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Breast cancer is primarily a hormone-dependent tumor that can be regulated by status of steroid
hormones including estrogen and progesterone. Estrogen-related receptors (ERRs) are orphan nuclear
receptors most closely related to estrogen receptor (ER) and much attention has been recently paid to
the functions of ERRs in breast cancer in terms of the interactions with ER. In the present study, we
investigated the expression of ERRy in human invasive breast cancers by immunohistochemical analysis
(n=110) obtained by radical mastectomy. Nuclear immunoreactivity of ERRy was detected in 87 cases
(79%) and tended to correlate with the lymph node status. No significant associations were observed
with other clinicopathological characteristics, including the expression levels of both estrogen and pro-
gesterone receptors. In MCF-7 breast cancer cells, we demonstrated that ERRy mRNA was up-regulated
dose-dependently by estrogen, and that this up-regulation of ERRy mRNA by estrogen was abolished
by ICI 182,780 treatment. We also d rated that ly transfected ERRy increased MCF-7
cell proliferation. Furthermore, ERRy enhanced estrogen response element (ERE)-driven transcription in
MCF-7 cells. In 293T cells, ERRy could also stimulate ERE-mediated transcription with or without ERa..
These results suggest that ERRy plays an important role as a modulator of estrogen signaling in breast
cancer cells.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, several researchers have focused on estrogen-related
receptors (ERRs) as modulating factors for estrogen-signaling path-

Estrogen-signaling pathways are involved in the growth and ways [2,3]. ERRs (ERRa, ERRB, and ERRy) are orphan nuclear

development of breast tumors through the activation of estro-
gen receptor a (ERa) [1]. The cells of most breast cancers express
high levels of ERa and exhibit estrogen-dependent proliferation.
ERs are the members of the nuclear receptor superfamily and
regulate various cellular events, including cell growth and apop-
tosis, by acting as transcription factors activating the expression of
target genes. Therefore, comprehensive understanding of estrogen-
signaling pathways in breast cancer is required for both treatment
and diagnosis of the disease.
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receptors that possess certain homologies to ER but cannot bind
estrogen. In ERR-mediated transcriptional activation, coactivators
are required in the interaction between the receptors and basal
transcriptional machinery. Among such coactivators, peroxisome
proliferator-activated receptor vy (PPARy) coactivator-1a. (PGC-
1a) and PGC-1B have been revealed to play important roles in
ERR-mediated transcription [4-6]. In addition to PGC-1c/B, other
coactivators have been shown to associate with both ERRs and
ERs, suggesting that transcriptional cofactors are partially shared
between ERs and ERRs. Furthermore, ERRs can bind to estro-
gen response elements (EREs) as well as ERR response elements
(ERREs), suggesting that ERRs can affect ER-mediated signaling.

In vivo functions of ERRa and ERRy were partly revealed using
knockout mice. ERRa-knockout mice are viable but exhibit a
phenotype characterized by reduced body weight, peripheral fat
deposits, and resistance to high-fat diet-induced obesity [7]. On the
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other hand, ERRy-null mice die during the early postnatal period
as a result of abnormal heart function; these mice fail to make
the transition at birth from the utilization of glucose as a fetal
energy substrate to mitochondrial fatty-acid oxidation (FAO) [8].
The expression of ERRa is more abundant than that of the other 2
ERR subtypes and is detected in tissues with high metabolism, such
as the heart, kidney, intestinal tract, skeletal muscle, and brown
adipose tissue [9]. The expression patterns of ERRB and ERRy are
more restricted, but these receptors are abundantly expressed in
the heart and kidneys [9,10]. We have previously shown that ERRa
and ERRy are upregulated in preadipocyte cells and pluripotent
mesenchymal cells under adipogenic conditions and that they pos-
itively regulate lipid accumulation in preadipocyte cells [11,12].

On the other hand, ERR is thought to be involved in the devel-
opment of human cancer [13,14]. Expressions of ERRa and ERRy
mRNAs are associated with an unfavorable and favorable progno-
sis of breast cancer, respectively [15]. Expression of ERRa protein in
breast tumors correlates with an increased risk of recurrence and a
poor prognosis [13]. In human prostate cancer, patients with high
ERRa and low ERRy immunoreactivities show poor cancer-specific
survival [16]. However, there has been no study investigating the
association of ERRy protein expression with breast cancer, and its
role is yet to be elucidated.

In the present study, we evaluated the expression of ERRvy in
human breast cancers by using immunohistochemistry; we then
investigated the correlation between the ERRy expression levels
and clinicopathophysiological findings. Furthermore, we showed
the estrogen-induced expression of ERR+y in human breast cancer
MCF-7 cells and the stimulating effects of ERRyy on proliferation of
MCF-7 cells. Finally, we revealed that ERRYy elevates ER-mediated
transcription.

2. Materials and methods

2.1. Tissue selections and patient characteristics

Between January 2005 and March 2006, 110 consecutive
patients were diagnosed with invasive breast cancer using a
vacuum-assisted biopsy device (Mammotome®, Ethicon Endo-
surgery, Inc., Cincinnati, OH) at Saitama Medical University
Hospital. Formalin-fixed, paraffin-embedded sections obtained by
biopsy or surgery were used in this study. The study was approved
by the institutional review board at Saitama Medical University,
and informed consent was obtained from all patients. Patient age
ranged from 32 to 89 years (mean, 59.5). The clinicopathological
characteristics of the series are presented in Table 1.

2.2. Antibodies

Anti-Flag M2 and anti-B-actin antibodies were purchased from
Sigma-Aldrich (St. Louis, MO). Anti-ERRy antibody was generated
from rabbit serum using a glutathione S-transferase (GST) fusion
protein with amino acids 2-51 of human ERRy protein as an anti-
gen. The antiserum was then purified using an affinity column filled
with GST protein-coupled Affi-Gel 10 (Bio-Rad, Hercules, CA) to
remove anti-GST antibody. The characterization of the antibody
was previously confirmed by western blot analysis in pcDNA3-Flag-
hERRy-transfected 293T cells [16].

2.3. Immunohistochemistry

Immunohistochemical analysis for ERRy was performed using
an EnVision+ visualization kit (Dako, Carpinteria, CA), as previously
described [16]. Tissue sections (6 pm) were deparaffinized, rehy-
drated through graded ethanol, and rinsed in Tris-buffered saline

Table 1
Relationship between immunoreactivity of ERRy and clinicopathological findings in
invasive breast cancer (n=110).

Clinical findings Immunoreactive score of ERRy* Pvalue
High (n=87) Low (n=23)
Age 59.0+147 59.8+147 083
<50 24 7 099
>50 63 16
Menopause
Pre 25 6 099
Post 62 17
pT
<20mm a1 13 061
>20mm 29 6
Stage
Lu 81 22 097
L v 6 1
Grade
1 32 8 0.95
I, m 32 )
ER
Positive (PS>3) 57 13 043
Negative (PS <2) 30 10
PgR
Positive (PS> 3) 35 8 0.78
Negative (PS <2) 51 15
HER2
Positive 19 7 0.28
Negative 58 10
Lymph node
Positive (n>4) 12 0 0.06
Negative (n<3) 51 16
ER, estrogen receptor; ERR, estrog lated receptor; PgR, receptor;

Ts, total score; PS, proportion score.
2 ERRy immunoreactive scores of 0-3 and 4-8 were defined as low and high
immunoreactivity, respectively.

with 0.05% Tween-20 (TBST). To retrieve the antigens, the sec-
tions were heated in an autoclave at 121°C for 10min in 10mM
sodium citrate buffer (pH 6.0). The sections were blocked with
endogenous peroxidase using 0.3% H,0, and incubated in 10%
bovine serum for 30 min. The primary antibody, a polyclonal anti-
body for ERRy (1:1000 dilution), was applied and incubated at
4°C overnight. The sections were rinsed in TBST and incubated
with EnVision+ and anti-rabbit antibody for 1h at room tem-
perature. The antigen-antibody complex was visualized with 3,
3’-diaminobenzidine (DAB) solution (1 mM DAB, 50 mM Tris-HCl
buffer [pH 7.6], and 0.006% H203). As a positive control, a section of
human kidney tissue was immunostained with the anti-ERRy anti-
body in the same manner as described above. Rabbit IgG was used
in place of the primary antibody as a negative control.

hemical

24. 1 hi

Slides were evaluated for the proportion (proportion score [PS]:
(0) none; (1) <1/100; (2) 1/100-1/10; (3) 1/10-1/3; (4) 1/3-2/3; and
(5) >2/3) and staining intensity (intensity score [IS]: (0) none; (1)
weak; (2) moderate; and (3) strong) of positively stained cells. The
total immunoreactivity score (TS: 0, 2-8) was determined as the
sum of the proportion and intensity scores [17]. Two investiga-
tors (H.T. and A.O.) evaluated the tissue sections independently.
If the immunoreactivity score differed between the 2 investiga-
tors, a third investigator (T.S.) evaluated the tissue sections, and
the average immunoreactivity score was used. When the 2 inves-
tigators found it difficult to evaluate the TS of the heterogeneous
cancerous lesions, the third investigator estimated the latter and
decided the immunoreactivity score. We defined a TS of 3 as the
cut-off for high ERRy immunoreactivity to identify a potential cor-
relation between ERR<y expression in the malignant epithelium and
clinicopathological characteristics.
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2.5. Statistical analyses

The correlation between the immunoreactivity score and clin-
icopathological characteristics was evaluated with the chi-square
test. P values <0.05 were regarded as statistically significant. Dif-
ferences between the 2 groups in luciferase and cell proliferation
assays were analyzed using a 2-sample, 2-tailed Student’s t test. A
P value<0.05 was considered to be significant. All data are pre-
sented in the text and figures as the mean (standard deviation
(SD)).

2.6. Plasmid construction

Human ERa (hERa, amino acids 2-595) and ERRy (hERR'y, amino
acids 2-458) were N-terminally tagged with Flag and subcloned
into pcDNA3 vector (pcDNA3-Flag-hERa and pcDNA3-Flag-hERRYy,
respectively).

2.7. Cell culture and transfection

The 293T and MCF-7 cells were purchased from American Type
Culture Collection (Rockville, MD) and maintained in Dulbecco’s
Modified Eagle Medium (DMEM) with 10% fetal bovine serum (FBS)
at 37°C in 5% CO,. 17B-estradiol and ICI 182,780 were purchased
from Sigma and Tocris Bioscience, respectively. Transfection of
hERRy was performed using 2 pg of pcDNA3-Flag-hERR'y and Lipo-
fectamine 2000 reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s protocol. After 48 h, cell extracts were analyzed by
western blot analysis.

2.8. Quantitative real-time reverse transcription polymerase
chain reaction (QRT-PCR)

Total RNA extraction, first-strand cDNA synthesis, quantita-
tive PCR, and primer sequences have been described elsewhere
[11,18,19]. Fold induction of mRNA expression levels was deter-
mined by comparing the mRNA levels of the estrogen-treated
samples with those of the vehicle-treated control.

2.9. Luciferase assay

MCF-7 and 293T cells were plated in 24-well culture plates at a
density of 10,000 cells/well in phenol red-free medium containing
5% charcoal-stripped serum and transfected with 0.1 pg of ERE-
tk-luc [20], together with 0.02 p.g of pRL-cytomegalovirus (CMV;
Promega, Madison, WI) using a Lipofectamine 2000 reagent (Invit-
rogen). Twelve hours after transfection, cells were treated with
100nM 17-estradiol or vehicle (ethanol) for 24 h, and luciferase
activities were determined by a MicroLumatPlus microplate lumi-
nometer (Berthold Technologies, Bad Wildbad, Germany) using
a Dual-Luciferase Assay System (Promega). Data are expressed
as mean (SD) of 3 independent experiments performed in
triplicate.

2.10. Cell proliferation assay

MCF-7 cells were seeded in 96-well plates at a density of
5000 cells/well in phenol red-free medium containing 5% charcoal-
stripped serum for 24 h. Then, pcDNA3-Flag or pcDNA3-Flag-hERRy
was transfected for 12h and incubated with 100nM estradiol or
vehicle for 72 h. Cell proliferation was examined by a tetrazolium
salt (WST-8) assay kit (Nacalai Tesque, Kyoto, Japan) according to
the manufacturer’s protocol.
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3. Results

3.1. Correlation of ERRy protein expression with
clinicopathological values of invasive breast cancer

To investigate the expression levels of ERRy protein in breast
cancer, immunohistochemical analysis was performed using 110
invasive breast cancers (Fig. 1). Strong nuclear immunoreactivity
of ERRy was detected in 79% of breast cancer specimens (Fig. 1A
and C). A human kidney tissue was immunostained with the ERRy
antibody as a positive control, and ERRy immunoreactivity was also
observed in the nuclei of kidney tubule cells (Fig. 1E). Statistical
analysis showed that the nuclear immunoreactivity of ERRy tended
to correlate with lymph node status (P=0.06) while no significant
associations were found with other clinicopathological characteris-
tics (Table 1). In the DCIS component of the ERRy-positive invasive
carcinomas, ERRy immunoreactivity was detected in the nucleus.
ERRy immunoreactivity was also detected in the nuclei of nor-
mal mammary epithelium and intratumoral stromal cells (data not
shown).

3.2. Upregulation of ERRy in estrogen-treated MCF-7 cells

Next, we examined the expressional regulation of 3 ERR genes
(ERRo, ERRPB, and ERRy) by estrogen in an ERa-positive breast
cancer cell line (MCF-7) using quantitative real-time reverse tran-
scription polymerase chain reaction (qQRT-PCR) (Fig. 2A-C). ERRy
mRNA level was significantly up-regulated by 6-fold at 3 h after
estrogen stimulation. ERRe mRNA was also slightly up-regulated
by 2.5-fold in a time-dependent manner while ERRB mRNA was
not largely influenced by estrogen. In addition, ERRy mRNA
was up-regulated dose-dependently by estrogen (Fig. 2D). This
estrogen-dependent up-regulation of ERRy mRNA was abolished
by ICI 182,780 treatment, while ICI 182,780 itself did not up-
regulate ERRy mRNA expression (Fig. 2D). These results suggested
that ERRy expression is regulated by estrogen.

3.3. ERRy contributes to estrogen-dependent and
estrogen-independent proliferation in breast cancer cells

To further assess the role of ERRy in breast cancer, we performed
a gain-of-function study for ERRy. Under an estrogen-deprived
culture condition, ERRy-overexpressing MCF-7 cells exhibited
a significantly higher growth rate compared with control cells
expressing empty vector at days 3 and 4 (Fig. 3A). Furthermore,
growth of ERRy-overexpressing MCF-7 cells was also stimulated
in the presence of 100nM estrogen (Fig. 3B). We confirmed that
the ERRy protein was overexpressed in MCF-7 cells after transient
transfection with ERRy expression plasmid by immunoblotting
(Fig. 3C). These results indicate that ERRy promotes proliferation of
breast cancer cells regardless of the presence or absence of estro-
gen.

3.4. ERRy promotes ER-mediated transcription

To examine whether ERRy influences ER-ERE-mediated tran-
scription, a luciferase reporter vector containing an ERE (ERE-
tk-luc) was introduced into 293T cells with or without ERRy
expression vector (Fig. 4A). The result showed that ERRy signifi-
cantly stimulated ER-ERE-mediated transactivation in 293T cells
when the cells were transfected with ERx and treated with estro-
gen. We also observed that the estrogen-dependent transactivation
was elevated depending on the increasing amount of ERRy in
MCF-7 cells (Fig. 4B). These results indicate that ERRy stimulates
ER transcription activity in response to estrogen. Next, we exam-
ined the effect of ERRy on ERE-mediated transcription under the
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Anti-ERRYy (X 1000)

Control (X 1000)

Fig.1.

"y of estrog lated receptor (ERR)y in breast cancer.

staining of breast cancer tissues (A-D) and normal

kidney tissue (E and F) with anti-ERRvy (A, C, and E) and rabbit IgG (B, D, and F). Positive staining for ERRy was observed in the nuclei of breast cancer cells, as well as of kidney

tubule cells. Bar, 100 wm.

estrogen-free condition. Intriguingly, the transcriptional activity of
the ERE-luciferase reporter construct was dose-dependently stim-
ulated by ERRy in an estrogen-independent manner (Fig. 4C).

4. Discussion

In the present study, ERRy immunoreactivity was detected in
79% of invasive breast cancers (n=110) by immunohistochemistry
and tended to correlate with the lymph node status (P=0.06). Gen-
erally the ER-positive breast cancer has a better prognosis than
ER-negative one. Consistently with this observation, immunos-

shown to be as poor prognostic factors. Indeed, the immunoreac-
tivities of Efp and ERRx in breast cancer specimens were reported
to be positively correlated with lymph node status. Besides, as
demonstrated in the present study, ERRy could function as an estro-
gen responsive gene and facilitate the proliferation of MCF-7 cells.
Notably, ERRYy could also stimulate the ERE-mediated transcription
by itself. These findings may explain that the immunoreactivity
of ERRy tends to be correlated with the lymph node status in
breast cancer. In our i »histochemical lysis of i

breast carcinomas, no significant association between ERRy and
ERx expressions was observed. Although the present study is the

tainings of some estrogen responsive genes, such as prog

receptor [21], were known to be correlated with a good prognosis.
On the other hand, immunostainings of some estrogen responsive
genes, such as cathepsin D [22], ERRa [13,23] and Efp [24], were

first to the expression of ERRy protein in human breast
cancers by using immunohistochemistry, a previous association
study reported that overexpression of ERRy mRNA is associated
with ER-positive and PgR-positive status in primary breast tumors
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Fig. 2. Regulation of ERRs in MCF-7 cells by estrogen stimulation. (A-C) MCF-7
cells were treated with 100nM 17B-estradiol for 48 h. ERRx (A), ERRB (B), and
ERRy (C) mRNA levels were examined at indicated time points by quantitative real-
time reverse transcription polymerase chain reaction (QRT-PCR), and the results are
shown as fold change over the expression level at 0 h. *P<0.05 compared with 0 h;
***p<0.001 compared with 0h (by Student's t test). (D) MCF-7 cells were treated
with 17-estradiol (100 pM, 1nM, or 100 nM) and/or IC1 182,780 (1 ;1M), or vehicle
for 2 h. ERRy mRNA levels were examined by qRT-PCR, and the results are shown
as fold change over the expression level with vehicle treatment. *P<0.05 compared
with vehicle treatment; **P<0.01 compared with vehicle treatment or 100nM E2
treatment (by Student's ¢ test).
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Fig. 3. ERRy estr and estrogen-
independent proliferation of MCF 7 cells. (A and B) MCF-7 cells were transfected
with pcDNA3-Flag-hERRy for 24 h and then treated with vehicle (A) or 100nM 178~
estradiol (E2) (B) for 4 days. Cell proliferation was examined using a tetrazolium
salt (WST-8) assay kit. *P<0.05 compared with vehicle; ***P<0.001 compared with
vehicle (by Student’s t test). (C) Total cell lysates from the parental MCF-7 cells (-)
or the MCF-7 cells transfected with pcDNA3-Flag (Flag) or pcDNA3-Flag-hERRy
(Flag-ERRY) for 48 h were immunoblotted by anti-Flag, -ERR, or -B-actin antibodies.
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Fig.4. Effect of ERRyover ERE-| iated transcriptionactivity in293T
(A and C) and MCF-7 (B) cells. (A) The 293T cells were transfected with a DNA mix-
ture of 100 ng of estrogen response element (ERE)-tk-Luc, 0.02 g of pRL-CMV with
or without 0.01 p.g of pcDNA3-Flag-ERe, and increasing amounts of pcDNA3-Flag-
hERRy. After a 12-h incubation, cells were treated with 17B-estradiol (100 nM, E2)
or vehicle (EtOH) for 24 h. (B) MCF-7 cells were transfected with a DNA mixture
of 100 ng of ERE-tk-Luc, 0.02 g of pRL-CMV, and increasing amounts of pcDNA3-
Flag-hERRY. After a 12-h incubation, cells were treated with 17B-estradiol (100 nM)
or vehicle for 24 h. (C) The 293T cells were transfected with a DNA mixture of
100 ng of ERE-tk-Luc, 0.02 p.g of pRL-CMV, and increasing amounts of pcDNA3-Flag-
hERRy, and incubated for 36 h. **P<0.01; ***P<0.001 compared with corresponding
conditions with no ERRy transfection (by Student's t test).

(n=38) [15]. One possible explanation for this discrepancy is that
the expression level of ERRy protein did not necessarily corre-
lated with that of ERRy mRNA in breast cancer cells. Alternatively,
this may have resulted from the differences in numbers or types
of breast tumor specimens. One third of the clinical cases of ER-
positive/PR-positive breast tumor patients treated with tamoxifen
do not respond to initial treatment, and the remaining 70% are still
at risk for relapse in the future. Riggins et al. recently reported that
ERRy expression was increased in a tamoxifen-resistant invasive
lobular carcinoma (ILC) cell model [25]. In line with this notion,

we observed that the ERRy mRNA level in ER-negative breast can-
cer MDA-MB-231 cells was higher than that in MCF-7 cells (data
not shown), suggesting that ERR+y could be involved in tamoxifen
resistance of breast cancer cells.

In the present study, we demonstrated that ERRy expression is
stimulated dose-dependently by estrogen in MCF-7 breast cancer
cells, while this stimulation was abolished by ICI 182,780 (Fig. 2C
and D). Supporting our results, several estrogen receptor-binding
sites (ERBSs) have been found within the second intron of the
human ERRy gene by genome-wide chromatin immunoprecipi-
tation (ChIP)-on-chip analysis using MCF-7 cells [26]. Thus, it is
possible that ERRy expression is regulated by ER through these
ERBSs. In addition, we found that ERRy overexpression promotes
the growth of MCF-7 cells. Moreover, a transcriptional reporter
assay revealed that ERRy enhances ER-mediated transcription in
MCF-7 cells. ERR recognizes not only the consensus sequence
TCAAGGTA, referred to as ERRE, but also the ERE that is bound to
ER[10]. Thus, ERR control of the transcription of target genes partly
overlaps with ERa[2,10,27]. It has also been reported that ERR asso-
ciates with ER and modulates ER-mediated transcription [28,29].
Besides, ERRYy itself could stimulate the ERE-mediated transcrip-
tion in ER-negative 293T cells in an estrogen-independent manner.
These findings together with our data suggest that ERRy, a down-
stream target of ERa itself, could stimulate the growth of breast
cancer cells by modulating estrogen-signaling pathways or tran-
scriptional activity of ERct.

Our data and a previous report indicate that, as in the case of
ERRy mRNA, expression of ERRe mRNA is induced by estrogen
in MCF-7 cells [23]. ERRa immunoreactivity was also noted to be
significantly associated with an increased risk of recurrence and
adverse clinical outcome in breast cancer, but it does not correlate
with ERa immunoreactivity [13]. Although ERR possesses charac-
teristics that are structurally and functionally similar to ER, ERR has
no natural ligand and regulates expression of target genes that are
distinct from those of ER, except for coregulated genes. Therefore,
ERRis assumed to have ER-independent functions in breast cancer.
For example, ERRs are implicated in the transcriptional response
to hypoxia and the growth of solid tumors. The development of
intratumoral hypoxia is a universal hallmark of rapidly growing
solid tumors, and the adaptive response to hypoxia is mediated
primarily through the hypoxia-inducible factor (HIF)-dependent
transcriptional program. HIF regulates gene networks involved in
glucose uptake and metabolism in tumor angiogenesis. ERRYy, as
well as ERRa and ERRB, can physically interact with HIF1a, HIF2a,
and HIF1B both in vitro and in vivo to enhance HIF-mediated
gene transcription, suggesting that ERRs may be required for HIF
function [30].

In summary, our results suggest that ERRy expression is induced
by estrogen in breast cancer cells, and expression of this recep-
tor promotes cancer cell proliferation by enhancing ERE-mediated
transcription. These results further suggest that pharmacological
modulation of ERRy activity may be clinically useful to prevent
and|/or treat breast cancer.
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Objective: The primary objective of this study was to verify whether breast cancer patients
aged <35 at diagnosis have poorer prognoses than those aged 35-39, in other words, to
identify the prognostic value of age in younger premenopausal patients under 40 years old.
The secondary objective was to assess prognostic factors specific for younger premenopau-
sal patients.

Methods: We identified 242 consecutive patients who were diagnosed with stage I-Ill breast
cancer before the age of 40 and underwent surgery between 1990 and 2004. We compared
disease-free survival and overall survival in patients aged <35 years and those aged 35—-39
years, and evaluated clinicopathological factors associated with disease-free survival or
overall survival in each age group and in all patients under the age of 40.

Results: Ninety-nine (41%) patients were younger than 35 years and 143 (59%) were
between 35 and 39 years. No significant difference in disease-free survival or overall survival
was found between the two groups. In our cohort of patients under the age of 40, the inde-
pendent factors associated with poor disease-free survival and overall survival included posi-
tive axillary lymph nodes and triple-negative status, but not age at diagnosis. Adverse
prognostic factors also did not differ considerably between the two age groups.
Conclusions: Age at diagnosis was not an independent prognostic factor in our study.
Our findings suggest that other clinicopathological features rather than age should be used
to determine individualized treatment courses for breast cancer patients younger than
40 years.

Key words: breast cancer — young — diseasefree survival — overall survival

chemotherapy such as infertility, bone loss and changes in

INTRODUCTION

Many studies have reported that younger women with
primary breast cancer have poorer prognoses than older
women. The St Gallen international expert consensus reports
from 1998 to 2007 concluded the age of <35 years was a
high-risk factor for relapse in node-negative breast cancer
patients and recommended adjuvant chemotherapy for most
young women with breast cancer (1—5). However, the
decision regarding chemotherapy in young patients must be
made after taking into consideration not only the risk of
relapse but also the age-specific problems caused by

sexual function and appearance.

The cutoff value for classifying a patient as ‘young’ varies
among studies and it is unclear whether the age of <35
years at diagnosis was an appropriate threshold to identify
patients with primary breast cancer at high risk of relapse. It
also remains to be determined whether Japanese patients
aged <35 years at diagnosis have poorer prognoses since
there have been few reports focusing on young Japanese
women with breast cancer.

Prognostic factors in younger patients with primary breast
cancer have been recently identified, but are not yet well

© The Author (2010). Published by Oxford University Press. All rights reserved.
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understood. A recent study showed that gene expression
profile was a powerful predictor of disease outcome in young
patients with breast cancer, but age was not an independent
prognostic factor (6).

Gene expression profiling has identified intrinsic breast
cancer subtypes that predict distinct clinical outcomes (7,8).
In particular, triple-negative breast cancer, defined by the
lack of expression of estrogen receptor (ER), progesterone
receptor (PgR) and human epidermal growth factor receptor
2 (HER2), is known to be a subtype associated with poor
clinical outcome. A high prevalence of triple-negative breast
cancer has been reported to contribute to the poor prognosis
of young African American women with breast cancer (9).

The primary objective of this study was to verify whether
breast cancer patients aged <35 at diagnosis have poorer
prognoses than those aged 35—39, in other words, to identify
the prognostic value of age in younger premenopausal
patients under 40 years old. The secondary objective was to
assess the prognostic factors specific for younger premeno-
pausal patients.

PATIENTS AND METHODS
PATIENTS AND TREATMENT

From the database of the National Cancer Center Hospital,
Tokyo, Japan, we identified consecutive patients who were
diagnosed with breast cancer before the age of 40 years and
underwent surgery between January 1990 and December
2004. Only patients with stage I—III disease who underwent
definitive surgery were included. Patients who had under-
gone preoperative adjuvant therapy or had excisional biopsy
in a local clinic were also excluded because it is difficult to
determine pathological factors influencing prognoses.

The complete medical records of patients enrolled in the
study were reviewed. Information derived from the database
and medical records included clinical and histological vari-
ables such as age; family history; pT (primary tumor) and
pN (regional lymph node) status; histological type; histologi-
cal grade; peritumoral vessel invasion (PVI) [including lym-
phatic vessel invasion (LVI) and blood vessel invasion
(BVI)]; ER, PgR and HER2; tumor subtype stratified by
hormone receptor (HR) and HER2 status; operative pro-
cedure; radiation therapy; adjuvant systemic therapy (che-
motherapy and endocrine therapy).

Familial breast cancer (that does not fit hereditary breast
cancer definition) was defined as breast cancer with a family
history of one or more first- or second-degree relatives with
breast cancer prior to or at the time of the patient’s initial
diagnosis (10,11). In all cases, pT and pN status were
assessed according to the UICC TNM classification (6th
edition) (12). Histological grade was evaluated according to
Elston and Ellis (13). ER and PgR expression were deter-
mined by enzyme immu y or i ohistochemistry
(IHC) (threshold for positivity: staining in more than 10% of
tumor cells) (14). The definition of HER2 positive was a
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score 3+ by IHC (uniform, intense membrane staining in
more than 10% of invasive cancer cells) and/or a 2.0 or
higher of HER2/CEP17 (centromere probe chromosome 17)
ratio by fluorescence in situ hybridization (15). On the basis
of the expression profile of HR and HER2, all tumors were
categorized into one of the four subtypes: HR+HER2 —,
HR+HER2+, HR-HER2+, HR-HER2— (triple-
negative). HR-positive status (HR+) was defined as ER and/
or PgR positivity, and HR-negative status (HR—) was
defined as ER and PgR negativity. PVI was determined by
the presence of tumor emboli within peritumoral endothelial-
lined spaces and was assessed on hematoxylin and cosin-
stained slides by making a distinction between lymphatic
and blood vessels. LVI was graded as absent, focal to mod-
erate (one to five foci of tumor thrombi in all the tumor
specimens examined) or extensive (more than five foci of
tumor thrombi in all the tumor specimens examined) (16).
BVI was classified as either absent or present.

All patients received clinically necessary local treatment
(breast-conserving surgery or mastectomy) in addition to
sentinel node biopsy or complete axillary dissection.
Postoperative breast irradiation was indicated for all patients
who underwent breast-conserving surgery. After 1999,
patients with pT3 presentation who had undergone mastect-
omy received postoperative radiation to the chest wall.
Patients with four or more metastatic axillary lymph nodes
received postoperative radiation to the axillary and supracla-
vicular regions. Adjuvant chemotherapy was followed by
radiotherapy for all indicated patients. The adjuvant che-
motherapy regimen widely used prior to 1993 comprised
doxorubicin, cyclophosphamide (AC), methotrexate and 5-
fluorouracil. After 1993, patients generally received four
cycles of intravenous doxorubicin and AC. After 1999, high-
risk patients received AC followed by taxane (docetaxel or
paclitaxel). For women with endocrine-responsive disease
aged <40 years, adjuvant endocrine therapy was indicated,
such as tamoxifen for 2—5 years or the combination of
tamoxifen for 5 years plus gonadotropin-releasing hormone
analogues for at least 2 years. Patients who received adjuvant
chemotherapy for endocrine-responsive disease were treated
with tamoxifen immediately after the completion of
chemotherapy.

Patients were followed up every 3—6 months during the
first 5 years and every 6—12 months from 5 to 10 years. In
addition to physical examination, annual mammography
with or without breast ultrasound was performed for 10
years. Blood tests including two tumor markers (carcinoem-
bryonic antigen and cancer antigen 15-3), chest X-ray,
abdominal ultrasonography and bone scintigraphy were per-
formed when the patients complained of any symptoms and/
or tumor recurrence was suspected.

The study was conducted with support from the Health
and Science Grants for Clinical Research in Cancer, as part
of the investigations directed by the Ministry of Health,
Labor and Welfare of Japan. The data on which the study
was based were obtained in the course of daily clinical
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practice and no additional burdens were imposed on patients.
Hence, ethical approval was not required.

STATISTICAL METHODS

The x? test (Pearson statistic) was used to determine the
differences in clinical and pathological factors between two
groups of patients. A P value of <0.01 was considered stat-
istically significant.

The follow-up duration was calculated as the length of
time between the date of diagnosis and the date of death or
last contact. Disease-free survival (DFS) was defined as the
time from surgical resection to the first of any of the follow-
ing events: locoregional relapse, distant relapse, second
primary breast cancer, any second (non-breast) malignancy
or death from any cause. Locoregional relapse was defined
as the reappearance of cancer in the ipsilateral breast, chest
wall or regional lymph nodes. We classified distant relapse
into two categories depending on metastatic sites: non-
visceral (soft-tissue and/or bone) or visceral (including lung,
liver, brain and other organs). Overall survival (OS) was
defined as the time from surgical resection to death due to
any cause, regardless of recurrence. DFS and OS curves
were drawn by the Kaplan—Meier method and were com-
pared among patient subsets using the log-rank test.

In univariate analyses, the following prognostic factors
were evaluated for their potential associations with DFS
and OS: age at the time of diagnosis, familial breast cancer,
pT, pN, histological type, histological grade, LVI, BVI,
tumor subtype stratified by HR and HER?2 status, operative
procedure, administration of radiation therapy and adjuvant
systemic therapy. ER, PgR and HER2 were excluded from
the prognostic analyses for DFS and OS because these
factors are closely related to tumor subtype. Multivariate
analysis of potential prognostic factors was performed to
generate a Cox proportional hazards model. Multivariate
models were created using age at diagnosis and other vari-
ables that showed significant association (P < 0.01) with
DFS or OS on univariate analysis. All tests were two-tailed,
with P < 0.01 being taken as an indicator of statistical
significance. The statistical software SPSS version 12.0
(SPSS, Inc., Chicago, IL, USA) was used for all statistical
analyses.

RESULTS
PATIENT CHARACTERISTICS

Out of a total of 3944 patients who underwent surgery at the
National Cancer Center Hospital, Tokyo, Japan, between
January 1990 and December 2004, 242 patients were eligible
for this study. Of which 99 (41.0%) were aged <35 years at
diagnosis, and 143 (59.0%) were aged between 35 and 39
years (Table 1). The median age at diagnosis was 36 years
(range 22—39 years). The distribution of various clinico-
pathological factors did not differ significantly between the
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two age groups. PgR positivity was observed in a higher per-
centage of patients aged 35—39 years than in those aged
<35 years, but the proportion of patients falling into each of
these four tumor subtypes did not differ significantly
between the two groups. Sixty-nine percent of the 242
patients were classified as HR+HER2—, 10.3% were
HR+HER2+, 5.8% were HR —HER2+ and 14.9% were
HR —HER2 — (triple-negative).

During a median follow-up of 80 months (range 5—186
months), 86 patients (35.5%) experienced DFS events
[second primary breast cancer 3.7%; locoregional relapse
7.4%; distant relapse 24.4% (non-visceral 8.7%; visceral
15.7%)] and 51 patients (21.1%) died. No significant differ-
ence was found in DFS and OS between patients aged <35
years and those aged 35—39 years (Fig. 1). We did not also
find a significant difference in frequency of occurrence of
various DFS events between the two age groups (Table 1).

UNIVARIATE ANALYSES

For breast cancer patients under 40 years old, univariate ana-
lyses showed that significant adverse factors associated with
both DFS and OS included higher T stage (pT3—4), positive
lymph nodes (pN1-3), grade 3, extensive LVI, BVI, triple-
negative status and adjuvant chemotherapy (Tables 2 and 3).
With regard to adjuvant chemotherapy, patients who were
treated with chemotherapy had significantly worse DFS and
0S. No significant difference in survival was observed
between the familial breast cancer group and the non-
familial group.

MULTIVARIATE ANALYSES

For all patients under the age of 40, multivariate analyses
identified positive axillary lymph nodes (pN1—pN3) and
triple-negative status as independent factors associated with
poor DFS and OS (Tables 2 and 3, and Fig. 2). Age, rep-
resented as either a categorical or a continuous variable, was
not an independent prognostic factor in multivariate ana-
lyses. The independent factors negatively influencing DFS
included pN1 (hazard ratio 3.69, 95% CI 1.61-8.47), pN2—
pN3 (hazard ratio 6.55, 95% CI 2.72—15.75) and triple-
negative status (hazard ratio 2.45, 95% CI 1.37—4.36). The
independent adverse factors affecting OS included pN1
(hazard ratio 6.00, 95% CI 1.77—20.35), pN2—pN3 (hazard
ratio 7.95, 95% CI 2.31-27.37), the presence of BVI
(hazard ratio 2.88, 95% CI 1.35—6.13) and triple-negative
status (hazard ratio 4.25, 95% CI 2.08-8.72).

For patients aged <35, multivariate analyses indicated
that positive axillary lymph nodes (pN1—pN3) and triple-
negative status were the independent factors associated
with poor DFS and OS (Table 4). For those aged 35-39,
triple-negative status was the only independent adverse prog-
nostic factor identified. Axillary lymph node status was not
found to be an independent factor, probably due to the

Pepeojumog

Je0ueD [eUOHEN 3@ 6.0

1402 ‘€2 Ao o (v



Jpn J Clin Oncol 2011;41(2) 183
Table 1. Clinicopathological characteristics of breast cancer patients under 40 years old (n = 242)
Variable All patients Aged <35 Aged 35-39 P
(n=242) (%) (n=99) (%) (n=143) (%)
Familial breast cancer
No 192 79.3 78 78.8 114 79.7
Yes 50 20.7 21 212 29 203 0.492
Primary tumor
pTl 25 10.3 11 111 14 9.8
pT2 78 322 37 374 41 287
pT3 112 46.3 40 40.4 72 503
pT4 27 1.1 11 111 16 11.2 0.436
Regional lymph node
pNO 127 52.5 55 55.5 72 503
pN1 65 269 21 212 44 308
pN2 34 14.0 16 16.2 18 12.6
pN3 16 6.6 7 7.1 9 6.3 0.411
Histological type
Invasive ductal carcinoma 221 913 95 96.0 126 88.1
Invasive lobular carcinoma 5 2.1 1 1.0 4 28
Others 16 6.6 3 3.0 13 9.0 0.103
Histological grade
Grade 1 14 58 3 3.0 11 7.7
Grade 2 84 3438 31 313 53 371
Grade 3 144 59.5 65 65.7 79 552 0.148
Lymph vessel invasion
Absent 98 40.5 46 46.5 52 36.4
Focal-moderate 135 55.8 50 50.5 85 594
Extensive 9 3.7 3 3.0 6 42 0.283
Blood vessel invasion
Absent 222 91.7 89 89.9 133 93.0
Present 20 83 10 10.1 10 7.0 0.264
Estrogen receptor
Negative 78 322 35 354 43 30.1
Positive 164 67.8 64 64.6 100 69.9 0.234
Progesterone receptor
Negative 63 26.0 34 343 29 20.3
Positive 179 74.0 65 65.7 114 79.7 0.014
HER2 receptor
Negative 203 83.9 81 81.8 122 85.3
Positive 39 16.1 18 18.2 21 14.7 0.290
Subtype
HR+HER2— 167 69.0 61 61.6 106 74.1
HR-+HER2+ 25 10.3 11 11.1 14 9.8
HR-HER2+ 14 58 7 7.0 7 4.9
Continued
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Table 1. Continued

Variable All patients Aged <35 Aged 35-39 P
(n=242) (%) (n=99) (%) (n=143) (%)

HR —HER2- (triple-negative) 36 14.9 20 20.3 16 1.2 0.165
Operative procedure

Breast-conscrving surgery 87 36.0 40 40.4 47 329

Mastectomy 155 64.0 59 59.6 96 67.1 0.230
Radiation

No 163 67.4 66 66.6 97 67.8

Yes 79 326 33 333 46 322 0.479
Adjuvant endocrine therapy

No 84 347 38 384 46 322

Yes 158 65.3 61 61.6 97 67.8 0318
Adjuvant chemotherapy

No 89 36.8 35 354 54 378

Yes 153 63.2 64 64.6 89 62.2 0.702
DFS event

None 156 64.5 68 68.7 88 61.5

Second primary breast cancer 9 3.7 4 4.0 5 35

Locoregional relapse 18 74 8 8.1 10 7.0

Distant relapse—non-visceral 21 8.7 5 5.1 16 11.2

Distant relapse—visceral 38 15.7 14 14.1 24 16.8 0.493
32 test.

HR, hormone receptor; DFS, disease-free survival.

subtraction of LVI and BVI, which significantly correlate
with positive axillary lymph nodes (Table 4).

DISCUSSION

Although being ‘young’ has been reported to be a predictor
of poor prognosis independent of other known factors (17—
21), the definition of ‘young’ has varied across studies. The
age of 35 years has been used as a cutoff age based on con-
sensus in the international guidelines for treatment of
primary breast cancer (1-5). However, the St Gallen inter-
national expert consensus panel discontinued the use of the
threshold of 35 years of age as a risk category in 2009 (22).
The primary objective of this study was to verify whether
breast cancer patients aged <35 at diagnosis have poorer
prognoses than those aged 35—39 or to identify the prognos-
tic value of age in younger premenopausal patients under 40
years old. Our results did not indicate any significant differ-
ences between patients aged <35 years and those aged 35—
39 years in either DFS or OS, and age at diagnosis was not
an independent factor associated with DFS or OS in our
cohort of breast cancer patients younger than 40 years. We

believe that these observations are reliable because the distri-
bution of various clinical and pathological factors did not
differ significantly between the two age groups.

A population-based study in Switzerland found no effect
of young age on survival when accounting for breast tumor
characteristics and treatment (23). A study by van de Vijver
et al. (6) also demonstrated that, whereas gene-expression
profile was a powerful predictor of disease outcome in
younger women with breast cancer, age was not an indepen-
dent prognostic factor. Younger premenopausal women have
been reported to more frequently present with breast cancer
marked by poor prognostic features such as higher T stage,
positive lymph nodes, endocrine non-responsiveness, high
grade, extensive PVI and high proliferating fraction than
older premenopausal women (24-29). Kollias et al. (25)
concluded that age itself had no influence on the prognosis
of individuals because the association of poor prognosis with
young age at diagnosis could be explained by a higher pro-
portion of aggressive tumors.

Our present study of breast cancer patients under the age of
40 supports these observations and we consider that the age of
<35 years at diagnosis is an unreasonable threshold to identify
patients with primary breast cancer at high risk of relapse.
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DFS (months) OS (months)
5-year 10-year 5-year 10-year
survival survival survival survival
Aged <35 72.9% 60.2% Aged <35 86.1% 66.9%
Aged 35-39 70.1% 55.3% Aged 35-39 89.7% 73.9%
Figure 1. Kaplan—Meier curves of di free survival (DFS) and overall survival (OS) compared between breast cancer patients aged <35 years (n = 99)
and aged 35-39 years (n = 143).
Table 2. Univariatc and ivariate analyses of clini ical factors iated with di; free survival in breast cancer patients under 40 years old
(n=242)
Variable Univariate analysis Multivariate analysis
Hazard ratio 95% CI P Hazard ratio 95% CI P
Age
<35 1 - - 1 - -
35-39 1.18 0.76-1.84 0.455 127 0.80-2.02 0.320
Regional lymph node
pNO 1 - - 1 - -
pN1 293 1.69-5.10 <0.001 3.69 1.61-8.47 0.002
pN2-3 6.23 3.67-10.57 <0.001 6.55 2.72-15.75 <0.001
Lymph vessel invasion
Absent 1 - - 1 - -
Focal—moderate 332 1.86—5.90 <0.001 229 1.19-4.38 0.013
Extensive 4.90 2.64-9.11 <0.001 2.10 0.95-4.65 0.066
Blood vessel invasion
Absent 1 - - 1 - -
Present 3.90 2.23-6.84 <0.001 1.99 1.05-3.78 0.034
Subtype
HR+HER2— 1 - - 1 - -
HR+HER2+ 1.22 0.62-2.40 0.559 112 0.53-2.36 0.768
HR-HER2+ 0.89 0.32-2.46 0.822 11 0.39-3.15 0.847
HR — HER2— (triple-negative) 2.16 1.25-3.73 0.006 245 1.37-4.36 0.002

95% CI, 95% confidence interval; HR, hormone receptor.
“Cox proportional hazards model.
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‘Zl‘:;))le 3. Univariate and multivariate analyses of clini thological factors d with overall survival in breast cancer patients under 40 years old (n =
Variable Univariate analysis Multivariate analysis
Hazard ratio 95% CI P Hazard ratio 95% CI Pt
Age
<35 1 - - 1 - -
35-39 0.80 0.46—1.34 0.418 0.86 0.47-1.57 0.617
Regional lymph node
pNO 1 = - 1 - =
pNL 4.90 2.13-11.28 <0.001 6.00 1.77-20.35 0.004
pN2-3 10.47 4.72-23.24 <0.001 7.95 2.31-27.37 0.001
Lymph vessel invasion
Absent 1 - - 1 - -
Focal—-moderate 422 1.82-9.77 0.001 241 0.98-5.98 0.057
Extensive N 3.23-1841 <0.001 2.80 0.95- 8.26 0.063
Blood vessel invasion
Absent 1 - - 1 - —
Present 5.69 3.02-10.73 0.077 288 1.35-6.13 0.006
Subtype
HR+HER2- 1 - - 1 - =
HR+HER2+ 0.92 0.32-2.62 0.876 0.73 0.24-2.22 0.584
HR-HER2+ 133 0.41-4.38 0.636 1.64 0.46-5.85 0.445
HR—HER2— (triple-ncgative) 3.65 1.92-6.95 <0.001 425 2.08-8.72 <0.001

95% CI, 95% confidence interval; HR, hormone receptor.
“Cox proportional hazards model.

In contrast to our findings, de la Rochefordiere et al. (19)
reported that, in a series of 1703 patients from a single insti-
tution, the relationship between recurrence hazard and age
was best fitted by a log-linear function that indicated a 4%
decrease in recurrence and a 2% decrease in death for every
year of age in premenopausal women. Han and Kang also
recently reported that in patients younger than 35 years, the
risk of death rose by 5% for every year of decrease in age,
whereas death risk did not vary significantly with age in
patients aged 35 years or older (30).

What is more, our unpublished data confirms that breast
cancer patients aged <40 years have poorer DFS than those
aged 41—-49 years (5-year DFS: 79 vs. 86%, P = 0.04),
while no significant difference was found in OS (5-year OS:
86 vs. 90%, P = 0.2). However, there were a much greater
number of patients aged 4149 years compared with those
aged <40 years, and the difference in sample number
between the two groups was beyond the allowed limit.
Therefore, we limited ourselves only to calculating DFS and
OS for patients between 40 and 49 years of age. Anders
et al. (31) documented similar findings that survival rate in
patients who were diagnosed before the age of 40 years was
worse when compared with that in older women.
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These results indicate that age does have some impact on
long-term outcome of patients. Our report and unpublished
data suggest that other clinicopathological features rather
than age at diagnosis should be used to determine individua-
lized treatment courses for breast cancer patients under 40
years old, but not across all age groups. Further analyses are
needed in order to assess the prognostic value of age at diag-
nosis in women with primary breast cancer across all age
groups. However, this can still be a significant finding given
that women are now commonly bearing children at older
ages in Japan.

Our secondary objective in this study was to assess prog-
nostic factors specific for younger premenopausal women
with primary breast cancer. We found that the most impor-
tant factors associated with poor DFS and OS in patients
under the age of 40 were positive axillary lymph nodes
(pN1—-pN3) and triple-negative status. Triple-negative status
was also an independent factor d with worse DFS
and OS in both age groups.

Previous studies have identified axillary lymph node
status, HR and HER?2 status, tumor size, histological grade,
operative procedure, radiation therapy, adjuvant systemic
therapy, family history of ovarian cancer and age <35 or 40
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Figure 2. Kaplan—Meier curves of DFS and OS compared between triple-negative breast cancer patients (1 = 36) and breast cancer patients whose tumors
fall into one of the other three subtypes (non-triple-negative; n = 206).

Table 4. Multivariatc analyses of clini )l

aged 35-39

| factors

d with di: fi

survival and overall survival for the two age groups; aged <35 vs.

Variable

Discase-free survival

Overall survival

Aged <35 (n=99)

Aged 35-39 (n = 143)

Aged <35 (n=99)

Aged 35-39 (n = 143)

Hazard 95% CI P

Hazard 95% CI P

Hazard 95% CI Pt

Hazard 95% CI P

ratio ratio ratio ratio
Regional lymph node
pNO 1 - - 1 - - 1 - - 1 — -
pN1 18.64 3.36-103.30 0.001 143  0.52-3.94 0489 5657 7.74-41330 <0.001 130  032-537 0.715
pN2-3 11.86 1.95-72.00 0.007 3.72 1.28-10.83 0.016 5295 5.55-505.71  0.001 1.94 0.46-8.25 0.368
Lymph vessel invasion
Absent 1 - - 1 - - 1 - - 1 - -
Focal—moderate 182 062-532 0277 232  1.00-540 0.051 086 0.24-3.12 0816 6.06  1.22-30.10 0.028
Extensive 336 0.76-14.83 0.110 204 0.75-551 0.162 269 0.50-14.55 0250 449  0.83-2442 0.082
Blood vessel invasion
Absent 1 = - 1 - - 1 - - 1 - =
Present 2.57  090-729  0.077 132 0.53-3.32 0555 275 0.81-9.32 0.104 3.28 1.07-10.06  0.037
Subtype
HR+HER2— 1 - - 1 - - 1 - - 1 - -
HR+HER2+ 1.04 031-343 0951 1.00 033-3.02 099 049 0.09-2.67 0.407 0.66  0.12-3.69 0.640
HR-HER2+ 1.86 0.38-9.17  0.447 0.74 0.16-3.42  0.703 1.17 0.11-12.66 0.899 1.35 0.22-8.25 0.745
HR-HER2—(triple-negative) 3.80  1.39-10.42 0.009 3.16 1.42-7.01 0.005 7.58 2.18-26.37 0.001 7.64 2.66-21.94 <0.001

95% CI, 95% confidence interval; HR, hormone receptor.

“Cox proportional hazards model.
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years as independent prognostic factors in younger premeno-
pausal patients (17,19-21,23,24,27,28).

Axillary lymph node status in particular has been high-
lighted as a powerful independent prognostic parameter in
women with primary breast cancer across all age groups.
However, in the present study, axillary lymph node status
was not an independent prognostic factor in patients aged
35-39 years. This discrepancy with previous studies is
likely the result of the subtraction effects of LVI and BVI,
which significantly correlate with positive axillary lymph
nodes. We also observed that, in univariate analyses, patients
who were treated with chemotherapy had significantly worse
DFS and OS. This finding reflects the significantly higher
proportion of positive axillary lymph nodes in those patients.
Taken together, these results support axillary lymph node
status as an important prognostic factor.

The triple-negative subtype or the basal-like subtype
(defined immunohistochemically as ER negative, HER2
negative and cytokeratin 5/6 and/or HER1 positive) (32) is
associated with aggressive histology and poor clinical
outcome. In our study, triple-negative status was confirmed
as a prognostic factor for poorer long-term outcome. The
triple-negative subtype accounts for ~15% of the four tumor
subtypes in the general population and for a higher percen-
tage of breast cancer arising in African-American women
(33,34) which is a contributing factor to their poorer progno-
sis (9). According to surveillance data from the Registration
Committee of the Japanese Breast Cancer Society, the triple
negative subtype accounts for 15.5% of breast cancers, with
no difference in mean age at diagnosis among the four
tumor subtypes (35). In our study of breast cancer patients
under age 40, the proportion of patients falling into each of
these four tumor subtypes was approximately the same as
that in a representative population of Japanese women with
breast cancer, and did not differ significantly between
patients aged <35 and those aged 35—39 years. Further
studies are needed to clarify the associations between the
factors involved in triple-negative status, younger onset and
poorer prognosis in patients with breast cancer.

In conclusion, our results did not indicate any significant
differences between patients aged <35 years and those aged
35-39 years in either DFS or OS. In our cohort of breast
cancer patients under the age of 40, the independent factors
associated with poor DFS and OS included positive axillary
lymph nodes (pN1-pN3) and triple-negative status, but not
age at diagnosis. Adverse prognostic factors also did not
differ considerably between the two age groups. Our findings
suggest that other clinicopathological features rather than age
should be used to determine individualized treatment courses
for breast cancer patients younger than 40 years.
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Abstract The purpose of the present study was to identify
histological surrogate predictive markers of pathological
complete response (pCR) to neoadjuvant chemotherapy
(NAC) in triple-negative breast cancer (TNBC). Among 474
patients who received NAC and subsequent surgical therapy
for stage II-1II invasive breast carcinoma between 1999 and
2007, 102 (22%) had TNBC, and 92 core needle biopsy (CNB)
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specimens obtained before NAC were available. As controls,
CNB specimens from 42 tumors of the hormone receptor-
negative and HER2-positive (HR—/HER2+) subtype and 46
tumors of the hormone receptor-positive and HER2-negative
(HR+/HER2-) subtype were also included. Histopatholo-
gical examination including tumor-infiltrating lymphocytes
(TIL) and tumor cell apoptosis, and immunohistochemical
studies for basal markers were performed, and the correlation
of these data with pathological therapeutic effect was ana-
lyzed. The rates of pCR at the primary site were higher for
TNBC (32%) and the HR—/HER2+ subtype (21%) than for
the HR+/HER2— subtype (7%) (P = 0.006). Expression of
basal markers and p53, histological grade 3, high TIL scores,
and apoptosis were more frequent in TNBC and the HR—/
HER2+ subtype than in the HR+/HER2— subtype
(P = 0.002 for TIL and P < 0.001 for others). In TNBC, the
PCR rates of tumors showing a high TIL score and of those
showing a high apoptosis score were 37 and 47%, respec-
tively, and significantly higher or tended to be higher than
those of the tumors showing a low TIL score and of the tumors
showing a low apoptosis score (16 and 27%, respectively,
P = 0.05 and 0.10). In a total of 180 breast cancers, the pCR
rates of the tumors showing a high TIL score (34%) and of
those showing a high apoptosis score (35%) were significantly
higher than those of the tumors showing a low TIL score
(10%) and those of the tumors showing a low apoptosis score
(19%) (P = 0.0001 and 0.04, respectively). Histological
grade and basal marker expression were not correlated with
PCR. Although the whole analysis was exploratory, the degree
of TIL correlated with immune response appear to play a
substantial role in the response to NAC in TNBC.

Keywords Triple-negative breast cancer - Neoadjuvant

chemotherapy - Pathological complete response -
Tumor-infiltrating lymphocytes - Tumor cell apoptosis
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Introduction

The heterogeneous nature of breast cancer has been dem-
onstrated by gene expression profiling using the DNA
microarray technique [1-3]. Genetically, invasive breast
cancers have been classified into distinct intrinsic subtypes
comprising luminal A, luminal B, ERBB2 (HER2), basal-
like, and normal breast subtypes [1-3], which demonstrate
characteristic immunohistochemical features and clinical
behavior [4-8]. Both basal-like and normal breast subtypes
are immunohistochemically characterized by lack of
expression of the estrogen receptor (ER), progesterone
receptor (PgR), and HER2, and thus are also categorized as
triple-negative breast cancer (TNBC). TNBC, which
accounts for 10-15% of all breast cancers, tends to show
visceral metastasis and aggressive clinical behavior [9].

TNBC is unresponsive to specific targeted therapies
such as trastuzumab for HER2-positive breast cancer, or
hormonal therapy for hormone-receptor-positive breast
cancer. In cases of operable TNBC, only systemic che-
motherapy has been shown to be effective in an adjuvant or
neoadjuvant setting. Although patients with TNBC are
more likely to achieve a pathological complete response
(pCR) after neoadjuvant chemotherapy (NAC) than
patients with the luminal subtypes, and pCR is correlated
with an excellent clinical outcome, TNBC patients with
residual disease after NAC have a poor prognosis [10, 11].
However, the factor that determines sensitivity to chemo-
therapy in patients with TNBC is uncertain.

TNBC itself may show heterogeneous characteristics
including basal-like and normal breast subtypes, as judged
from gene expression profiles [1-3]. Accordingly, it is
important to investigate the pathological factors associated
with response to chemotherapy in patients with TNBC.

The aim of the present study was to identify the factors that
predict pCR after NAC in patients with TNBC by examination
of histological parameters including histological grade and
type, the presence of tumor-infiltrating lymphocytes (TIL),
and tumor cell apoptosis, as well as immunohistochemical
parameters including basal-like markers and p53.

Materials and methods
Patients and tissue samples

Among 474 patients who received NAC and subsequent
surgical therapy for stage II-III invasive breast carcinoma
between 1999 and 2007, 102 (22%) had TNBC. Originally,
we planned to compare 100 TNBCs with 100 non-TNBCs as
controls on the basis of matching for age (+5years) and
clinical stage (II and III). In the 100 control cases, we
planned to include 50 cases of the HR—/HER2+ subtype
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(HER2 positive and ER/PgR negative in routine immuno-
histochemistry) and 50 cases of the HR+/HER2— subtype
(ER and/or PgR positive but HER2 negative in routine
immunohistochemistry). From these patients, sufficient
CNB specimens before NAC were available from 92 tumors
of TNBC, 42 tumors of the HR—/HER2+ subtype, and 46
tumors of the HR+/HER2— subtype. Clinical characteris-
tics of all patients were obtained from the medical records.
All patients received neoadjuvant anthracycline-based reg-
imens (adriamycin 60 mg/m* plus cyclophosphamide
600 mg/m? (AC) or cyclophosphamide 600 mg/m? plus
epirubicin 100 mg/m%/5-fluorouracil 600 mg/m” (CEF))
alone, taxane-based regimens (weekly paclitaxel 80 mg/m?,
or triweekly docetaxel 75 mg/m?) alone, or anthracycline
and taxane sequentially or concurrently (adriamycin 50 mg/
m? plus docetaxel 60 mg/m* (AT), AC or CEF followed by
weekly paclitaxel or triweekly docetaxel). Trastuzumab was
not used for the 42 patients with tumors of HR—/HER2+
subtype, because the use of trastuzumab for neoadjuvant
therapy of primary breast cancer was not approved in Japan.
The patients have been followed up for 64.8 months on an
average (7.2-138.2 months). All specimens were formalin-
fixed and paraffin-embedded, and 4-pm-thick sections were
prepared for hematoxylin and eosin staining and immuno-
histochemistry (IHC) and were reviewed by two observers
including an experienced pathologist (T.H.). The present
study was approved by the Institutional Review Board of the
National Cancer Center.

Histopathological evaluation

Pathological therapeutic effect was assessed for resected
primary tumors after NAC. Pathological complete response
(pCR) was defined as the absence of all invasive disease in
the breast tumor according to the National Surgical Adju-
vant Breast and Bowel Project (NSABP) B-18 protocol
[12]. In addition, we defined quasi-pCR (QpCR) as the
absence of invasive tumor or only focal residual invasive
carcinoma cells in the primary site [13]. In Japan, Breast
Cancer Research Group (JBCRG) 01 study, QpCR after
NAC was shown to be correlated with better patient
prognosis in comparison with non-QpCR [13]. Further-
more, we took into consideration both the pCR in the
primary tumor and no residual tumor in axillary lymph
nodes as another classification for histopathological thera-
peutic effect [14, 15].

Histopathological assessment of predictive factors was
made for CNB specimens. Histopathological parameters
examined included histological grade [16], histological
type [17], presence of tumor-infiltrating lymphocytes
(TIL), apoptosis, and correlation of these parameters with
intrinsic subtypes and pCR. Histological grade was
assigned on the basis of the criteria of Elston and Ellis.
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For the evaluation of TIL, both areas of stroma infil-
trated by lymphocytes (proportional score) and intensity of
lymphatic infiltration (intensity score) were taken into
consideration. Proportional scores were defined as 3, 2, 1,
and 0 if the area of stroma with lymphoplasmacytic infil-
tration around invasive tumor cell nests were >50, >10-50,
<10%, and absent, respectively. Intensity scores were
defined as 2, 1, and 0, if the intensity of lymphatic infil-
tration was marked, mild, and absent, respectively (Fig. 1).
Lymphocyte infiltration surrounding non-invasive tumor
cells was not taken into account. The proportional and
intensity scores were summed for each tumor, and the TIL
score was classified as high if the sum was 3-5, whereas
the TIL score was classified as low if the sum was 0-2. As
criteria for apoptosis, scores were defined as 2, 1, and 0 if
apoptotic cells (arrows in Fig. 2) were>10 per 10 high-
power fields (HPFs) using 40x objective lens, 5-9 per 10
HPFs, and less than 5 per 10 HPFs, respectively.

Immunohistochemistry (IHC)

IHC was performed for CNB specimens using the following
primary antibodies: anti-ER (clone 1D5; Dako), anti-PgR
(clone PgR636; Dako), anti-HER2 (polyclonal, HercepTest
II, Dako), anti-p53 (clone DO-7; Dako), anti-cytokeratin
(CK) 5/6 (clone D5/16 B4; Dako), anti-CK 14 (NCL-LL002,
Novocastra), and anti-EGFR (pharmDX, clone 2-18C9,
Dako).

Because ER, PgR, and HER2 tests had been performed
by various antibodies and methods, these tests were
re-tested again according to standardized antibodies and

Fig. 1 Histophathological
features of tumor-infiltrating
lymphocytes (TILs). a High TIL
score (proportional score 3+
intensity score 2); b High TIL
score (proportional score 2+
intensity score 2); ¢ Low TIL
score (proportional score 1+
intensity score 2); d Low TIL
score (proportional score 0,
intensity score 0). Original
magnification: 400x
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methods in the present study. The sections were deparaffi-
nized, subjected to antigen retrieval by incubating in target
retrieval solution, high pH (Dako) for 40 min at 95°C for
ER and PgR, in sodium citrate buffer (pH 6.0) with a
microwave oven for 15 min at 97°C for CK14, in sodium
citrate buffer (pH 6.0) with a water bath for 15 min at 98°C
for CK5/6, or by autoclaving in sodium citrate buffer (pH
6.0) for 20 min at 121°C for p53, then allowed to cool at
room temperature. Endogenous peroxidase and non-specific
staining were blocked in 2% normal swine serum (Dako).
The slides were incubated with primary antibodies at 4°C
overnight and then reacted with a dextran polymer reagent
combined with secondary antibodies and peroxidase
(Envision Plus, Dako) for 2 h at room temperature. Specific
antigen—antibody reactions were visualized using 0.2% di-
aminobenzidine tetrahydrochloride and hydrogen peroxide.
Counterstaining was performed using Mayer’s hematoxy-
lin. For the HER2 and EGFR kits, immunohistochemistry
was performed in accordance with the protocol recom-
mended by the manufacturer.

ER and PgR were judged as positive if the Allred score
was >3 and as negative if the Allred score was <2 [I8].
HER? protein overexpression was judged as positive when
the score was 3+, equivocal when the score was 2+, and
negative when the score was 0 or 1+ in accordance with
the ASCO/CAP recommendation [19]. TNBC was defined
as negative for ER, PgR, and HER2, while the HR+/
HER2- subtype was defined as positive for ER or PgR and
negative for HER2, and the HR—/HER2+ subtype was
defined as negative for ER and PgR, and positive for
HER2. The basal-like subtype was defined as CK5/




