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¢ carcinoma X/ NEN A DT ENEEIZEN T,

F5 RBEHR (N=365)

No. of patients (%)
(N = 369)

Age

<50 146 (40)
>50 223 (60)
Menopause

Premenopausal 152 (41)
Postmenopausal 217 (59)
Invasive tumor size (cm)

<2.0 276 (75)
>2.0 to <5.0 89 (24)
5.0 4 (1)
Histology

Invasive ductal carcinoma

(10) 302 (82)
Mucinous carcinoma 26 (7)
Invasive lobular carcinoma 22 (6)
IDC with predominantl

intraduthI componenty 1
Others (medullary, tubular) 2 (1)

Ki-67 (210 %)
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No. of patients (%)
(N = 369)
_Positive 221 (60)
w Negative 148 (40)
Ki-67 (214 %)
Positive 163 (44)
Negative 206 (56)
= Ki-67 (220 %)
Positive 87 (24)
Negative 282 (76)
Histological grade
1 104 (28)
2 175 (47)
3 88 (24)
Unknown 2 (1)
Nuclear grade
1 156 (42)
2 103 (28)
3 109 (30)
Unknown 1 (0)
Lymphovascular invasion
Positive 138 (37)
Negative 230 (62)
Unknown 1 (0)
Adjuvant chemotherapy
Yes 153 (41)
CMF 100 (65)*
UFT 52 (34)°
CEF 1 (1)
No 217 (59)
Hormone therapy (tamoxifen)
Yes 187 (51)




No. of patients (%)
(N = 369)

No 182 (49)

# 6:Ki-67 D3 5DA v M4 T LMfEFERI S L—F

JESLE
Ki-6 Number of tumors (%)
7
Histological
labe Nuclear grade
grade
1 p
ng iTotal T [ T p—{E
inde value
1 2 3 1 2 3
X
Low 73 114 98 133 117
61
(<10 1148 (49 1(10 (66 (22 (12 [<0.0001
(41)
%) ) D ko.ooo) DD
High 102 74 |1 58 70 192
43
(210 221° (47 (33 (26 (32 (42
(19)
%) ) D ) DD
Low 102 {21 126 |52 128
82
(K14 206" (50 (10 (61 (25 (14 <0.0001
(40)
%) ) D .000P D
High 73 67 |1 30 51 181
22
(>14 1163° (45 (41 (18 (31 | (50
(13)
% ) ) Y DD
Low 144 140 146 81 |55
97
(<20 |282P (51 (14 (52 (29 (19 {<0.0001
(34)
%) ) D Y oD D
140, 001 e e
High 31 148 10 22 154
7
(>20 |87¢ (36 1(55 (11 (25 |(62
(8)
%) ) D ) DD
Tota
3692 1104 |175 |88 156 {103 109
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2% L. 8700 probe# V>, Wilcoxon®pff CHEALST
FEITH, D%, EfLDprobe ZHNT A hF—
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HER2FEMEFLAS A & Xt 52 & L7 MBI Tid. pCRZE
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Ontologyf##T. KEGG (Kyoto Encyclopedia of Genes
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9)  TLAS AMA K R T ONSEEL B DEIE

WA LB O TR = BRRBR &L 0 15 b i
JUBSEASE B IV, 9 BIDpCRE BT, BRIRE &
DIRFTTIE. FAEVBIEILAS AN T, B
PN A L R U CpCRAME DO T WRER & Ao 72, NS
OmRNARHENEWZ & pCRECITHEEADR B - T
((04) , B2 BT OFEF, NSOmRNAFEBL &I
Tl E AT VEREOAEE, IERSZ BED A,
MERE L — R, R, BB b MY DpCRE
Tl BN T~—H—Tholz (F1) ., NSKHTDF
BE A AV TNSOELA A TOFRI &% etk
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[X4 NSOmRNAZE B & & pCROFHEE

05

4
=
5-05
g l_ Eﬁi
o '-\'M’pCR ) aéR 7
Pathological response
1 pCREMEETAHET (ZEEMT)
Variables OR 95%CI P
Log(GNL3) 1 unit gain 0.04 0.00 0.98 0.049
HR negative 1
positive 0.12 0.01 248 0171
HER2 negative 1
positive 0.38 0.05 3.10 0.366
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Histological

1or2 1
grade

3 1.73 0.07 4418 0.742
Stage IMANIB/INA 1

nB/c/Hv 217 0.14 32.84 0.576
Tumor size <5 1

>5 0.19 0.01 2.74 0.220
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Abstract Although previous studies have reported that
onset at young age is associated with poor prognosis in
breast cancer, the correlation between reproductive factors,
breast cancer characteristics, and prognosis remains unclear.
Five hundred and twenty-six premenopausal young women
diagnosed with primary invasive breast cancer between
January 2000 and December 2007 were included in this
study. Patients were classified into four groups according to
their reproductive history: women who gave birth within the
previous 2 years (group A), women who gave birth between
3 and 5 years previously (group B), women who gave birth
more than 5 years previously (group C), and nulliparous
women (group N). The correlation between the time since
last childbirth to diagnosis, histopathological tumor fea-
tures, and breast cancer prognosis was evaluated. Breast
cancer patients who had given birth more recently had more
advanced stage tumors; larger sized tumors; a higher rate of
axillary lymph node metastases; a higher histological tumor
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grade; and increased progesterone receptor (PgR)—, HER2+,
and triple negative tumors than patients who had given birth
less recently or not at all. Group A patients had significantly
shorter survival times than patients in both groups C and N
(log rank test; p < 0.001). After adjusting for tumor char-
acteristics, the hazard ratio for death in group A was 2.19
compared with group N (p = 0.036), and the adjusted
hazard ratio restricted to patients in group A with hormone-
receptor-positive, and HER2— tumors was 3.07 (p =
0.011). Young breast cancer patients who had given birth
more recently had tumors with more aggressive features and
worse prognoses compared with patients who had given
birth less recently or were nulliparous.
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Breast cancer in young women
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Introduction

Many studies have reported that young breast cancer
patients have a poor prognosis [ 1-4]; however, the value of
age as a prognostic factor remains a matter of debate [5].
Epidemiological studies have suggested that endogenous
host environments, such as reproductive history, body-
mass index, and BRCA germline mutation, may correlate
with breast cancer features and prognosis [6—14]. In addi-
tion, molecular subtypes are known to be associated with
survival [15-17], although the correlation between host
environments, including reproductive factors and molecu-
lar subtype, remains unclear. Our objective was to explore
the impact of host-related factors on the histopathological
tumor features and prognosis in breast cancer patients.

Patients and methods
Patients

All premenopausal women of 2044 years of age diag-
nosed with primary invasive breast cancer between January
2000 and December 2007 at the National Cancer Center
Hospital in Tokyo (526 patients) were included in the
present study. Clinical and pathological information was
retrieved from medical charts. The follow-up period was
completed in December 2011, and the median duration of
follow-up was 6.3 years (range: 0.1-11.7 years), during
which time 90 patients died. This study protocol was
approved by the institutional review board at the National
Cancer Center Hospital in Tokyo.

Data collection

Data was collected from various sources, including clinical
pathology reports and the patients themselves. A ques-
tionnaire was routinely used to assess baseline character-
istics at the initial visit for all patients. It included host-
related factors, such as body-mass index, smoking history,
drinking habits, and family history of breast and/or ovarian
cancer in first or second-degree relatives (FH), and men-
strual and reproductive factors, such as age at menarche,
number of pregnancies, number of children, age at first and
last delivery, and duration of breastfeeding. Patients were
classified into four groups according to their reproductive
history: women who gave birth within the previous 2 years
(group A), women who gave birth between 3 and 5 years
previously (group B), women who gave birth more than
5 years previously (group C), and nulliparous women
(group N). Tumor characteristics, including histopathol-
ogy; estrogen receptor (ER), progesterone receptor
(PgR), and human EGFR-related 2 (HER2) statuses; and
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histological grade were abstracted from the relevant diag-
nostic pathology reports. Clinical stage was determined
according to the TNM clinical classification from the
American Joint Committee on Cancer/The International
Union Against Cancer (AJCC/UICC) 6th edition.

Breast cancer subtypes were categorized according to
expression of ER, PgR, and HER2 determined by immu-
nohistochemistry. Hormone-receptor positivity was defined
as positive staining in more than 1 % of the tumor cell
nuclei. HER2 positivity was defined as an immunohisto-
chemistry score of 3+ (intense staining of the cell mem-
brane in more than 30 % of the cancer cells) or an IHC score
of 2+ and positive fluorescence in situ hybridization (FISH)
HER?2 amplification signals. Subtypes were defined as
follows: HR+HER2—, ER— or PgR+, and HER2—;
HR+HER2+, ER— or PgR+, and HER2+; HR—HER2—,
ER, PgR—, and HER2- (triple negative); and HR—
HER2+, ER— and PgR—, and HER2+ (HER2-enriched).

Statistical analyses

All statistical analyses were performed using SAS Ver. 9.2
statistical software (SAS Statistic Inc., Cary, NC). All the
tests were two-sided, and p values of <0.05 were consid-
ered significant. For comparison of patient groups, the Chi
squared test was used for discrete data, and the Wilcoxon
rank sum test was used for continuous data. Overall sur-
vival (OS) was calculated from the first day of breast
cancer diagnosis until death from any cause. Survival
curves were derived from the Kaplan—Meier product limit
estimate method, with the log-rank statistic being used to
test for differences between groups. Hazard ratios and
95 % confidence intervals (CI) for death were estimated
using Cox proportional hazards survival models, with and
without adjusting for one or more of the following factors:
age at diagnosis, AJCC stage, hormone receptor and HER2
statuses, and histological tumor grade. To determine any
trends between age at diagnosis and time from last child-
birth to diagnosis, linear regression was used for continu-
ous data, whereas correlation and ANOVA statistics were
used for discrete data.

Results
Patient and tumor characteristics

Clinical characteristics at diagnosis according to each
group are presented in Table 1. The median age at diag-
nosis for all patients was 39 years (range: 22-44 years). No
difference in the FH of breast cancer was observed between
nulliparous and parous women. Among the 526 women
included in this study, 37 women (7 %) were classified into
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Table 1 Patient characteristics
Parous Nulliparous
Group A Group B Group C Group N
Time since last parity: <2 years 3-5 years >5 years Nulliparous
Number or patients: N =37 N =159 N =181 N =249
Age at diagnosis, median (range) 35 (26-44) 37 (27-43) 41 (32-44) 38 (22-44)
Age at diagnosis category, N (%)
<35 18 (49) 15 (25) 4(2) 75 (30)
35-39 15 (41) 26 (44) 44 (24) 69 (28)
40-44 4 (11) 18 31) 133 (73) 105 (42)
Family history of breast and/or ovarian cancer (within second degree), N (%)

Absent 27 (73) 46 (78) 141 (78) 194 (78)
Present 10 (27) 13 (22) 40 (22) 55 (22)
Age at menarche, median (range) 12 (10-15) 12 (10-15) 12 (9-16) 12 (9-16)

Age at first full-term birth, median (range) 30 (23-43) 30 (20-38) 27 (19-38)
Age at first full-term birth, category, N (%)
Nulliparous 249 (100)
<30 17 (46) 26 (44) 137 (76)
>30 20 (54) 33 (56) 44 (24)
Number of children, N (%)
0 (nulliparous) 249 (100)
1 19 (51) 21 (36) 52 (29)
2 11 (30) 29 (49) 105 (58)
>3 7 (19) 9 (15) 24 (13)
Breastfeeding, N (%)
Nulliparous 249 (100)
<6 months 15 (41) 22 (37) 60 (33)
>6 months 19 (51) 39 (66) 86 (48)
Missing data 3(8) 7 (12) 35 (19)

group A, 59 (11 %) into group B, 118 (35 %) into group C,
and 249 (47 %) into group N. Parous women with breast
cancer were much older than nulliparous women, and the
trend test showed that age at diagnosis increased as the
period from last childbirth increased.

Tumor characteristics at diagnosis according to repro-
ductive history are presented in Table 2. Between nullip-
arous and parous women, no significant differences were
observed in any available factors. However, breast cancer
patients who had given birth recently had more advanced
stage tumors; larger sized tumors; a higher rate of axillary
lymph node metastases; higher histological tumor grade;
and more PgR—, HER2+, and triple negative tumors than
those who had given birth less recently or not at all.

Impact of the time since last childbirth on outcome
The Kaplan—Meier 5-year OS probability was 64.3 % for

group A, 79.3 % for group B, 88.2 % for group C, and
90.6 % for group N. The patients in group A had
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significantly shorter survival times than patients in both
groups C and N (log rank test; p < 0.001 for both groups)
(Fig. 1). Other host-related factors were not associated with
survival.

Using multivariate Cox proportional hazards survival
models, survival outcome of young breast cancer patients
was associated with AJCC stage, histological tumor grade,
and ER status, whereas age at diagnosis and PgR and HER2
statuses were not significantly associated with mortality.
Using those models, breast cancer diagnosed within 2 years
of last childbirth was an independently poor prognostic
factor relative to nulliparity (Table 3). After adjusting for
tumor characteristics, the hazard ratio for death in group A
was 2.19 (95 % CI, 1.05-4.56; p = 0.036), 1.49 in group B
(95 % CI, 0.79-2.83; p = 0.223), and 0.81 in group C
(95 % CI, 0.46-1.43; p = 0.471) compared with group N
(Table 4; Fig. 2). Among the patients with HR+HER2—
tumors, the adjusted hazard ratio for death was 3.07 in group
A (95 % CI, 1.30-7.27; p = 0.011), 1.01 in group B (95 %
CI, 0.39-2.63; p=0977), and 0.60 in group C
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Table 2 Tumor characteristics

Parous Nulliparous p value
Group A Group B Group C Group N Parous vs. nulliparous Trend test (parous)
Time since last parity: <2 years 3-5 years >5 years nulliparous
N =37 N=59 N = 181 N =249
N (%) N (%) N (%) N (%)
AJCC stage at diagnosis 0.409 0.584
0 13) 1(2) 4(2) 8 (3)
I 5(13) 16 (27) 52 (29) 60 (24)
I 18 (49) 26 (44) 97 (53) 140 (56)
I 9 (24) 14 (24) 21 (12) 34 (14)
v 4 (11) 2(3) 74) 7@3)
AJCC T factor at diagnosis 0.679 0.010
Tis 1(3) 1(2) 4(2) 7@3)
Tl 7 (19) 18 (30) 57 (31) 63 (25)
T2 16 (43) 23 (39) 90 (50) 130 (52)
T3 8 (22) 11 (19) 21 (12) 32 (13)
T4 5(13) 6 (10) 9(5) 16 (6)
TO (Occult primary) 0 (0) 0 (0) 0 (0) 1 (0)
Regional lymph node metastasis at diagnosis 0.153 0.005
Negative 19 (51) 37 (63) 133 (73) 184 (74)
Positive 18 (49) 22 (37) 48 (27) 65 (26)
Histological type 0.075 0.139
Invasive ductal carcinoma 35 (95) 49 (83) 164 (90) 226 (91)
Invasive lobular carcinoma 0 (0) 2 (3) 10 (6) 3(1)
Others 2(5) 8 (14) 7 (4) 20 (8)
Estrogen receptor status 0.436 0.140
Negative 19 (51) 19 (32) 63 (35) 83 (33)
Positive 18 (49) 39 (66) 117 (64) 165 (67)
Missing data 0 (0) 1) 1(D) 1 (0)
Progesterone receptor status 0.328 0.001
Negative 20 (54) 18 (30) 45 (25) 65 (26)
Positive 17 (46) 40 (68) 135 (74) 182 (73)
Missing data 0 (0) 1@2) 1(1) 2 (1)
HER?2 status 0.217 0.041
Negative 27 (73) 44 (74) 153 (84) 212 (85)
Positive 10 (27) 14 (24) 27 (15) 36 (14)
Missing 0(0) 1) 1(1) 1 (0)
Tumor subtype 0.605 0.004
HR-+HER2— 16 (43) 38 (64) 128 (71) 174 (70)
HR+HER2+ 38 50 16 (9) 19 (8)
HR—-HER2— (TNBC) 11 (30) 6 (10) 25 (14) 38 (15)
HR—-HER2-+ 7 (19) 9 (15) 11 (6) 17 (7)
Missing 0 (0) 1@2) 1(1) 1 (0)
Histological tumor grade 0.253 0.005
Grade 1 and 2 9 (24) 27 (46) 95 (52) 131 (53)
Grade 3 27 (73) 30 (51) 86 (48) 117 (47)
Missing data 13) 2(3) 0 (0) 1 (0)

AJCC American Joint Committee on Cancer, HER2 human EGFR-related 2, HR hormone receptor, TNBC triple negative breast cancer
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Fig. 1 Kaplan—Meier curves for overall survival based on the time
since last childbirth

(95 % CI, 0.26-1.38; p = 0.228) compared to group N
(Fig. 3a). However, among the patients with other tumor
subtypes, no significant differences in survival were
observed in any group (Fig. 3b—d). Other multivariate Cox
proportional hazard survival models using age at first and
last birth, time from first childbirth to diagnosis, or number
of children among parous women were not associated with
mortality (data not shown).

Discussion

Here, we showed that breast cancer patients with recent
parity had shorter survival times than nulliparous patients.
Women who had delivered within 2 years of breast cancer
diagnosis had tumor(s) at a higher AJCC stage at diagnosis,
a lower rate of ER— and PgR+ tumors, a higher rate of
HER2+ and triple negative tumors, and a higher histo-
logical tumor grade than those with less recent childbirth.
Even after adjusting for these well-known prognostic fac-
tors, including AJCC stage, hormone receptor and HER2
statuses, and histological tumor grade, women who deliv-
ered within 2 years of breast cancer diagnosis had a two-
fold increased risk of death (i.e., were twice as likely to
die) compared with nulliparous women. Moreover, when
the analysis was restricted to patients with HR+HER2—
tumors, women with recent parity had an even higher risk
of death. Several studies have shown that breast cancer
patients with recent childbirth before diagnosis had worse
survival outcomes than nulliparous patients or those with a
less recent childbirth [18-22]. However, to date, few
studies have analyzed the hazard ratio adjusting for not
only reproductive factors, but also tumor characteristics
[23-26]. This study analyzed the hazard ratio adjusting for
both reproductive factors and tumor -characteristics,
including hormone receptor and HER2 statuses and histo-
logical tumor grade.

The patients who were diagnosed with breast cancer
within 2 years of parity might have had a delay in diag-
nosis as a result of pregnancy or lactation or have delayed

Table 3 Multivariate Cox proportional hazards survival models based on the time since last childbirth among patients with breast cancer

Factors Status Hazard ratio 95 % CI Wald p value 3 test p value
AJCC stage Stage 0-1 1 <0.0001
Stage 2 2.63 1.10-6.30 0.0303
Stage 3—4 10.48 4.30-25.55 <0.0001
Histological grade Grade 1-2 1 NA
Grade 3 2.49 1.47-4.21 0.0007
ER status Negative 1 NA
Positive 0.66 0.39-1.12 0.125
PgR status Negative 1 NA
Positive 0.94 0.55-1.60 0.8155
HER?2 status Negative 1 NA
Positive 1.08 0.61-1.92 0.7836
Since last childbirth Group N 1 0.0695
Group A 2:19 1.05-4.56 0.0364
Group B 1.49 0.79-2.83 0.2231
Group C 0.81 0.46-1.43 0.4711
Adjusted for age at diagnosis, AJCC stage, histological grade, and ER, PgR, and HER2 statuses
NA not applicable, AJCC American Joint Committee on Cancer, HER2 human EGFR-related 2
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Table 4 Hazard ratio for death based on the time since last childbirth

Since last childbirth Unadjusted Adjusted 1 Adjusted 2

HR (95 % CI) p HR (95 % CI) p HR (95 % CI) p
Group N 1 1 1
Group A 3.25 (1.81-5.85) <0.001 2.26 (1.114.59) 0.024 2.19 (1.05-4.56) 0.036
Group B 1.59 (0.86-2.94) 0.141 1.50 (0.79-2.85) 0.210 1.49 (0.79-2.83) 0.223
Group C 0.79 (0.47-1.33) 0.377 0.81 (0.46-1.42) 0.460 0.81 (0.46-1.43) 0.471

Adjusted I HR adjusted for AJCC clinical stage (0-1, 2, 3—4), histological tumor grade (1-2, 3), and estrogen receptor status (positive, negative)

Adjusted 2 HR adjusted for age at diagnosis, AJCC clinical stage (0-1, 2, 3-4), histological tumor grade (1-2, 3), estrogen and progesterone
receptor status (positive, negative), and HER2 status (positive and negative)

HR hazard ratio, CI confidence interval

the duration
from adjusted” 95% ClI
last childbirth hazard ratio
Blullipaity 1 (reference)
0-2 years —_—a 2.19 1.05-4.56
3-5 years —_|—H— 1.49 0.79-2.83
>5 years ‘Eﬂ* 0.81 0.46-1.43

r
0.1 1 10

Fig. 2 Multivariate model of mortality based on the time since last
childbirth. *Adjusted for age at diagnosis; AJCC clinical stage;
histological tumor grade; and ER, PgR, and HER2 statuses; CI
confidence interval

initiation of therapy until after delivery. Several studies had
described that these factors also might have played a role in
having an adverse outcome compared with those who had
delivered more than 2 years earlier or were nulliparous at
diagnosis [18, 21, 23-25]. This study showed that breast
cancer patients who delivered within 2 years at diagnosis
had more advanced T stage, more regional lymph node
metastasis, and higher histological tumor grade compared
with those who delivered 3 years or more at diagnosis by
trend test. However, the time since last childbirth demon-
strated an independent prognostic factor adjusted to tumor
characteristics in our study.

The present study was concordant with previous studies
showing that breast cancer patients with recent parity tend
to have more advanced stage tumors, hormone-receptor

‘negativity, aggressive growth, and high tumor grade, sug-
gesting that pregnancy could have influenced tumor biol-
ogy [21, 23, 27, 28]. Young breast cancer patients, those
included women with recent childbirth, also had more
aggressive tumor characteristics, less luminal A tumor, and
more TNBC tumor [5, 16, 29, 30]. The present study was
also concordant with epidemiological studies showing that
recent parity before breast cancer diagnosis is associated
with a worse outcome in premenopausal women (generally
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younger than 45 years), with a peak in risk of death within
2 years after delivery [21-26, 31]. Tumors found in women
who have given birth recently have been reported to
present with more adverse characteristics compared with
tumors in nulliparous women [23, 32]. However, our
results revealed that among patients with HR+HER2—
tumors, which generally have a good prognosis, women
who had given birth recently had a poorer prognosis than
nulliparous women, although the reason for recent parity
being associated with poor survival has not yet been clearly
elucidated.

Pregnancy has a dual effect on the risk of breast cancer.
A full-term pregnancy protects against the development of
breast cancer later in life because full-term pregnancy
induces differentiation of the mammary gland during
pregnancy, making it less susceptible to carcinogenic
insults [33]. However, shortly after pregnancy the risk of
breast cancer increases temporarily, with a peak in risk
5-7 years after delivery [34, 35]. This short-term increase
in risk may be because of stimulation of normal mammary
gland growth by pregnancy hormones as well as, already
existing mammary tumor cells.

Several hypotheses have been proposed to explain the
poor prognosis of young breast cancer patients who have
recently given birth. Gestational hormones, which are
estrogen, progesterone, and insulin-like growth factor,
increase tumor cell proliferation [36—40]. Special hormonal
environment of pregnancy may influence the biology of
more aggressive tumor type. Russo et al. [33] proposed that
pregnancy induced differentiation of the mammary pro-
genitor stem cell 1 to stem cell 2, which is less vulnerable
to transformation by carcinogenic insult than progenitor
stem cell 1. Recently, several studies have shown that the
first full-term pregnancy induces a specific genomic sig-
nature in breast epithelium [41-43]. In the premenopausal
parous human breast, inflammation-associated genes were
upregulated and expression of hormone receptor and HER2
was changed compared to the nulliparous human breast of
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Fig. 3 Kaplan—-Meier curves for overall survival according to tumor subtypes. a HR+HER2— subtype, b HR+HER2+ subtype, ¢ HR—HER2—

subtype, d HR—HER2+ subtype; HR hormone receptor

the same generation [42]. The genomic profile of the breast
cancer cases, irrespective of parity history, differed from
those of parous or nulliparous cancer-free cases according
to the hierarchical clustering [41]. This finding suggests
that the breast cancer cell was already generated before
pregnancy and that pregnancy has contributed to preven-
tion of mammary carcinogenesis. If a breast cancer cell had
already been generated before the start of pregnancy, then
estrogen and progesterone would mainly promote the
proliferation of hormone-receptor-positive breast cancer
cells, not negative cells.
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This hypothesis cannot explain how a shorter length of
time since the last childbirth leads to an increased devel-
opment of hormone-receptor-negative breast cancer in
young breast cancer patients. However, researchers have
shown that receptor activator of nuclear factor-xB ligand
secreted by progesterone-receptor-expressing epithelial
cells stimulated by progesterone induced not only an epi-
thelial proliferative response, but also epithelial carcino-
genesis [44, 45]. In addition, RANKL PgR+ differentiated
mammary cells stimulated by progesterone, promoted
proliferation of the hormone-receptor-negative mammary
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progenitor cells. Conversely, Schedin [35] proposed that
the period between last childbirth to breast cancer diag-
nosis involved the process of mammary gland involution,
which might facilitate breast cancer metastasis and increase
the risk of death. In support of this hypothesis, others have
shown that breast cancer patients with recent parity have a
higher risk of distant recurrence than nulliparous women
[46]. However, our data are not able to provide any proof
for above-mentioned hypotheses underlying development
of aggressive phenotype in women with recent parity.

Here, we have provided evidence that recent parity is
associated with more aggressive histopathological tumor
features and worse survival outcomes in breast cancer
patients; however, our study does have some limitations.
Firstly, since we used an initial routine questionnaire to
assess reproductive status, some data was missing from our
analysis. In fact, only 85 % of the data regarding breast-
feeding status was obtained, although parity data from
almost all patients was included in the analysis. Secondly,
the questionnaire inquired information about prior use of
any hormonal agents including those used for fertility
treatment, contraception, and treatment for osteoporosis,
but not all patients filled in the form and also their response
had not been routinely validated through interview by
healthcare providers. Thirdly, although the frequency of
BRCA1/2 germline mutation in Japanese women has been
reported to be similar to caucasian in a small study [47],
genetic counseling and testing has not been routinely rec-
ommended in clinical practice except for selected patients
with a strong family history. Moreover BRCA1/2 testing is
not supported by public health insurance. Therefore, only a
limited number of patients were offered genetic counseling
and testing in this cohort, which disallows analyses
according to BRCA1/2 mutation status. However, family
history was neither associated with clinical feature nor
prognosis in our cohort (data not shown). Finally, it was
not clear whether tumor(s) with poor outcome affected the
advanced tumor characteristics or whether the advanced
tumor characteristics caused the poor outcomes. However,
our findings that breast cancer patients who gave birth
more recently had poor outcomes even after adjusting well-
known prognostic factors indicate that undiscovered factors
associated with recent childbirth induce a change in the
mammary glands. Further studies are needed to elucidate
the underlying biology.

In conclusion, our results demonstrate that breast cancer
patients who had given birth more recently had tumors with
more aggressive features and a worse prognosis than
patients who were nulliparous or had given birth less
recently.
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