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Abstract

Background Reproductive factors may influence breast cancer progression and patient survival; however, evidence has been
limited.

Methods The associations of reproductive factors with tumor characteristics and patient survival were analyzed among 1468
breast cancer patients diagnosed during 1997-2013 at a single institute in Japan. The patients were followed until 2016.
During a median follow-up period of 8.6 years, 272 all-cause and 199 breast cancer deaths were documented.

Results In case—case comparisons, later age at menarche was inversely associated with advanced tumors. Nulliparous
patients tended to have receptor-positive [estrogen receptor (ER)+ or progesterone receptor (PR)+] tumors. Conversely, the
Cox proportional-hazards model including adjustment for tumor characteristics revealed U-shaped relationship between
parity number and the risk of all-cause death among the patients overall [hazard ratio (HR)=2.10 for nulliparous, 1.28 for
2, and 1.50 for >3 vs. one child]. According to hormone receptor, later age at menarche and later age at last birth were posi-
tively associated with the risk of all-cause death among patients with ER— and PR— cancer (menarche, HR =2.18 for> 15
vs. <12 years, p..q=0.03; last birth, HR =3.10 for > 35 vs. <29 years, p.,q=0.01). A shorter time since last birth was
associated with the risk of death among receptor-positive patients (HR =5.72 for <4 vs. > 10 years, p.nq=0.004).
Conclusion The results indicate that the timing of menarche and parity have significant effects on patient survival, providing
clues for understanding the association between women’s life course and breast cancer outcome.
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adverse effect of later age at menarche [5, 12]. The associa-
tions of parity histories including parity number, age at first
birth, and age at last birth with breast cancer survival have
also been inconsistent in the previous studies [3, 5, 6, 8—15],
although some more recent studies have indicated that a
shorter time since last birth was significantly associated
with reduced survival [4-6, 13, 16, 17]. These inconsistent
results may have been due to differences in the distributions
of characteristics such as tumor subtype among the studies,
because prognostic factors may differ among subjects with
these different characteristics. However, data based on tumor
subtype, including hormone receptor status, have been insuf-
ficient [4, 5, 13, 17].

A number of issues may make it difficult to directly com-
pare the results of different studies and to clarify the impact
of reproductive factors on survival. First, as patients with
breast cancer have been exposed to various reproductive fac-
tors in the recent or distant past, such factors may impact not
only survival after diagnosis, but also tumor characteristics
such as stage and hormone receptor status at the time of
diagnosis. This would make it difficult to clarify the inde-
pendent effect of each reproductive factor on patient survival
[6, 7, 11]. Second, the endpoint of the studies has varied
(e.g., all-cause death or breast cancer death), which may
partly explain the inconsistent results.

Taking the above issues into account, we conducted a
hospital-based patient cohort study to investigate the rela-
tionships between reproductive factors and the risk of all-
cause and breast cancer-specific death in breast cancer
patients. Data on reproductive history and clinical informa-
tion in breast cancer patients were obtained from a ques-
tionnaire survey and a hospital-based cancer registry at a
single institute in Japan, and a long-term follow-up survey
was conducted.

Patients and methods
Study subjects

Between January 1997 and December 2013, 1570 first-
admitted female patients aged 20 years or over without a
history of cancer were diagnosed as having breast cancer at
the Miyagi Cancer Center Hospital (MCCH). At the time of
admission, these patients were requested to complete a self-
administered questionnaire. After diagnosis, their details
including clinical and pathological findings and informa-
tion on initial treatments were entered into the hospital-
based cancer registry and the patients were followed up.
Among the patients, 1488 (94.8%) completed the question-
naire. After excluding 20 patients who had cancers other
than breast cancer at the time of breast cancer diagnosis, the
remaining 1468 patients were included in the present study.

@ Springer

Data collection and follow-up

Data for reproductive factors were collected in the above
questionnaire survey. Clinical information including tumor
stage based on the UICC TNM classification, and initial
adjuvant treatment was obtained from the MCCH cancer
registry. Information on estrogen/progesterone receptor (ER/
PR) expression was extracted from medical records. Details
of the questionnaire survey have already been described
elsewhere [18-21]. The purpose of the survey was stated
on the cover page of the questionnaire. We considered the
return of self-administered questionnaires signed by the
patients to imply their consent to participate.

Follow-up of patients was performed by reference to the
MCCH cancer registry up to December 2016. The regis-
try conducted active follow-up by accessing hospital visit
records, resident registration cards, and permanent domi-
cile data. For deceased patients, information on the date and
cause of death was obtained with permission from the Min-
istry of Justice. As a general rule of this registry, each indi-
vidual follow-up ends in the 11th year after diagnosis [21].
Therefore, information on vital status at 11 years was avail-
able for the patients diagnosed during 1997-2005. For the
patients diagnosed after 2000, vital status as of December
2016 was obtained. During the follow-up period, 3 patients
(0.2%) were lost to follow-up, and these were treated as cen-
sored cases.

This study was approved by the ethical review board of
the Miyagi Cancer Center (Protocol Identification Number
23-7, May 20, 2011) and conducted in accordance with the
principles specified in the Declaration of Helsinki.

Statistical analysis

In the present study, two types of analysis were performed
as follows. To clarify the associations of reproductive fac-
tors with tumor characteristics at the time of diagnosis,
unconditional logistic regression was performed (case—case
comparisons). To evaluate the risk of mortality in relation
to reproductive factors, Kaplan—Meier analysis and Cox
proportional-hazards regression were conducted (patient
cohort study).

In the case—case comparisons, the associations of major
reproductive factors, i.e., age at menarche and parity num-
ber, with tumor characteristics such as stage and hormone
receptor status were analyzed. The odds ratios (ORs) for
regionally invasive (stage II and III) and advanced (stage
IV) tumors compared with localized tumors (stage 0 and
I) were computed, respectively, using polytomous uncondi-
tional logistic regression. Hormone receptor (HR) subtype
was classified as ER+ or PR+ (luminal type, HR-positive)
and ER- and PR- (HR-negative). The OR for HR-positive
was computed with reference to HR-negative status.
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In the patient cohort study, the end point was all-cause
and breast cancer-specific death. Survival time was calcu-
lated for each patient from the date of diagnosis to the date
of death or the end of follow-up. The crude associations
of major exposure variables with survival were evaluated
by Kaplan—Meier analysis. The Cox proportional-hazards
model was used to estimate hazard ratios (HRs) and 95%
confidence intervals controlled by confounders. The expo-
sure variables were age at menarche, parity number, age at
first birth, age at last birth, time since last birth, and his-
tory of breast-feeding. Time since last birth was calculated
by subtracting age at last birth from age at diagnosis. We
considered the following variables to be potential confound-
ers: age at diagnosis, year of diagnosis, referral status (from
screening, other), family history of breast cancer in parents
or siblings, menopausal status, tumor stage (0-L, II, III, and
IV), hormone receptor status (ER+ or PR+, ER— and PR-),
adjuvant treatment (radiation therapy, chemotherapy, and
endocrine therapy), comorbidities, occupation, and body
mass index (BMI). Referral status may be related to the tim-
ing of breast cancer diagnosis; for example, women with a
recent birth might have a delay in diagnosis because of some
difficulties in visiting cancer-screening centers. Comorbidi-
ties, which included hypertension, ischemic heart disease,
stroke, and diabetes mellitus, may have some adverse effects
on prognosis. Cut-off points for exposures and confounders
were determined arbitrarily, with reference to our previous
study [18]. Time since last birth was classified into three
categories (<4 years, 5-9 years, and > 10 years) based on
the cut-off points used in some previous studies [5, 8, 9, 17].
Missing values for confounders were treated as an additional
variable category and included in the statistical model. In the
analysis, we first evaluated the risk of all-cause and breast
cancer-specific death among the patients overall, and then
performed stratification according to hormone receptor and
menopausal status.

Results

During a median follow-up period of 8.6 years (11,560.7
person-years of follow-up), 272 all-cause and 199 breast
cancer deaths were documented. Table 1 shows the charac-
teristics of the study subjects according to age at menarche
and parity number. The subjects with later age at menarche
tended to be heavy and to have comorbidities. Nulliparous
subjects tended to have a family history of breast cancer.

Reproductive factors and tumor characteristics
Table 2 shows the associations of age at menarche and par-

ity number with tumor characteristics among the patients
overall. Later age at menarche was inversely associated

with advanced tumors (stage IV), although a trend test
showed non-significance (pye,q=0.14). There was a posi-
tive association between parity number including nulliparity
and regionally invasive tumors (p.,q=0.05). Nulliparous
patients tended to have receptor-positive tumors (OR =2.08
in comparison with patients with one child).

Reproductive factors and the risk of all-cause
and breast cancer-specific death

Figure 1 shows the Kaplan—Meier overall and breast can-
cer-specific survival curves in relation to age at menarche
and parity number among the patients overall. In general,
patients with later age at menarche tended to have shorter
survival. Regarding to parity number, shorter survival was
observed for both nulliparous and multiparous (3 <) patients.
Table 3 shows the associations of menstrual and repro-
ductive factors with mortality among the patients overall.
In the table, HRs estimated from three different models are
presented. First, in the model including adjustment for some
reproductive factors (Model 1), a U-shaped relationship was
found between parity number and the risk of all-cause and
breast cancer-specific death. Nulliparous patients had a
high risk of death. Analysis among parous patients revealed
positive associations between higher parity, later age at last
birth, and a risk of death. A shorter time since last birth was
associated with an increased risk of all-cause death. Age at
first birth and history of breast-feeding were not associated
with the risk of all-cause and breast cancer-specific death.
Second, additional adjustment for tumor characteristics was
performed (Model 2), since case—case comparisons had indi-
cated that some reproductive factors were associated with
tumor characteristics, as mentioned above. In Model 2, the
effects of later age at last birth became clear. The U shape for
parity number also became clear. Patients with a later age at
menarche showed a non-significant higher risk of breast can-
cer-specific death (HR=1.35 for > 15 years). The survival
curves in Fig. 1 may support these mortality risks for age at
menarche and parity number. Third, further adjustment for
patient characteristics at the time of diagnosis and adjuvant
treatment was performed. This multivariate analysis (Model
3) yielded results similar to those obtained from Model 2.
Table 4 shows the risk of death according to hormone
receptor status (HR-positive, HR-negative). The HRs in the
table were estimated using Models 1 and 3, respectively.
The U-shaped relationship in relation to parity number was
observed for both receptor subtypes. Among parous patients
with HR-positive cancer, shorter time since last birth was
significantly associated with an increased risk of all-cause
death (HR=5.72 for <4 vs. > 10 years; p.,q=0.004 in
Model 3). Among patients with HR-negative cancer, the
association of age at menarche with the risk of death was
unclear in Model 1, whereas Model 3 including adjustment
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Table 2 Associations of age at menarche and parity history with breast tumor characteristics

Stage Hormone receptor status
Stage 0-I1, n Stage II-III Stage IV ER-and ER+ or PR+
n OR 95% CI n OR 95% CI FR=n n OR 95% CI
Age at menarche (years)®
<12 236 192 1 Reference 38 1 Reference 109 330 1 Reference
13 159 140 1.05 0.77-1.44 19 0.68 0.36-1.27 80 218 1.02 0.72-1.45
14 154 123 0.93 0.67-1.29 17 0.55 0.29-1.07 72 210 1.14  0.79-1.65
>15 166 128 0.94  0.66-1.35 17 0.66 0.32-1.35 77 212 1.12 0.75-1.68
p for trend 0.60 0.14 0.47
Parity number®
Nulliparous 86 53 0.64  0.40-1.03 14 1.07 0.43-2.64 23 121 2.08 1.17-3.69
1 82 75 1 Reference 10 1 Reference 45 114 1 Reference
2 334 258 0.82 057-1.19 43 0.93 0.44-1.99 159 439 1.11 0.75-1.65
3< 181 177 1.06  0.72-1.56 23 1.01 0.44-2.27 100 255 1.06  0.69-1.62
p for trend 0.05 0.85 0.05
p for trend among 0.41 0.86

parous women
only

OR odds ratio, CI confidence interval, ER estrogen receptor, PR progesterone receptor

*Adjusted by age, year of diagnosis, referral status (from screening and other), family history of breast cancer in parents or siblings (no and yes),
parity history (parous, nulliparous, and missing), and menopausal status (pre, post, and missing)

®Adjusted by age, year of diagnosis, referral status (from screening and other), family history of breast cancer in parents or siblings (no and yes),
age at menarche (<12, 13, 14,> 15, and missing), and menopausal status (pre, post, and missing)

for tumor stage showed that later age at menarche was sig-
nificantly associated with an increased risk of all-cause
(HR=2.18 for>15 vs. <12 years; p.,q=0.03 in Model 3)
and breast cancer-specific death (HR =2.06; p;.,q=0.04).
In the analysis limited to parous patients with HR-negative
cancer, Model 3 showed that higher parity and later age at
last birth were associated with an increased risk of all-cause
and breast cancer-specific death.

Table 5 shows the HRs according to both hormone recep-
tor and menopausal status based on Model 3. Among pre-
menopausal patients with HR-negative cancer, later age at
menarche and later age at last birth were significantly asso-
ciated with the risk of all-cause and breast cancer-specific
death. Analysis of premenopausal parous patients with
HR-positive cancer showed a non-significant higher risk
of breast cancer-specific death associated with a history of
recent birth (HR =6.01 for <4 vs. > 10 years). Among post-
menopausal patients, the U-shaped relationship with parity
number was observed for both hormone receptor subtypes.

Discussion
The present study has clarified the roles of reproductive

factors in tumor progression and survival among patients
with breast cancer. Our case—case comparisons revealed
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associations between reproductive factors and both stage
and hormone receptor status at the time of diagnosis. The
patient prospective study showed that some reproductive
factors were associated with the risk of all-cause and breast
cancer-specific death after diagnosis.

With regard to the associations between reproductive fac-
tors and tumor characteristics, the present analysis found
that patients with earlier menarche tended to have advanced
tumors and that parous patients tended to have regionally
invasive tumors. Nulliparous patients tended to have recep-
tor-positive tumors. These findings suggest that reproductive
history may have some effects on tumor progression and
the expression of hormone receptors. Some previous stud-
ies have investigated the associations between reproductive
factors including age at menarche and parity number, and
tumor characteristics [7, 13, 22, 23]. For example, a study
from Sweden showed that nulliparity was associated with
the risk of relatively more aggressive breast cancer [22].
Another study from Sweden revealed that earlier menarche
was significantly associated with a higher tumor grade and
lymph node involvement [7].

In our analysis of associations between reproductive fac-
tors and patient survival, some significant results emerged.
First, although the effect of age at menarche was non-sig-
nificant in the model without adjustment for tumor charac-
teristics (Model 1), the models including adjustment for this
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Fig. 1 Probability of survival according to age at menarche and parity

factor (Models 2 and 3) showed that later menarche might be
associated with an increased risk of breast cancer-specific
death. This was mainly evident among patients with HR-
negative cancer. In this context, the previous studies have
addressed whether or not adjustment for tumor characteris-
tics is appropriate [6, 7, 9, 11, 16, 17, 24]. Some research-
ers have considered that tumor characteristics might be an
intermediate step in the causal path from timing of menarche
to prognosis and that adjustment for these characteristics
might be incorrect [6, 7, 11]. However, the present study
found that adjustment for tumor characteristics strengthened
the adverse effect of later menarche, despite the fact that
later menarche was unlikely to shift tumors toward advanced
characteristics, as shown in Table 2. Furthermore, sensitiv-
ity analysis including patients with stage 0-III cancer also
demonstrated an adverse effect of later menarche (data
not shown). Therefore, it is likely that the risk associated
with age at menarche can be appropriately predicted by
analysis that includes adjustment for tumor characteristics.
After diagnosis, age at menarche may act by not only alter-
ing tumor characteristics in the intermediate step, but also
through host factors. We considered that the following host
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factors might explain the adverse effect of later menarche,
especially among patients with HR-negative cancer. First,
from a biological viewpoint, age at menarche has been
regarded as a surrogate of growth pattern at puberty [25,
26]. Although hypothetical, specific growth patterns may
influence mortality risk in later life. For example, detailed
analysis of our data revealed that mean height, an indicator
of child growth, among deceased HR-negative subjects who
were older at menarche was greater than that among living
subjects, although the mechanism explaining the associa-
tion between height and prognosis must be clarified in sub-
sequent studies. Second, the timing of menarche is related
to individual’s socioeconomic status (SES), which may be
responsible for the risk of death. Although the roles of SES
in puberty onset have been controversial [26—-29], some stud-
ies reported that girls born in low-income families had a
late menarche [26, 27]. Socioeconomic factors determin-
ing the timing of menarche, which may affect lifestyles and
general health status in later life, may have some effects on
prognosis. Thus, we have listed some hypothetical mecha-
nisms; however, the relationships between age at menarche,
tumor characteristics, and survival are possibly complicated.
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Table 3 (continued)

HR hazard ratio, CI confidence interval, ER estrogen receptor, PR progesterone receptor

#Adjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), parity history (parous, nulliparous, and missing), and menopausal status (pre, post, and

missing)

(=

®Adjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), age at menarche (<12, 13, 14,> 15, and missing), and menopausal status (pre, post, and

missing)

=

y

¢ Adjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), age at menarche (<12, 13, 14,> 15, and missing), parity number (1, 2,>3, and missing),

and menopausal status (pre, post, and missing)

[

(=

dAdjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), age at menarche (<12, 13, 14,> 15, and missing), age at first birth (<24, 25-29,> 30, and

missing), parity number (1, 2,> 3, and missing), and menopausal status (pre, post, and missing)

¢Additionally adjusted by stage (0-I, II, III, IV, and missing), hormone receptor (ER+ or PR+, ER— and PR—, and missing), and referral status (from screening and other)

fFurther adjusted by comorbidities (no and yes), radiation therapy (no and yes), chemotherapy (no and yes), endocrine therapy (no and yes), occupation (housewife, other, and missing), and BMI

(<21.1,21.1-<23.3, 23.3- < 26.0, > 26.0, and missing)

s

Furthermore, the association of age at menarche with breast
cancer survival has been inconsistent among previous stud-
ies [3, 5—-11]. To elucidate the role of age at menarche in
tumor progression and survival, further studies focusing on
the long-term biologic effects of reproductive factor will be
needed.

Regarding the associations of parity number with breast
cancer survival, the previous studies yielded inconsistent
results [3, 5, 6, 8-15, 17, 30, 31]. Several studies demon-
strated the poorer survival in patients with high parity [3,
5, 6, 12-14, 17], whereas the mortality risk among nullipa-
rous patients has been unclear [30, 31]. In the present study,
a higher risk of death was found for nulliparous patients.
The relationship between parity number and all-cause and
breast cancer-specific death was U-shaped. Furthermore, the
U-shaped relationship, which was strengthened by analysis
that included adjustment for tumor characteristics (Mod-
els 2 and 3), was clearer among postmenopausal patients.
Previously, Butt et al. demonstrated such a U-shaped rela-
tionship, although the U shape in their report was evident
among younger patients [14]. We considered the mecha-
nisms explaining the effect of parity number as follows.
First, some previous reports have indicated an inverse asso-
ciation between parity number and estrogen level among
postmenopausal women [32, 33]. Therefore, some hormonal
factors may affect mortality risk in relation to parity number,
although the associations between sex hormone levels and
breast cancer prognosis have been poorly understood [34].
Second, psychological stress, lifestyle, and compliance with
cancer treatment in relation to high parity and nulliparity
may have unfavorable effects on health and survival among
postmenopausal patients [5, 35, 36].

Our analysis of parous patients found that a shorter time
since last birth and a later age at last birth were associated
with an increased risk of all-cause and breast cancer-specific
death. Stratification by both hormone receptor and meno-
pausal status revealed that a shorter time since last birth
tended to be associated with an increased risk of all-cause
and breast cancer-specific death among premenopausal
HR-positive patients and that age at last birth appeared to
have a significant effect among premenopausal HR-negative
patients. With regard to the effect of recent birth, the previ-
ous studies have reported an association between a shorter
time since last birth and an increased risk of mortality [4,
5,9, 10, 13, 15-17, 37]. Furthermore, some studies includ-
ing one conducted in Japan have demonstrated a positive
effect of a shorter time since last birth among patients with
receptor-positive tumors [4, 5, 17]. From the viewpoint of
breast cancer risk, it is possible that exposure to sex hor-
mones in pregnancy may be responsible for an increased
risk in the few years after childbirth [38, 39]. If breast can-
cer clones have already been generated before pregnancy,
then gestational sex hormones might stimulate any hormone
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Table 4 Hazard ratio of all-cause and breast cancer-specific death by hormone receptor status

Number  Person-years

of sub-

All-cause death

Breast cancer-specific death

jects Number Model 1 Model 3¢ Number Model 1 Model 3¢
of deaths of deaths
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Positive (ER+or PR+)
Age at menarche (years)
<12 330 2571.4 35 1 Reference® 1 Reference 27 1 Reference® 1 Reference
13 218 1843.9 24 0.76 0.45-1.30 0.89 0.52-1.54 18 0.88 047-1.62 1.08 0.57-2.06
14 210 1675.8 27 0.85 0.50-1.43 094 0.54-1.64 15 0.68 0.35-1.31 0.67 0.33-1.36
>15 212 1786.0 41 0.86 0.51-1.45 095 0.55-1.66 23 1.01 0.53-195 1.11 0.54-2.26
p for trend 0.68 0.92 0.79 0.84
Parity number
Nulliparous 121 905.5 19 2.03 096431 2.07 094-455 14 1.88 0.78-4.51 1.73 0.66 -4.56
1 114 942.5 11 1 Reference” 1 Reference 8 1 Reference® 1 Reference
2 439 3588.8 47 1.13 0.59-2.19 1.20 0.60-2.38 31 1.00 0.46-2.18 1.02 0.44-2.41
3< 255 2082.4 45 1.50 0.77-2.94 1.64 0.83-3.26 26 145 0.65-3.26 1.44 0.61-3.38
p for trend 0.63 0.94 0.62 0.86
p for trend among 0.13 0.10 0.15 0.26
parous women only
Age at first birth (only parous women)
<24 319 2682.8 52 1 Reference® 1 Reference 30 1 Reference® 1 Reference
25-29 390 3205.8 40 0.76 0.50-1.16 0.72 0.47-1.10 29 0.90 0.53-1.51 0.79 0.45-1.38
> 30 112 863.3 14 1.15 0.61-2.18 122 0.63-2.36 9 1.20 0.54-2.68 1.38 0.59-3.23
p for trend 0.76 0.71 0.90 0.91
Age at last birth (only parous women)
<29 355 3010.6 44 1 Reference® 1 Reference 31 1 Reference® 1 Reference
30-34 302 2419.1 36 092 0.58-1.47 1.17 0.71-193 21 0.84 047-1.51 1.23 0.63-2.38
>35 95 764.4 15 1.19 0.65-2.18 128 0.67-245 10 1.23 0.59-2.57 133 0.59-3.02
p for trend 0.74 0.41 0.82 0.45
Time since last birth (years) (only parous women)
> 10 699 5790.0 86 1 Reference? 1 Reference 55 1 Reference? 1 Reference
5-9 34 271.5 5 294 1.04-829 244 0.83-7.20 3 144 0.39-525 137 0.35-5.31
<4 19 132.7 4 598 1.82-19.60 5.72 1.64-19.90 4 3.70 1.06-12.95 3.23 0.80-13.05
p for trend 0.0012 0.004 0.05 0.12
Breast-feeding (only parous women)
No 167 1368.2 18 1 Reference® 1 Reference 14 1 Reference® 1 Reference
Yes 672 5500.0 91 1.04 0.62-1.77 1.08 0.63-1.86 55 0.87 047-1.59 091 047-1.74
Negative (ER— and PR-)
Age at menarche (years)
<12 109 828.1 21 1 Reference® 1 Reference 20 1 Reference® 1 Reference
13 80 606.0 18 1.15 0.60-2.22 140 0.71-2.73 15 1.09 0.54-2.18 1.33 0.65-2.75
14 72 550.5 21 143 0.74-2.78 1.64 0.83-323 20 1.63 0.82-3.23 1.85 0.91-3.77
>15 77 562.9 24 1.34 0.68-2.62 2.18 1.08-4.41 17 1.30 0.61-2.76  2.06 0.93 -4.55
p for trend 0.34 0.03 0.31 0.04
Parity number
Nulliparous 23 139.9 8 245 0.94-6.38 2.76 1.01-7.59 7 296 1.04-846 3.76 1.24-11.36
1 45 352.0 11 1 Reference® 1 Reference 8 1 Reference® 1 Reference
2 159 1233.0 37 1.04 0.53-2.06 142 0.69-292 35 1.29 0.59-2.80 1.68 0.74 -3.81
3< 100 738.4 28 1.17 0.58-2.36  2.02 0.95-4.33 22 1.28 0.57-2.89 2.20 0.92-5.28
p for trend 0.41 0.50 0.42 0.69
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Table 4 (continued)
Number  Person-years All-cause death Breast cancer-specific death
Joef Ci;lb' Number Model 1 Model 3¢ Number Model 1 Model 3¢
of deaths of deaths
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
p for trend among 0.60 0.05 0.56 0.05
parous women only
Age at first birth (only parous women)

<24 138 1048.5 38 1 Reference® 1 Reference 35 1 Reference® 1 Reference
25-29 128 1007.7 27 0.78 046-1.30 0.71 040-126 22 0.67 0.38-1.16 0.51 0.27-0.95
> 30 39 292.5 10 1.14 0.52-2.48 123 0.52-291 7 0.86 0.35-2.09 0.80 0.29-2.19
p for trend 0.83 0.86 0.33 0.17

Age at last birth (only parous women)
<29 146 1164.1 31 1 Reference® 1 Reference 30 1 Reference® 1 Reference
30-34 105 796.3 25 1.20 0.69-2.09 145 0.79-2.66 21 1.03 0.57-1.83 1.18 0.63-2.21
>35 25 163.0 11 274 1.28-5.87 3.10 1.31-7.31 9 2.50 1.10-5.68 2.77 1.11-6.90
p for trend 0.03 0.01 0.11 0.06
Time since last birth (years) (only parous women)
> 10 250 1934.6 59 1 Reference? 1 Reference 52 1 Reference? 1 Reference
5-9 20 137.4 7 2.73 098-7.62 399 1.25-12.70 7 2.53 0.87-7.30 3.69 1.13-12.08
<4 6 51.3 1 1.26 0.15-10.56 1.66 0.18-15.68 0.86 0.10-7.35 0.96 0.10-9.24
p for trend 0.21 0.12 0.45 0.34

Breast-feeding (only parous women)

No 57 4339 13 1 Reference® 1 Reference 12 1 Reference® 1 Reference
Yes 252 1942.1 63 1.05 0.56-1.94 1.08 0.55-2.12 53 1.01 0.53-1.92 0.99 0.48-2.03

HR hazard ratio, CI confidence interval, ER estrogen receptor, PR progesterone receptor

?Adjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), parity history (parous, nulliparous, and
missing), and menopausal status (pre, post, and missing)

bAdjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), age at menarche (<12, 13, 14,> 15, and
missing), and menopausal status (pre, post, and missing)

“Adjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), age at menarche (<12, 13, 14,> 15, and
missing), parity number (1, 2,> 3, and missing), and menopausal status (pre, post, and missing)

dAdjusted by age, year of diagnosis, family history of breast cancer in parents or siblings (no and yes), age at menarche (<12, 13, 14,> 15, miss-
ing), age at first birth (<24, 25-29,> 30, and missing), parity number (1, 2, >3, and missing), and menopausal status (pre, post, and missing)

¢Additionally adjusted by stage (0-I, II, III, and IV), referral status (from screening and other), comorbidities (no and yes), radiation ther-
apy (no and yes), chemotherapy (no and yes), endocrine therapy (no and yes), occupation (housewife, other, and missing), and BMI (<21.1,
21.1-<23.3, 23.3-<26.0, > 26.0, and missing)

receptor-positive clones [16]. Thus, receptor-positive breast
cancers diagnosed shortly after child birth may have malig-
nant potential, resulting in a higher risk of breast cancer-
specific death.

Age at last birth may be related to time since last birth
among premenopausal women. However, in the present
study, a significant effect of age at last birth was observed
among HR-negative patients. Daling et al. reported an asso-
ciation of later age at last birth with poorer survival [13];
however, the risk in relation to hormone receptor status was
unknown. Women whose final parity occurred at an older
age may have been exposed to greater physical and psy-
chological stress when caring for their children, and such
stress may have a worse effect on prognosis, especially the
risk of all-cause death among premenopausal patients with

HR-negative cancer. Otherwise, the hormonal environment
in women who give birth at an older age may impact sur-
vival. There are experimental studies suggesting that estro-
gen may promote the growth of receptor-negative cancer
[40]. Although hypothetically, exposure to gestational sex
hormones at an older age may have adverse effects on prog-
nosis of HR-negative cancer.

Based on the present results, we have discussed the roles
of reproductive factors in tumor progression and survival.
Although reproductive factors affect tumor characteristics
such as stage and hormone receptor status, they may have
independent effects on survival after breast cancer diagnosis.
Our findings may provide clues for better understanding the
association between women’s life course and the outcome
of breast cancer.
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Table 5 (continued)

&

Breast cancer -specific death

Number of All-cause death

Postmenopause
subjects

Breast cancer -specific death

Number of All-cause death

Premenopause
subjects

Springer

Number HR 95% CI

95% CI

HR

Number

95% CI Number HR 95% CI

HR

Number

of deaths

of deaths

of death

of death

32 1.48 0.54-4.06

20 1.15 0.22-6.02 18 0.75 0.14-3.99 148 40 1.31 0.53-3.25

89

Yes

HR hazard ratio, CI confidence interval, ER estrogen receptor, PR progesterone receptor

#Adjusted by age, year of diagnosis, stage (0-1, II, IIL, IV, and missing), referral status (from screening and other), family history of breast cancer in parents or siblings (no and yes), parity his-

tory (parous, nulliparous, and missing), comorbidities (no and yes), radiation therapy (no and yes), chemotherapy (no and yes), endocrine therapy (no and yes), occupation (housewife, other, and

missing), and BMI (<21.1, 21.1-<23.3, 23.3-<26.0,>26.0, and missing)

s

bAdjusted by age, year of diagnosis, stage (0-I, II, III, IV, and missing), referral status (from screening and other), family history of breast cancer in parents or siblings (no and yes), age at
menarche (<12, 13,14, > 15, and missing), comorbidities (no and yes), radiation therapy (no and yes), chemotherapy (no and yes), endocrine therapy (no and yes), occupation (housewife, other,

and missing), and BMI (<21.1, 21.1-<23.3, 23.3—-<26.0, > 26.0, and missing)

-

“Adjusted by age, year of diagnosis, stage (0-I, IL, III, IV, and missing), referral status (from screening and other), family history of breast cancer in parents or siblings (no and yes), age at

-

and yes), occupation (housewife, other, and missing), and BMI (<21.1, 21.1-<23.3, 23.3—<26.0, > 26.0, and missing)

menarche (<12, 13, 14,> 15, and missing), parity number (1, 2, >3, and missing), comorbidities (no and yes), radiation therapy (no and yes), chemotherapy (no and yes), endocrine therapy (no

dAdjusted by age, year of diagnosis, stage (0-1, II, III, IV, and missing), referral status (from screening and other), family history of breast cancer in parents or siblings (no and yes), age at

-

, and missing), age at first birth (<24, 25-29, >30, and missing), parity number (1, 2, >3, and missing), comorbidities (no and yes), radiation therapy (no and yes),

1%,

>

<12, 13,14,>15

menarche (

chemotherapy (no and yes), endocrine therapy (no and yes), occupation (housewife, other, and missing), and BMI (<21.1, 21.1-<23.3, 23.3—-<26.0,>26.0, and missing)

The present study had both strengths and limitations.
One of its strengths was the high quality of patient recruit-
ment and follow-up. Only three of the study subjects were
lost to follow-up. Furthermore, confounding factors were
appropriately controlled for, including related reproductive
factors and family history. Our study also considered refer-
ral status, comorbidities, and adjuvant treatments. Another
strength was that our study could clarify the risk in relation
to age at last birth and birth recency. In Japan, these factors
have been rarely investigated in breast cancer epidemiologi-
cal studies [4].

The limitations of the study were as follows. First,
although this is one of the largest patient cohort studies yet
reported in Japan, stratification by hormone receptor and
menopausal status may have produced false positive or false-
negative results because of the small number of patients and
events. To obtain a more reliable assessment, subsequent
recruitment of patients and follow-up will be required. Sec-
ond, the generalizability of our results may be limited. To
verify our results and to assess their generalizability, further
studies in other regions will be required.

In conclusion, the present study has clarified the roles
of reproductive factors in tumor progression and survival
among patients with breast cancer. Later age at menarche
was inversely associated with advanced tumors. Nullipa-
rous patients tended to have receptor-positive tumors. On
the other hand, a U-shaped relationship between parity
number and the risk of all-cause and breast cancer-specific
death was found among the patients overall. Stratification by
hormone receptor status showed that later age at menarche
and later age at last birth were associated with an increased
risk of death among HR-negative patients. A shorter time
since last birth was associated with the risk of death among
HR-positive patients. These findings indicate that the timing
of menarche and parity history have significant effects on
patient survival, providing clues for better understanding the
association between women’s life course and the outcome
of breast cancer.
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