCR was performed using the QuantiTect Probe PCR
Kit and ABI PRISM 7900HT Sequence Detection System,

ding to the f: ’s instructions. Briefly, 2 ng
of cDNA was added to a reaction mixture containing
12.5 pl of 2x QuantiTect Probe PCR Master Mix and
1.25 pl of 20x TagMan gene expression assays mix in a
final volume of 25 pl. The conditions for real-time
RT-PCR were 1 cycle of 50°C for 2 min, 95°C for 15 min;
and 40 cycles of 94°C for 15 s and 60°C for 1 min. Gene
expression profiling was achieved using the comparative
cycle threshold method of relative quantification (the
calibrator samples were untreated cells, with GAPDH used
as the endogenous control). The Gene Assay IDs of the
TagMan gene expression assay were Hs00174860_m1 for
ER-o (ESR1) and Hs99999905_ml for GAPDH. The
relative gene expression levels of ER-o were calculated
using the A threshold cycle (Ct) method according to the
formula shown below. The expression levels of ER-a were
expressed as 274V x 100 for the ease of calculation,
where ACt = (Ct of ER-a) — (Ct of GAPDH).

Statistical analysis

The signifi

For the immunohistochemical analysis, partial sp

were fixed in 10% formalin, and paraffin-embedded tissue
sections were prepared. Heat-induced antigen retrieval was
applied using a pressure cooker at 120°C for 30 s, followed
by heating at 90°C for 10 s in pH 6.0. Endogenous per-
oxidase was inactivated by the application of 0.03%
hydrogen peroxide in methanol for 10 min at room tem-
perature. ER-o was stained using anti-human ER-« (1:100
dilution) and HRP-conjugated goat anti-rabbit antibody,
with 3,3'-diaminobenzidine tetrahydrochloride solution
containing 0.003% hydrogen peroxide used as the sub-
strate. Negative control studies were performed without
applying the primary antibodies. All procedures were done
using Dako A iner University Staining. One slide was
prepared for every tumor, and all the samples were ana-
lyzed in tetraplicate fields at random without using an
unblinded methodology; each group consisted of five
slides. Approximately 500-700 cells/field were counted at
a magnification of 400x except in the necrotic area of the
central tumor and the connective tissues or blood vessels of
the mice. Sections immunostained for ER-a were classified
into three groups according to the staining intensity: (++)
highly stained, (+) stained, and (—) not stained.
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g of the diff in the mean RTV
between the treated and control groups on day 22 was
analyzed using the Aspin—Welch two-tailed ¢ test. The
ignifi of the dif in mRNA expression and
the ratio of highly stained ER-a protein relative to the
control were analyzed using log2 (ER-@/GAPDH) and a
two-tailed Welch f test. The combinational effect of ANA
and S-1 on the antitumor activity was analyzed using a
closed testing procedure and the Aspin-Welch two-tailed
t test, based on the intersection union-test [30] using
EXSAS ver. 7.11 (Arm Systex Co., Ltd., Osaka, Japan).

Results

Aromatase enzyme activity and hormone-dependent
growth of aromatase-transfected MCF-7/Arom 14 cells

An aromatase-transfected subline, MCF-7/Arom 14, was
established from parental ER-positive MCF-7 cells,
which had a less than detectable level of aromatase
(2 fmol/mg protein/h). The aromatase activities of MCF-7/
Arom 14 in culture and in solid tumor isolated from nude
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mice were 453.7 fmol/mg protein/h (n = 1) and 111.6 &+
69.6 fmol/mg protein/h (n = 7), respectively. In contrast
to the parental MCF-7, MCF-7/Arom 14 grew in response
to 0.1-10 nM of testosterone. Note that the growth of

effect on the testosterone-stimulated growth of MCF-7/
Arom 14 cells (Fig. 2b).

Antitumor activity of ANA in combination with oral

MCF-7/Arom 14 and the parental cells was stimulated by
0.01-1 nM of E,. These data showed that MCF-7/Arom 14
exhibits a level of aromatase activity capable of providing
a sufficient amount of E, from testosterone to induce cell
growth.

Growth inhibitory effect of 5-FU and ANA in vitro

ANA at concentrations of 0.05-10 pM inhibited the tes-
tosterone-induced growth of MCF-7/Arom 14 cells
(Figs. 1, 2a). Especially at concentrations of 2-10 pM, cell
growth was equivalent to the hormone-free condition; thus,
ANA seemed to cancel the hormone-induced cell growth.
5-FU at concentrations ranging from 0.2 to 10 pM dose
dependently inhibited the growth of MCF-7/Arom 14 cells,
and 50 uyM 5-FU completely inhibited cell growth
(Fig. 2a). The growth inhibitory effect of ANA in combi-
nation with 5-FU was further analyzed using the combi-
nation index method. The CI values were approximately
1.0 at various concentration ranges, indicating that the
combination of ANA and 5-FU had an additive inhibitory

fi pyrimidines in vivo

MCF-7/Arom 14 cells administered s.c. survived in nude
mice (100%) but did not exhibit stable growth in the
absence of Tes-P. The growth of these cells was stimulated
by the subcutaneous implantation of Tes-P for several
weeks in vivo. The testosterone-stimulated growth of
MCF-7/Arom 14 tumors was significantly inhibited by the
21-day consecutive administration of ANA, UFT, or S-1.
Moreover, combined treatment with ANA and UFT or S-1
resulted in a significantly potentiated antitumor activity
(Fig. 3; Table 1). The antitumor effects were evaluated
based on the period required to inhibit tumor growth. The
difference of period between controls required for the RTV
to reach 3.0, which was regarded as the growth delay
period (GDP), was estimated using linear regression based
on the tumor volume changes and differences from the
control. Drug administration suppressed tumor growth
continuously, and the GDP values were 2.4, 3.0, and
5.5 days for ANA, UFT, and S-1, respectively. Interest-
ingly, the GDP values for combined treatment with ANA

Fig. 1 Proliferation of MCF-7/ (A) MCF-7/Arom 14 (B) MCF-7
Arom 14 cells (a) and parental 350 300
MCF-7 cells (b) in the presence —~ 300 —=-— Testosterone = 250 ~=-Testosterone
of testosterone or estradiol in 8 0= Estradiol [] <O~ Estmaiol
vitro. Cells were cultured in g5 B0 £ 200
hormone-free conditions or with % g 200 § g
testosterone (closed square) or &E GE 150
Ez (open circle) and cell growth % 8 150 58 i\;__j\‘—’l
was evaluated. The values 8 5 100 Os 400
indicate the means and SD 2 50 ¥ 50
(% of hormone-free conditions, =~ =

- 0
n=3 01 0.1 1 10 0.01 0.1 1 10

Concentration (nM) Concentration (nM)
gty ‘("c‘;;‘;‘:;’;’m) (A) 120 Growth inhibition (B) Combination index
and 5-FU (open circle) in the 3 100 15
presence of 3 nM testosterone £ x
(control) against MCF-7/Arom 8 80 '§ b .
14 cells in vitro. The dotted line 5 T 10 A, -
indicates cell growth in the 2 60 2 .
absence of testosterone. The E E -
values indicate the means and 3 P ]
SD of cell growth (% of control, % _.:_';;" ------ mee § 05
n = 3) (a). Combination = 0} —o—sFu
index (b) 8 - - - - Testosterone free
[ 0.0 v 5 v ¥ #
0.001 001 01 1 10 100 0.0 0.2 04 06 08 10
Concentration (uM) Fraction affect
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7[-0- Tes-P free
-O- Control
-0 + 8-1 (10 mg/kg, p.o.)
~0- + UFT (20 mg/kg, p.0.)
-& + ANA (3 mg/kg, s.c.)
4 + ANA + S-1
- + ANA + UFT

L

Relative tumor volume (Mean and SD)

Fig. 3 Tumor volume changes in MCF-7/Arom 14 cells in vivo.
Nude mice bearing MCF-7/Arom 14 cells were randomized into
seven groups and Tes-P was administered on day 0 (s.c.). ANA
(3 mg/kg, s.c.), S-1 (10 mg/kg, p.o.), and UFT (20 mg/kg, p.o.) were
administered once daily from days 1 to 21. Tumor volume was
measured twice a week until day 22. The values indicate the mean and
SD of the RTV (n = 10)

and UFT or S-1 were enhanced to 4.3 and 9.5 days,
respectively.

Effect of S-1 and other drugs on the expression of ER-a

To analyz,c the enhanced antitumor activity of ANA when
d in combi with S-1, the ER-a protein
and mRNA expressmn levels were evaluated using
hi 1 g and RT-PCR, respectively.
Compared with untreated tumors, the expression of ER-a
protein in the MCF-7/Arom 14 tumors was apparently
decreased by treatment with S-1 alone and in combination
with ANA, but not by treatment with ADM or TXL
(Fig. 4a, b). We divided ER-a expression in the tumor
tissues into three categories: high (++), low (+), and none
(=). The proportion of highly ER-stained cells was
significantly (P < 0.05) lower after treatment with S-1 or
S-1 + ANA. In contrast, the treatment of tumors with
ANA alone showed a slight increase in the proportion of
highly stained cells.

We next measured the expression of ER-o mRNA in
MCF-7/Arom 14 tumor tissue treated with S-1 and found
that its expression was significantly (P < 0.05) lower than
that in the control. The changes in the mRNA expression
level coincided with the ch in the protein level
mentioned above. ER-x mRNA expression increased after
treatment with ANA alone or ANA + S-1, but no
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significant change was observed when compared with the
control. ADM and TXL failed to alter either the protein or
mRNA expression levels of ER-a (Fig. 5).

Discussions

Aromatase is known to be present in several human tissues
including stroma, adipose, and tumor tissue. Both the sys-
temic aromatase expression and adrenal androgen supply in
mice are known to differ from that in humans, and estab-
lished human cancer cell lines have lower aromatase activ-
ities than breast cancer tissues. Therefore, to evaluate the
antitumor activity of ANA, we established the MCF-7/Arom
14 cell line, which stably expresses human aromatase in the
MCF-7 cell line originating from luminal A breast cancer.
The growth of MCF-7/Arom 14 cells was stimulated by both
E; and testosterone in vitro. In contrast, the growth of MCF-
7 cells was stimulated by E,, but not by testosterone. As the
concentrations of testc and E, d for prolifi
ative MCF-7/Arom 14 cell growth differed, the added tes-
tosterone seemed to be not entirely converted to E,;
however, as testosterone-induced growth was confirmed, the
MCF-7/Arom 14 cells were thought to be appropriate for
evaluating the effects of ANA. Indeed, in vitro, the growth
induced by ne was « letely led by an
ANA concentration of around 0.1 uM whlch is equivalent
to the steady state plasma concentration of ANA in post-
menopausal women [31]. The combination of ANA and
75-FU in the presence of 3 nM of testosterone, which is
approximately the same as the serum level in postmeno-
pausal women [32], showed an additive effect.

The growth of the MCF-7/Arom 14 cells was highly
dependent on testosterone, and these cells could not grow
without testosterone, in vivo. In subsequent in vivo
experiments, the dose of ANA was fixed at 3 mg/kg, which
was shown to yield a maximal antitumor activity (data not
shown). Although the dosage of ANA in the present study
(3 mg/kg/day) was much higher than that of the clinical
dose (1 mg/body/day), the antitumor activity of ANA in
the present study was relatively lower. This discrepancy
might be due to the difference in aromatase activity in the
MCF-7/Arom 14 tumor cells and human breast tumor tis-
sues. Aromatase activity in human breast cancer tissue was
reported to range from 2 to 80 fmol/mg protein/h [19],
which is lower than that in MCF-7/Arom 14 solid tumors
(111.6 fmol/mg protein/h). The clearance half-life of ANA
in rats is reported to be 2.7 h and is much shorter than that
in patients, which is reported to be about 50 h [33]. The
clearance half-life of ANA in mice has not been reported;
however, based on data from rats, it is speculated to not be
longer than that in humans. Therefore, the higher target
enzyme activity and the shorter half-life in mice might
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Table 1 Antitumor activity of ANA in combination with S-1 and UFT against MCF-7/Arom 14 in vivo

Group Dose (mg/kg) Schedule RTV on day 22" (mean + SD) TGI" (%) GDP* (days)
Tes-P free - - 143 +£0.39 NE

Control - - 6.11 £ 0.85 -

ANA 3 Days 1-21 459 + 0.49 248 24

S-1 10 Days 1-21 3.90 + 0.62 362

ANA + 8-1 3+10 Days 1-21 3.24 + 0.50" 47.0

UFT 20 Days 1-21 4.71 £ 0.67 23.0

ANA + UFT 3420 Days 1-21 3.83 + 0.53% 374 43

NE not evaluated

Tes-P was administered on day 0 (s.c.). S-1 (10 mg/kg, p.o.), UFT (20 mg/kg, p.0.), and ANA (3 mg/kg, s.c.) were administered from days | to
21, once daily. Each group consisted of 10 mice

® Relative tumor volume (RTV) on day 22 was ing to the ing formula: RTV = (Tumor volume on day 22)/(Tumor
volume on day 0)

® Tumor growth inhibition (TGI) was calculated ding to the following formula: TGI = (1 — (mean tumor volume of treated group)/(mean
tumor volume of control group)} x 100 (%)

¢ Growth delay period (GDP) was calculated ding to the following formula: GDP (days) = (Estimated period required for the mean RTV

of the treated group to reach 3) — (Estimated period for the mean RTV of the control group to reach 3)
Overall maximal ¥ P < 0.05 and * P < 0.01 by closed testing procedure using Aspin-Welch ¢ test

Fig. 4 a Immunohistochemical
staining for ER-a in MCF-7/
Arom 14 solid tumors treated
with control, S-1, ADM, ANA,
ANA + 8-1, and TXL. The
original magnification was
x400. b Sections
immunostained for ER-a were
classified into three groups
(highly stained, moderately
stained, and not stained). The
values indicate the mean and SD
of the proportions of highly
stained cells (n = 5).

* P < 0.05 versus control,
Welch 7 test

(
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2
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Ratio of ER highly stained cell (%) 2

O Gontrol 51 ANAsST ADM  TXL
(10.0)  (30) (3.0+10.0) (5.0)  (15.0) (moskg)

limit the antitumor activity of ANA in the present model.  combination of ANA with S-1 or UFT may show promis-
Despite this, the antitumor activity of ANA was signifi-  ing efficacy for the treatment of postmenopausal patients
cantly potentiated by UFT or S-1, suggesting that the  with breast cancer.

@ Springer



Breast Cancer Res Treat

mRNA expression (Log,ER-o /GAPDH)
©

I,

0
Control S-1  ANA ANA+S-1 ADM TXL
(100) (3.0) (3.0+410.0) (5.0) (15.0) (mg/kg)

Fig. 5 Change in mRNA levels of ER-a in MCF-7/Arom 14 cells.
The mRNA level was detected using real-time reverse transcriptional
polymerase chain reaction (RT-PCR) using the TagMan Real-time
RT-PCR system. Values indicate the mean and SD of the relative
expression levels of ER-x mRNA normalized by GAPDH (n = 4 for
ADM, n =5 for controls, S-1, ANA, TXL and ANA + S-1).
* P < 0.05 versus control, Welch ¢ test

To clarify the mechanism by which S-1 stimulates the
antitumor activity of ANA, we took note of the change in
the ER-« level, which is the major target of estrogens. As a
result, the proportion of cells that stained strongly for ER-o
and the mRNA expression levels was significantly
(P < 0.05) decreased by S-1 and S-1 + ANA, while nei-
ther ADM nor TXL decreased the expressions signifi-
cantly. As the expression of ER- mRNA was enhanced
under estrogen-depressed conditions [34], the response of
MCF-7/Arom 14 against ANA for ER-o biosynthesis ten-
ded to be appropriate. And a comparison of the ER-a
mRNA expression levels with the intensity of immuno-
staining suggests that ER-x protein expression is not

[39, 40). Likewise, the reduction of ER-a protein by S-1
might contribute more to the potentiation of the antitumor
activity of ANA than the combination with either ADM or
TXL, which could not reduce the ER-« protein level. The
mechanisms of action responsible for decreasing the ER
levels are thought to differ between S-1 and fulvestrant,
which accelerates the degradation of ER after binding with
estrogen.

The expression of ER-x is reportedly inhibited by
estrogen, epidermal growth factor, or insulin-like growth
factors [41, 42]; however, it is unlikely that S-1 increases
the expression of these factors in vivo. While the detailed

hanism of ER-a d lation has not yet been
clarified, the mechanisms underlymg the effects of com-
bination therapy with S-1 and ANA are very important, and
we plan to continue studying these mechanisms. In addition
to ER down-regulation, the growth inhibitory effects of
5-FU against an ER-positive human breast cancer cell line,
KPL-1, were enhanced under E,-depleted conditions,
compared with Ep-supp d conditions, because of the
down-regulation of thymidylate synthase, which is a target
enzyme of 5-FU; however neither the effects of ADM nor
TXL were enh; as reported by Kuret hi et al.
[43]. As the estrogen-depleted condition mimics the status
of postmenopausal patients treated with aromatase inhibi-
tors, the combination of S-1 with ANA, rather than the
combination of S-1 with ADM or TXL, might be favorable.

In conclusion, we have shown that S-1 is able to aug-
ment the anti-tumor activity of ANA using MCF-7/Arom
14 cells implanted in nude mice and have suggested the
possibility that this augmentation is mediated by the down-
regulation of ER-o in tumor cells at the transcriptional
level. Our present results clinically imply that the combi-
nation of oral DIF (S-1 and UFT) and ANA is a promising
ad;uvant chemoendocrine treatment for postmenopausal

directly dependent on mRNA expression. We pted to
create xenograft models using other ER-positive human
breast cancers (T-47D, KPL-1), but unfortunately these cell
lines were not tumorigenic in vivo. Therefore, ER down-
regulation in other luminal A-type human breast cancers
could not be evaluated. However, 5-FU, which is an active
metabolite of S-1, has been reported to decrease the ER
level of human breast cancer cell lines (MCF-7, Br-10) in
vivo [35, 36]; cc ly, ER down-regulation might not
been restricted to MCF-7/Arom 14 cells. As the pure
estrogen antagonist fulvestrant is used to treat ER-positive
metastatic breast cancer in postmenopausal women and its
antitumor activity is known to arise mainly from a reduc-
tion in ER-a protein [37], ER-x down-regulation is thought
to enhance endocrine therapy. A reduction in ER is
reportedly correlated with the antitumor activity of fulve-
strant in vivo [38], and the combination of fulvestrant with
ANA is reportedly more active than ANA monotherapy

a Springer

P with 1 1 A-type breast cancer.
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Abstract Our aim was to develop an accurate diagnostic
system using gene expression analysis by means of DNA
microarray for prognosis of node-negative and estrogen
receptor (ER)-positive breast cancer patients in order to
identify a subset of patients who can be safely spared
adjuvant chemotherapy. A diagnostic system comprising a
95-gene classifier was developed for predicting the prog-
nosis of node-negative and ER-positive breast cancer
patients by using already published DNA microarray (gene
expression) data (n = 549) as the training set and the DNA
microarray data (n = 105) obtained at our institute as the
validation set. Performance of the 95-gene classifier was
compared with that of conventional prognostic factors as
well as of the genomic grade index (GGI) based on the
expression of 70 genes. With the 95-gene classifier we
could classify the 105 patients in the validation set into a
high-risk (n = 44) and a low-risk (n = 61) group with
10-year recurrence-free survival rates of 93 and 53%,
respectively (P = 8.6e—7). Multivariate analysis demon-
strated that the 95-gene classifier was the most important
and significant predictor of recurrence (P = 9.6e—4)
independently of tumor size, histological grade, proges-
terone receptor, HER2, Ki67, or GGI. The 95-gene
classifier developed by us can predict the prognosis of

high accuracy. The 95-gene classifier seems to perform
better than the GGI. As many as 58% of the patients
classified into the low-risk group with this classifier could
be safely spared adjuvant chemotherapy.

Keywords Breast cancer - Prediction of recurrence -
DNA microarray - Hormonal therapy

Abbreviations
ER Estrogen receptor
PR Progesterone receptor

HER2 Human epidermal growth factor receptor 2

Introduction

Currently, one of the most important and urgent clinical
questions in breast cancer treatment is how we can identify
the subset of patients who can be safely spared adjuvant
chemotherapy among node-negative and ER-positive
breast cancer patients because these patients show a rela-
tively favorable prognosis when treated with adjuvant
honnonal therapy alone. However, about 20% of these

node-negative and ER-positive breast cancer f with
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develop recurrence by 10 years after
surgery In order to reduce the recurrence rate, most of
such patients are currently treated with not only adjuvant
hormonal therapy but also adjuvant chemotherapy even
though adjuvant chemotherapy is considered to be unnec-
essary for the majority. It can therefore be said to be of
vital importance to predict the prognosis of such patients
with high accuracy and to administer adjuvant chemo-
therapy only to those who are at high risk of relapse.
In daily practice, prognosis of node-negative and ER-
positive breast cancer patients is estimated by means of
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conventional histological examination of tumor size,
determination of histological grade, and with biomarkers
such as PR and HER2, but prediction of recurrence with
these procedures is still inadequate. Moreover, more reli-
able and accurate predictors need to be developed for
impl ion of personalized medicine. In the last dec-
ade, several efforts have been made to develop molecular
based diagnostic systems on basis of analysis of gene
expression profiles of breast tumors. These diagnostic
y include M:; Print™ [1], Oncotype DX™ [2],
and genomic grade index (GGI) [3], all of which employ
different platforms for the analysis of gene expression.
We have also been involved in the development of a
molecular based diagnostic system using a DNA micro-
array (Affymetrix) which can predict the prognosis of
node-negative and ER-positive breast cancer patients
treated with adjuvant hormonal therapy alone.

In this paper, we report on the diagnostic system using a
DNA microarray we have developed for prognosis pre-
diction. Our diagnostic system is unique in that we have
attempted to develop a diagnostic system utilizing a large
public data base for gene expression profiles (n = 549) as a
training set and to validate this diagnostic system with an
independent set of Jap breast cancer patients (n =
105) treated at our institute. Since Japanese breast cancer
patients reportedly show a more favorable prognosis in
comparison with Caucasian breast cancer patients, diag-
nostic system for prognosis prediction needs to be devel-
oped in Japanese breast cancer patients.

Wealsotried to determine whether the “95-gene classifier”
diagnostic system developed was effective than the conven-
tional biomarkers such as ER, PR, HER2, and Ki67 for the
prediction of patient prognosis, although the previously
reported methods, MammaPrint™, Oncotype DX™, and
GG, were not necessarily compared with all these conven-
tional biomarkers. Ideally, our method should also have been

pared with M: Print™, Oncotype DX™, and GGI,
but differences in the platforms for determination of gene
expression profiles prevented us from comparing our system
with MammaPrint™ and Oncotype DX™ but we could
compare our diagnostic system with GGI since the latter can
be determined with a DNA microarray (Affymetrix). We were
able to show that our “95-gene classifier” diagnostic system is
superior not only to the conventional histological prognostic
factors ER, PR, HER2 and Ki67, but also to GGI.

Patients and methods
Patients and tumors

From the previously published microarray data base for
breast cancer patients (GSE2034, GSE2990, GSE4922,

Q Springer

GSE6532, GSE7390, GSE9195), we selected the 549 ER-
positive and node-negative breast cancer patients who had
received no adjuvant therapy or hormonal therapy (TAM)
alone, 167 of whom developed recurrences. Using the gene
expression data of these 549 patients as a training set, we
developed a “95-gene classifier” recurrence prediction
system, and applied it to an independent validation set of
data for 105 Japanese breast cancer patients to verify the
validity of this diagnostic system (details of the method for
development of this system are described under “95-gene
classifier” Statistics). The 105 p were ively
recruited from the patients with node-negative and ER-
positive invasive breast cancers who underwent breast
conserving surgery followed by radiation therapy or mas-
tectomy and consented to tumor sampling for the study and
were treated with adjuvant hormonal therapy alone in our
hospital during the period from 1996 to 2005. The median
follow-up of these patients was 87 months with a range
of 3-126 months. Of these 105 patients, 68 were treated
postoperatively with tamoxifen (20 mg/day) or toremifene
(40 mg/day), 28 with goserelin (3.75 mg/4 weeks) plus
tamoxifen (20 mg/day), and 9 were treated with anastrozole
(1 mg/day). Tamoxifen, toremifene, and anastrozole were
administered for 5 years or until recurrence if it occurred
earlier, while g was admini d for 2 years.
Twenty-four patients developed recurrences. Patient char-
acteristics are shown in Table 1. Tumor tissues obtained at
surgery were snap frozen in liquid nitrogen and kept at
—80°C until use. Informed consent regarding the study was
obtained from each patient before surgery.

RNA extraction and gene expression profiling

RNA was extracted from tumor tissues obtained at surgery
with the aid of the Qiagen RNeasy® mini kit (QIAGEN
Sciences, Germantown, MD). RNA (1 pg; RIN value >6)
was used for generation of second-strand cDNA, and
cRNA was amplified with the Oligo dT primer, then bio-
tinated and fragmented with One-Cycle Target Labeling
and control reagents (Affymetrix, Santa Clara, CA), fol-
lowed by hybridization to U133 Plus 2.0 array overnight
(17 h) according to the manufacturer’s protocol. Finally,
the hybridized DNA microarray was fluorescence stained
with GeneChip®Fluidics Station 450, and scanned with the
GeneChip®Scanner 3000 (both from Affymetrix).

Immunohistological examination

ER, PR, and Ki67 expression in tumor tissues was immu-
nohistochemically examined with a previously described
method [4). ER and PR were defined as positive when 10% or
more of the tumor cells were positive (ER: Clone 6F11;
Ventana Japan K.K., Tokyo, Japan; PR: Clone16; SRL Inc.,



Breast Cancer Res Treat

Table 1 Clini logical ch:
validation set

of 105 patients in the

Statistics

Relapse-free survival was measured from the date of sur-

Number  95-Gene i I4
of patients ——————
Low-  High-
risk risk
Median age, years (range) 54
(30-83)
Postmenopausal 56 37 19 0.10
Histological type
Infiltrating ductal 102 59 43 0.76
carcinoma
Infiltrating lobular 3 2 1
carcinoma
T
T1 58 37 21 0.20
T2 45 23 22
T3 2 1 1
T4 0 0 0
Histological grade
1 29 22 7 <0.01
2 62 36 26
3 14 3 11
ER
Positive 105 61 44
Negative 0 0 0
PR
Positive 87 52 35 0.45
Negative 18 9 9
HER2
Positive 19 8 11 0.12
Negative 86 53 33
Ki67
Positive 19 7 12 0.04
Negative 86 54 32
Subtype (IHC)
Luminal A 73 45 28 0.27
Luminal B 32 16 16

ER estrogen receptor, PR progesterone receptor, HER2 human
epidermal growth factor receptor 2, JHC immunohistochemistry,
Luminal A ER+ and PR+ and HER2—, Luminal B ER+ and PR+/—
and HER2+ or ER+ and PR— and HER2—

Tokyo, Japan). Ki67 was defined as positive when 20% or
more of tumor cells stained positive. HER-2 was determined
i histoch lly (Anti-h c-erbB-2 polyclonal
antibody; Nichirei Biosciences, Tokyo, Japan) or by means
of fluorescence in situ hybridization (FISH) using PathVy-
sion Her2 DNA Probe kits (SRL Inc.). When a tumor showed
+3i ing or ¢ d more than two genes per
cell, it was considered HER2 positive, and the histological
grade was determined with the Scarff-Bloom-Richardson
grading system [5].

gery to the date of recurrence. In the training set, infor-
mation on the recurrences was obtained from the public
data sets (GSE2034, GSE2990, GSE4922, GSE6532,
GSE7390, GSE9195) based on the six papers [3, 6-10].
Recurrences were mostly distant metastases but some local
recurrences were included. The detailed information on the
recurrent sites is unavailable in these data sets or in the
original papers. In the validation set, only distant metas-
tases were included in the recurrences.

Robust multiarray average (RMA) normalization [11]
was applied to each of the 549 samples in the training set,
and mean expression levels of the set were subtracted in
each probe set. The effective size of the probe sets, over-
lapped between U133A and U133 plus 2.0 array, was

Iculated by using GeneMeta [12] for the sets of training
samples. The sequential forward filtering method, pro-
gressing from 5 to 300 probe sets ordered by the rank of the
absolute value of the effect size (zScore) stepped by
increments of 5 sets, was used to optimize the number of
probe sets in the classifier based on between-group analysis
(BGA), with assessment of the area under the receiver
operating characteristic (ROC) curve obtained with the
)! out cross-validation (LOOCV) p dure at each
step. The classifier model was then constructed by means
of BGA with the optimal number of 95 probe sets from the
549 training samples, and applied to the 105-sample vali-
dation set. Recurrence-free survival of high and low risk
groups of the validation set were assessed with the Kaplan—
Meier plot and log-rank test. Univariate and Multivariate
Cox Proportional Hazard analyses were performed for the
other clinical factors and the GGI was calculated according
to the method of Sotiriou [3].

All statistical analyses were two-sided and P < 0.05 was
judged to be significant. Hierarchical clustering analysis
combined with Spearman’s rank correlation coefficient and
Ward’s method was performed for visualization. Statistical
software R (http://www.R-project.org/) and Bioconductor
packages (http://www.bioconductor.org/) were used for all
but one step, robust multi-array (RMA)-normalization, for
which Affymetrix Expression Console software was used.

Results

Prediction of prognosis using the 95-gene classifier

The diagnostic performance of the 95-gene classifier is
summarized in Table 2, showing that 237 of the 549

tumors in the training set were high-risk patients and 312
were low-risk patients, and that 107 of the high-risk and 60
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Table 2 Diagnostic accuracy of the 95-gene classifier for the training
set and the validation set

Training set Validation set

hierarchical cluster analysis of the validation set using the
95-gene classifier is shown in Fig. 2b.

1ationchi

R
Relat

between risk groups identified by the
95-gene classifier and various clinicopathological

Prediction by Prediction by
95-gene classifier 95-gene classifier
Prognosis Low-risk  High-risk  Low-risk  High-risk
Recurrence 60 107 4 20
Rec. free 252 130 57 24
NPV (%) 80.8 934
PPV (%) 45.1 455
Sensitivity (%)  64.1 83.3
Specificity (%)  66.0 70.4
Rec. NPV negative predictive value, PPV positive pre-

dictive value

of the low-risk patients developed recurrences. The recur-
rence-free survival curves in Fig. 1a demonstrate that low-
risk patients have a significantly (P = 5.4e—12) better
prognosis than high-risk patients. The positive predictive
value (PPV) of this 95-gene classifier was 45.1%, the
negative predictive value (NPV) 80.8%, sensitivity 64.1%
and specificity 66.0%. The heat map generated by the
hierarchical cluster analysis using our classifier is shown in
Fig. 2a.

The 95-gene classifier was then applied to the validation
set consisting of 105 Japanese breast cancer patients. Forty-
four patients were classified as high-risk and 20 of them
developed recurrences, while of the 61 patients classified as
low-risk, only 4 developed recurrences. PPV, NPV, sensi-
tivity, and specificity of the 95-gene classifier were 45.5,
93.4, 83.3, and 70.4%, respectively. Recurrence-free sur-
vival curves shown in Fig. 1b demonstrate that the low-risk
patients showed a significantly (P = 8.6e—7) better prog-
nosis than high-risk patients. The 10-year recurrence-free
survival rates were 93% for the low-risk and 53% for
the high-risk patients. The heat map generated by the

par

The high-risk group identified with the 95-gene classifier
was significantly associated with high histological grade
(P < 0.01) and Ki67 positivity (P = 0.04) (Table 1).

Multivariate analysis for comparison of the 95 gene
classifier with other parameters

The results of univariate analysis of the various parameters
including GGI are shown in Table 3. A significant asso-
ciation with recurrence was detected for large tumor size,
high histological grade, HER2 positivity and high GGI. In
addition, the 95-gene classifier was found to be signifi-
cantly (P = 5.1e—5) associated with recurrences. In addi-
tion, multivariate analysis demonstrated that the 95-gene
classifier, not GGI, was the most important and significant
predictor of recurrences (P = 9.6e—4).

Discussion

In this study, we attempted to develop an accurate diag-
nostic system for prognosis by means of gene expres-
sion profiling with a DNA microarray. We were able to
develop a new “95-gene classifier” diagnostic system for
ER-positive and node-negative breast cancer patients. This
95-gene classifier was found to have a high negative pre-
dictive value (NPV) of 93.4% and classified as many as
about 58% of node-negative and ER-positive tumors in the
validation set into the low-risk group. This classifier can
thus be expected to be clinically useful for the selection of

Fig. 1 Recurrence-free survival a b
curves of breast cancer patients. D 2] - @ 9 }
Recurrence-free survival curves I Low risk ® " w
are shown of patients who were = & = o
classified into high-risk and S 51 S 51
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set (n = 549) (a) and in the @ &4 \ww‘ @ a1
validation set (n = 105) (b) o) f 2 ) . 5
O o High risk 0 | High risk
w o L o
3 LogRank ] LogRank
S o~ c ~
0 o P=5.4e-12 o o P=8.6e-7
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patients with breast tumors which are very unlikely to recur
and can safely be spared adjuvant chemotherapy.

Since prognosis for node-negative and ER-positive
breast tumors is usually made on the basis of tumor size,
HG, PR, HER2, and, more recently, Ki67, it was deemed
important to compare the 95-gene classifier with these
conventional prognostic parameters to determine its inde-
pendent prognostic value. We therefore conducted a mul-
tivariate analysis for comparison of the 95-gene classifier
with these conventional prognostic factors and were able to
demonstrate that the 95-gene classifier is a highly signifi-
cant prognostic factor independent of the other conven-
tional prognostic factors. In addition, we compared the
95-gene classifier with GGI, which is determined by
expression analysis of the 97 genes and which previous

High
-risk

Low
-risk

Hm Recurrence
= No Recurrence

studies have shown to be highly significantly associated
with prognosis [3, 13, 14].In fact, univariate analysis
showed that tumors with a high GGI were significantly
associated with poor prognosis, but multivariate analysis of
various prognostic factors, including both the 95-gene
classifier and GGI, made it clear that the former, but not the
latter, is an independent prognostic factor. This indicates
that the 95-gene classifier is a more reliable predictor of
prognosis for node-negative and ER-positive breast cancers.

The 95 genes included in the 95-gene classifier are
shown in Table 4. They include the genes related to mitosis
and cell cycle proliferation (22), transcription (17), signal
transduction (8), apoptosis (8), transport (8), metabolic
processes (8), RNA processing and splicing (3), and ATP
or GTP (3). Most of these genes (72/95) were up-regulated
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Table 3 Univariate and multivariate analysis of various p d with prog;

Univariate Multivariate

Hazard ratio Lower 95 Upper 95 P Hazard ratio Lower 95 Upper 95 P
Menopausal status 1.79 0.80 4.04 0.159 1.32 0.55 315 0.535
Tumor size 2.49 1.22 5.05 0.012 2.25 1.09 4.64 0.028
Histological grade 271 1.08 6.84 0.035 1.24 0.40 382 0.705
PR 0.51 0.20 1.30 0.158 0.56 0.20 155 0.265
HER2 2.84 1.21 6.65 0.016 221 0.88 5.52 0.091
Ki67 1.69 0.67 4.26 0.267 0.65 0.22 1.89 0.429
GGI 222 145 3.39 24E-04 1.08 0.63 1.86 0.780
95-Gene classifier 9.23 3.15 27.07 5.1E-05 7.70 229 25.87 9.6E—04
Hazard ratios based on p 1 versus pausal, large tumor size (>2.0 cm) versus small tumor size, histological grade IIT versus

grade I + II, PR-positive versus PR-negative, HER2-positive versus HER2-negative, Ki67 positive versus Ki67 negative and high GGI versus

low GGI

ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor receptor 2

in the patients with recurrence, while 23 genes of the 95

adjuvant chemotherapy. This in spite of the fact that

genes overlapped with those included in GGI. I ingly,
most of these genes are implicated in the regulation of cell
proliferation. On the other hand, only two genes over-
lapped with those included in MammaPrint™ and none
with those included in Oncotype DX™. The genes over-
lapping with those in MammaPrint™ were ECTZ (epx-

M Print™ reportedly is capable of classifying as
many as about 27-52% of node-negative breast tumors into
the low-risk group [16, 18, 19]. Due to the small number of
patients analyzed in Ishitobi et al.’s study, it is difficult to
draw a conclusion but at least their results seem to indicate

the importance of confirming the efficacy for Japanese

thelial cell transforming seq 2

and PRC1 (protein regulator of cytokmesls 1, cell cycle)
The higher percentage of overlapping genes for the 95-
gene classifier and GGI than for the 95-gene classifier and
MammaPrint™ or Oncotype DX™ is attributable, at least
in part, to the fact that the same platform, the Affymetrix
DNA microarray, is used for the 95-gene classifier and GGI
while MammaPrint™ and Oncotype DX™ use other
platforms [15].

MammaPrint™"’s high predictive capability for prog-
nosis has been well documented in previous studies of
Caucasian breast cancer patients [16]. However, since
differences in the biological characteristics of Japanese and
Caucasian breast cancers, especially in terms of prognosis,
have been reported, MammaPrint™"s predictive capability
of prognosis should also be tested for Japanese breast
cancer patients. Very recently, Mammaprint™ was actu-
ally used for Japanese breast cancer patients with node-
negative (ER-positive and ER-negative) tumors. Ishitobi
et al. [17] reported that high-risk patients identified by
MammaPrint™ showed a worse prognosis than low-risk
patients but the difference was not statistically significant.
They also report that as many as 80% (82/102) of breast
tumors were classified as high-risk, and only 20% (20/102)
as low-risk (36.5% of ER-positive patients were classified
into the low risk group), meaning that, according to
MammaPrint™, only 20% of the patients could be spared
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P of the performance of a new dlagnosuc system,
which has been developed for C: p since
Japanese patients are charac\‘.enzed by a relatively better
prognosis than Caucasian patients. On the other hand, the
95-gene classifier developed by us seems to be effective
regardless race because it was first developed using the
data of Caucasian patients and then validated using the data
of Japanese patients.

Oncotype DX™, consisting of a 21-gene expression
analysis, is currently commercially available and its use
has recently been increasing [2, 20-22]. So far, only two
small studies have been reported which tried to validate the
performance of Oncotype DX™ for Japanese patients.
Both studies seem to suggest that risk prediction with
Oncotype DX™ s reproducible in Japanese patients,
although it needs to be confirmed by larger future studies.
However, an inherent problem of Oncotype DX™ is that it
classifies breast tumors into three categories, i.e., high risk,
intermediate risk, and low risk, and appropriate adjuvant
therapy for intermediate risk patients has yet to be clarified,
although a large clinical study, the TAILORx trial, to
clarify this issue is now in progress [23, 24].

In conclusion, we were able to develop a 95-gene
classifier which can predict the prognosis of node-negative
and ER-positive breast cancer patients with a high accuracy
of 93.4% NPV and 83.3% sensitivity. The 95-gene classi-
fier seems to perform better than GGI, and it is speculated




