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A B S T R A C T
Iatrogenic menopause with consequent infertility is a major complication in reproductive-age women undergoing
hematopoietic cell transplantation (HCT). Recent guidelines recommend a discussion of the possibility of infertil-
ity and the options for fertility preservation as part of informed consent before initiation of any cancer-directed
therapy, including HCT. Women age 15 to 49 years at the time of allogeneic HCT, between the years 2001 and
2017, were identified from the Mayo Clinic Rochester institutional HCT database. One hundred seventy-seven
women were eligible, of whom 49 (28%) were excluded due to documented postmenopausal state or prior hyster-
ectomy. The median age of the cohort was 31 years (range, 15 to 49 years) with median gravidity and parity being
G1P1 (range, G0 to G8, P0 to P6). Fifty-four (42%) women were nulligravid at the time of HCT. Eighty-two percent
underwent myeloablative conditioning (MAC), whereas 18% underwent reduced-intensity conditioning (RIC).
Only 34 women (27%) had documented fertility counseling within 72 hours of diagnosis, and a total of 61 (48%)
received fertility counseling prior to HCT. Thirty-eight women (30%) were referred to a reproductive endocrinolo-
gist, of whom 13 (10%) underwent assisted reproductive technologies (ART; nine oocyte cryopreservation, four
embryo cryopreservation). Of these, nine procedures yielded successful cryopreserved tissue (two completed at
outside institutions). The median time to completion of the seven successful ART procedures at Mayo Clinic was
13 days (range, 9 to 15 days). The remainder of women referred to reproductive endocrinology did not undergo
ART due to disease severity (68%), financial barriers (20%), and/or low antral follicle count (12%). Ninety-three
women (73%) received leuprolide for ovarian suppression prior to conditioning. Three (4%) of 75 women who
underwent MAC and were alive >365 days after HCT had spontaneous menstrual recovery after HCT (median
time, 14 months; range, 6 to 21 months), in comparison to 10 (50%) of 20 women who underwent RIC and were
alive >365 days after HCT (P < .01) (median, 21.5 months; range, 5 to 83 months). In the latter cohort, there were
two spontaneous pregnancies, occurring at 71 and 72 months after HCT, respectively. Oncofertility is an emerging
field due to an increasing number of young cancer survivors. Herein, we document that even at a large tertiary
HCT center, the rate of documented fertility counseling and reproductive endocrinology referrals was low and the
rate of ART was even lower. Spontaneous menstrual recovery was rare but more likely in the setting of nonmalig-
nant disease and RIC HCT. A concerted multidisciplinary effort is needed to understand parenthood goals and to
explore the impact of HCT on decision making about fertility preservation and parenthood. These efforts could
improve oncofertility referral, ART utilization, and reproductive outcomes.
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INTRODUCTION
More than 10% of new cancer diagnoses occur in reproduc-

tive-age women, impacting 87 per 100,000 women each year
[1]. Improvement in the management and treatment of these
patients is leading to improved survival [2] and greater interest
in survivorship outcomes. There is a growing movement to
preserve the fullness of cancer patients’ future. Satisfactory
quality of life in cancer survivors may include the ability to
conceive children, and the infertility associated with cancer
treatment can contribute to profound distress and depression
in survivors [3]. Patients with hematologic malignancies are in
a uniquely difficult position in regard to fertility preservation
due to the often urgent or emergent need for cytotoxic
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chemotherapy, which can be complicated by cytopenias, infec-
tions, cardiopulmonary dysfunction, or other clinical instabil-
ity, with relapse being relatively common and hematopoietic
cell transplant (HCT) becoming a more frequently utilized
treatment modality [3]. Acute lymphoblastic leukemia (ALL) is
a disease primarily of patients under 50 years of age, and about
20% of new acute myelogenous leukemia (AML) cases occur in
patients under 50 years of age [3]. Induction chemotherapy for
leukemia causes permanent amenorrhea in about 20% of
patients, whereas HCT has a documented rate of permanent
amenorrhea in >80% of patients [4]. HCT is a life-saving treat-
ment not only in hematologic malignancies including
leukemia and lymphoma but also bone marrow failure syn-
dromes, immune deficiency disorders, and some solid organ
cancers. In 2009, there were an estimated 108,900 HCT survi-
vors, and that number is estimated to be more than 500,000 by
2030 [5]. Importantly, 45% of allogeneic HCT recipients and 25%
of autologous HCT recipients are under 40 years of age [3].

Numerous studies have documented that fertility preserva-
tion is one of the most cited unmet needs of cancer survivors
[6-8]. To improve quality of life in survivors, the American
Society of Clinical Oncology released its first fertility preserva-
tion guideline in 2006 recommending discussion of therapy-
induced infertility and options for fertility preservation at the
earliest opportunity after a new cancer diagnosis [4]. Guide-
lines in 2013 stressed the importance of documenting the
details of this discussion in the medical record [9] with affir-
mation of these recommendations in a 2018 guideline update
[10]. Despite these recommendations, there is increasing evi-
dence in the literature that this counseling is not occurring
[11-14]. A recent cross-sectional study found that only 20% of
women who had become infertile secondary to cancer treat-
ment had previously attempted fertility preservation, despite
more than 90% of the women reporting a desire for pregnancy
[15]. A study of four cancer centers found that only 26% of
patient records documented discussion of infertility risk, 24%
documented discussion of fertility preservation options, and
13% referred to a fertility specialist [12]. Oncofertility, a term
coined by Dr. Theresa K. Woodruff, is a field of medicine devel-
oped to bridge the gap between oncology and reproductive
medicine by encouraging increased fertility preservation
counseling of young adults with cancer and bolstering research
efforts to discover new fertility preservation techniques for
young patients with cancer [16]. The objectives of this study
were to describe the disease and reproductive variables in a
cohort of reproductive-age women undergoing allogeneic HCT,
assess the rate of fertility counseling provided, and document
the utilization and outcomes of fertility preservation techni-
ques in this medically complex patient population.
METHODS
After obtaining institutional review board approval (#17-001716,

approved 7 March 7, 2017, Mayo Clinic Rochester), this retrospective cohort
study identified all women 15 to 49 years of age (as per the World Health
Organization definition of reproductive age [17]) at the time of allogeneic
HCT, between the years 2001 and 2017, using the Mayo Clinic Rochester insti-
tutional HCT database. Exclusion criteria included previous hysterectomy or
documented postmenopausal state defined as amenorrhea for more than
12 months in women over 40 years old in the absence of other biologic or
physiologic causes prior to HCT. Medical records were abstracted to obtain
demographic data, treatment details, reproductive variables, and fertility
counseling and outcomes. The abstracted disease-specific data included
hematologic diagnosis, age at diagnosis, chemotherapy regimens, disease sta-
tus at HCT, donor type, graft source, age at HCT, HCT conditioning regimen,
acute and chronic graft-versus-host disease (GVHD), current disease status,
and cause of death. The abstracted reproductive variables included gravidity;
parity; menstrual status; documented fertility counseling at diagnosis and at
HCT evaluation; desire for future pregnancy; reproductive endocrinology
consultation; use of gonadotropin-releasing hormone (GnRH) receptor ago-
nists; assisted reproductive technologies (ART); ovarian reserve markers that
included follicle-stimulating hormone (FSH), anti-M€ullerian hormone (AMH),
and antral follicle counts; menstrual recovery; and post-HCT pregnancy. Data
were analyzed using descriptive statistics, and the chi-square test was used
to compare frequencies using JMP Pro 13.0.0 software (SAS Institute Inc, Cary,
NC).

HCT Conditioning Regimens
Several conditioning regimens were used for allogeneic HCT. Myeloabla-

tive conditioning (MAC) regimens included cyclophosphamide (CY) 60 mg/
kg/day (days -5 and -4) plus 1320 cGy total body irradiation (TBI) over 3 days,
busulfan (BU) 0.8 mg/kg (four doses on days -7, -6, -5, and -4) plus CY 60 mg/
kg/day (two doses on days -3 and -2) [18], and etoposide 60 mg/kg on day -3
plus 1320 cGy TBI over 3 days as in E2993 conditioning. Reduced-intensity
regimens included fludarabine (FLU) 25 mg/m2 (five doses on days -6, -5, -4,
-3, and -2) plus melphalan 70 mg/m2 (two doses on days -3 and -2) [19], CY
60 mg/kg/day (days -5 and -4) plus 200 to 400 cGy TBI, CY 50 mg/kg/day
(days -5, -4, -3, and -2) plus lymphocyte immune globulin, equine (ATGAM)
30 mg/kg/day (days -4, -3, and -2) [20], FLU 30 mg/m2/day (days -7, -6, -5, -4,
-3, and -2) plus BU 0.8 mg/kg/dose (days -4, -3, and -2) [21,22], FLU 30 mg/
m2 (three doses on days -4, -3, and -2) plus TBI 200 to 400 cGy in one or two
fractions [23], and CY 60 mg/kg/day (days -7 and -6) plus FLU 25 mg/m2/day
(days -5, -4, -3, -2, and -1) [24].

Definition of Fertility Counseling and Internal Guidelines for Counseling
Fertility preservation counseling should include discussion of both the

risk of therapy-induced infertility and options for fertility preservation [9]
including ovarian suppression, oocyte cryopreservation, embryo cryopreser-
vation, and experimental options such as ovarian tissue cryopreservation. To
be considered for this study, we mandated that both components be docu-
mented in the medical record. Documentation of only discussion of therapy-
induced infertility risk was not considered fertility preservation counseling. A
referral to a reproductive specialist to discuss fertility preservation options in
detail did fulfill the second component of counseling. Regarding our institu-
tion’s internal fertility preservation guidelines, fertility counseling is strongly
encouraged within the bone marrow transplant division, as well as the repro-
ductive endocrinology and infertility (REI) department, for all patients of
reproductive age undergoing potentially gonadotoxic therapies. Currently,
HCT physicians are responsible for initiating this conversation, and there are
nurse specialists from REI available during business hours. Additionally, there
is a REI fellow available 24/7 for emergency fertility counseling needs. At the
time of this study, there is not an internal process for automatically referring
patients of reproductive age to REI.

Ovarian Suppression and ART
Four types of fertility preservation techniques were evaluated in this

study, including ovarian suppression strategies with GnRH agonists [25,26],
oocyte or embryo cryopreservation [8,27], and ovarian tissue cryopreserva-
tion [28-35]. The most frequently used GnRH agonist at the study facility is
leuprolide acetate, either 3.75 mg i.m. monthly or 11.25 mg i.m. every 3
months. For patients electing to undergo controlled ovarian stimulation for
embryo or oocyte cryopreservation, stimulation parameters including proto-
col used, total gonadotropins used during stimulation, duration of stimula-
tion, peak serum estradiol, oocyte yield, embryo yield, and cycle cancellation
rates and reasons were collected.

RESULTS
Patient Characteristics

One hundred and seventy-seven women age 15 to 49 years
at the time of allogeneic HCT were identified, between the
years 2001 and 2017. Of these 177 women, 49 were excluded
due to documented postmenopausal state or hysterectomy
prior to HCT, leaving 128 women in the study cohort. The base-
line demographics of these patients are included in Table 1,
which stratifies the group by MAC versus reduced-intensity
conditioning (RIC) regimens. There were 105 (82%) women,
median age 32 years, who received MAC and 23 (18%) women,
median age 29 years, who received RIC. These regimens are
described in Table 2, and protocols are included in the Methods
section. The majority of patients in the MAC group (103 of 105)
received CY plus 1320 cGy TBI or BU plus CY. Regimens used in
the RIC group were more heterogeneous. Reasons for HCT in
the cohort included AML 49%, ALL 23%, myelodysplastic syn-
drome (MDS)/myeloproliferative neoplasm (MPN) 15%,



Table 1
Baseline and Transplant Characteristics Stratified by MAC or RIC

Total (N = 128) MAC (n = 105) RIC (n = 23) P Value

Median age, yr (range) 31 (15-49) 32 (15-49) 29 (18-48) .05

Diagnosis

AML 63 (49) 56 (53) 7 (30) .05

ALL 30 (23) 28 (27) 2 (9) .07

MDS/MPN 19 (15) 17 (16) 2 (9) .36

Benign disorders* 14 (11) 3 (3) 11 (48) <.01

Lymphoma 2 (2) 1 (1) 1 (4) .23

Prior chemotherapy

Anthracycline 96 (75) 86 (82) 10 (44) <.01

Alkylating agents 36 (28) 31 (30) 5 (22) .45

Hypomethylating agents 4 (3) 4 (4) 0 (0) .34

Disease status at HCTy

CR 73 (74) 66 (74) 7 (70) .78

PR 4 (4) 4 (5) 0 (0.0) .49

PIF 10 (10) 8 (9) 2 (20) .27

Relapse 12 (12) 11 (12) 1 (10) .83

Donor type

MRD 59 (46) 48 (46) 11 (47.5) .93

MUD 61 (48) 50 (47) 11 (47.5)

Double cord blood 8 (6) 7 (7) 1 (4.5) .68

Graft sourcez

Bone marrow 36 (30) 23 (23) 13 (59) <.01

Peripheral blood 84 (70) 75 (77) 9 (41)

Obstetrical status at HCT

Nulligravida 54 (42) 44 (43) 10 (43.5) .66

G1-2 49 (38) 39 (37) 10 (43.5)

G >3 25 (20) 22 (20) 3 (13)

All data are reported as n (%).
CR indicates complete remission; PR = partial remission; PIF = primary induction failure; MRD =matched related donor; MUD =matched unrelated donor.
* Benign disorders include aplastic anemia (10 of 14), bone marrow failure syndromes, sickle cell anemia, and erythropoietic protoporphyria.
y Includes patients treated with chemotherapy with goal of remission (n = 99).
z Excludes double cord blood donor type (n = 120).
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nonmalignant hematologic disorders 11%, and lymphoma 2%.
Nonmalignant hematologic disorders included aplastic anemia
(8 of 14), paroxysmal nocturnal hemoglobinuria with aplastic
anemia (2 of 14), other bone marrow failure syndromes
(2 of 14), sickle cell anemia (1 of 14), and erythropoietic proto-
porphyria (1 of 14). Significantly more women with AML
underwent MAC (88%), and more women with benign hemato-
logic disorders received RIC (79%, P < .01). Anthracycline expo-
sure (75%) was common prior to HCT, with a higher frequency
in patients receiving MAC versus RIC (P < .01). Donor types
included matched related donor (46%), matched unrelated
donor (48%), or double cord blood (6%). Graft sources were
bone marrow (30%) or peripheral blood stem cells (70%). In the
Table 2
Conditioning Regimen

Myeloablative (n = 105) Reduced Intensity (n = 23)

CY + TBI 69 (66) FLU +MEL 7 (30)

BU + CY 34 (32) CY + TBI (200-400 cGY) 6 (26)

BEAM 1 (1) CY + ATG 5 (22)

VP16 + TBI 1 (1) FLU + BU 2 (9)

FLU + TBI 2 (9)

CY + FLU 1 (4)

All data are reported as n (%).
MEL indicates melphalan; BEAM = BCNU, etoposide, Ara�C, and melphalan;
ATG = antithymocyte globulin; VP16 = etoposide.
MAC group, peripheral blood stem cell grafts were primarily
used, whereas bone marrow graft was more common in the
RIC group (largely secondary to the high number of benign
hematologic conditions transplanted in the RIC cohort). One
hundred three patients (80.5%) were complete HLA matches,
12 (9.4%) were mismatched at 1, and 13 (10.2%) were mis-
matched at 2 or more alleles. Fifty-four of 128 women (42%)
were nulligravid at the time of HCT, whereas 23 (18%) were
gravida 1 and 26 (20%) were gravida 2 at the time of HCT.
Seven women (6%) were pregnant at the time of diagnosis:
4 with AML, 2 with ALL, and 1 with MDS (RAEB-1). Of these,
four pregnancies were carried for more than 32 weeks, two
were electively terminated in patients with AML or ALL (at 7
weeks and 14 weeks, respectively), and there was one intra-
uterine demise at 15 weeks in a patient with AML.
Fertility Preservation Counseling
Only 34 (27%) of the 128 women had documented fertility

preservation counseling within 72 hours of diagnosis (Table 3).
As a large tertiary referral center, 33 (25%) of the women in the
study were referred from outside institutions after induction
chemotherapy was initiated, and it was unclear whether they
received fertility preservation counseling at the time of diag-
nosis. At the time of HCT consultation, 61 of 128 women (48%)
received documented fertility preservation counseling (this
counseling was irrespective of counseling at the time of



Table 3
Fertility Preservation Counseling, Intervention, and Fertility Outcomes Stratified by Conditioning Type

Total (N = 128) MAC (n = 105) RIC (n = 23) P Value

Diagnosis

AML 63 (49) 56 (53) 7 (30) .05

ALL 30 (23) 28 (27) 2 (9) .07

MDS/MPN 19 (15) 17 (16) 2 (9) .36

Benign disorders 14 (11) 3 (3) 11 (48) <.01

Lymphoma 2 (2) 1 (1) 1 (4) .23

Fertility counseling at diagnosis 34 (27) 27 (26) 7 (30) .64

Fertility counseling at HCT consultation 61 (48) 49 (47) 12 (52) .63

Reproductive endocrinology consult 48 (38) 37 (35) 11 (48) .26

Fertility preservation intervention

Leuprolide prior to induction 35 (34) [n = 102] 29 (32) [n = 90] 6 (50) [n = 12] .22

Leuprolide prior to conditioning 93 (73) 74 (71) 19 (83) .24

ART* 13 (10) 10 (10) 3 (13) .61

Menstrual recoveryy 13 (14) [n = 95] 3 (4) [n = 75] 10 (50) [n = 20] <.01

Pregnancies after HCTy 2 (2) [n = 95] 0 (0) [n = 75] 2 (10) [n = 20] <.01

Died at last follow-up

0-100 days post-HCT 16 (12.5) 15 (14) 1 (4) .19

101-365 days post-HCT 17 (13) 15 (14) 2 (9) .47

>365 days post-HCT 14 (11) 12 (11) 1 (4) .70

All values are reported as n (%).
* Oocyte or embryo cryopreservation.
y Calculated in the subset of patients alive at 1 year post-HCT follow-up (n = 95).
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diagnosis). The fraction of women receiving counseling at HCT
consultation increased to 62% when patients 40 to 49 years of
age were excluded (Supplementary Table 1). Notably, the fre-
quency of fertility preservation at HCT consultation increased
over time, as demonstrated by Figures 1 and 2. From 2001 to
2006, only 20% of women received counseling compared to
71% from 2013 to 2017.

There were 53 patient records of 128 that specifically docu-
mented a desire for future pregnancy, and of these 53, there
were 41 women (77%) referred to the REI center. Within the
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Figure 1. Frequency (%) of women receiving fertility preserv
entire cohort, only 48 women (38%) were referred to REI prior
to HCT. The fraction of women referred to REI prior to HCT
increased to 51% if women 40 to 49 years of age were excluded
from the analysis. Very few women had reproductive hor-
mones such as FSH, estradiol, and AMH checked prior to HCT,
and for most, there was no documentation of the phase of
menstrual cycle during which the hormones were checked,
which limited the interpretation of FSH and estradiol levels.
Only 11 patients (8.6%) had an AMH level checked prior to
HCT, which has been documented in the literature as a more
9 2011 2013 2015 2017

ation counseling at transplant consultation over time.
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Figure 2. Frequency (%) of women receiving fertility preservation counseling
at transplant consultation during three discrete time frames.

Table 4
Relationship of Leuprolide Prior to Conditioning and Return of Menses

Menstrual Recovery
(n = 13)

No Menstrual
Recovery (n = 82)

P Value

Leuprolide 12 (92) 65 (79) .27

No leuprolide 1 (8) 17 (21)

All values are reported as n (%).
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reliable indicator of ovarian reserve [36]. The median AMH
level prior to HCT was 2.5 ng/mL (range, <0.3 to 6.2 ng/mL,)
with 3 patients receiving prior alkylator therapy (AMH levels
of 1.5, 5.7, and 6.2 ng/mL).
Assisted Reproductive Technologies
Ten of 48 women referred to REI did not follow through

with the consultation for unknown reasons. Of the 38 REI con-
sultations, only 13 women (10% of the cohort) pursued ART
with underlying diseases of MDS/MPN (5 of 13), benign hema-
tologic disorders (4 of 13), AML (3 of 13), and ALL (1 of 13). The
reasons for not pursing ART after REI consultation among the
remaining 25 women were variable but included disease
severity (68%) with perceived urgency of therapy or concern
for complications from ART due to disease-related cytopenias,
financial barriers (20%) secondary to lack of insurance coverage
of ART, and low antral follicle count during initial work-up
(12%). Of the 13 attempted ART procedures, 9 were oocyte
cryopreservation and 4 embryo cryopreservation. Oocyte cryo-
preservation was chosen when the woman did not have a sta-
ble partner and chose not to use a sperm donor. The median
age of patients undergoing ART was 22 years (range, 15 to 42
years), and the median time to successful completion of ART
was 13 days (range, 9 to 15 days). Overall, 9 of the 13 ART pro-
cedures (69%) were successful in yielding cryopreserved tissue,
including 3 embryo cryopreservation and 6 oocyte cryopreser-
vation cycles. Of note, 2 of the embryo cryopreservation proce-
dures were performed at outside institution, and thus the
parameters of only the remaining 7 successful procedures
were available. The successful embryo cryopreservation per-
formed at our institution led to 2 cryopreserved embryos at
the pronuclear stage. The median number of cryopreserved
oocytes was 10 (range, 5 to 21 oocytes). Among the 4 failed
procedures, 3 were in women with AML. Three women did not
respond to ovarian stimulation, and 1 woman did not have fol-
licles available for retrieval despite responding to ovarian stim-
ulation. At the last follow-up, no attempts have been made to
utilize the cryopreserved oocytes or embryos per documenta-
tion in the medical record. Median follow-up of 9 women with
cryopreserved tissue is 816 days (range, 147 to 2940 days).

The administration of a GnRH agonist (leuprolide acetate)
for ovarian suppression was evaluated. Ninety-three women
(73%) received leuprolide acetate (depot formulation 11.25 mg
i.m. every 3 months) prior to conditioning, although not all of
these women received fertility preservation counseling. The
indication for a GnRH agonist was often documented as sup-
pression of heavy menses during periods of thrombocytopenia
rather than for protection of fertility. There was not a
significant correlation between administration of a GnRH ago-
nist and return of menses (Table 4).

Menstrual Recovery and Fertility
Three (4%) of 75 women who underwent MAC and were

alive more than 365 days after HCT had spontaneous men-
strual recovery after HCT (median time to recovery, 14
months; range, 6 to 21 months) compared to 10 (50%) of 20
women who underwent RIC and were alive more than
365 days after HCT (median time to recovery, 21.5 months;
range, 5 to 83 months; P < .01) (Table 3). Ages of women with
menstrual recovery ranged from 18 to 45 years (median, 25
years). Eight of the 13 women had benign hematologic condi-
tions. Two patients had been exposed to alkylating agents, and
three received myeloablative doses of TBI for conditioning. No
women receiving myeloablative doses of BU had return of
menses. Twelve of the 13 women with return of menses
received leuprolide prior to HCT; however, 81 additional
women received leuprolide and have not had menstrual recov-
ery. One woman with return of menses had an AMH checked 6
months after HCT that was 1 ng/mL (range, <0.3 to 6.2 ng/mL).
Seven women who did not have return of menses had an AMH
level of less than 0.3 ng/mL. There was no significant relation-
ship between occurrence of grade II or greater acute GVHD
and menstrual recovery (P = .67) and no relationship between
chronic GVHD and return of menses (P = .31). In this cohort,
there were two spontaneous pregnancies (2%) in patients alive
more than 365 days after HCT, both occurring after RIC for
aplastic anemia (CY + Campath + 400 cGy TBI) and paroxysmal
nocturnal hemoglobinuria with aplastic anemia (CY + ATG).
Both women received leuprolide prior to the conditioning regi-
men. The pregnancies occurred at 71 and 72 months after HCT,
respectively.

DISCUSSION
This study provides a detailed description of the disease

and reproductive variables of reproductive-age women under-
going HCT, an assessment of fertility preservation counseling
provided, and an analysis of utilization and outcomes of fertil-
ity preservation techniques at a single tertiary transplant cen-
ter. Nearly half of the women undergoing HCT in this cohort
were nulligravid, and 72% of the women had either AML or
ALL, with 82% undergoing MAC. Unfortunately, even in a large
tertiary transplant center, documented rates of fertility preser-
vation counseling were low (27% at diagnosis, 48% prior to
HCT), although it is probable that further counseling had
occurred and was not documented [12]. In a subgroup analysis
of women age 15 to 39 years, 62% of women received fertility
preservation counseling prior to HCT, suggesting a possible
provider bias to preferentially counsel younger women. The
rate of referral to REI prior to HCT was even lower (38%). Of
women age 15 to 39 years, 51% were referred to REI. The rea-
sons for low rates of referral were not specifically evaluated in
this retrospective study; however, it was recently reported
that the most common barriers to fertility preservation
counseling and referral prior to HCT were the perception that
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patients were too ill to delay treatment, presumed established
infertility from prior chemotherapy exposure, and time con-
straints [37]. A more detailed look into the trends of the fertil-
ity preservation counseling showed that the frequency of
counseling increased over time, as seen in Figures 1 and 2.
Although this trend is encouraging, we are still falling short of
the goal of counseling all reproductive-age women undergoing
HCT [10]. Data from women with primary gynecologic tumors
have highlighted the importance of counseling for fertility
preservation leading to less regret, even if fertility-sparing sur-
gery was not performed [38], suggesting a benefit to counsel-
ing even if fertility preservation is not pursued. Furthermore,
recent reports have emphasized the critical roles played by
oncologists and psychologists in making higher-quality fertil-
ity preservation decisions, which lead to better experiences in
the decision-making process [39].

This study supports that there is a persistent disconnect
between survivors’ needs and the counseling and care
provided to those patients at the time of disease and treat-
ment. The field of oncofertility [16] attempts to bridge the
gap between oncology and reproductive medicine by encour-
aging increased fertility preservation counseling of young
adults with cancer and bolstering research efforts to discover
new fertility preservation techniques for young patients with
cancer. There are multiple available fertility preservation
techniques for women facing the threat of infertility, some
techniques well established and others experimental
[3,8,25,27,40,41], all of which should be discussed with
women who express interest in fertility preservation. Ideally,
referral to a reproductive endocrinologist or infertility spe-
cialist should be considered part of comprehensive cancer
care at diagnosis [25].

Results of three randomized controlled trials studying the
role of GnRH agonists during chemotherapy have been mixed
[42-44]. A unique benefit to this approach of fertility preserva-
tion is preservation of overall gonadal function and thus avoid-
ing other sequelae of decreased ovarian function such as
osteoporosis, cardiovascular disease, neurocognitive dysfunc-
tion, and sexual dysfunction [26]. GnRH agonists are frequently
used because they reduce menstrual bleeding during chemo-
therapy [25] and conditioning, where resultant thrombocyto-
penia can lead to menorrhagia, as documented in our study.
The use of GnRH agonists in HCT has been studied in a small
cohort of patients with lymphoma and leukemia. The study
found that administration of a GnRH agonist prior to gonado-
toxic conditioning chemotherapy was associated with an
increased rate of cyclic ovarian function after HCT in women
with lymphoma; however, this association was not seen in
women with leukemia [45], consistent with our results that
showed no significant correlation between GnRH agonist use
and the return of menses.

ART including oocyte and embryo cryopreservation were
underutilized in our study, with only 13 procedures per-
formed. This is surprising considering the opportunity avail-
able to complete ART after induction chemotherapy and before
HCT, as the median time to cryopreserved tissue was only
13 days. Despite the challenges facing this cohort of patients,
nearly 70% of the cryopreservation procedures were successful
in yielding preserved oocytes or embryos. Overall, menstrual
recovery was rare but significantly more likely in patients who
underwent RIC (P < .01) with age at HCT ranging from 18 to
45 years (median, 25 years). Pregnancy was even more uncom-
mon and only seen post-HCT in two women who underwent
RIC for aplastic anemia. Importantly, nearly half of the women
who underwent RIC had benign hematologic conditions and
were exposed to less chemotherapy prior to HCT, potentially
contributing to the observed differences in menstrual recovery
and pregnancy.

A particularly challenging patient population includes
women who are pregnant at the time of diagnosis. In this
cohort, there were seven women (6% of the cohort) pregnant
at diagnosis with hematologic malignancy, of whom four deliv-
ered between 32 and 36 weeks. Four of these women received
ovarian suppression prior to conditioning chemotherapy, and
one previously had embryo cryopreservation completed. One
woman had menstrual recovery. The patient who underwent
previous ART expressed intent to pursue in vitro fertilization
with her cryopreserved embryos in the near future. Six of the
seven women are still alive and in remission.

Another unique population in this study included 14
women undergoing HCT for benign hematologic conditions
including aplastic anemia, bone marrow failure syndromes,
and sickle cell anemia. These women comprised 11% of the
cohort and 8 of the 13 women with return of menses. All 8
women with return of menses received RIC with CY plus 200
to 400 cGy TBI or CY plus ATG. Three women in this group who
did not have return of menses received myeloablative doses of
BU in the conditioning regimen. No GVHD was seen in this
population, and all received ovarian suppression prior to con-
ditioning.

Although the resultant infertility from HCT is iatrogenic
secondary to necessary treatment for life-threatening diseases,
ART are rarely subsidized by insurance companies in the
United States [46], and thus there are significant financial bar-
riers to pursuing cryopreservation of gonadal tissue for
patients. In the United States, insurance benefits for fertility
treatments generally come as either a Fortune 500 company or
state labor union (i.e., teachers, correctional officers) employee
benefits package or through state mandates (15 of 50 U.S.
states). The state mandates vary considerably in the coverage
of fertility treatments, and oocyte cryopreservation is usually
not included in coverage despite U.S. Food and Drug Adminis-
tration approval and standard of care [46]. Even though states
such as Connecticut and Rhode Island (the first states to pass
legislation requiring coverage for fertility preservation) have
started to lay the foundations, there is still a long way to go
[47]. A survey in 2013 found that one third of female cancer
survivors recall the cost of fertility preservation to be prohibi-
tive, especially if the household annual income was less than
$50,000 [48]. A recent study of women undergoing oocyte
cryopreservation found that the average out-of-pocket cost
per cycle of in vitro fertilization was $6,966 (range, $1000 to
$18,000 per cycle) with heavy reliance on family financial sup-
port and community fundraisers to offset this cost [46].

Due to multiple promising developments in fertility pres-
ervation in women, there is a strong incentive to counsel all
of these women appropriately and maximize the chances of
restoring a woman’s fertility after gonadotoxic treatments
[41]. Techniques currently considered experimental are
likely to become the standard of care in the future, and thus
awareness of these techniques is necessary. Guidelines cur-
rently exist for cancer survivors; however, no such guidelines
exist for HCT survivors, and this remains an unmet need in
the field of HCT.

We acknowledge that there are several limitations to this
study, including the retrospective study design, which relies
heavily on accurate and complete documentation within the
medical record. Additionally, the study site is a large referral
center and thus limits our ability to know the details of fertility
counseling that some women received at the time of diagnosis
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at outside institutions. The time frame of the study is large,
spanning 15 years, over which time there has been evolution
of the ART that are available, such as oocyte cryopreservation,
which was only offered starting in 2008 and became the stan-
dard of care in 2013. Despite these limitations, this study pro-
vides granular details regarding the relevant but difficult issue
of fertility preservation in women undergoing HCT and pro-
vides an opportunity for transplant physicians and allied
health staff to reflect on their own knowledge, attitudes, and
practices regarding fertility preservation in this challenging
patient population.

CONCLUSION
Oncofertility is an emerging field due to an increasing

number of young cancer survivors. Herein, we document that
even at a large tertiary HCT center, the rate of documented
fertility counseling and reproductive endocrinology referrals
was low and the utilization of assisted reproductive interven-
tions even lower. Spontaneous menstrual recovery was rare
but more likely in the setting of RIC HCT. A concerted multi-
disciplinary effort is needed to understand decision making
in fertility preservation and to improve oncofertility referral
and outcomes.
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