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Abstract

Background: We investigated safety of breastfeeding after breast cancer in patients carrying germline BRCA pathogenic or likely
pathogenic variants.

Methods: This was an international, multicenter, hospital-based, retrospective cohort study including BRCA carriers diagnosed with
stage I-III invasive breast cancer at age 40years or younger between January 2000 and December 2020 (NCT03673306). Locoregional
recurrences and/or contralateral breast cancers, disease-free survival (DFS), and overall survival (OS) were compared between
patients who breastfed after delivery and those who did not.

Results: Among 4732 patients included from 78 centers worldwide, 659 had a pregnancy after breast cancer diagnosis, of whom 474
delivered a child. After excluding patients with uptake of bilateral risk-reducing mastectomy prior to delivery (n=225) or unknown
breastfeeding status (n=71), 110 (61.8%) breastfed (median duration 5months) and 68 (38.2%) did not breastfeed. Compared to
patients in the no breastfeeding group, those who breastfed were more frequently nulliparous at breast cancer diagnosis (61.8% vs
45.6%) and did not report prior smoking habit (71.8% vs 57.4%). After a median follow-up of 7.0 years following delivery, 7-year cumu-
lative incidence of locoregional recurrences and/or contralateral breast cancers was 29% in the breastfeeding group and 36% in the
no breastfeeding group (adjusted subdistribution hazard ratio [HR] =1.08, 95% CI=0.57 to 2.06). No difference in DFS (adjusted hazard
ratio [aHR] = 0.83, 95% CI=0.49 to 1.41) nor in OS (aHR =1.32, 95% CI=0.31 to 5.66) was observed.

Conclusions: Breastfeeding did not appear to be associated with a higher risk of developing locoregional recurrences or contralateral
breast cancers, emphasizing the possibility of achieving a balance between maternal and infant needs without compromising onco-

logical safety.

Introduction

Breast cancer is the most common malignancy affecting young
women during their reproductive years.! Germline BRCA genetic
testing is recommended for all young patients, regardless of fam-
ily history or tumor biology,” given more than 12% of young
patients with breast cancer are expected to carry a germline
pathogenic or likely pathogenic variant (PV) in the BRCAI and/or
BRCA2 genes.” In this patient population, additional reproductive
considerations apply.* Several studies demonstrated that preg-
nancy after diagnosis and treatment for breast cancer is safe
with no associated increased risk of breast cancer recurrence,’
including among BRCA carriers.®

For women with prior history of breast cancer who become
pregnant and have a live birth, breastfeeding can be a complex
and emotional decision. Breast cancer treatment, especially sur-
gery and radiotherapy, can impact a woman’s ability to breast-
feed.”® Approximately 80% of patients undergoing breast
conserving surgery combined with radiotherapy experience
reduced breast enlargement during pregnancy, with around 50%
of them experiencing limited postnatal milk production from the
ipsilateral breast.” "

In the general population, several studies suggested a protec-
tive effect of breastfeeding on the risk of developing breast can-
cer,” including the most aggressive form of triple-negative
disease.™ A similar protective effect of breastfeeding on the risk
of breast cancer development was observed for BRCA1 carriers
but not for BRCA2 carriers.* Very limited evidence is available
regarding the potential benefits or risks of breastfeeding in young
breast cancer survivors.’'® For survivors who carry a BRCA1 or
BRCAZ2 PV, the decision to breastfeed after breast cancer is even
more complex considering their higher risk of new primary
breast cancer in the remaining breast tissue and the indication
for consideration of risk-reducing mastectomy."’

The BRCA BCY collaboration (NCT03673306) is the largest net-
work of BRCA carriers with a history of breast cancer diagnosed
at the age of 40years or younger. Out of 4732 included patients,
659 had at least 1 pregnancy after breast cancer,® representing a
unique opportunity to evaluate the safety of breastfeeding in this
special population.

Methods

Study design, setting, and patients

This was an international, multicenter, hospital-based, retro-
spective cohort study including young BRCA carriers with a his-
tory of breast cancer. As previously reported,® eligible patients
were women diagnosed at the age of 40years or younger with
invasive breast cancer between January 2000 and December 2020
and known to carry a germline PV in the BRCA1 and/or BRCA2
genes. For this analysis, only patients with a live birth after
breast cancer were included.

Data collection and study oversight

Collected data included breast cancer history and treatment,
BRCA PV, risk-reducing surgeries, reproductive outcomes, recur-
rences and survival. Diagnostic, treatment, and follow-up proce-
dures were conducted according to the clinical practice of each
center. Pregnancy status, its outcomes and breastfeeding were
determined using medical records or through patient self-reports
collected during follow-up visits or surveys, depending on the
center.

The Institut Jules Bordet (Brussels, Belgium) was the coordi-
nating center and served as the central ethics committee. The
study received ethics approval by the local, regional, or national
institutional review boards of participating centers whenever
required by local regulatory authorities. Written informed
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consent was obtained from participants before inclusion in cen-
ters with this requirement.

Reporting of the present work followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.®

Study objectives

The primary objective of the present analysis was to evaluate the
association between breastfeeding and the development of
locoregional recurrences and/or contralateral breast cancers.
Secondary objectives were to evaluate the association between
pregnancy, fetal, and obstetric outcomes and breastfeeding sta-
tus as well as the association between breastfeeding and survival
outcomes.

The primary endpoint was locoregional recurrences and/or
contralateral breast cancers. Secondary endpoints included preg-
nancy, fetal, and obstetric outcomes, disease-free survival (DFS)
and overall survival (OS). Disease-free survival and OS were com-
puted according to Standardized Definitions for Efficacy End
Points (STEEP) criteria.*

Young BRCA carriers with a live birth after breast cancer were
divided into 4 groups: women who breastfed (breastfeeding
group), women who did not breastfeed (no breastfeeding group),
women who underwent risk-reducing mastectomy before deliv-
ery (not able to breastfeed), and women with unknown breast-
feeding status.

Women who underwent bilateral risk-reducing mastectomy
before delivery and women with unknown breastfeeding status
were included only in descriptive analysis. To evaluate the safety
of breastfeeding, only patients in the breastfeeding and no
breastfeeding groups were included.

Statistical analysis

Cumulative incidence of locoregional recurrences and/or con-
tralateral breast cancers was estimated using a competing risk
model. Distant recurrences, second primary malignancies, and
death without recurrence were considered competing events.
The Fine and Gray model was used to estimate the corresponding
subdistribution hazard ratio (sHR) and to adjust for covariates.?
Adjustment was made for patient or tumor characteristics unbal-
anced between the groups as well as for known prognostic fac-
tors. Final adjustment was made for country, smoking habit,
tumor grading, nodal status, hormone receptor status, and
uptake of risk-reducing surgeries. Risk-reducing mastectomy
after delivery and risk-reducing salpingo-oophorectomy were
included in the model as time-dependent covariates.

The Kaplan-Meier method was used to estimate DFS and OS.
Unadjusted and adjusted Cox models were used to compare DFS
and OS according to breastfeeding status. All survival endpoints
were computed from the date of delivery. Patients without the
events of interest were censored at the time of last follow-up.

Subgroup analyses were performed according to specific BRCA
gene, time from breast cancer diagnosis to conception (ie, preg-
nancy interval), hormone receptor status, and use of prior che-
motherapy.

The following parameters about pregnancy, fetal, and obstet-
ric outcomes were compared between patients in the breastfeed-
ing and no breastfeeding groups: patient age at delivery, time
from breast cancer diagnosis to delivery (ie, pregnancy interval),
type of conception, number of live births at the first pregnancy
after breast cancer, number of preterm (<37 weeks) or full-term
(=37 weeks) pregnancies, congenital malformations, pregnancy,
and/or obstetric complications.
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All statistical analyses were 2-sided with P <.05 considered
statistically significant. No adjustment for multiple comparison
was made. Analyses were performed using SAS version 9.4 (SAS
Institute Inc.).

Results

Among the 4732 patients eligible for the study from 78 centers
worldwide, 659 had a pregnancy after breast cancer diagnosis.
After excluding patients with ongoing pregnancy, women that
experienced abortions or miscarriages and those with a DFS
event before delivery, 474 patients delivered a child (Figure 1).

Among the included patients, 110 breastfed their child, 68 did
not breastfeed, 225 underwent bilateral risk-reducing mastec-
tomy before delivery (thus were not able to breastfeed), and 71
had unknown breastfeeding status. Patient and tumor character-
istics in the 4 groups are reported in Table S1.

After exclusion of patients with uptake of bilateral risk-
reducing mastectomy and patients with unknown breastfeeding
status, 178 patients were included in the primary analysis, of
whom 110 (61.8%) breastfed and 68 (38.2%) did not breastfeed.
Compared to patients in the no breastfeeding group, those in the
breastfeeding group were more frequently nulliparous at the
time of breast cancer diagnosis (61.8% vs 45.6%, P=.026) and did
not report prior smoking habit (71.8% vs 57.4%, P=.019) (Table 1).
Overall, 114 (64.0%) patients had undergone breast conserving
surgery with radiotherapy and 164 (92.1%) had received (neo)
adjuvant chemotherapy (Table 1). Among patients that
breastfed, median duration of breastfeeding was 5 months ([IQR]
2-6 months).

Compared to patients in the no breastfeeding group, those in
the breastfeeding group more frequently had a singleton preg-
nancy (90.9% vs 79.4%, P=.029; Table 2). Otherwise, no difference
in pregnancy, fetal, or obstetrical outcomes was observed
between the two groups. Among patients that breastfed, median
age at delivery was 35.4years (IQR 31.7-37.7 years) and median
time from breast cancer diagnosis to delivery was 4.1years (IQR
2.9-6.0years). The majority of pregnancies occurred through
spontaneous conception (80.0%) and were at term (80.0%) with
no complications (73.6%).

Patient and tumor characteristics between patients in the
breastfeeding and no breastfeeding groups according to specific
BRCA gene are reported in Table S2.

After a median follow-up of 7.0years (IQR 3.6-10.5 years) fol-
lowing delivery, 55 (30.9%) patients experienced locoregional
recurrences or a contralateral breast cancer and 16 (9.0%) experi-
enced a competing event (Table S3). No difference in cumulative
incidence of locoregional recurrences and/or contralateral breast
cancer events between the breastfeeding and no breastfeeding
groups was observed (Figure 2). The 7-year cumulative incidence
of locoregional recurrences and/or contralateral breast cancers
was 29% (95% CI = 20 to 40) in the breastfeeding group and 36%
(95% CI = 23 to 49) in the no breastfeeding group (unadjusted
sHR=0.84, 95% CI = 0.49 to 1.44, P=.531; adjusted sHR=1.08,
95% CI =0.57 t0 2.06, P=.518).

Results of the subgroups analyses are reported in Table 3. No
statistically significant interaction in the analysis of cumulative
incidence of locoregional recurrences and/or contralateral breast
cancer events was observed between the explored subgroups
(specific BRCA gene, pregnancy interval, hormone receptor sta-
tus, and chemotherapy use) and breastfeeding status.

Overall, 71 DFS events were observed, 42 (38.2%) in patients
that breastfed and 29 (42.7%) in patients that did not breastfeed
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Patients identified: n = 5,457

Excluded from the study: n = 553

168 no germline BRCA pathogenic variants

107 year at diagnosis earlier than 2000 or later than 2020
91 unknown germline BRCA status
72 duplicated cases
42 diagnosis of non-invasive breast cancer
38 age > 41 years at the time of diagnosis
27 no information on follow-up

8 BRCA pathogenic variants defined as VUS

Patients eligible: n = 4,904

Excluded: n =172
115 stage IV de novo breast cancer
57 no information on post-treatment pregnancies

Patients included in pregnancy analysis: n = 4,732

Excluded: n = 4,073
4,073 with no pregnancy after breast cancer

Patients with a subsequent pregnancy: n = 659

Excluded: n = 185
95 with an abortion/miscarriage
55 with a pregnancy after a DFS event
24 with an ongoing pregnancy
9 with unknown pregnancy outcome
2 no information on uptake of risk-reducing mastectomy

Patients included in descriptive analysis: n = 47

4

Excluded: n =296
225 with bilateral risk-reducing mastectomy prior to delivery
71 with unknown breastfeeding status

| Patients included in primary analysis: n =178

|

V

Patients that breastfed:
n=110

Patients that did not
breastfeed: n = 68

Figure 1. Study flow chart. Abbreviation: VUS = variant of unknown significance.

(Table S3). Seven-year DFS was 62% (95% CI = 50 to 71) and 54%
(95% CI = 40 to 66) in patients that breastfed and that did not
breastfeed, respectively (unadjusted HR=0.79, 95% CI = 0.49 to
1.27, P=.333; adjusted HR [aHR]=0.83, 95% CI = 0.49 to 1.41,
P=.096) (Figure 3, A). The pattern of first DFS event in the breast-
feeding and no breastfeeding groups according to specific BRCA
gene is reported in Table S4.

Overall, 12 OS events were observed, 9 (8.2%) in patients that
breastfed and 3 (4.4%) in patients that did not breastfeed. Seven-
year OS was 92% (95% CI = 84 to 97) and 93% (95% CI = 79 to 98)

in patients that breastfed and that did not breastfeed, respec-
tively (unadjusted HR=1.78, 95% CI = 0.48 to 6.59, P=.365;
aHR=1.32, 95% CI = 0.31 t0 5.66, P=.117) (Figure 3, B).

Discussion

In this large global study of young BRCA carriers with a subse-
quent live birth after prior breast cancer, nearly two thirds
(61.8%) of patients breastfed after delivery. Patients who
breastfed were more frequently nulliparous at the time of breast
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Table 1. Patient and tumor characteristics at breast cancer diagnosis between patients who breastfed after delivery and those who did
not.

Breastfeeding group n = 110 (%) No breastfeeding group n = 68 (%) P
Region .027
Latin/South America 3(2.7) 0 (0.0)
Australia/Oceania 7 (6.4) 1(1.5)
Northern Europe 15 (13.6) 5(7.4)
Eastern Europe 6(5.5) 0(0.0)
North America 6 (5.5) 1(1.5)
Southern Europe 51 (46.4) 45 (66.2)
Asia 22 (20.0) 16 (23.5)
Children before diagnosis .026
No 68 (61.8) 31 (45.6)
Yes 33 (30.0) 34 (50.0)
Unknown 9(8.2) 3(4.4)
Smoking habit .019
Never smoker 79 (71.8) 39 (57.4)
Ever smoker 16 (14.6) 22 (32.4)
Unknown 15 (13.6) 7 (10.3)
Year at diagnosis 477
2000-2004 24 (21.8) 14 (20.6)
2005-2008 26 (23.6) 19 (27.9)
2009-2012 35 (31.8) 14 (20.6)
2013-2016 18 (16.4) 14 (20.6)
2017-2020 7 (6.4) 7(10.3)
Age at diagnosis, median (IQR) years 30 (28-33) 30 (29-32) .882
Age at diagnosis .506
<30years 58 (52.7) 38 (55.9)
31-35years 42 (38.2) 27 (39.7)
36-40years 10 (9.1) 3 (4.4)
Specific BRCA gene
BRCA1 80 (72.7) 53 (77.9) 653
BRCA2 29 (26.4) 14 (20.6)
BRCA1 & BRCA2 1(0.9) 1 (1.5)
BRCA mutated, unknown if BRCA1 or BRCA2 0(0.0) 0 (0.0)
Tumor grade 964
Gl 1(0.9) 1(1.5)
G2 17 (15.5) 11 (16.2)
G3 75 (68.2) 47 (69.1)
Unknown 17 (15.5) 9(13.2)
Tumor size .185
T1 (<2 cm) 53 (48.2) 25 (36.8)
T2 (>2 to <5 cm) 43 (39.1) 31 (45.6)
T3 (>5 cm) or T4 11 (10.0) 6 (8.8)
Missing 3(2.7) 6 (8.8)
Nodal status 448
NO 68 (61.8) 40 (58.8)
N1 34 (30.9) 18 (26.5)
N2 or N3 5 (4.6) 6 (8.8)
Unknown 3(2.7) 4(5.9)
Hormone receptor status 595
ER and PR negative 72 (65.5) 43 (63.2)
ER and/or PR positive 36 (32.7) 22 (32.4)
Unknown 2(1.8) 3(4.4)
HER2 status 282
HER2 negative 98 (89.1) 63 (92.6)
HER2 positive 4(3.6) 0 (0.0)
Unknown 8(7.3) 5(7.4)
Locoregional treatment .816
Breast conserving surgery with radiotherapy 73 (66.4) 41 (60.3)
Breast conserving surgery without radiotherapy 2(1.8) 2(2.9)
Radical surgery with radiotherapy 17 (15.5) 11(16.2)
Radical surgery without radiotherapy 15 (13.6) 12 (17.7)
Unknown 3(2.7) 2(2.9)
Use of chemotherapy 709
No 8(7.3) 6 (8.8)
Yes 102 (92.7) 62 (91.2)
Use of endocrine therapy? .806
No 4(11.1) 2(9.1)
Yes 32 (88.9) 20 (90.9)

Abbreviations: ER = estrogen receptor; G = tumor grade; IQR = interquartile range; N = nodal status; PR = progesterone receptor; T = tumor size.
# Calculated among patients with hormone receptor-positive breast cancer.
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Table 2. Pregnancy, fetal, and obstetric outcomes between patients who breastfed after delivery and those who did not.

Breastfeeding group, No breastfeeding group, P
n =110 (%) n =68 (%)
Age at the time of delivery, median (IQR) years 35.4 (31.7-37.7) 35.1(32.6-36.7) 527
Time from breast cancer diagnosis to delivery, 4.1(2.9-6.0) 3.8 (3.0-5.9) .682
median (IQR) years
Pregnancy interval 672
<5Syears from diagnosis 71 (64.5) 46 (67.6)
>5years from diagnosis 39 (35.5) 22 (32.4)
Type of conception 794
Spontaneous pregnancy 88 (80.0) 52 (76.5)
Use of assisted reproductive technology 11 (10.0) 9(13.2)
Unknown 11 (10.0) 7 (10.3)
Number of live births at the first pregnancy .029
after breast cancer
1 100 (90.9) 54 (79.4)
>2 10 (9.1) 14 (20.6)
Timing of delivery .608
At term (>37 weeks) 88 (80.0) 56 (82.4
Preterm (<37 weeks) 11 (10.0) 8(11.8)
Unknown 11 (10.0) 4(5.9)
Pregnancy complications 619
None 81(73.6) 53 (77.9)
Delivery complications 6 (5.5) 1(1.5)
Pregnancy complications 7 (6.4) 6 (8.8)
Congenital abnormalities 0 (0.0) 0(0.0)
Fetal complications 1(0.9) 1(1.5)
Other complications 0(0.0) 0(0.0)
Missing 15 (13.6) 7 (10.3)

Abbreviation: IQR = interquartile range.
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(*) Solid line represents event of interest, dashed line represents competing event

Figure 2. Cumulative incidence of locoregional recurrences and/or contralateral breast cancers between patients who breastfed after delivery and
those who did not. CIF = cumulative incidence function.
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Table 3. Subgroup analyses of cumulative incidence of locoregional recurrences and contralateral breast cancers.
Variable Patients/Events/ Univariate P2 Multivariate p?
Competing events sHR (95% CI) sHR (95% CI)
Specific BRCA gene .998 .840
BRCA1 133/38/9 0.88 (0.46 to 1.68) 1.20 (0.56 to 2.59)
BRCA2 43/16/7 0.88 (0.34 t0 2.52) 1.03 (0.29 to 3.67)
Pregnancy interval 141 116
<5years 117/35/11 0.62 (0.33 t0 1.19) 0.73(0.35 to 1.55)
>5years 61/20/5 1.52 (0.56 to 4.11) 2.15 (0.68 t0 6.79)
Hormone receptor status 728 768
ER and PR negative 115/35/12 0.76 (0.39 to 1.49) 0.98 (0.45 to 2.14)
ER and/or PR positive 58/19/4 0.93 (0.38 t0 2.25) 1.22 (0.37 t0 4.00)
Use of chemotherapy 184 284
No 14/5/1 1.88 (0.58 t0 6.11) 2.23 (0.56 to 8.89)
Yes 164/50/15 0.78 (0.44 to 1.39) 0.97 (0.49 to 1.93)

Abbreviations: CI = confidence intervals; ER = estrogen receptor; PR = progesterone receptor; sHR = hazard ratio.

& P-value for interaction.

cancer diagnosis, did not report prior smoking habit and had a
singleton pregnancy. Breastfeeding did not appear to be associated
with a higher risk of locoregional recurrences and/or contralateral
breast cancers. These are the first results detailing the frequency
and safety of breastfeeding in young breast cancer survivors who
harbor germline BRCA PVs, and provide valuable insights for coun-
seling this special patient population.

While limited available evidence suggests that breastfeeding
after breast cancer is feasible,"'>?! to our knowledge, no prior
study has tried to identify factors associated with breastfeeding,
especially in BRCA carriers. In our study, as compared to patients
that did not breastfeed, nulliparous women were more likely to
breastfeed, suggesting that first-time mothers might be more
motivated to breastfeed. Additionally, women who breastfed
were more likely never smokers, indicating that lifestyle factors
may be associated with the decision to breastfeed after breast
cancer treatment.

Regarding maternal safety, prior evidence suggested that
breastfeeding after breast cancer treatment did not appear to
impact oncological outcomes; however, the sample size of these
studies was very limited and no information on BRCA status was
provided.*'® In our study, breastfeeding in BRCA carriers was
not associated with a higher risk of locoregional recurrences and/
or contralateral breast cancers. In BRCA carriers, young age at
diagnosis of breast cancer is known to be associated with an
increased risk of developing second primary breast cancers.’*?
In our cohort, which included BRCA carriers with breast cancer
diagnosis at a young age, 7-year cumulative incidence of locore-
gional recurrences and/or contralateral breast cancers was rela-
tively high, being 29% in the breastfeeding group and 37% in the
no breastfeeding group, with the majority of these events being
second primary breast cancers (43 out of 55). Notably, for BRCA
carriers, the increased risk of contralateral breast cancer and the
beneficial effect of risk-reducing mastectomy in this special clini-
cal setting should be considered during counseling and may play
a crucial role in deciding to delay this surgical intervention in
order to breastfeed.*® With no increase in locoregional recur-
rences or contralateral breast cancers observed in either BRCA1
or BRCA2 carriers who breastfed, considering that pregnancies
occurred a few years after breast cancer diagnosis, these results

are encouraging, although further studies are needed to confirm
these data.

Despite the known limited postnatal milk production from the
irradiated breast,'® patients and physicians should be informed
that milk produced by the untreated breast may be sufficient for
the nutritional needs of the newborn.”®> Guidelines recommend
that women with prior history of breast cancer should be encour-
aged to breastfeed their children and that they should receive
proper counseling in order to support unilateral breastfeeding,
since misinformation is a major cause for avoiding breastfeed-
ing.?® However, no recommendation exists specifically for BRCA
carriers with a history of breast cancer. Given that breastfeeding
provides important nutritional and developmental benefits for
infants,?” our findings are helpful for informing these patients
about their breastfeeding options.

In the interpretation of our results, some limitations should
be acknowledged. This was a retrospective observational study.
Information on breastfeeding was collected from oncological
records and no information on breast side used for breastfeeding
or the amount of milk production from the treated breast were
collected. Furthermore, imbalances in patient and tumor charac-
teristics between patients who breastfed after delivery and those
who did not might have influenced long-term outcome results;
however, survival models were adjusted for patient and tumor
characteristics unbalanced between the groups as well as for
known prognostic factors. Moreover, despite specific data quality
control and data queries on this variable, 15% of the patients had
missing information on breastfeeding uptake. Finally, given the
frequency of bilateral mastectomy in this population, sample
size was small precluding definitive conclusions. Despite these
limitations, this is a unique cohort of young BRCA carriers, a rela-
tively rare patient population, and it evaluated for the first time
the safety of breastfeeding after breast cancer in this setting.

In conclusion, the decision to breastfeed after breast cancer
among young BRCA carriers appears to be influenced by various
factors, including parity and lifestyle factors. Nearly two thirds of
patients who had a live birth after breast cancer opted to breast-
feed without an apparent increase in the risk of developing
locoregional recurrences or contralateral breast cancers. Our
results provide novel information to guide health-care providers
in the counseling of young BRCA carriers with breast cancer
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Figure 3. Survival outcomes between patients who breastfed after delivery and those who did not: (A) disease-free survival and (B) overall survival.
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history who desire to breastfeed, emphasizing the possibility to
achieve a balance between maternal and infant needs without
compromising oncological safety. Further research is warranted
to enhance our understanding of patients’ needs and the implica-
tions of breastfeeding after breast cancer overall and particularly
among BRCA carriers in order to further optimize their survivor-
ship care.
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