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Background: Knowledge is growing on the safety of assisted reproductive techniques (ART) in cancer survivors. No data
exist, however, for the specific population of breast cancer patients harboring germline BRCA1/2 pathogenic variants.
Patients and methods: This is a multicenter retrospective cohort study across 30 centers worldwide including women
diagnosed at �40 years with stage I-III breast cancer, between January 2000 and December 2012, harboring known
germline BRCA1/2 pathogenic variants. Patients included in this analysis had a post-treatment pregnancy either
achieved through use of ART (ART group) or naturally (non-ART group). ART procedures included ovulation
induction, ovarian stimulation for in vitro fertilization or intracytoplasmic sperm injection, and embryo transfer
under hormonal replacement therapy.
Results: Among the 1424 patients registered in the study, 168 were eligible for inclusion in the present analysis, of
whom 22 were in the ART group and 146 in the non-ART group. Survivors in the ART group conceived at an older
age compared with those in the non-ART group (median age: 39.7 versus 35.4 years, respectively). Women in the
ondence to: Prof. Matteo Lambertini, Medical Oncology Department,
a di Oncologia Medica, IRCCS Ospedale Policlinico San Martino e

of Genova, Largo Rosanna Benzi 10, 16132 Genova, Italy. Tel: þ39-
254; Fax: þ39-010-555-6536
atteo.lambertini@unige.it (M. Lambertini).

Twitter handle: @matteolambe
2059-7029/© 2021 The Author(s). Published by Elsevier Ltd on behalf of

European Society for Medical Oncology. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

- Issue 6 - 2021 https://doi.org/10.1016/j.esmoop.2021.100300 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:matteo.lambertini@unige.it
https://twitter.com/matteolambe
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esmoop.2021.100300&domain=pdf
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300


ESMO Open M. Condorelli et al.

2

ART group experienced more delivery complications compared with those in the non-ART group (22.1% versus 4.1%,
respectively). No other apparent differences in obstetrical outcomes were observed between cohorts. The median
follow-up from pregnancy was 3.4 years (range: 0.8-8.6 years) in the ART group and 5.0 years (range: 0.8-17.6
years) in the non-ART group. Two patients (9.1%) in the ART group experienced a disease-free survival event
(specifically, a locoregional recurrence) compared with 40 patients (27.4%) in the non-ART group. In the ART group,
no patients deceased compared with 10 patients (6.9%) in the non-ART group.
Conclusion: This study provides encouraging safety data on the use of ART in breast cancer survivors harboring germline
pathogenic variants in BRCA1/2, when natural conception fails or when they opt for ART in order to carry out
preimplantation genetic testing.
Key words: BRCA, breast cancer, fertility, ART, pregnancy, survival
INTRODUCTION

Breast cancer is the most common cancer in women of
reproductive age.1 From the early 2000s, there have been
growing research efforts on options for fertility preservation
in patients with breast cancer and the safety of pregnancy
following treatment completion.2-4 These topics are of
major concern in young patients with breast cancer.5 Large
multicenter studies have shown the safety of pregnancy
after breast cancer treatments, for all histological sub-
types,6-8 and, more recently, also for survivors bearing
germline BRCA pathogenic variants.9

As reassuring evidence accumulates, current guidelines
strongly recommend providers to discuss ovarian stimulation
for oocyte and embryo cryopreservation before starting
chemotherapy with all patients interested in future family
planning.2-4 Breast cancer-tailored ovarian stimulation pro-
tocols have been developed to decrease serum estradiol
concentrations during fertility treatment. Ovarian stimulation
with letrozole for fertility preservation in women with newly
diagnosed non-metastatic breast cancer can be considered
safe when followed by chemotherapy.10 Regarding the spe-
cific safety question of this approach in BRCA-mutated breast
cancer patients, the prospective non-randomized study of
Kim et al.11 reported a subgroup analysis of 26 patients
harboring germline pathogenic variants in BRCA1/2 who
underwent fertility preservation compared with 21 who did
not. No significant difference in relapse-free survival was
observed (P¼ 0.57), although the exposed group had smaller
tumor size than the non-exposed group (P ¼ 0.02).11

Despite numerous research efforts focused on studying
efficacy and safety of fertility preservation strategies at
breast cancer diagnosis and before starting anticancer
therapies, poor evidence is currently available on the safety
of fertility treatments in infertile breast cancer survivors
following treatment completion.12-15 Therefore, further
research is needed to improve the fertility management of
breast cancer survivors, as some of them remain infertile or
childless during oncology follow-up and may not have
accessed prior fertility preservation strategies at diagnosis.

The presence of germline pathogenic variants in BRCA1/
2, combined with the previous history of breast cancer,
raises additional concerns on fertility-related issues in
young women with breast cancer.16,17 BRCA status is often
https://doi.org/10.1016/j.esmoop.2021.100300
not available when making decisions about fertility preser-
vation. Since young age at diagnosis is a criteria for genetic
testing,5 the result often becomes available when pursuing
fertility treatments following remission.

To provide evidence on this important topic, we assessed
the outcomes of a cohort of BRCA-mutated breast cancer
survivors who had a pregnancy after prior history of breast
cancer by comparing the population of patients who un-
derwent assisted reproductive techniques (ART) to those
who became pregnant naturally.

MATERIALS AND METHODS

Study design and patients

This analysis was conducted within a retrospective, inter-
national, multicenter study designed to assess the safety of
pregnancy after breast cancer in young women with
germline pathogenic variants in BRCA1/2 (NCT02308085).9

Thirty centers worldwide provided clinical data of women
diagnosed at �40 years with stage I-III invasive breast cancer
between January 2000 and December 2012, harboring
known deleterious germline pathogenic variants in BRCA1
and/or BRCA2 genes. Patients with the following character-
istics were not eligible for inclusion: de novo stage IV breast
cancer, germline BRCA variants of unknown significance,
history of any previous invasive malignancy other than breast
cancer, lack of oncological follow-up or information on post-
treatment pregnancies. Datasets from countries with more
than one participating center were cross-checked in order to
exclude potential duplicated patients.

For the purpose of investigating the safety of ART, only
women with a pregnancy after breast cancer were included.
Among them, patients who developed a disease-free sur-
vival (DFS) event before having a pregnancy were excluded.
The pregnancy cohort was divided into two groups, one
including patients who had been exposed to ART to achieve
the pregnancy (ART group) and the other including women
who achieved the pregnancy naturally without the use of
ART (non-ART group).
ART treatments

The following procedures were considered as ART treat-
ments: ovarian stimulation for in vitro fertilization (IVF) or
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https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300


Table 1. Oncological characteristics at breast cancer diagnosis

ART group
(n [ 22)

Non-ART
group (n [ 146)

P valuea

Median age at diagnosis 33.0 30.2 0.004
Years (IQR) (30.0-36.0) (28.0-33.0)

Parity at diagnosis 0.030
0 16 (72.7) 65 (44.5)
�1 4 (18.2) 56 (38.4)
Missing 2 (9.1) 25 (17.1)

Country of diagnosis, n (%) 0.049
Europe 14 (63.6) 117 (80.1)
North America 0 (e) 8 (5.5)
Latin America 0 (e) 3 (2.1)
Israel 8 (36.4) 18 (12.3)

Year at diagnosis, n (%) 0.840
2000-2004 4 (18.2) 35 (24.0)
2005-2008 8 (36.4) 55 (37.7)
2009-2012 10 (45.4) 56 (38.3)

BRCA mutation, n (%) 0.473
BRCA1 14 (63.6) 108 (73.9)
BRCA2 8 (36.4) 36 (24.7)
BRCA1/2 0 (e) 2 (1.4)

Histology, n (%) 0.113
Ductal carcinoma 19 (86.3) 121 (82.8)
Lobular carcinoma 2 (9.1) 1 (0.7)
Mixed ductal/lobular 0 (e) 2 (1.4)
Other 1 (4.6) 12 (8.2)
Missing 0 (e) 10 (6.9)

Tumor grade, n (%) 0.008
1 1 (4.6) 4 (2.7)
2 9 (40.8) 21 (14.4)
3 11 (50.0) 114 (78.1)
Missing 1 (4.6) 7 (4.8)

Tumor size, n (%) 0.113
T1 (�2 cm) 14 (63.6) 65 (44.5)
T2-T4 (>2 cm) 8 (36.4) 80 (54.8)
Missing 0 (e) 1 (0.7)

Nodal status, n (%) 0.811
N0 14 (63.6) 96 (65.7)
N1-N3 8 (36.4) 48 (32.9)
Missing 0 (e) 2 (1.4)

Hormone receptor status, n (%) 0.016
ER- and/or PR-positive 13 (59.1) 46 (31.5)
ER- and PR-negative 9 (40.9) 100 (68.5)

HER2 status, n (%) 0.079
HER2-negative 19 (86.4) 134 (91.8)
HER2-positive 3 (13.6) 5 (3.4)
Missing 0 (e) 7 (4.8)

Breast surgery, n (%) 0.034
Conserving 18 (81.8) 81 (55.5)
Radical 4 (18.2) 63 (43.1)
Missing 0 (0.0) 2 (1.4)

Chemotherapy, n (%) 0.204
None 1 (4.5) 0 (0.0)
Anthracycline- and taxane-based 11 (50.0) 88 (60.3)
Anthracycline-based 5 (22.7) 41 (28.1)
Taxane-based 0 (0.0) 3 (2.0)
Other 1 (4.5) 4 (2.7)
Missing 4 (18.2) 10 (6.9)

Endocrine therapy,b n (%) 1.000
No 1 (7.7) 5 (10.9)
Yes 12 (92.3) 41 (89.1)

Median duration of endocrine
therapy in months (IQR)

48.5 (24-60) 50 (25-60) 0.517

Missing 4 15

ART, assisted reproductive techniques; ER, estrogen receptor; HER2, human
epidermal growth factor receptor 2; IQR, interquartile range; PR, progesterone
receptor.
a Excluding missing values, Fisher test for categorical characteristics, Manne
Whitney test otherwise.
b Percentages in this case were calculated including only patients with hormone
receptor-positive breast cancer.
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intracytoplasmic sperm injection (ICSI) carried out after the
completion of anticancer treatments, embryo transfer un-
der hormone replacement therapy (HRT) following oocyte
and/or embryo cryopreservation for fertility preservation at
diagnosis, embryo transfer under HRT following oocyte
donation, and ovulation induction for intrauterine insemi-
nation or planned intercourse.

Study objectives and endpoints

Our main objectives were to describe the occurrence of DFS
and overall survival (OS) events in the ART and non-ART
groups. Moreover, reproductive outcomes in the two
groups were assessed.

DFS events were considered any of the following:
locoregional recurrence, distant metastases, new contra-
lateral or ipsilateral breast cancer, second primary malig-
nancy, or death from any cause. OS event was defined as
death from any cause.

Ethical approval

The study was coordinated and sponsored by the Institut
Jules Bordet (Brussels, Belgium) that also acted as the
central ethics committee. This study was approved by the
ethics committees of all participating centers and partici-
pants provided written informed consent before inclusion,
whenever requested by local regulations.

Statistical analyses

For continuous variables, median and interquartile range
were reported. The baseline characteristics of patients in
the two groups were compared, after excluding missing
values, using the Fisher’s exact test for categorical variables
and the ManneWhitney test otherwise. In order to assess
survival events and reproductive outcomes, descriptive
analyses were conducted.

RESULTS

Of 1424 patients registered in the study, 195 had a preg-
nancy following breast cancer. Among them, 19 developed a
DFS event before pregnancy and for 8 patients, centers
could not provide information about the use of ART, leaving
168 to be included in the present analysis. A total of 22
patients were exposed to ART treatment in order to achieve
pregnancy (ART group) and 146 became pregnant without
the use of ART (non-ART group).

In the ART group, 5 out of 22 (22.7%) patients had at least
one pregnancy before breast cancer diagnosis, compared
with 68 out of 168 (46.6%) in the non-ART group. Similarly, a
smaller proportion of patients had at least one child in the
exposed cohort [4 (18.2%) versus 56 (38.4%) in the non-ART
group] (Table 1). ART-exposed patients were older at diag-
nosis than those in the non-ART group (median age of 33
versus 30.2 years). ART-exposed patients had lower-grade
tumors, as 45.4% of them were diagnosed with a grade 1
or 2 tumor compared with 17.1% in the non-exposed cohort.
Estrogen- and/or progesterone-positive tumors were
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Table 2. Reproductive outcomes after breast cancer treatment

Reproductive outcomes ART group
(n [ 22)

Non-ART group
(n [ 146)

Median age at the time of pregnancy,
years (IQR)

39.7 (35.3-41.4) 35.4 (32.7-38.0)

Median time from breast cancer
diagnosis to conception, years (IQR)

5.4 (2.4-6.7) 3.5 (2.3-5.2)

Pregnancy outcomes, n (%)
Live birth 18 (81.8) 113 (77.4)
Ongoing 1 (4.6) 4 (2.7)
Induced abortion 0 (0.0) 13 (8.9)
Miscarriage 3 (13.6) 15 (10.3)
Unknown 0 (0.0) 1 (0.7)

Timing of delivery, n (%)
At term (�37 weeks) 11 (61.1) 84 (74.3)
Preterm (<37 weeks) 3 (16.7) 7 (6.2)
Unknown 4 (22.2) 22 (19.5)

Pregnancy complications, n (%)
None 10 (45.5) 82 (56.2)
Delivery complications 5 (22.7) 6 (4.1)
Congenital abnormalities 1 (4.5) 3 (2.0)
No. missing 6 (27.3) 55 (37.7)

Breast feeding, n (%)
Yes 2 (9.1) 28 (19.2)
No 8 (36.4) 43 (29.4)
Unknown 12 (54.5) 75 (51.4)
Median duration (years) 0 1

Type of ART, n (%) Not applicable
Embryo transfer under HRT following
oocyte and/or embryo
cryopreservation at diagnosis

4 (18.2)

Embryo transfer under HRT following
oocyte donation

5 (22.7)

Ovarian stimulation for IVF/ICSI after
cancer treatment

7 (31.8)

Ovulation induction 1 (4.5)
Unknown 5 (22.7)

ART, assisted reproductive technologies; HRT, hormonal replace therapy; ICSI,
intracytoplasmic sperm injection; IQR, interquartile range; IVF, in vitro fertilization.
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diagnosed in 59.1% of ART-exposed patients versus 31.5% of
neoplasms in the non-ART group (Table 1).

The most common ART technique that was used in order
to achieve a pregnancy following anticancer treatment
completion was ovarian stimulation for IVF/ICSI (seven pa-
tients, 31.8%). Embryo transfer under HRT following oocyte
donation was the second most used approach (five patients,
22.7%). A total of four (18.2%) patients obtained their
pregnancy by embryo transfer following oocyte and/or
embryo cryopreservation for fertility preservation carried
out at the time of breast cancer diagnosis. Only one patient
(4.5%) became pregnant after ovulation induction. ART
treatment was not specified in five survivors (22.7%)
(Table 2).

Reproductive outcomes in the ART and non-ART groups
are reported in Table 2. In the ART group, survivors were
older at conception, compared with those in the non-ART
group (39.7 versus 35.4 years old, respectively). Patients
in the ART group tended to conceive later from breast
cancer diagnosis compared with patients in the non-ART
group (5.4 versus 3.5 years after breast cancer diagnosis,
respectively). In the ART group, more patients experienced
delivery complications than in the non-ART group (22.7%
versus 4.1%, respectively), with no apparent difference in
the other obstetrical complications.

Patients in the non-ART group had a longer median
follow-up from conception compared with the patients in
the ART group (5.0 versus 3.4 years; Table 3). In the ART
group, 2 patients (9.1%) experienced a DFS event (specif-
ically, a locoregional recurrence) compared with 40 patients
(27.4%) in the non-ART group. No apparent difference in
type of first DFS events was observed between the ART
versus non-ART groups (Table 3). One patient that suffered
from a locoregional recurrence was treated with ovulation
induction, while the other one underwent an embryo
transfer under HRT using her own cryopreserved oocyte/
embryo. No patient from the ART group experienced an OS
event, compared with 10 (6.9%) in the non-ART group.
DISCUSSION

The risk of infertility is one of the most feared conse-
quences of oncological treatments.18 A growing number of
young breast cancer patients are childless at the time of
diagnosis, due to the steady rise in the age at the birth of
the first child.19 We also know that pregnancy after breast
cancer treatment does not increase the risk of relapse,6-8

including among survivors harboring germline pathogenic
variants in BRCA1/2.9 The main approach to prevent infer-
tility in young patients with breast cancer is fertility pres-
ervation using oocytes and/or embryo freezing before
starting anticancer therapies, as endorsed by oncological
and fertility guidelines.2-4 As some patients are not offered
these procedures or will need further fertility interventions
in order to conceive, it is important to investigate the safety
of ART in breast cancer survivors, particularly for those
bearing known deleterious germline pathogenic variants in
BRCA1 and/or BRCA2 genes, for whom there is currently no
4 https://doi.org/10.1016/j.esmoop.2021.100300
available data to refer to. Our multicenter international
retrospective study is the first to analyze the impact of ART
on oncologic and obstetrical outcomes in a population of
young BRCA-mutated breast cancer survivors having a
pregnancy following their breast cancer treatment.

Oncofertility counseling for patients harboring a germline
pathogenic variant in BRCA1/2 remains challenging
considering the limited and conflicting knowledge that is
currently available on the effects of these defects on
fertility. Specifically, over the last 10 years, preclinical and
clinical studies have focused on a diminished fertility po-
tential due to an impaired DNA reparation ability, especially
in case of DNA double strand breaks. Recent literature
provides evidence on a diminished ovarian reserve, espe-
cially in case of germline BRCA1 pathogenic variants, both in
healthy women as well as in breast cancer patients.16 These
data could explain a potential reduced effectiveness of
fertility preservation in breast cancer patients.20 Moreover,
extensive literature exists on a possible increased suscep-
tibility to ovarian aging, although more severe ovarian
damage in case of gonadotoxic exposure has not been
clearly established.21-24 Furthermore, new and specific
treatments are now in use for breast cancer patients when
a BRCA1/2 pathogenic variant is found, such as poly (ADP-
ribose) polymerase (PARP) inhibitors25,26 and platinum
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Table 3. Oncological outcomes

ART group (n [ 22) Non-ART group (n [ 146)

DFS event, n (%)
No 20 (90.9) 106 (72.6)
Yes 2 (9.1) 40 (27.4)

DFS type, n (%)
Locoregional recurrence of primary invasive breast
cancer

2 (9.1) 7 (4.8)

Distant recurrence (with or without locoregional
recurrence) of primary invasive breast cancer

0 (e) 10 (6.9)

Second primary breast cancer 0 (e) 19 (13.0)
Second primary malignancy 0 (e) 4 (2.7)
Death without recurrence 0 (e) 0 (e)

Death, n (%)
No 22 (100.0) 136 (93.1)
Yes 0 (e) 10 (6.9)

Median follow-up from breast cancer diagnosis, years (IQR) 7.5 (6.5-10.5) 8.8 (6.8-11.8)
Median time from breast cancer diagnosis to DFS event,
years (IQR)

7.5 (6.5-10.5) 7.9 (5.6-10.5)

Median follow-up from conception, years (IQR) 3.4 (1.1-5.5) 5.0 (2.8-7.7)
Median time from conception to DFS event, years (IQR) 3.4 (1.1-5.3) 3.7 (2.0-6.1)

ART, assisted reproductive techniques; DFS, disease-free survival; IQR, interquartile range.
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agents.27 In mouse experiments, olaparib has shown to
have a gonadotoxic potential, although it did not increase
the gonadotoxic effect of other chemotherapy agents when
used in association.28 Unfortunately, no clinical data in
terms of reproductive outcomes are available on the added
effect of olaparib or platinum agents in exposed breast
cancer patients, adding uncertainty to an already nebulous
patient counseling. Moreover, a growing number of other-
wise healthy women discover that they harbor a BRCA1/2
pathogenic variant and demand access to ART for preim-
plantation genetic testing (PGT), adding specific concerns
on its safety and efficacy.17 Furthermore, breast cancer
survivors who aim to conceive demand to be treated with
ART for infertility and/or in order to prevent the trans-
mission of the pathogenic variant to offspring through PGT.

Recently, few studies have tried to address the safety of
ART in breast cancer survivors following completion of
anticancer therapies. Three retrospective multicenter
studies,12,14,15 and one registry study,13 did not find any
increased relapse risk in the survivors exposed to ART. None
of these studies focused on breast cancer survivors
harboring germline pathogenic variants in BRCA1/2.

In most of the above-mentioned studies, patients
exposed to ART had favorable oncological characteristics
(low tumor stages, negative nodes, and hormone receptor-
positive disease in the majority of the patients). Similar to
prior studies, we also observed that patients in the ART
group had favorable oncological characteristics. A total of
63.6% of the patients had T1 stage, 63.6% node-negative
disease, 45% grade 1-2 tumors, and 59.1% hormone
receptor-positive breast cancer. Moreover, as in prior re-
ports,12,14 most of the patients underwent chemotherapy
(77.4%). These data suggest that oncologists and fertility
specialists are probably concerned about the safety of ART
in breast cancer survivors, supporting mainly patients with
Volume 6 - Issue 6 - 2021
favorable oncological characteristics to undergo these
options.

Additionally, patients aiming to conceive through ART
were more often childless at diagnosis (72.7%) and older
(median age of 33 years). Survivors who conceived naturally
were pregnant at a younger age, most probably in relation
to their earlier age at diagnosis, but we might also hy-
pothesize complementary reasons such as a lower preva-
lence among these patients of a hormone receptor-positive
breast cancer and a possible shorter time to conceive
because ART was not required. Among the 22 patients in
the ART cohort, the most commonly used approach in order
to obtain a pregnancy was embryo transfer under HRT in
40.9% of cases (embryos were cryopreserved at breast
cancer diagnosis or obtained from oocyte donation/cry-
opreserved oocytes), followed by IVF/ICSI in 31.8% of cases.
These results are in line with the previous study in breast
cancer survivors obtaining a pregnancy through ART: 44%
became pregnant following embryo transfer from oocyte
donations and 36% became pregnant following ovarian
stimulation.12 Similarly, in another study taking into account
all ART procedures carried out in breast cancer survivors,
51.7% of cycles consisted of ovarian stimulation for IVF/ICSI
(107/207) and 30.9% were embryo transfer under HRT (64/
207).14 Embryo transfer under HRT exposes patients to a
physiologic serum estradiol concentration and, for those
using oocyte donation, it allows avoiding the transmission
of the BRCA pathogenic variant. Through the use of ovarian
stimulation for IVF/ICSI, which was the second most
frequent technique in our study (seven patients, 31.8%),
patients could be exposed to higher values of estradiol
levels. However, this technique allows access to PGT for
BRCA1/2 pathogenic variants, which might be highly valued
from a survivor’s perspective. Unfortunately, data on the
attempts of PGT in our cohort were not available. Data on
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ART were missing for five patients (22.7%), indicating a
need for better communication between oncology and
fertility centers.

Patients in the ART cohort experienced more delivery
complications compared with those who became naturally
pregnant (22.7% versus 4.1%, respectively). It is known that
the exposure to ART,29 and older age at conception,30 lead
to an increased obstetrical risk.

DFS events tended to be less frequent in the ART cohort
(9.1% in the ART cohort versus 27.4% in the non-ART
cohort). This tendency could be related to a shorter me-
dian follow-up in the ART group (3.4 years for the ART
cohort versus 5.0 years in the non-ART cohort) and to the
higher prevalence of hormone receptor-positive (59.1% in
the ART group versus 31.5 % in the non-ART group) and
low-grade tumors (50% of grade 3 tumors in the ART
cohort versus 78.1% in the non-ART cohort). Although the
ART cohort of our study is rather small, no apparent
alarming prognostic signals have been observed for survi-
vors bearing BRCA pathogenic variants exposed to ART in
order to obtain a pregnancy. Notably, it is the first study
reporting ART outcomes in the population of BRCA-
mutated breast cancer survivors achieving a pregnancy
following anticancer treatment completion, with one of its
major assets being its multicentric nature with 30 centers
worldwide. These encouraging data can help physicians
when counseling BRCA-mutated breast cancer survivors on
the safety of ART following completion of anticancer
therapies.

The main limitations of our study are its size and its
retrospective nature reporting mostly descriptive analyses.
Moreover, the ART and non-ART groups were characterized
by some differences in baseline and post-treatment char-
acteristics. However, it is important to elicit that onlyw12%
of young breast cancer patients bear a BRCA1/2 pathogenic
variant,31,32 and that only a minority of breast cancer pa-
tients achieve pregnancy.33,34 As a result, even though 30
centers participated worldwide in this study with a total of
1424 patients who were registered, 22 patients could be
included in the ART cohort for the purpose of this analysis.

In conclusion, our study showed that in breast cancer
survivors bearing germline BRCA pathogenic variants, the
use of ART does not appear to increase the risk of relapse.
However, it is important to underline that there is a great
need for an international registry which could be promoted
and endorsed by international oncology and fertility soci-
eties. This tool would allow to increase our knowledge and
give more solid answers on this subject of great interest to
many women.
FUNDING

The present work was supported by the Italian Association
for Cancer Research (‘Associazione Italiana per la Ricerca
sul Cancro’, AIRC; MFAG 2020 ID 24698) and the Italian Min-
istry of Health (5� 1000 funds 2017). MC and ID acknowledge
the Fonds National de la Recherche Scientifique (FNRS and
6 https://doi.org/10.1016/j.esmoop.2021.100300
Télévie 7.6508.20) and Fonds Erasme for their financial
support.
DISCLOSURE

EdA has acted as a scientific advisory board member and
has received honoraria from Roche/Genentech, Novartis,
Seattle Genetics, Zodiacs, Libbs, Pierre Fabre, and Lilly; has
received travel grants from Roche/GNE and GlaxoSmithKline
(GSK)/Novartis; and has received research grants through
his institution from Roche/GNE, AstraZeneca, GSK/Novartis,
and Servier, outside the submitted work. FAP has acted as
consultant for Ipsen, Roche Diagnostic, and Merck outside
the submitted work. CRJ has acted as a scientific advisory
board member and her institution has received honoraria
from Bristol Myers Squibb (BMS), Theramex, and Roche;
and her institution has received speaker’s fees from Ther-
amex and BMS, outside the submitted work. AS has acted
as a consultant for Eli Lilly, Pfizer, Novartis, and Roche; has
received speaker’s fees from Teva, Roche, Pfizer, and
Novartis; has received travel grants from Neopharm, Cel-
gene, and Medison; and has received grant support from
Novartis and Roche, outside the submitted work. CVG has
acted as a consultant, as a scientific advisory board mem-
ber, and has received speaker’s fees from Roche, Novartis,
Pfizer, Lilly, and Merck Sharp & Dohme (MSD); and has
received research funding from AstraZeneca, Roche, and
Pfizer, outside the submitted work. OCC has acted as a
scientific advisory board member for Ascires Sistemas
Genómicos; and has received grant support from Roche
Diagnostics, Neomedic, and Takeda, outside the submitted
work. KP has acted as a scientific advisory board member
for AstraZeneca, Eli Lilly, Gilead Sciences, MSD, Novartis,
Pierre Fabre, Roche, Teva, and Vifor Pharma; has acted as a
consultant for AstraZeneca, Novartis, Pfizer, and Roche; has
received speaker’s fees from Eli Lilly, Medscape, MSD,
Mundi Pharma, Novartis, Pfizer, and Roche; has received
travel grants from AstraZeneca, Novartis, Pfizer, PharmaMar,
and Roche, outside the submitted work. FP has acted as a
scientific advisory board member and has received
speaker’s fees from Amgen, AstraZeneca, Daichi-Sankyo,
Eisai, Eli Lilly, Ipsen, MSD, Novartis, Pierre-Fabre, Pfizer,
Roche, Seagen, and Takeda; has received travel grants from
Celgene, GlaxoSmithKline, and Roche; and has received
research funding from AstraZeneca, Eisai, and Roche,
outside the submitted work. ARF has received honoraria
from Bayer, Daiichi Sankyo, Novartis, and Roche; and has
received travel grants from Roche, outside the submitted
work. JB has acted as consultant for AstraZeneca and Pfizer
outside the submitted work. ID has acted as a scientific
advisory board member and received grant from Roche; has
received speaker’s fees from Novartis; and has received
travel grants from Theramex and Ferring, outside the sub-
mitted work. ML has acted as a consultant for Roche, Lilly,
AstraZeneca, Exact Sciences, and Novartis; and has received
honoraria from Sandoz, Roche, Lilly, Pfizer, Novartis, Ipsen,
Volume 6 - Issue 6 - 2021

https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300


M. Condorelli et al. ESMO Open
and Takeda, outside the submitted work. The remaining
authors have no conflicts of interest to declare.

REFERENCES

1. Fidler MM, Gupta S, Soerjomataram I, Ferlay J, Steliarova-Foucher E,
Bray F. Cancer incidence and mortality among young adults aged 20-39
years worldwide in 2012: a population-based study. Lancet Oncol.
2017;18(12):1579-1589.

2. Oktay K, Harvey BE, Partridge AH, et al. Fertility preservation in pa-
tients with cancer: ASCO clinical practice guideline update. J Clin
Oncol. 2018;36(19):1994-2001.

3. ESHRE Guideline Group on Female Fertility PreservationAnderson RA,
Amant F, Braat D, et al. ESHRE guideline: female fertility preservation.
Hum Reprod Open. 2020;2020(4):hoaa052.

4. Lambertini M, Peccatori FA, Demeestere I, et al. Fertility preservation
and post-treatment pregnancies in post-pubertal cancer patients:
ESMO Clinical Practice Guidelines. Ann Oncol. 2020;31(12):1664-1678.

5. Paluch-Shimon S, Cardoso F, Partridge AH, et al. ESO-ESMO 4th In-
ternational consensus guidelines for breast cancer in young women
(BCY4). Ann Oncol. 2020;31(6):674-696.

6. Lambertini M, Kroman N, Ameye L, et al. Long-term safety of preg-
nancy following breast cancer according to estrogen receptor status.
J Natl Cancer Inst. 2018;110(4):426-429.

7. Lambertini M, Martel S, Campbell C, et al. Pregnancies during and after
trastuzumab and/or lapatinib in patients with human epidermal
growth factor receptor 2-positive early breast cancer: analysis from
the NeoALTTO (BIG 1-06) and ALTTO (BIG 2-06) trials. Cancer.
2019;125(2):307-316.

8. Lambertini M, Blondeaux E, Bruzzone M, et al. Pregnancy after breast
cancer: a systematic review and meta-analysis. J Clin Oncol. 2021;39:
3293-3305.

9. Lambertini M, Ameye L, Hamy A-S, et al. Pregnancy after breast cancer
in patients with germline BRCA mutations. J Clin Oncol. 2020;38(26):
3012-3023.

10. Bonardi B, Massarotti C, Bruzzone M, et al. Efficacy and safety of
controlled ovarian stimulation with or without letrozole co-
administration for fertility preservation: a systematic review and
meta-analysis. Front Oncol. 2020;10:574669.

11. Kim J, Turan V, Oktay K. Long-term safety of letrozole and gonadotropin
stimulation for fertility preservation in women with breast cancer.
J Clin Endocrinol Metab. 2016;101(4):1364-1371.

12. Goldrat O, Kroman N, Peccatori FA, et al. Pregnancy following breast
cancer using assisted reproduction and its effect on long-term
outcome. Eur J Cancer. 2015;51(12):1490-1496.

13. Rosenberg E, Fredriksson A, Einbeigi Z, Bergh C, Strandell A. No
increased risk of relapse of breast cancer for women who give birth
after assisted conception. Hum Reprod Open. 2019;2019(4):hoz039.

14. Condorelli M, De Vos M, Lie Fong S, et al. Impact of ARTs on onco-
logical outcomes in young breast cancer survivors. Hum Reprod.
2021;36(2):381-389.

15. Fredriksson A, Rosenberg E, Einbeigi Z, Bergh C, Strandell A. Gonado-
trophin stimulation and risk of relapse in breast cancer. Hum Reprod
Open. 2021;2021(1):hoaa061.

16. Turan V, Lambertini M, Lee D-Y, et al. Association of germline BRCA
pathogenic variants with diminished ovarian reserve: a meta-analysis
of individual patient-level data. J Clin Oncol. 2021;39(18):2016-2024.

17. Vukovi�c P, Peccatori FA, Massarotti C, Miralles MS, Beketi�c-
Ore�skovi�c L, Lambertini M. Preimplantation genetic testing for carriers
Volume 6 - Issue 6 - 2021
of BRCA1/2 pathogenic variants. Crit Rev Oncol Hematol. 2021;157:
103201.

18. Peate M, Meiser B, Hickey M, Friedlander M. The fertility-related con-
cerns, needs and preferences of younger women with breast cancer: a
systematic review. Breast Cancer Res Treat. 2009;116(2):215-223.

19. OECD e Social Policy Division e Directorate of Employment, Labour
and Social Affairs. Age of mothers at childbirth and age-specific fertility.
2019. Available at https://www.oecd.org/els/soc/SF_2_3_Age_
mothers_childbirth.pdf. Accessed September 16, 2021.

20. Lambertini M, Goldrat O, Ferreira AR, et al. Reproductive potential and
performance of fertility preservation strategies in BRCA-mutated
breast cancer patients. Ann Oncol. 2018;29(1):237-243.

21. Buonomo B, Massarotti C, Dellino M, et al. Reproductive issues in
carriers of germline pathogenic variants in the BRCA1/2 genes: an
expert meeting. BMC Med. 2021;19(1):205.

22. Valentini A, Finch A, Lubinski J, et al. Chemotherapy-induced amen-
orrhea in patients with breast cancer with a BRCA1 or BRCA2 muta-
tion. J Clin Oncol. 2013;31(31):3914-3919.

23. Lambertini M, Olympios N, Lequesne J, et al. Impact of taxanes,
endocrine therapy, and deleterious germline BRCA mutations on anti-
müllerian hormone levels in early breast cancer patients treated with
anthracycline- and cyclophosphamide-based chemotherapy. Front
Oncol. 2019;9:575.

24. Oktay KH, Bedoschi G, Goldfarb SB, et al. Increased chemotherapy-
induced ovarian reserve loss in women with germline BRCA muta-
tions due to oocyte deoxyribonucleic acid double strand break repair
deficiency. Fertil Steril. 2020;113(6):1251-1260.e1.

25. Poggio F, Bruzzone M, Ceppi M, et al. Single-agent PARP inhibitors for
the treatment of patients with BRCA-mutated HER2-negative meta-
static breast cancer: a systematic review and meta-analysis. ESMO
Open. 2018;3(4):e000361.

26. Tutt ANJ, Garber JE, Kaufman B, et al. OlympiA Clinical Trial Steering
Committee and Investigators. Adjuvant olaparib for patients with BRCA1-
or BRCA2-mutated breast cancer. N Engl J Med. 2021;384:2394-2405.

27. Poggio F, Bruzzone M, Ceppi M, et al. Platinum-based neoadjuvant
chemotherapy in triple-negative breast cancer: a systematic review
and meta-analysis. Ann Oncol. 2018;29(7):1497-1508.

28. Winship AL, Griffiths M, Lliberos Requesens C, Sarma U, Phillips K-A,
Hutt KJ. The PARP inhibitor, olaparib, depletes the ovarian reserve in
mice: Implications for fertility preservation. Hum Reprod. 2020;35(8):
1864-1874.

29. Dayan N, Joseph KS, Fell DB, et al. Infertility treatment and risk of
severe maternal morbidity: A propensity score-matched cohort study.
CMAJ. 2019;191(5):E118-E127.

30. Aoyama K, Pinto R, Ray JG, et al. Association of maternal age with
severe maternal morbidity and mortality in Canada. JAMA Netw Open.
2019;2(8):e199875.

31. Rosenberg SM, Ruddy KJ, Tamimi RM, et al. BRCA1 and BRCA2 mu-
tation testing in young women with breast cancer. JAMA Oncol.
2016;2(6):730-736.

32. Copson ER, Maishman TC, Tapper WJ, et al. Germline BRCA mutation
and outcome in young-onset breast cancer (POSH): a prospective
cohort study. Lancet Oncol. 2018;19(2):169-180.

33. Anderson RA, Brewster DH, Wood R, et al. The impact of cancer on
subsequent chance of pregnancy: a population-based analysis. Hum
Reprod. 2018;33(7):1281-1290.

34. Stensheim H, Cvancarova M, Møller B, Fosså SD. Pregnancy after
adolescent and adult cancer: a population-based matched cohort
study. Int J Cancer. 2011;129(5):1225-1236.
https://doi.org/10.1016/j.esmoop.2021.100300 7

http://refhub.elsevier.com/S2059-7029(21)00262-3/sref1
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref1
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref1
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref1
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref2
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref2
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref2
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref3
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref3
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref3
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref4
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref4
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref4
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref5
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref5
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref5
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref6
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref6
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref6
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref7
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref7
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref7
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref7
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref7
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref8
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref8
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref8
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref9
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref9
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref9
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref10
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref10
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref10
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref10
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref11
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref11
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref11
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref12
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref12
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref12
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref13
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref13
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref13
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref14
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref14
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref14
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref15
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref15
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref15
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref16
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref16
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref16
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref17
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref18
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref18
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref18
https://www.oecd.org/els/soc/SF_2_3_Age_mothers_childbirth.pdf
https://www.oecd.org/els/soc/SF_2_3_Age_mothers_childbirth.pdf
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref20
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref20
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref20
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref21
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref21
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref21
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref22
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref22
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref22
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref23
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref23
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref23
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref23
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref23
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref24
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref24
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref24
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref24
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref25
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref25
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref25
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref25
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref26
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref26
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref26
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref27
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref27
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref27
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref28
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref28
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref28
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref28
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref29
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref29
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref29
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref30
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref30
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref30
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref31
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref31
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref31
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref32
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref32
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref32
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref33
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref33
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref33
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref34
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref34
http://refhub.elsevier.com/S2059-7029(21)00262-3/sref34
https://doi.org/10.1016/j.esmoop.2021.100300
https://doi.org/10.1016/j.esmoop.2021.100300

	Safety of assisted reproductive techniques in young women harboring germline pathogenic variants in BRCA1/2 with a pregnanc ...
	Introduction
	Materials and methods
	Study design and patients
	ART treatments
	Study objectives and endpoints
	Ethical approval
	Statistical analyses

	Results
	Discussion
	Funding
	Disclosure
	References


