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• Patients with Hereditary Breast and Ovarian Cancer Syndrome did not undergo expedited fertility treatment.
• Patients with BRCA1 presented for fertility consultation at an earlier age and had more oocytes retrieved during oocyte cryopreservation.
• Cycle outcomes did not differ in patients with Hereditary Breast and Ovarian Cancer Syndrome.
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Introduction. Fertility-related concerns cause significant anxiety among patients with Hereditary Breast and
Ovarian Cancer Syndrome (HBOC). The Society of Gynecologic Oncology and the American Society for Reproduc-
tiveMedicine recommend patients diagnosedwithHBOC receive early referral to a reproductive endocrinologist.
However, evidence about fertility trends in this patient population are limited and guidelines are scarce. The aim
of this study is to compare fertility preservation among patients with HBOC to control patients undergoing fertil-
ity treatment without a diagnosis of infertility.

Methods. This retrospective study included patients who presented to a single academic institution for fertil-
ity preservation in the setting of diagnosis of HBOC. In this study, HBOC patients are referred to as thosewho had
tested positive for pathogenicmutations in BRCA1, BRCA2 orwere at high-risk for HBOC based on a strong family
history (defined as >3 family members diagnosed with HBOC) without a genetic mutation. HBOC patients were
matched in a 1:1 fashion to a control group undergoing fertility preservation without a diagnosis of infertility or
HBOC. All analysis was done using SPSS version 9.4 (SAS Institute, Cary, NC).

Results. Between August 1st, 2016 and August 1st, 2022, 81 patients presented to the study center for consul-
tation in the setting of HBOC. Of thosewho presented, 48 (59.2%) ultimately underwent oocyte cryopreservation
and 33 (40.7%) underwent embryo cryopreservation. Patients who underwent oocyte cryopreservation due to
BRCA1 status were more likely to present for fertility consultation at a younger age compared to control patients
(32.6 vs. 34.7 years,p=0.03) andweremore likely to undergo oocyte cryopreservation at a younger age (32.1 vs.
34.6 years, p=0.007). There was no difference in age at initial consultation or age at procedure for patients with
BRCA2 or patients with a strong family history compared to control patients (p> 0.05). There was no difference
in themean age of patients with HBOC at presentation for consultation for embryo cryopreservation or themean
age the patient with HBOC underwent embryo cryopreservation compared to control patients (p > 0.05). Pa-
tients with BRCA1 or BRCA2 did not have expedited time from consultation to first cycle start (p > 0.05). After
adjusting for factors including anti-Müllerian hormone (AMH) level and age, patients considered in the HBOC
group due to family history had less time between consultation and oocyte cryopreservation cycle compared
to control patients. (179 vs. 317 days, p= 0.045). There was no difference in time from consultation to starting
cycle for embryo cryopreservation for patients with HBOC compared to controls (p > 0.05).

Conclusion. Patients with HBOC did not undergo expedited fertility treatment compared to control patients
undergoing oocyte and embryo cryopreservation for non-infertility reasons. Patients diagnosed with BRCA1
hadmore oocytes retrieved compared to the control population which is possibly due to earlier age of presenta-
tion in the setting of recommended age of risk reducing surgery being age 35–40. When age matched, cycle
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outcomes did not differ betweenHBOC and control patients. Given the known cancer prevention benefit and rec-
ommendations for risk-reducing surgery, future studies should focus on guidelines for fertility preservation for
patients with HBOC.

© 2024 Published by Elsevier Inc.
1. Introduction

A previvor is defined as an individual who has an elevated predispo-
sition to cancer without a diagnosis of cancer and was originally coined
by Facing Our Risk of Cancer Empowered (FORCE) community member
in 2000 on a message board [1]. Hereditary breast and ovarian cancer
(HBOC) syndrome is characterized by multiple family members with
breast and/or ovarian cancer, the coexistence of breast cancer and ovar-
ian cancer in a single individual, and/or an earlier age of cancer diagno-
sis [3]. HBOC accounts for 5–10% of all breast and ovarian cancers [2].
The elevated risk of developing one or both cancers in HBOC ismost fre-
quently due to germline mutations in the BRCA1 or BRCA2 genes but
may also be due to other more rare hereditary syndromes [4,5]. The
care and treatment of women with HBOC is multifaceted and involves
complicated risk-benefit analyses, conversations about optimal
surveillance, preventative strategies, risk-reducing mastectomy and
salpingo-oophorectomy, management of sexuality and menopause,
and emotional support [6].

The current recommendations for management of patients with
HBOC is to undergo risk-reducing surgeries that can impact fertility dur-
ing childbearing years (ages 35–45) [7]. Because of this, fertility preser-
vation is an area of great interest and clinical importance when caring
for these patients. The Society of Gynecologic Oncology (SGO) and
American Society for Reproductive Medicine (ASRM) recommend
early referral of women with HBOC to reproductive endocrinologists
for a fertility consultation [8–10]. Counseling women with HBOC on
fertility-related issues is complex and necessitates a highly individual-
ized approach to discussing topics including oocyte cryopreservation,
embryo cryopreservation, in vitro fertilization (IVF), preimplantation
genetic testing (PGT), and oocyte donation [11].

Despite the critical importance of fertility counseling and the possi-
ble subsequent clinical interventions for previvors, guidelines for fertil-
ity preservation in HBOC are limited [12,13]. There is widespread
recognition that women with HBOC have unique concerns about their
fertility and overall reproductive health [33,34]. To provide comprehen-
sive care, these concernswarrant personalized consultationwith repro-
ductive endocrinologists, yet there is not any expert consensus on best
approaches to advising and treating HBOC patients with fertility con-
cerns [14–17]. Moreover, patients diagnosed with HBOC should be re-
ferred to a reproductive endocrinologist for a fertility consultation
earlier than the general population. The aim of this study therefore
was to compare fertility practices among HBOC patients to controls pa-
tients undergoing fertility preservation for non-infertility indications to
provide data for counseling patients with HBOC on fertility preserva-
tion.

2. Methods

This retrospective, single academic center study included all patients
diagnosed with HBOC or at high-risk based on family history who pre-
sented for fertility preservation from August 2016 to August 2022.
This study was approved by the Institutional Review Board with a
waiver of consent for retrospective analysis of de-identified data. Pa-
tients were included if they presented for fertility consultation in the
setting of a documented pathogenic BRCA1 mutation, BRCA2 mutation,
or had a strong family history (defined as >3 family members diag-
nosed with HBOC) without a known mutation. For the remainder of
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this manuscript, all patients who qualified for the investigational cohort
will be identified as “HBOCpatients.” Exclusion criteria included any pa-
tient with minimal follow-up data, patients with a personal history of
cancer, and patientswho presented for a consultationwithout undergo-
ing a fertility preservation procedure. Using natural language processing
within the electronic medical record, the investigational cohort was
identified using the following key words: BRCA, BRCA1, BRCA2, Hered-
itary Breast and Ovarian Cancer, and HBOC.

Once eligible patients were identified, a chart reviewwas performed
to obtain comparative demographic and clinical data. Demographic data
collected included self-reported patient age, race, ethnicity and marital
status. Clinical data collected included date of consultation, age at initial
consultation, body mass index (BMI), date of fertility preservation pro-
cedure, age at the time of fertility preservation procedure, type of fertil-
ity preservation (oocyte vs. embryo cryopreservation), anti-Müllerian
hormone (AMH) level, and the number of oocytes and embryos cryo-
preserved in the patients' first cycle. Included patients were divided
into two investigational cohorts based on their fertility preservation
procedure: Group 1 for oocyte cryopreservation and Group 2 for em-
bryo cryopreservation. These two groups were then matched in 1:1
fashion to a control cohort undergoing fertility preservation for non-
infertility reasons, no diagnosis of HBOC and no strong family history
of breast or ovarian cancer. The patients were matched based on type
of cryopreservation – egg or embryo and year procedure was done.
Each group was also subdivided based on HBOC inclusion criteria as
BRCA1, BRCA2, or high risk for further analysis.

Categorical data were reported as absolute frequencies and percent-
ages. Comparative statistics for categorical variables were performed
using non-parametric tests. Continuous variables were reported as
means and analyzed by student t-test. Comparative statistics for contin-
uous variables were performed using chi-square and Fisher's exact test,
as appropriate. An adjusted logistic regressionmultivariate analysiswas
performed to evaluate the differences in patients' age at presentation,
age at fertility preservation procedure, and time from consultation to
procedure. In our multivariate analysis, AMH levels and age of patient
was used in order to assess trends. All p-values were two-sided and
were considered significant if <0.05. Statistical analysis was performed
using the SPSS statistical program version 9.4 (SAS institute, Cary, NC).

3. Results

Between August 1st, 2016 and August 1st, 2022, 81 patients pre-
sented to the study center for reproductive endocrinology consultation
in the setting of HBOC. Of those who presented, 48 (59.2%) underwent
oocyte cryopreservation and 33 (40.7%) underwent embryo cryopreser-
vation. There were no patients who underwent both oocyte or embryo
cryopreservation.

3.1. Patient demographic data

For the control patients, the average age of consultationwas 34.4+/
− 4.1 and the average age for embryo freezing was 35.5 +/− 6.7. The
average number of oocytes retrieved for our control patients was 12.4
±7.8.

When evaluating HBOC oocyte cryopreservation patients (Group 1),
14 (29.2%) had a history of BRCA1, 10 (20.8%) had a history of BRCA2,
and 24 (50%) had a strong family history, as defined above. The mean
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age at initial consultationwithinGroup1was33.8 years+/− 4.3, and at
the time of oocyte cryopreservation procedure was 34.2 +/− 3.4 years.
The majority of Group 1 patients, 37 (77.1%), were single. The mean
AMH for this group was 2.58 ng/mL. Baseline demographics of Group
1 oocyte cryopreservation patients can be found in Table 1. Compared
to control oocyte cryopreservation patients, HBOC patients who under-
went oocyte cryopreservation due to BRCA1 status were more likely to
present at a younger age (32.6 vs. 34.7 years, p= 0.03) and were more
likely to undergo oocyte cryopreservation at a younger age (32.1 vs.
34.6 years, p = 0.007). There was no difference in age at initial consul-
tation or age at procedure for patients with BRCA2 or patients with a
strong family history compared to control patients (p > 0.05).

Among embryo cryopreservation HBOC patients (Group 2), 13
(39.4%) had a history of BRCA1, 7 (21.2%) had a history of BRCA2, and
14 (42.4%) had a strong family history. Themean age at initial consulta-
tion for all Group 2 patients was 32.6 years with a range. The mean
age at the time of embryo cryopreservation procedure was 33.4 years
+/− 5.3. The majority of Group 2 patients, 19 (57.6%), were married.
The mean AMH level of 3.2 ng/mL. Baseline demographics of Group 2
embryo cryopreservation patients can be found in Table 2. There was
no difference in the mean age of patients with HBOC who presented
for consultation for embryo cryopreservation or themean age of the pa-
tients with HBOC who underwent embryo cryopreservation compared
to control patients (p > 0.05) Table 3.

3.2. Fertility preservation cycle outcome data

When evaluating oocyte cryopreservation cycle outcomes in Group
1, themeannumber of oocytes thatwere retrieved in all patients under-
going oocyte cryopreservation 17.8. Within Group 1 HBOC subgroups
the mean number of oocytes retrieved were as follows: 24.1 for
BRCA1 patients, 17.2 BRCA2 patients, and 12.7 for patients with a strong
family history. Compared to controls, BRCA1 patients were found to
have a significantly higher number of oocytes retrieved (24.1 vs. 12.4,
Table 1
Demographic information for all HBOC patients undergoing egg freezing (n = 48).

All HBOC patients (n = 48) BRC

Average age at initial Consultation 33.8 32.6
Average at at time of egg freezing procedure 34.2 33.1
Race/ Ethnicity
White 38 (79.2%) 10 (
Black 0 (0%) 0 (0
Hispanic 2 (4.2%) 1 (7
Asian 3 (6.3%) 1 (7
Other 5 (10.4%) 2 (1

Marital status
Single 37 (77.1%) 11 (
Married 1 (2.1%) 0 (0
Domestic partnership 4 (8.3%) 1 (7
Divorced 2 (4.2%) 1 (7
Not answered 3 (6.3%) 0 (0
Average BMI 24.1 23.8
Average AMH 2.58 2.87

Gravidity
0 45 (93.8%) 14 (
1 3 (6.25%) 0 (0

Alcohol Use
Current 24 (50%) 8 (5
Former 10 (20.8%) 1 (7
Never 7 (14.6%) 4 (2
Not answered 7 (14.6) 1 (7

Smoking
Current 2 (4.17%) 0 (0
Former 2 (4.17%) 0 (0
Never 28 (58.3%) 9 (6
Not answered 16 (33.3%) 5 (3
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p = 0.001). There was no difference, however, in the mean number of
oocytes retrieved in patients with BRCA2 or a strong family history
when compared to controls (p > 0.05).

When evaluating embryo cryopreservation cycle outcomes in Group
2, the mean number of eggs retrieved for all HBOC patients was 20.
Within group 2 HBOC subgroups the mean number of embryos were
as follows: 22 for BRCA1 patients, 20 for BRCA 20 patients, and 19.5
for patients with a strong family history. Compared to control patients,
there was no difference in the number of embryos in HBOC patients,
(p > 0.05).

3.3. Time to initiation of care data

After adjusting for factors including AMH level and age, patients in-
cluded in HBOC due to strong family history, however, did have less
time between consultation and oocyte cryopreservation cycle com-
pared to control patients (179 days vs. 317 days, p = 0.045). After
adjusting for factors including AMH level and age, there was no differ-
ence in time from consultation to starting cycle for embryo cryopreser-
vation for patients with HBOC compared to controls (p > 0.05).

4. Discussion

Previvors find themselves walking the tightrope as they balance fer-
tility and cancer prevention concerns; they are “supposed” to take ac-
tion on both during the same time period of life. Early referral to a
reproductive endocrinologist has been recommended by SGO and
ASRM, but in practice, what does that mean? Referrals are made, but
who goes? Who follows through, and when? Are they freezing eggs or
embryos? The aim of this study was to compare the fertility
preservation-seeking practices and outcomes of patients with HBOC to
controls, defined as people seeking fertility preservation for non-
infertility indications. These findings can help us counsel our patients
and guide them in shared decision making.
A 1 (n = 14) BRCA2 (n = 10) Family History (n = 24) P Value

33.6 34.7 p = 0.7
34.1 35.1 p = 0.3

p = 0.42
71.4%) 7 (70%) 21 (87.5%)
%) 0 (0%) 0 (0%)
.14%) 1 (10%) 0 (0%)
.14%) 1 (10%) 1 (4.2%)
4.2%) 1 (10%) 2 (8.3%)

p = 0.55
78.6%) 6 (60%) 20 (83.3%)
%) 0 (0%) 1 (4.2%)
.14%) 2 (20%) 1 (4.2%)
.14%) 0 (0%) 1 (4.2%)
%) 2 (20%) 1 (4.2%)

35.4 24.5 p = 0.67
3.26 2.09 p = 0.33

p = 0.22
100%) 10 (100%) 21(87.5%)
%) 0 (0%) 3 (12.5%)

p = 0.14
7.1%) 4 (40%) 12 (50%)
.14%) 3 (30%) 6 (25%)
8.6%) 1 (10%) 2 (8.3%)
.14%) 2 (20%) 4 (16.7%)

p = 0.09
%) 0 (0%) 2 (8.3%)
%) 0 (0%) 2 (8.3%)
4.2%) 6 (60%) 13 (54.2%)
5.7%) 4 (40%) 7 (29.2%)



Table 2
Demographic information for all HBOC patients undergoing embryo freezing (n = 33).

All HBOC patients (n = 33) BRCA 1 (n = 13) BRCA2 (n = 7) Family History (n = 14) P Value

Average age at initial Consultation 32.6 33.0 30.3 33.4 p = 0.08
Average age at time of embryo freezing procedure 33.4 34.0 30.9 34.5 p = 0.34
Race/ Ethnicity 10 p = 0.12
White 25 (77.6) (77.0%) 7 (100%) 8 (57.1%)
Black 1 (3.0%) 0 (0%) 0 (0%) 1 (7.1%)
Hispanic 1 (3.0%) 1 (7.7%) 0 (0%) 0 (0%)
Asian 4 (12.1%) 1 (7.7%) 0 (0%) 3 (21.4%)
Other 1 (3.0%) 1 (7.7%) 0 (0%) 0 (0%)

Marital status p = 0.43
Single 8 (24.2%) 4 (30.7%) 0 (0%) 4 (28.6%)
Married 19 (57.6%) 6 (46.2%) 6 (85.7%) 7 (50%)
Domestic partnership 4 (12.1%) 2 (15.4%) 1 (14.3%) 1 (7.1%)
Divorced 0 (0%) 0 (0%) 0 (0%) 0 (0)
Not answered 3 (9.1%) 1 (7.7%) 0 (0%) 2 (14.3%)
Average BMI 24.3 23.4 24.9 25.1 p = 0.34
Average AMH 3.2 3.2 1.74 3.8 p = 0.92

Gravity p = 0.07
0 28 (84.8%) 10 (77.0%) 5 (71.4%) 13 (92.9%)
1 5 (15.2%) 2 (14.5%) 2 (28.6%) 1 (7.1%)
2 0 (0%) 0 (0%) 0 (0%) 0 (0%)
3 0 (0%) 0 (0%) 0 (0%) 0 (0%)
4 1 (3.0%) 1 (7.7%) 0 (0%) 0 (0%)

Alcohol Use p = 0.21
Current 16 (48.5%) 7 (53.8%) 4 (57.1%) 5 (35.7%)
Former 8 (24.2%) 3 (23.1%) 3(42.9%) 2 (14.3%)
Never 6 (18.2%) 1 (7.7%) 0 (0%) 5 (35.7%)
Not answered 4 (12.1%) 2 (15.4%) 0 (0%) 2 (14.3%)

Smoking p = 0.14
Current 0(0%) 0 (0%) 0 (0%) 0 (0%)
Former 2(6.1) 1 (7.7%) 0 (0%) 1 (7.1%)
Never 22 (66.7%) 8 (61.5%) 7 (100%) 7 (50%)
Not answered 10 (30.3%) 4 (30.8%) 0 (0%) 6 (42.9%
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In our cohort, BRCA1patientsweremore likely to present for fertility
consultation and undergo oocyte cryopreservation at a younger age
compared to controls. Patients with BRCA2 and patients with strong
family history did not seek consultation at an earlier age for oocyte pres-
ervation. For patients who had embryo cryopreservation, there was no
difference in age of presentation in patients with HBOC compared to
control patients. Given the early age of recommended risk reducing sur-
gery for patients with HBOC and these surgeries' incompatibility with
unassisted fertility, it is important to refer patients to a reproductive en-
docrinologist far in advance of these perceived deadlines to address
fertility-related topics in an expedient manner [11].

Early referral of patients with HBOC and prompt counseling is espe-
cially important because fertility preservation strategies are most effec-
tive at younger ages [21–23]. Fertility counseling plays a crucial role for
affected women as they make life-altering decisions about fertility re-
lated issues including timing of fertility and utilization of preimplanta-
tion genetic testing [20]. There are an increasing number of
reproductive technologies and advancements to assist fertility for the
previvor population including but not limited to, cryopreservation, dona-
tion of oocytes and embryos, gestational carriers, and adoption, that can
enable women to preserve fertility or use alternative methods to build
Table 3
Primary outcome for patients undergoing HBOC egg freezing vs controls (n = 48).

All HBOC patients (n

Age at initial consultation 33.8
Age at egg freezing 34.2
Median
Number of eggs retrieved

16.6

Time between presentation of consultation to start of cycle (days) 143.6
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families [11]. Conversations about assisted reproductive technology
treatment and other avenues to build families should be highly personal-
ized and tailored to individual patients' specific genetic profiles, physical
and emotional needs, and fertility-related goals requiring more nuanced
fertility counseling and longer time for more decisions [24].

Another significant finding was that patients with BRCA1mutations
had a greater number of oocytes retrieved compared to control patients
(24.1 vs. 12.4, p=0.001). This finding is likely due to the younger age of
consultation of the BRCA1 patients. Patients with BRCA1 were signifi-
cantly younger at the time of oocyte cryopreservation compared to con-
trol patients whereas this was not the case for BRCA2 or family history.
There is increasing awareness that patients with BRCA1 and BRCA2mu-
tations need gene-specific reproductive endocrinology consideration
and counseling on future fertility given the unique genetic attributes
of these two variants, but there is scant literature to date on ways in
which fertility preservation may differ depending on BRCA subtype
[30]. These findings provide insight into differences in fertility practices
based on specific BRCA variants and add to the growing body of evi-
dence related to women who fall into this particular category [32].

Patients with a strong family history of HBOC had a shorter
time from consultation to starting cycle for oocyte or embryo
= 48) BRCA 1 (n = 13) BRCA2 (n = 7) Family History (n = 14) P Value

32.6 33.6 34.7 p = 0.03
33.1 34.1 35.1 p = 0.007
23.4 14.8 13.5 p = 0.001

164.9 183.4 114.6 p = 0.045
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cryopreservation compared to control patients. Patients with BRCA1 or
BRCA2 did not undergo expedited oocyte or embryo cryopreservation.
This result was somewhat surprising given that current clinical practice
guidelines recommend that fertility be addressed as close to diagnosis
as possible to provide patients with the maximum number of opportu-
nities for fertility preservation [25]. A variety of factors may account for
the lack of accelerated fertility treatment observed for HBOC patients.
Albeit speculative, these may include delays due to practical concerns
such as the complexity and cost associated with in vitro fertilization
(IVF) procedures and the decision of pre-implementation genetics
[24,26,27]. Few studies have evaluated differences in time to fertility
treatment betweenHBOCpatients and individuals without any such ge-
netic diagnosis, as there is a scarcity of clinical data on fertility preserva-
tion in this population [28–30]. The lack of guidelines regarding optimal
fertility preservation practices for different genetic pathologiesmay also
help to explain the fact that therewas no significant distinction in speed
of fertility treatment for HBOC patients versus control patients in this
study [31].

This study has several strengths, including one of the largest studies
examining fertility concerns in HBOC, the longitudinal REI data and de-
tailed clinical history. One of the principal limitations of this study is its
retrospective design and the inherent nature of selection bias. There is
potential for misclassification bias, as controls were not required to
have had genetic testing, and could have been mutation carriers. Addi-
tionally, for the purposes of this study, patients with pathogenic muta-
tions in other ovarian and breast cancer-associated genes were not
included in the HBOC group. Another limitation is that we do not
know what caused the delay in initiation of fertility consultation
which may have been provider dependent or patient preference. A
final limitation is related to the demographic characteristics of the co-
hort, specifically in terms of the breakdownof self-reported race/ethnic-
ity for patients undergoing oocyte and embryo cryopreservation. A
substantial percentage of these high-risk patients (71% undergoing
oocyte cryopreservation and 79% undergoing embryo cryopreservation)
identified themselves as white, which may also reduce the generaliz-
ability of the study results, as does the likely limited socioeconomic
make up of the cohort. As more employers provide for these services
and access increases, future patients with genetic predisposition to can-
cer seeking fertility preservationwill hopefully bemore diverse in every
way.

In conclusion, patients with BRCA1 and BRCA2 did not experience
expedited fertility treatment relative to the general population. These
findings shed light on understudied fertility preservation dynamics in
patients with HBOC. Future work will concentrate on expanding cohort
size and heterogeneity in order to better characterize fertility patterns
and best practices in this unique set of patients. Furthermore, fertility
patterns in patients with genetic predisposition to cancer, including
those with genetic mutations beyond BRCA 1 and 2, are still
understudied and continue to pose significant challenges for both gyne-
cologic oncology and reproductive endocrinology specialists [18,19].
Advancing technology, collaboration between the specialties and im-
proving access to care will hopefully make this journey easier in the fu-
ture for patients.
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