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Abstract
Purpose Fertility is a quality of life outcome adversely affected by cancer therapy. Many childhood cancer patients, however, are
not offered options to preserve their fertility. Providers acknowledge difficulty discussing impaired fertility to patients due to lack
of knowledge of available options. Our objective was to review the impact of a pediatric multidisciplinary fertility preservation
program on providers’ fertility preservation counseling and discussion of options.
Methods A retrospective medical chart review was conducted for pediatric cancer patients prior to and following program
establishment. Fertility preservation discussions, consults, and incidence were noted. Following filtering and stratification, 198
and 237 patients were seen prior to and following program establishment, respectively.
Results Following program establishment, provider–patient discussions of impaired fertility (p = 0.007), fertility preservation consults
(p = 0.01), and incidence of fertility preservation procedures (p < 0.001) increased among patients. Furthermore, the number of patients
who received fertility preservation consults after receiving gonadotoxic treatment decreased (p < 0.001). This trend was particularly
noted in pre-pubertal and female patients, for whom fertility preservation options are limited without an established program.
Conclusion The establishment of a formal program greatly improved access to fertility preservation consults and procedures in
children with cancer.
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Introduction

The survival rate for childhood cancer is now a remarkable
85% [1]. However, due to cancer treatments such as

chemotherapy and radiation, survivors are vulnerable to health
and quality of life limitations in their subsequent adulthood [2,
3]. Fertility, in both males [4] and females [5], is a quality of
life outcome that can be diminished by cancer therapy.
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Fertility preservation options are therefore increasing in de-
mand for children undergoing gonadotoxic treatments.

National guidelines suggest providers universally discuss
fertility with their patients undergoing gonadotoxic treatments
[6–8]. However, childhood cancer patients are frequently not
offered the option to preserve their future fertility prior to
receiving fertility-threatening treatments. Survey-based inves-
tigations have found that between 41 and 52% of childhood
cancer survivors and families do not recall conversations of
fertility during their cancer care [9, 10]. A major reason cited
by youth for foregoing fertility preservation is being unaware
of their options [11]. From the provider perspective, approx-
imately half of oncologists admit they do not bring up fertility
preservation to patients facing fertility-threatening treatment
[12, 13], and very few providers use national guidelines to
support their decision-making [13].

Several barriers exist for providing comprehensive fertil-
ity preservation counseling to patients. While few providers
noted a lack of fertility specialists or time constraints, many
feel that they do not have adequate knowledge on fertility
preservation possibilities to be able to provide this as an
option [14]. One meta-analysis found that the most frequent
barrier to fertility preservation in cancer patients is institu-
tional gaps, such as inadequate facilities/funding or ab-
sences of institution-specific fertility preservation guide-
lines. Furthermore, poor connections to fertility specialists
or ill-defined roles in multidisciplinary teams lead to pro-
viders not feeling comfortable referring patients for fertility
preservation consults [15].

National organizations have implemented initiatives to
improve patient education of fertility preservation.
However, patients likely benefit more from personalized in-
formation by their oncology care team [15]. To address the
lack of provider knowledge and improve patient fertility
preservation outcomes, the implementation of a hospital-
wide fertility preservation program has been suggested [16]
to standardize communication and education among pro-
viders and patients. Such a program has led institutions to
have higher rates of provider referrals [17, 18] and subse-
quent incidence of fertility preservation [19]. Furthermore,
patient satisfaction with respect to receiving fertility preser-
vation information greatly increases following the imple-
mentation of a fertility program [20].

In 2016, Mayo Clinic established a hospital-wide pediatric
fertility preservation program. The program is multidisciplin-
ary in nature and involves pediatric gynecology, pediatric
urology, pediatric surgery reproductive endocrinology, and
laboratory medicine, among others. The program supports
all clinically established fertility preservation options for boys
and girls [21], such as oocyte/embryo cryopreservation, sperm
banking, and ovarian/testicular shielding. Experimental pro-
cedures, such as testicular (and formerly ovarian) tissue cryo-
preservation, are offered through IRB-approved protocols

(Mayo Clinic Institutional Review Board # 15-004891 and
14-010037). Briefly, the workflow is as follows: Patients un-
dergoing moderate to severe gonadotoxic treatment are re-
ferred to the program by their oncologist for a formal fertility
preservation consult when they are presumed to have moder-
ate to highly gonadotoxic treatment. Fertility preservation
counseling is provided by a multidisciplinary team, and all
options are presented to patients. From here, a research coor-
dinator presents the research protocol (if patients are interested
in ovarian/testicular tissue cryopreservation), including risks
and benefits of participation. The procedure (if required) is
scheduled at the same time as another required procedure, to
lessen both anesthesia risks and out-of-pocket costs for pa-
tients. Post-procedure, a protocol is in place for patient
follow-up and tissue/specimen handling. Patients’ insurance
typically covers procedures, and patients are responsible for
annual tissue storage fees. Here, we present the clinical out-
comes following the establishment of a hospital-wide fertility
preservation program.

Methods

Study subjects

Patients were identified using Mayo Clinic’s Advanced
Cohort Explorer. We conducted a medical record review of
children admitted to Pediatric Hematology/Oncology at or
under 17 years of age at our institution (Table 1) from
January of 2014 to January of 2020. Patients were stratified
by admission prior to or after program establishment in
August of 2016. Patients were filtered for oncology cases that
had most or all of oncology care provided by our institution
and had potentially gonadotoxic treatment as part of their care
(i.e., radiation and/or chemotherapy).

Data abstraction

Basic and clinical demographics including Tanner staging
were collected for each patient as well as information regard-
ing their cancer diagnosis. Discussions of impaired fertility,
fertility preservation consults, and fertility preservation inci-
dence were recorded for each patient.

Statistical analysis

Fisher’s exact tests with a significant p value of 0.05 were
conducted to compare proportions between pre- and post-
program factors. All statistical analyses were conducted in
RStudio version 1.1383.

496 J Assist Reprod Genet (2021) 38:495–501



Results

Case series demographics

Of 435 children studied, 198 were admitted prior to the estab-
lishment of a fertility preservation program, and 237 were seen
after (Table 2). Demographics between each group did not
statistically differ. Ages between groups ranged from 0 to 17
years (median = 8 years). Approximately 12% of all patients
were deceased as of February 2020. Patients consisted of mar-
ginally more males than females. The majority of patients self-
identified as White and not of Hispanic or Latinx ethnicity.

Clinical characteristics of patients were well-distributed
(Fig. 1). Tanner stages ranged from I to V. Fifty-nine
percent of patients were pre-pubertal (Tanner I) and 7%
were post-pubertal (Tanner V). Eighty-nine percent of pa-
tients had either a hematologic, musculoskeletal, or neu-
rological cancer type. Gonadotoxic treatment consisted of
chemotherapy only in 55% of patients, radiation only in
2%, and both chemotherapy and radiation in 43%. Among
all patients who underwent a fertility preservation option
(both prior to and after a fertility preservation program),

58% consisted of ovarian or testicular tissue cryopreser-
vation and 42% consisted of oocyte or sperm banking.

Fertility preservation program outcomes

Following the establishment of a fertility preservation pro-
gram, there was an increase in the proportion of patient dis-
cussions with any of provider involved in their cancer care of
impaired fertility (22 to 38%, p = 0.007), fertility preservation
consults (21 to 36%, p = 0.01), and incidence of fertility-
preserving options such as sperm, oocyte, or tissue cryopres-
ervation (9 to 27%, p < 0.001). The proportion of patients who
received fertility preservation consults after receiving
gonadotoxic treatment decreased from 41 to 14% following
program establishment (p < 0.001; Fig. 2).

Of post-program patients who underwent fertility preserva-
tion, ovarian or testicular cryopreservation was performed in
74% of patients (46/62). When ovarian and testicular tissue
cryopreservation was removed from analysis, incidence of
fertility preservation did not differ following program estab-
lishment (9 to 7%, p = 0.476).

Table 1 Filtering and
stratification for study subjects Filter Pre-program Post-program

Initial patients identified from search 350 467

Removed for non-cancer diagnosis 135 210

Removed for non-gonadotoxic treatment (i.e., surgery only) 17 20

Final number of patients included in analysis 198 237

Table 2 Demographics of pre-
and post-program study subjects All patients (N = 483) Pre-program (N =

198)
Post-program (N =
237)

Dates 2014–2019 Jan 2014–Aug 2016 Aug 2016–Dec 2019

Age in years (mean) 0–17 (8.3) 0–17 (8.3) 0–17 (8.3)

Deceased patients (%) 12% 17% 8%

Male:female ratio 1.34 1.22 1.44

Race (%)

American Indian/Alaskan Native 0% 1% 0%

Asian 2% 2% 2%

Black/African American 4% 5% 3%

Native Hawai’ian/Pacific
Islander

1% 1% 1%

White 81% 81% 81%

Other/unknown 13% 11% 14%

Ethnicity (%)

Hispanic/Latinx 6% 5% 6%

Not Hispanic or Latinx 90% 94% 87%

Unknown 4% 2% 7%
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Program outcomes by pubertal status

This trend was particularly noted among pre-pubertal chil-
dren (Tanner I). Discussions of impaired fertility (7 to
29%, p < 0.001) and fertility preservation consults (7 to
24%, p = 0.002) increased after the establishment of a
fertility preservation program. Consequently, fertility
preservation procedures among pre-pubertal children in-
creased from none to 21% with the establishment of a
fertility preservation program (Fig. 3).

Among pubertal and post-pubertal patients (Tanner II–
V), there were no statistical differences between pre- and

post-program patients in fertility impairment discussions
(57 to 67%, p = 0.734), fertility preservation consults (55
to 65%, p = 0.731), or fertility preservation incidence (33
to 41%, p = 0.689).

Program outcomes by patient gender

In male patients, fertility preservation incidence more than
doubled (14 to 30%, p = 0.017). Female patients saw a more
dramatic effect: fertility preservation increased more than
seven-fold (3 to 22%, p < 0.001; Fig. 4).
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Fig. 1 Patient demographics. Tanner stage, cancer type, and gonadotoxic
treatment distributions of patient cohort. Patients were predominantly
(59%) Tanner stage I. Majority (89%) of patients had a hematologic,

musculoskeletal, or neurological malignancy. About half of patients
(55%) had chemotherapy only as gonadotoxic therapy, 2% had
radiation only, and 43% had both chemotherapy and radiation
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Fig. 2 Fertility preservation program outcomes. Proportion of patients who
had discussions of impaired fertility with their oncologist, had a fertility
preservation consult, or underwent fertility preservation significantly
increased between pre-program (blue bars) and post-program (orange).

The proportion of those who had gonadotoxic treatment before their FP
consults significantly decreased. Statistical comparisons shown are between
pre- and post-program patients. Asterisks represent significance level (* p <
0.05, ** p < 0.01, *** p < 0.001)
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Provider discussions of fertility

When patients were not physician-referred for fertility preser-
vation (FP), only 1% underwent a FP procedure through self-
referral (3/299). In contrast, when patients were referred for an
FP consult, 84% (115/137) received an FP consult and 64%
(88/137) underwent an FP procedure (p < 0.001).

Discussion

The establishment of a hospital- and clinic-wide fertility pres-
ervation program significantly increased the number of

fertility consults and subsequently fertility preservation proce-
dures undergone by patients. Implementing fertility preserva-
tion programs at other institutions has similarly increased fer-
tility preservation consultations and incidence of fertility pres-
ervation procedures [17–19, 22, 23].

Unfortunately, many patients have already undergone
gonadotoxic treatment at the time of their first fertility preser-
vation consult and therefore may have already experienced
some gonadotoxicity. Of note, this study found that the pro-
portion of patients who received fertility preservation consults
after gonadotoxic treatment decreased after program establish-
ment, inferring that the existence of a formal program results
in earlier consults and provides more benefit to patients facing
gonadotoxic treatments.

This study found the most significant increase in fertility
preservation consults among pre-pubertal patients, leading to
one in five pre-pubertal patients undergoing fertility preserva-
tion following program establishment. Many barriers exist for
pre-pubertal patients to receive fertility preservation [24, 25],
including the experimental nature of particular fertility preser-
vation options for this population. The establishment of a for-
mal fertility preservation program, including the introduction
of experimental procedures such as ovarian/testicular tissue
cryopreservation, therefore provides significant benefit to
childhood cancer patients that otherwise would have no access
to fertility preservation options.

The establishment of a fertility preservation program intro-
duced ovarian and testicular tissue cryopreservation. This
proved to be a popular option: almost 3 of 4 children who
underwent any fertility preservation option post-program
chose to undergo these procedures. While post-pubertal youth
have the option of undergoing egg or sperm freezing, these
options are patient-specific and may not always be plausible.
Sperm freezing may be an uncomfortable option for youth,
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Fig. 3 Program outcomes in
subset of pre-pubertal patients.
Proportion of pre-pubertal
(Tanner I) patients who had dis-
cussions of impaired fertility with
their oncologist, had a fertility
preservation (FP) consult, or
underwent fertility preservation
significantly increased between
pre-program (blue bars) and post-
program (orange bars). Statistical
comparisons shown are between
pre- and post-program patients.
Asterisks represent significance
level (* p < 0.05, ** p < 0.01,
*** p < 0.001)

14%

3%

30%

22%

0%

5%

10%

15%

20%

25%

30%

35%

Male FP Incidence Female FP Incidence

Fertility Preservation Incidence by Sex

Pre-program (N = 198) Post-program (N = 237)

*

***

Fig. 4 Patient gender differences in program outcomes. Proportion of
male and female patients who underwent fertility preservation
significantly increased between pre-program (blue bars) and post-
program (orange bars). Statistical comparisons shown are between pre-
and post-program patients. Asterisks represent significance level (* p <
0.05, ** p < 0.01, *** p < 0.001)
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and egg freezing often delays cancer treatment by weeks. For
both pre-pubertal and post-pubertal patients, ovarian/testicular
tissue cryopreservation is a popular option.

In our cohort, there was a greater increase in fertility pres-
ervation incidence for females than males following program
establishment. Generally, male patients more frequently have
discussions of fertility preservation prior to cancer treatment
compared to females [11]. Such gender-based differences are
likely due to the options available to each. Pubertal males are
often able to provide semen samples for cryopreservation
quickly and easily, prior to initiation of cancer treatment.
However, options available to females, such as oocyte cryo-
preservation, can be costly and delay treatment [26]. In
December of 2019, the American Society of Reproductive
Medicine (ASRM) deemed ovarian tissue cryopreservation
as non-experimental and an acceptable method for fertility
preservation as clinical care for both pre- and post-pubertal
girls [6]. This has been predicted by national associations
[27, 28], as many live births and ongoing pregnancies have
been achieved through this method of fertility preservation
since 2004 [27]. Ovarian tissue cryopreservation as standard
of care will provide patients with more established fertility
preservation choices that will not delay cancer treatment, as
well as potentially ease the financial burden that is associated
with the surgery and storage of tissue.

This study demonstrated that when patients discussed fer-
tility with a provider in their cancer care, they were much
more likely to undergo a fertility preservation option. Those
without medical oncologists are less likely to be told that their
cancer treatment may affect fertility, compared to those with a
medical oncologist [11]. This indicates a need for further pro-
vider knowledge of fertility preservation options. When pro-
viders are provided with an educational program regarding
fertility preservation options, they are more likely to educate
both coworkers and patients on the topic [29]. While estab-
lishing a multidisciplinary program offers more provider
awareness, there is still room to improve through further edu-
cation of providers.

There are some limitations to the current study. The current
study reviewed the outcomes of pediatric cancer patients only.
However, many children face diagnoses that affect their fer-
tility outside of oncology, including certain endocrine, genet-
ic, neurologic, rheumatologic, and metabolic diseases.
Furthermore, transgender youth would be eligible for fertility
preservation prior to starting hormone blockers. There re-
mains a need for pediatric fertility preservation in the non-
oncological setting [30]. Our program extends fertility preser-
vation options beyond cancer. Further studies are recommend-
ed to examine the clinical outcomes from fertility program
establishment in this patient population. Of note, all cancer
patients were included in this study, with no exclusion for
those who were too ill to be offered fertility preservation.
Furthermore, gonadotoxic treatment was presumed as

chemotherapy and/or radiation in cancer treatment, but there
are several chemotherapy/radiation regimens that are not
gonadotoxic. Had these patients been excluded, it is presumed
that a much higher proportion of patients would be offered
fertility preservation.

Our institution increased consults and fertility preservation
options undergone through the establishment of an institution-
wide, multidisciplinary fertility preservation program. Pre-
pubertal and female patients had particular benefit, as they
had limited options outside of experimental procedures.
More work to educate providers and include divisions outside
of oncology is recommended to broaden the outcomes that a
fertility preservation program may provide.
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