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Background: Breastfeeding is inversely associated with overall risk of breast cancer. This association may differ in
breast cancer subtypes defined by receptor status, as they may reflect different mechanisms of carcinogenesis. We con-
ducted a systematic review and meta-analysis of case—control and prospective cohort studies to investigate the associ-
ation between breastfeeding and breast cancer by estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2) status.

Design: We searched the PubMed and Scopus databases and bibliographies of pertinent articles to identify relevant arti-
cles and used random-effects models to calculate summary odds ratios (ORs) and 95% confidence intervals (Cls).
Results: This meta-analysis represents 27 distinct studies (8 cohort and 19 case—control), with a total of 36 881 breast
cancer cases. Among parous women, the risk estimates for the association between ever (versus never) breastfeeding
and the breast cancers negative for both ER and PR were similar in three cohort and three case—control studies when
results were adjusted for several factors, including the number of full-term pregnancies (combined OR 0.90; 95% CI
0.82-0.99), with little heterogeneity and no indication of publication bias. In a subset of three adjusted studies that
included ER, PR, and HER2 status, ever breastfeeding showed a stronger inverse association with triple-negative breast
cancer (OR 0.78; 95% Cl 0.66-0.91) among parous women. Overall, cohort studies showed no significant association
between breastfeeding and ER+/PR+ or ER+ and/or PR+ breast cancers, although one and two studies (out of four and
seven studies, respectively) showed an inverse association.

Conclusions: This meta-analysis showed a protective effect of ever breastfeeding against hormone receptor-negative
breast cancers, which are more common in younger women and generally have a poorer prognosis than other
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subtypes of breast cancer. The association between breastfeeding and receptor-positive breast cancers needs more

investigation.
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introduction

Breast cancer is the most common cancer in women [1]. In the
United States, one in eight women will develop breast cancer over
the course of their lifetime [2]. Breast cancer is a heterogeneous
disease with various subtypes. Only <5%-10% of breast cancers
can be primarily attributed to an inherited genetic mutation, such
as breast cancer 1 or 2, early onset (BRCAI or 2) genes [3, 4].
More commonly, breast cancer is associated with lifestyle, repro-
ductive, and other environmental factors, including aging, nulli-
parity, early age at menarche, late menopause and first full-term
pregnancy, the use of exogenous hormones (oral contraceptives
and combined postmenopausal hormone replacement therapy),
alcohol consumption, excess weight, insulin resistance, and pos-
sibly smoking [5], many of which are potentially modifiable.

Breast cancer subtypes defined by receptor status may reflect
different mechanisms of carcinogenesis. Many studies have
reported an inverse association between breastfeeding and
breast cancer [6, 7], including those suggesting a stronger pro-
tective effect on hormone receptor-negative breast cancers [8-
14], which are cancers lacking both estrogen receptor (ER) and
progesterone receptor (PR). This subtype constitutes 19%-22%
of breast cancers in large-scale population-based studies in the
United States and Europe [15, 16], but they are more common
in younger women [17], patients with advanced disease [18],
women in Sub-Saharan Africa [19], African-American women
[2], and BRCAI carriers [18]. Over two-third of hormone recep-
tor-negative cancers are additionally negative for human epider-
mal growth factor receptor 2 (HER2) [15, 16]; this subtype is
defined as triple-negative breast cancer (TNBC). Given the high
incidence of breast cancer, any action that could significantly
lower its risk would have a major public health impact.
Additionally, identifying effective strategies to reduce the risk of re-
ceptor-negative breast cancers might be even more impactful,
because they are more common in younger women and generally
have a poorer prognosis than receptor-positive breast cancers [18].

The only previous meta-analysis of the association between
breastfeeding and breast cancer risk by receptor status was based
on seven case—control studies published up to December 2005. It
showed inverse associations between breastfeeding and the breast
cancers that were positive or negative for both hormone receptors
(ER+ and PR+; or ER— and PR—) [20], but it did not take HER2
into consideration. Since then, results of several cohort and other
case—control studies on this association have been published. We
conducted this updated systematic review and meta-analysis of
epidemiological studies to investigate the impact of breastfeeding
on the incidence of breast cancer by hormone receptor and HER2
status, with further focus on receptor-negative subtypes.

methods

study selection

We searched the PubMed and Scopus databases to identify arti-
cles in English from case—control and prospective cohort studies
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on the association between breastfeeding and breast cancer risk,
when these associations were reported by ER, PR, or HER2
status. We followed the Meta-Analysis Of Observational Studies
in Epidemiology (MOOSE) guidelines [21]. The following terms
were used to search the PubMed database: (‘Breast feeding’[Mesh]
OR ‘breast-feeding’ OR breastfeeding OR reproductive OR lacta-
tion) AND (‘Breast Neoplasms’ [Mesh] OR (breast AND (neo-
plasm OR cancer OR tumor OR tumors))) AND (‘Receptors,
Estrogen’[Mesh] OR ‘Receptors, Progesterone’[Mesh] OR ((estro-
gen OR progesterone OR HER2) AND (receptor OR receptors)))
AND ‘English’[Language]; and the Scopus database: ALL((‘breast
feeding’) OR (breastfeeding) OR (lactation)) AND (ALL(Breast)
AND ALL(Neoplasms OR neoplasm OR cancer OR tumor OR
tumors)) AND ALL(Receptor OR Receptors) AND ALL(Estrogen
OR Progesterone OR HER2) AND (LIMIT-TO(DOCTYPE, ‘ar’))
AND (LIMIT-TO(SUBJAREA, ‘MEDI’)) AND LANGUAGE
(ENGLISH). Abstracts (with no subsequent full-text publications)
and unpublished studies were not considered. There was no limi-
tation with regard to publication year. All results were updated
on 27 August 2014. We identified a total of 1301 articles from
PubMed and 1718 articles from Scopus. A total of 158 articles
were present in both databases; so the combined set comprised
2861 distinct articles.

We examined article abstracts, retrieved and reviewed full
texts of potentially eligible articles, and searched bibliographies
of relevant articles to identify other publications not retrieved
in our electronic search. Six additional potentially eligible publi-
cations were identified in bibliography search. We included pub-
lications reporting (i) original research, (ii) human studies, (iii)
case—control or prospective cohort studies, and providing (iv)
information about the association between breastfeeding and
breast cancer by ER, PR, or HER2 status (risk estimates or
enough information to calculate risk estimates, such as distribu-
tion of cases and controls by breastfeeding and receptor status).
Of 2867 articles in our list (Figure 1), we excluded 2826 articles
that did not meet the inclusion criteria. Five other articles, in-
cluding one cohort and four case-control studies, were excluded
for other reasons (supplementary Table S1, available at Annals
of Oncology online): four articles were excluded because results
were only reported by increments of breastfeeding duration (e.g.
per 3 months of breastfeeding; three studies) [9, 22, 23] or by
average number of children breastfed (one study) [24]; another
study was excluded because the reference group in that study
included those with the longest duration of breastfeeding, and
not enough information was available to change the reference
group (e.g. distribution of participants by categories of breast-
feeding and receptor status) [25]. Six additional articles were
excluded because similar or more complete data from the same
study were available in another included publication. Of remain-
ing 30 articles [10, 11, 13, 16, 26-51], 27 were from distinct
studies; the other 3 articles [49-51] provided additional infor-
mation for 3 [26, 35, 38] of the above 27 studies. It should be
noted that a pooled analysis of four studies of African-American
women was published since the completion of our analysis [52].
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Figure 1. Flowchart of selection of studies. *When articles were indexed in
both databases, only one was considered for further review. **Four studies
were excluded because results were only reported by increments of breast-
feeding duration or by average number of children breastfed; another study
was excluded because the reference group was not those with the lowest dur-
ation of breastfeeding.

We did not include this article because all of three original
studies with data on breastfeeding in this pooled analysis were
included in our analysis [28, 39, 47], and the fourth study had
no data on breastfeeding.

Three authors (FI, YL, JZ) independently performed the
search and evaluated the articles. Two authors (FI, YL) inde-
pendently abstracted the data. Any inconsistency was solved by
consensus. We did not contact the authors of original studies.

data abstraction

We abstracted data on first author, publication year, study design,
the number of cancer cases, the number of controls (case—control
studies) or study sizes at baseline (cohort studies), the odds ratios
(ORs) or relative risks (RRs) and 95% confidence intervals (CIs),
and the variables for which the results were controlled by stand-
ardization or statistical adjustments. We used the maximally
adjusted results when several risk estimates with various adjust-
ments were reported. As sometimes only a subset of study subjects
(e.g. only parous women) had information on receptor status, the
numbers of total cases and controls shown in this meta-analysis
could be smaller than the total numbers in the original studies.
Only a modest number of prospective cohort studies reported
the results by single receptor status, in particular for PR status
alone (supplementary Table S2, available at Annals of Oncology
online). Therefore, we only show the results of individual
studies and do not present pooled estimates by single receptor
status. Also, the results by combination of receptors might be
more relevant to the development of breast cancer than those by
single receptor status. The definitions commonly used in original
articles for combinations of receptors included: luminal (positive
for either ER or PR or both: ER+ and/or PR+); luminal A (ER+
and/or PR+ and HER2-); luminal B (ER+ and/or PR+ and
HER2+); nonluminal (negative for both ER and PR: ER—/PR—);
and triple negative (ER—, PR—, and HER2—). Two cohort studies
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used additional biomarkers to define basal-like breast cancers
[ER—, PR—, HER2—, and positive for cytokeratins (CK) 5/6 and/
or epidermal growth factor receptor (EGFR)] and breast cancers
that lacked expression of all of ER, PR, HER2, CK 5/6, and EGFR
[13, 31]. We combined the results for these two latter groups and
included them in analysis of TNBC. The distribution of cases,
controls/noncases or person-years at risk, ORs, RRs, and 95% Cls
were abstracted separately by receptor status and for breastfeeding
(ever versus never) and for various categories of breastfeeding
duration, when data were available. Ever breastfeeding in this ana-
lysis includes any duration of breastfeeding. However, the never
breastfeeding group additionally included women with some dur-
ation of breastfeeding in one cohort (breastfeeding <4 months)
[30] and three case—control studies (breastfeeding <11 months
[37], <36 months [41], and <13 months [46]); the cohort study
reported the results by single receptor status only (i.e. ER, PR, or
HER?2 status individually) [30]. As the results of our sensitivity
analysis with inclusion and exclusion of these studies were
similar, we reported the results with inclusion of these studies.

statistical analysis

We calculated the summary risk estimates and 95% Cls and
plotted Forest plots using random-effects models (DerSimonian-
Laird method) [53] for the association between ever breastfeeding
and breast cancer by receptor status. We presented the summary
estimates for cohort and case—control studies separately. As results
of these two settings might not be comparable, we did not combine
the overall results from cohort and case—control studies. However,
when we did our preplanned subgroup analysis for adjusted studies,
results of cohort and case-control studies appeared to be compar-
able in several receptor categories. Therefore, we showed combined
results for adjusted results from both study designs. Adjustment
variables differed across studies; we considered a study as adjusted
when the results were adjusted at least for age, body mass index
(BMI), parity (the number of births/full-term pregnancies when
only parous women were included), and family history of breast
cancer, as some of major potential confounding factors. We did not
include other potential confounders because the number of studies
with results adjusted for those factors was much more limited. We
also combined results from cohort and case-control studies
of parous women only. We had planned to do a subgroup analysis
by outcome (incident cases; mortality), but the outcome in all
included studies was the incident cases of breast cancer.

Only few cohort studies provided information on the associ-
ation between duration of breastfeeding and breast cancer risk for
each receptor status. We did not apply meta-regression models to
cohort studies to examine a dose-response analysis, because
models based on small number of studies could be unstable and
might provide misleading results. We did not examine dose—
response associations in case-control studies either because we
were not able to verify these associations in cohort studies. We
only show dose-response associations reported in individual
cohort and case—control studies.

Heterogeneity among articles was estimated using the I” statis-
tic and P values associated with Q statistics. I? statistic indicates
the percentage of total variability explained by heterogeneity, and
values of 25%, 50%, and 75% are arbitrarily considered as indica-
tive of low, moderate, and high heterogeneity, respectively [54].
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We plotted funnel plots and used Egger’s weighted regression
method and the Begg and Mazumdar’s adjusted rank correlation
test to examine publication bias for all and adjusted studies by
receptor status when there was at least five cohort or five adjusted
studies [55, 56]. All statistical analyses were conducted with Stata
(Stata Corp. LP, version 13) statistical software. Throughout the
article, associations with 95% ClIs that do not include unity or
two-sided P values of <0.05 were considered as statistically signifi-
cant. An inverse association refers to a statistically significant
association with an RR or OR of <1.

results

Thirty articles were included in this systematic review represent-
ing 27 distinct studies: 8 prospective cohort (supplementary
Table S2, available at Annals of Oncology online) and 19 case-
control studies (supplementary Table S3, available at Annals of
Oncology online), with a total of 23 658 cases and 31 304 con-
trols from case-control and 13 223 cases from cohort studies;
the total number of participants in cohorts at baseline was

736 308 persons. The publication year varied from 2007 to 2014
for cohort studies and from 1983 to 2014 for case—control
studies. The cohort studies were conducted in the United States
(N=5) and Europe (N = 3). The case-control studies were con-
ducted in North America (N=11), Asia (N=6), and Australia
(N=1), and one pooled study was conducted in the United
States, Canada, and Australia. Three and two studies exclusively
included premenopausal [10, 29, 37] and postmenopausal [27,
32] women, respectively.

ER—/PR— and TBNC

Risk estimates from individual studies on the association
between breastfeeding and the breast cancers that were negative
for both ER and PR (ER—/PR—) are shown in Figure 2. The
ORs were similar in the cohort and case-control studies that
were adjusted at least for age, BMI, parity, and family history
of breast cancer (Table 1). The combined OR (95% CI) for
three cohort and three case-control studies of parous women
with adjusted results was 0.90 (0.82-0.99) with little hetero-
geneity (I”=0%, P for heterogeneity = 0.61). The funnel plot

Only No of
Pub. parous ER-/PR- %
Author Year women Adj Menop cases RR/OR (95% Cl) Weight
Cohort
Ma 2010 Yes + Post 248 —— 1.03 (0.83, 1.24) 19.82
Palmer 2011 Yes + 257 —— 0.78 (0.60, 1.03) 15.16
Phipps 2011 Yes + Pre 176 _ 0.81 (0.62, 1.03) 16.16
Tamimi 2012 No - NR —— 0.72 (0.58, 0.87) 19.67
Ritte 2013 Yes - 794 —— 0.98 (0.81, 1.17) 21.11
Warner 2013 Yes - Pre 199 * 0.76 (0.31, 1.21) 3.98
Horn 2014 Yes - 103 * 0.47 (0.23, 0.88) 4.09
Subtotal (I-squared =49.8%, p=0.063) <> 0.84 (0.72, 0.97) 100.00
Case-control
Britton 2002 No + 276 —— 0.77 (0.57, 0.97) 9.02
Cotterchio 2003 No + 864 —— 0.93 (0.74, 1.12) 10.74
Ursin 2005 Yes - 914 —— 0.78 (0.66, 0.91) 12.17
Millikan 2008 No - 225 —— 0.70 (0.50, 1.00) 7.02
Phipps 2008 Yes - Pre 107 —— 0.65 (0.40, 0.90) 5.86
Dolle 2009 Yes - 134 —_—— 1.05 (0.66, 1.44) 6.14
Xing 2010 Yes - 472 —_— 0.40 (0.24, 0.56) 5.55
Bao 2011 Yes + 684 — 0.90 (0.76, 1.04) 12.28
Islam 2012 Yes + 118 —— 0.96 (0.62, 1.30) 6.53
Kawai 2012 Yes + 100 —_— 0.88 (0.57, 1.37) 5.31
Li 2013 Yes - Pre 182 * 0.62 (0.28, 0.97) 3.20
Ambrosone 2014 Yes - 117 —_— 0.66 (0.41, 1.06) 4.77
Work 2014 No - 902 —— 0.60 (0.49, 0.71) 11.41
Subtotal (I-squared =58.7%, p =0.004) <> 0.76 (0.67, 0.86) 100.00
NOTE: Weights are from random effects analysis
[ [ [
2 5 1 2

Figure 2. Association between ever breastfeeding and the breast cancers that are negative for both estrogen and progesterone receptors. Adj, adjusted for at

least age, body mass index, parity, and family history of breast cancer; Menop, menopausal status of study participants (‘Pre’ and ‘Post” indicate that participants

were premenopausal or postmenopausal women, respectively); NR, not-reported; Pub. year, publication year.
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Table 1. Association between ever breastfeeding and breast cancer risk by receptor status

Receptor status No. of studies Relative risk/odds ratio (95% CI) I? statistics (%) P for heterogeneity
ER—/PR—

Cohort 7 0.84 (0.72-0.97) 50 0.06
Adjusted” 3 0.88 (0.74-1.06) 42 0.18
Only parous women 6 0.88 (0.76-1.02) 39 0.15
Adjusted®, only parous 3 0.88 (0.74-1.06) 42 0.18

Case—control 13 0.76 (0.67-0.86) 59 0.004
Adjusted® 5 0.89 (0.80-0.99) 0 0.83
Only parous women 0.77 (0.65-0.91) 55 0.02
Adjusted®, only parous 0.91 (0.79-1.04) 0 0.94

All, adjusted” 8 0.89 (0.82-0.97) 0 0.66

All, only parous women 15 0.81 (0.73-0.91) 51 0.01

All, adjusted®, only parous 6 0.90 (0.82-0.99) 0 0.61

Triple negative

Cohort 3 0.73 (0.62-0.87) 0 0.43
Adjusted” 1 0.81 (0.62-1.04) - -
Only parous women 2 0.76 (0.53-1.08) 15 0.28
Adjusted®, only parous 1 0.81 (0.62-1.04) - -

Case—control 9 0.73 (0.64-0.84) 12 0.34
Adjusted® 2 0.75 (0.61-0.93) 0 0.67
Only parous women 7 0.71 (0.59-0.85) 26 0.23
Adjusted®, only parous 2 0.75 (0.61-0.93) 0 0.67

All, adjusted® 3 0.78 (0.66-0.91) 0 0.83

All, only parous women 9 0.72 (0.63-0.84) 17 0.29

All, adjusted”, only parous 3 0.78 (0.66-0.91) 0 0.83

ER+/PR+

Cohort 4 1.00 (0.90-1.10) 54 0.09
Adjusted® 2 1.06 (0.98-1.15) 0 0.55
Only parous women 4 1.00 (0.90-1.10) 54 0.09
Adjusted®, only parous 2 1.06 (0.98-1.15) 0 0.55

Case—control 7 0.86 (0.79-0.92) 36 0.15
Adjusted® 4 0.88 (0.78-0.99) 43 0.16
Only parous women 4 0.80 (0.75-0.86) 0 0.84
Adjusted®, only parous 2 0.82(0.73-0.91) 0 0.47

All, adjusted” 6 0.95 (0.85-1.06) 68 0.008

All, only parous women 8 0.89 (0.80-0.99) 77 <0.001

All, adjusted®, only parous 4 0.94 (0.79-1.12) 80 0.002

ER+ and/or PR+

Cohort 7 0.97 (0.88-1.07) 78 <0.001
Adjusted” 3 1.04 (0.98-1.10) 0 0.56
Only parous women 5 1.00 (0.92-1.09) 43 0.14
Adjusted®, only parous 2 1.04 (0.95-1.14) 15 0.28

Case-control 18 0.82 (0.76-0.89) 69 <0.001
Adjusted® 5 0.88 (0.76-1.02) 72 0.006
Only parous women 12 0.83 (0.74-0.92) 70 <0.001
Adjusted®, only parous 3 0.89 (0.71-1.11) 75 0.02

All, adjusted” 8 0.95 (0.87-1.05) 75 <0.001

All, only parous women 17 0.88 (0.81-0.97) 78 <0.001

All, adjusted®, only parous 5 0.97 (0.85-1.11) 77 0.002

“Results adjusted at least for age, body mass index, parity, and family history of breast cancer.
ER, estrogen receptor; ER—/PR—, negative for both ER and PR; ER+/PR+, positive for both ER and PR; ER+ and/or PR+, positive for either estrogen or
progesterone receptor or both; PR, progesterone receptor.

shows more studies in the lower left than lower right side of =~ However, for adjusted studies, neither the funnel plot nor

the plot when all studies were considered, suggesting some  formal statistical tests did show any indication of publication
bias toward publication of smaller studies (with greater stand-  bias. Similarly, the combined results suggest an inverse associ-
ard errors of OR) reporting inverse associations (Figure 3). ation between breastfeeding and TNBC, but there were only
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Figure 3. Funnel plot for the association between breastfeeding and the breast cancers that are negative for both estrogen and progesterone receptors. (A) All

studies. P value for publication bias—Egger’s method: 0.16; Begg’s method: 0.12. (B) Studies adjusted for at least age, body mass index, parity, and family

history of breast cancer. P value for publication bias—Egger’s method: 0.47; Begg’s method: 0.32.

three adjusted cohort or case-control studies among parous
women (OR 0.78; 95% CI 0.66-0.91) in this category
(Table 1, supplementary Figure S1, available at Annals of
Oncology online).

ER+ and/or PR+ cancers

In cohort studies, breastfeeding did not show any associations
with the breast cancers that were positive for both ER and
PR (ER+/PR+; Table 1, Figure 4, Funnel plot in supplementary
Figure S2, available at Annals of Oncology online) or ER+ and/or
PR+ cancers (supplementary Figures S3-54, available at Annals
of Oncology online). There was a high heterogeneity, but the
only cohort studies that showed inverse associations [13, 29]
were from different, not overlapping phases of a cohort of
registered nurses with relatively younger participants (supple-
mentary Table S2, available at Annals of Oncology online).
The RRs in other cohort studies were close to or above unity.
Case-control studies generally showed an inverse association
between breastfeeding and these two subtypes (Table 1).

In a sensitivity analysis, we included only the studies with
results on both ER—/PR— and ER+ and/or PR+ breast cancers.
The combined estimates were comparable with the overall results:
in cohort studies, the OR (95% CI) was 0.84 (0.72-0.97) for ER—/
PR— and 0.96 (0.85-1.08) for ER+ and/or PR+ cancers.

dose-response association

Of eight cohort studies included in this analysis, six provided
risk estimates for the association between duration of breastfeed-
ing and breast cancer risk by receptor status (supplementary
Table S2, available at Annals of Oncology online). In five [16,
26-28, 30] of six studies reporting the association between
duration of breastfeeding and ER+ and/or PR+ breast cancers
[13, 16, 26-28, 30], risk estimates for any durations were gener-
ally close to or above unity. There were five studies reporting
results for ER—/PR— or TNBC [13, 16, 26-28], of which three
showed some indication of inverse association [13, 26, 28] (two
of which were adjusted for parity) [13, 28]. Several case-control
studies showed inverse dose-response associations between

breastfeeding and hormone receptor-negative breast cancers or
TNBC [10, 11, 35, 38, 39, 44, 46, 48], as well as ER+ and/or PR+
cancers [11, 33, 35, 38, 41, 44, 46, 48].

discussion

In this meta-analysis of cohort and case-control studies in
women with diverse ethno-cultural backgrounds, ever breast-
feeding was associated with a 10% decrease in the risk of the
breast cancers that were negative for both ER and PR in parous
women when results were adjusted for age, BMI, number of
full-term pregnancies, and family history of breast cancer, with
minimal heterogeneity and little evidence for publication bias.
This inverse association was even stronger for TNBC—~20%
reduction in risk—but this was based on a modest number
of studies. Several case—control studies showed inverse dose-
response associations between breastfeeding and hormone re-
ceptor-negative breast cancers and TNBC, and there was some
indication of such an association in a few cohort studies;
however, the number of cohort studies reporting on dose-
response association was limited. Breastfeeding was not signifi-
cantly associated with the risk of ER+ and/or PR+ breast cancer
in cohort studies. Although several case-control studies
reported a dose-response inverse association for ER+ and/or PR
+ cancers, cohort studies did not identify such an association.

It is long known that parity has an inverse association with
breast cancer overall [57]. Although breastfeeding and parity are
highly correlated, a large pooled analysis showed a 4% reduction
in breast cancer risk associated with every 12 months of
breastfeeding, which was independent and in addition to a 7%
reduction in the risk with each live birth [6]. The pattern of
associations between parity/breastfeeding and breast cancer by
receptor status provide another piece of evidence for an inde-
pendent protective effect of breastfeeding. Although parity
reduces the risk of breast cancer overall, it has a paradoxical
effect by receptor status: early age at first full-term pregnancy
and multiparity are generally associated with a lower risk of ER+
and/or PR+ breast cancers but with an increased risk of [28, 39]
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Only No of
Pub. parous ER+/PR+ %
Author year women Adj Menop cases RR/OR (95% CI) Weight
Cohort
Ma 2010  Yes + Post 1260 —- 1.05 (0.96, 1.14) 36.15
Palmer 2011 Yes + 343 T 1.13 (0.91, 1.42) 14.42
Ritte 2013  Yes - 2855 - 0.99 (0.89, 1.09) 32.76
Warner 2013  Yes - Pre 674 —— 0.81 (0.65, 0.97) 16.66
Subtotal (I-squared = 54.4%, p = 0.087) < 1.00 (0.90, 1.10) 100.00
Case-control
Britton 2002 No + 467 — 0.90 (0.70, 1.09) 8.66
Cotterchio 2003 No + 1850 —— 1.00 (0.86, 1.15) 15.72
Ursin 2005 Yes - 1657 - 0.78 (0.69, 0.89) 18.35
Phipps 2008  Yes - Pre 909 —— 0.80 (0.68, 0.92) 14.96
Bao 2011 Yes + 1333 - 0.83 (0.73, 0.92) 20.30
Kawai 2012 Yes + 196 —— 0.73 (0.53, 1.02) 4.48
Work 2014 No - 2464 — 0.91 (0.79, 1.03) 17.52
Subtotal (I-squared = 36.2%, p = 0.152) <> 0.86 (0.79, 0.92) 100.00
NOTE: Weights are from random effects analysis
[ [ [

2

.5 1 2

Figure 4. Association between ever breastfeeding and the breast cancers that were positive for both estrogen and progesterone receptors. Adj, adjusted for at

least age, body mass index, parity, and family history of breast cancer; Menop, menopausal status of study participants (‘Pre’ and ‘Post” indicate that participants

were premenopausal or postmenopausal women, respectively); Pub. year, publication year.

or no association [13, 16, 29, 49, 51] with ER—/PR— and TNBC.
Therefore, the inverse association of breastfeeding with ER—/PR
— and TNBC in our analysis cannot be explained by parity. The
magnitude of the inverse association between breastfeeding and
ER—/PR— and TNBC in parous women remained strong in our
analysis (~10%-20%) even when the results were adjusted for
the number of full-term pregnancies and a few other potential
confounding factors, indicating that the inverse association in
the above pooled analysis (4%) [6], might have been diluted by
receptor-positive breast cancers, which are much more common
than receptor-negative subtypes and showed little association
with breastfeeding in our analysis. Although the 4% reduction
in risk in the pooled study was for 12 months of breastfeeding,
ever breastfeeding in our analysis is unlikely to represent much
longer durations of breastfeeding (if not shorter), especially in
Western countries [6], so a longer duration of breastfeeding is
unlikely to be the reason for a stronger inverse association in
our analysis.

Consistent with results of this meta-analysis, studies on breast
cancer subtypes in specific racial or ethnic groups who are at
higher risk for hormone receptor-negative breast cancers and
TNBC are more likely to demonstrate the greatest benefit to
breastfeeding. Two systematic reviews of risk factors of breast
cancer in BRCA1 and BRCA?2 carriers showed an inverse associ-
ation between breastfeeding and breast cancer in BRCA1 carriers

but not in BRCA2 carriers [58, 59]. BRCAI carriers are at higher
risk for developing ER—/PR— and TNBC, whereas BRCA2 car-
riers are more likely to develop ER+ and/or PR+ breast cancer
[60]. A pooled analysis of several studies of African-American
women (24% ER— and 15% TNBC) demonstrated an ~10% re-
duction in the risk of all breast cancers with ever breastfeeding
(19% reduction in ER— or TNBC risk but without any effect on
ER+ and/or PR+ subtypes) [52].

The mechanisms of breastfeeding’s protective effect on ER—/
PR— and TNBC subtypes are unclear and need further investiga-
tions. This protective effect may be partly due to alterations in hor-
mones other than estrogen and progesterone, such as androgens,
which can suppress cell proliferation in ER+ tumors but can
promote tumorigenesis in ER— tumors [61], as well as nonhormo-
nal mechanisms, including changes in immune responses, altera-
tions in proteins involved in tight junctions and cell-to-cell
adhesion, and apoptosis [62, 63]. The mechanisms of action of
parity and breastfeeding’s separate and additive protective effects
are likely to work through their effects on the molecular matur-
ation and the complete involution of the terminal ductal units, the
milk-making cells, which confer resistance to carcinogenesis [64].
It has been suggested that higher mammographic breast density is
associated with an increased risk of breast cancer [65-68].
However, it is unclear whether the inverse association between
breastfeeding and breast cancer is through an effect of
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breastfeeding on breast density. Although some studies have sug-
gested that breastfeeding could eventually reduce the risk of having
high breast density [69, 70], especially among younger women
[69], some other studies do not support this notion [71-74].

Although this meta-analysis showed no significant overall as-
sociation between breastfeeding and the risk of ER+ and/or PR+
cancers, there were a number of studies (mainly case-control
studies) that did demonstrate a benefit against this subtype [11,
13, 33, 35, 38, 39, 41, 43, 44, 46, 48]. This suggests why the
earlier meta-analysis, which included only case—control studies,
showed an inverse association between breastfeeding and ER+/
PR+ breast cancers [20]. More prospective research is required
before making any definite conclusion about the nature of the
association between breastfeeding and receptor-positive breast
cancer, including on whether or not there is a more modest
inverse association, especially in younger women [13, 29].

Results of this study have important public health implica-
tions, because breastfeeding can be a practical way to potentially
reduce the risk of receptor-negative breast cancers, which are
more common in younger women. These cancers are unlikely to
respond to antiestrogen therapies, which are important strat-
egies for treatment and prevention of recurrence of more
common hormone receptor-positive breast cancers [75], and
they generally are more aggressive and have a poorer prognosis
than receptor-positive cancers [18]. Results of our analysis
could be especially important to individuals at a higher risk of
receptor-negative cancers, including BRCA1I carriers who want
to utilize all potential protective measures as they accelerate
child-bearing before recommended prophylactic surgeries.
African-American women not only are at a higher risk of recep-
tor-negative breast cancer, but also have a much lower rate of
breastfeeding than White or Hispanic women in the United
States; for example, the respective rates for 6 and 12 months of
breastfeeding after childbirth in 2007 was 27.5% and 12.5%
among African-Americans, 45.1% and 23.6% among Whites,
and 46.0% and 24.7% among Hispanics [76]. In addition,
breastfeeding could represent an important complement to
other risk reduction strategies in women [77], such as sustained
weight management [78], as well as several well-established ben-
efits to babies [79]. The duration of breastfeeding necessary to
protect against breast cancer, however, is yet to be accurately
ascertained. The modest number of prospective cohort studies
with several categories of exposure did not allow us to perform a
dose-response meta-analysis. Short durations of breastfeeding
in western countries, where all cohort studies included in this
analysis came from, might have been one of the factors that
interfered with proper examination of dose-response associa-
tions in original reports.

Our analysis has several strengths, including thorough and ex-
haustive search of two databases and reference lists of relevant
articles by three researchers and abstraction of data independ-
ently by two researchers. On the other hand, we were unable to
include studies in other languages than English. However, the
results of major prospective cohort studies on this topic are
most likely to be published in English. One of the limitations of
all meta-analyses of observational studies is heterogeneity in
the study design and variations in definition of exposures and
outcomes across studies. Nevertheless, in almost all studies, the
outcome (breast cancer) was histopathologically confirmed.

Errors or inconsistencies in measurement of breastfeeding could
be more likely [80]. However, any exposure misclassifications in
prospective cohort studies are likely to be nondifferential and
less likely to cause spurious associations. The moderate hetero-
geneity between results of some cohort studies could be related
to differences in the usual duration of breastfeeding in popula-
tions and changes in this duration over time [81]. In addition to
differences between high-income and low- and middle-income
countries, e.g. a lifetime average duration of breastfeeding of 8.7
months for parous controls in high-income countries versus a
median duration of breastfeeding of 24 months per child in
rural areas of Asia and Africa in the 1990s, duration of breast-
feeding varies across high-income populations [6]. These varia-
tions and differences in definition of breastfeeding may explain
part of the heterogeneity between cohort and case—control
studies, but methodological issues in case-control studies, in-
cluding recall bias, may play a major role. Finally, although this
analysis provides a better insight into the association between
breastfeeding and breast cancer, the results of subgroup analyses
are based on modest numbers of studies, so this association and
its detailed aspects, including optimal duration of breastfeeding,
need to be examined in further prospective studies. In addition,
interventional trials are required to identify effective ways to
promote breastfeeding among women, in particular those at
high risk of receptor-negative breast cancers.

conclusions

This meta-analysis showed a protective effect of ever breastfeed-
ing against hormone receptor-negative breast cancers, and this
effect seems to be several times stronger than what had been sug-
gested by studies of all breast cancers without stratification by re-
ceptor status. Our finding has clear public health implications,
because hormone receptor-negative cancers constitute at least
one-fifth of breast cancers in the general population, they are
more common in younger women, and they generally have a
poorer prognosis. Women with the highest risk of receptor-
negative breast cancers, such as African-American women and
BRCAI carriers, can potentially benefit more from breastfeeding.
Although our results showed little association between breastfeed-
ing and receptor-positive breast cancers in cohort studies, more
prospective research is required before making any definite
conclusion about the nature of this association.
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