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Objective: To review the program and patient metrics for ovarian tissue cryopreservation (OTC) within a comprehensive pediatric
fertility preservation program in its first 12 years of development.
Design: Retrospective review.
Setting: A tertiary children’s hospital in a large urban center between March 2011 and February 2023.
Patients: Pediatric patients who underwent OTC.
Interventions: Unilateral oophorectomy for OTC.
Main Outcome Measures: Patient demographics and clinical course information were collected for analysis.
Results: A total of 184 patients underwent OTC in the first 12 years. One hundred fifteen patients were prepubertal at the time of OTC,
and 69 were postpubertal. In total, 128 patients (69.6%) received part of their planned therapy before OTC. Starting in 2018, 104
participants (92.0%) donated tissue to research, 99 participants (87.6%) donated blood, and 102 (90.2%) donated media to research.
There was a decrease in the median age of patients who underwent OTC from 16.4–6.6 years and an overall increase in the proportion
of patients per year that were prepubertal. Forty-eight (26.0%) patients who underwent OTC were outside referrals and traveled from as
far as Seattle, Washington.
Conclusion: During the first 12 years of this program, oncofertility research increased, annual tissue cryopreservation cases increased,
and the median age of those who underwent OTC decreased. The program was adapted to build a stand-alone gonadal tissue processing
suite and specialized in prepubertal ovarian tissue processing. The program will continue to adapt to patient needs in the upcoming
decades because restoration technologies advance through research supported by this and collaborating programs. (F S Rep�
2024;5:197–204. �2024 by American Society for Reproductive Medicine.)
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F ertility preservation (FP) is a key component of compre-
hensive care for patients who are at increased risk of
developing premature gonadal insufficiency because

of their treatments for malignant, genetic, or rheumatologic
conditions. Rates of survival for pediatric cancers have
improved, and aggregate 5-year survival rates now exceed
80% with most patients living into adulthood (1). Sixty
percent of survivors of pediatric cancers will have a serious
long-term complication that may include infertility (2–11).
Alkylating chemotherapeutics or radiation fields that
include the hypothalamus or gonads cause a significantly
increased risk for premature gonadal insufficiency and/or
infertility (4–6, 8, 10–14). The American Society of Clinical
Oncology, the National Comprehensive Cancer Network, the
American Academy of Pediatrics, and the American Society
for Reproductive Medicine (ASRM) recommend
comprehensive FP counseling to any patient whose
anticipated treatment increases their risk of infertility
(15–18).

First described in 1996, ovarian tissue cryopreservation
(OTC) is the only modality for FP in patients who have not
yet progressed through puberty (19, 20). Additionally, the
nature and urgency of starting treatment may not allow
the time required for ovarian stimulation and oocyte
retrieval for egg cryopreservation, which is not recommen-
ded after the initiation of chemotherapy and radiation. For
those patients, OTC is an option for FP before the onset of
treatment (20–22). Ovarian function is then restored by
ovarian tissue transplantation (OTT) into either orthotopic
or heterotopic locations (23–25). More than 140 live
births have been reported from OTT after OTC as of 2020
(26). In 2019, the ASRM removed the experimental label
from OTC; however, there is an understanding among
pediatric providers and researchers that important
research must continue to define and improve OTC and
OTT outcomes, especially in pediatric and adolescent
individuals where only a few OTTs have been described
(18, 27, 28).

In 2011, the Ann and Robert H. Lurie Children’s Hos-
pital of Chicago (Lurie Children’s) joined Northwestern
University’s Oncofertility Consortium to offer OTC as an
FP option for pediatric patients at increased risk of infer-
tility. In the subsequent 12 years, unilateral oophorectomy
followed by OTC was performed for 184 patients. This
study retrospectively reviewed the program and patient
metrics with the goal of highlighting significant research
and patient care milestones.
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MATERIALS AND METHODS
Unilateral oophorectomy and OTC

Pediatric girls whose treatment was determined to have a
significantly increased risk or a high increased risk of
infertility qualified to be included in this study (14, 29).
All prepubertal patients and postpubertal patients who
could not delay the start of their treatment were offered
OTC. All OTC procedures were conducted under the Lurie
Children's institutional review board (IRB) protocol (prepu-
bertal IRB No. 2014–15534 and 2018–1509, postpubertal
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IRB No. 2011–14420 and 2017–1149). All families and pa-
tients aged 18 years and older provided written informed
consent for OTC and the collection of research
specimens. When appropriate, minor patients provided
written assent. All patients who underwent OTC had a uni-
lateral oophorectomy (30, 31). This was most often per-
formed laparoscopically, but it could occur also during a
laparotomy when there was concurrent tumor resection.
When possible, oophorectomy was performed under the
same anesthesia as that needed for another procedure,
such as central venous port placement or bone marrow bi-
opsy. After the ovary was retrieved, a 3–4 mm punch bi-
opsy was taken and sent for routine pathology
examination. Previous protocols under the Oncofertility
Consortium (2011–2016) used 20% of the processed
ovarian tissue for research. When the patient and family
consented to donate tissue after 2018, a second 3–4 mm
punch biopsy was taken for research purposes. Some of
the donated biospecimens were processed in a research lab-
oratory for ongoing studies, although others were cryopre-
served, flash-frozen, or otherwise appropriately processed
and stored for future studies. Patients who had undergone
previous treatment with alkylating chemotherapy were
asked to donate a punch biopsy to research. When the
ovary was small, the research tissue sample was forgone
when <80% of the tissue would be left for the patient’s
future use. The ovary was transferred to the Northwestern
Medicine Embryology and Andrology Laboratory (2011–
11/2020) or the Lurie Children’s Gonadal Tissue Processing
Suite (GTPS, 12/2020–present) in OFC holding media
(Sage/Origio No. ART-8040). The cortex of the ovary was
thinned to 1.5–2.0 mm and cut into strips that were 3–5
mm wide. Strips were incubated in OFC cryopreservation
and freezing media (Sage/Origio ART-8050) and then cry-
opreserved in cryovials using a controlled rate freezer
(32, 33). The vials of cryopreserved tissue are transferred
to ReproTech, LLC, for long-term storage.

Review of patient demographics and clinical
characteristics

A retrospective review was conducted of all patients who
underwent OTC at Lurie Children’s from March 2011 to
February 2023. Each 12-month interval is from March
through February of the following year (i.e., the year
2011 refers to March 2011 through February 2012). The
electronic medical record was used to collect patient demo-
graphic data, referral information, diagnosis, and clinical
data, date of procedure, and whether patients donated
specimens for research. Data on the total number of pa-
tients undergoing OTC annually, diagnosis, previous treat-
ment, and pubertal status at the time of OTC and referrals
were also collected.
Statistic analysis

All statistical analyses were performed using Graph Pad
Prism 9 (GraphPad Software, San Diego, CA). All regres-
sions were performed using a linear regression. R Statisti-
cal Software (v4.2.1; R Core Team 2022) was used to
VOL. 5 NO. 2 / JUNE 2024



FIGURE 1

(A) Number of ovarian tissue cryopreservations (OTCs) annually fromMarch 2011 to February 2023. The 12-month period refers to March through
February of the following year (i.e., the year 2011 refers toMarch 2011 through February 2012). (B) Histogramof patients by age in years at the time
of OTC. The median age at the time of OTC was 8.99 years. (C) Proportion of prepubertal vs. postpubertal OTCs by year when the procedure was
performed. (D) The median age at OTC by year. (E) Diagnoses in prepubertal and (F) Postpubertal patients undergoing OTC.
McElhinney. Fertility preservation in young girls. F S Rep 2024.
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construct the referral map in Supplemental Figures 1A and
1B, (available online).
RESULTS
Patient demographics and diagnosis

A total of 184 patients underwent OTC at Lurie Children’s
from 2011–2022, with a general trend of increasing total
cases annually over the 12-year period (slope ¼ 2.4)
(Fig. 1A). The median age at OTC was 8.99 years (range, 0–
27 years) (Fig. 1B). One hundred fifteen (62.5%) patients
were prepubertal, and 69 (37.5%) were postpubertal at the
time of OTC. The proportion of prepubertal vs. postpubertal
patients varied each year (Fig. 1C). However, there was a gen-
eral trend toward younger patients undergoing OTC over time
(slope ¼ -0.55) (Fig. 1D). Most patients identified as White
(73.2%), with 8.2% identifying as Black, 5.4% identifying as
Asian and 13.2% identifying as another race. Most patients
were non-Hispanic (75.5%), with 15.8% identifying as His-
panic or Latino, whereas 8.7% did not disclose.

The most common primary diagnosis in patients who un-
derwent OTC was sarcoma, followed by other solid tumors,
leukemia, and lymphoma. This differed between prepubertal
and postpubertal patients. Prepubertal patients were most
often diagnosed with other solid tumors—typically Wilm’s tu-
mor or neuroblastoma—then sarcoma (Fig. 1E). This was then
followed by a brain or spine tumor. Postpubertal patients were
primarily diagnosed with sarcoma, followed by leukemia or
lymphoma, and then a benign hematologic condition
(Fig. 1F).
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Patient clinical course

Referrals for OTC were received from centers across the coun-
try, although most referrals were received from centers in the
Midwest (Supplemental Fig. 1, available online). Most pa-
tients who underwent OTC were already receiving care for
their principal diagnosis at Lurie Children’s Hospital at the
time of referral: 139 (74.7%) patients were referred for OTC
while receiving care at Lurie Children’s Hospital, whereas 47
(25.3%) patients were referred from outside institutions
(Supplemental Fig.1C, available online).

In total, 128 (69.6%) patients received part of their
planned therapy before OTC either because of an urgent
need to start gonadotoxic treatment because of cancer or
because of families requiring additional time to consider FP
options (Fig. 2). This included 80 (69.6%) prepubertal patients
and 48 (69.6%) postpubertal patients. Most OTC procedures
occurred under one anesthetic exposure, coordinated with
another procedure related to the patient’s principal diagnosis:
61.4% (63.5% prepubertal and 58.0% postpubertal) were per-
formed with cohort procedures, which included a port place-
ment, bone marrow biopsy, lumbar puncture, or gastrostomy
tube placement.
Donations to research

Beginning in 2018, patients could donate specimens to the
foundational research laboratory, including tissue biopsies,
blood specimens, and media containing discarded stroma
collected during tissue processing that would typically be dis-
carded after processing the ovary for cryopreservation (Fig. 3).
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FIGURE 2

The diagnoses of patients who underwent gonadotoxic treatment
before undergoing ovarian tissue cryopreservation (OTC). These
patients often required starting gonadotoxic treatment immediately
because of their condition, or families requested more time to
decide on pursuing fertility preservation. All patients who received
treatment before OTC were diagnosed with a malignancy.
McElhinney. Fertility preservation in young girls. F S Rep 2024.
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A tissue specimen donation was specifically requested from
patients who underwent gonadotoxic therapy before OTC to
assess the effects of treatments on the pediatric ovary. One
hundred thirteen patients underwent OTC between 2018 and
2022, of whom 104 (92.0%) donated tissue to research. Of
those who donated to research, 52 (50.0%) of these partici-
pants had a previous treatment. Ninety-nine (87.6%) partici-
pants donated blood, and 102 (90.2%) donated media for
research.
FIGURE 3

The workflow and types of samples that can be donated to research. Patien
processingmedia, and tissue strips thatwill otherwise not be used. Patientsw
asked, as part of their consent, to donate an ovarian punch biopsy to resea
surgery.
McElhinney. Fertility preservation in young girls. F S Rep 2024.
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Keymilestones and publications during thefirst 12
years of the program

The first OTC case at Lurie Children’s (then called Children’s
Memorial Hospital) occurred in March of 2011. The Oncofer-
tility program at Lurie Children’s collaborated with the neigh-
boring adult hospital, now called Northwestern Medicine, to
process ovarian tissue for OTC, and research tissue was
donated to Northwestern University. The ASRM removed
the experimental label from egg cryopreservation in 2012
(34). In 2016, Lurie Children’s identified key translational
and clinical research initiatives and named the Fertility &
Hormone Preservation & Restoration (FHPR) Program as
one initiative. Support for the FHPR program included estab-
lishing a basic and translational research program at the
Stanley Manne Children’s Research Institute and included
administrative support within Pediatric Surgery for clinical
research and patient care goals. With this expansion, addi-
tional protocols for gonadal tissue cryopreservation sup-
ported translational and clinical research for gonadal
cryopreservation for patients with a difference (disorder) in
sex development and the first surgery for gonadal tissue
cryopreservation under the difference (disorder) in sex devel-
opment -specific research protocol was performed in 2018
(35, 36). In addition, in 2018, OTC surgical case volume ex-
ceeded 30 cases in 1 year, which strained the tissue processing
capability of the adult embryology laboratory and initiated
discussions to build a pediatric-focused laboratory for pro-
cessing ovarian tissue for OTC within Lurie Children’s. The
GTPS was opened within the sterile core of the operating
room and received appropriate Federal Drug Administration
and Illinois Department of Public Health registrations. During
ts and their families are given the option to donate ovarian tissue, used
ho have received previous treatmentwith alkylating chemotherapy are

rch. Additionally, patients and families can donate blood at the time of
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this time, in December 2019, the ASRM released its committee
opinion, which removed the experimental label from OTC as a
means of FP in patients with ovaries (18). The GTPS opened to
accept the first ovary for processing in December 2020, amidst
the coronavirus disease of the 2019 global pandemic.
DISCUSSION
The Children’s Oncology Group 2003 Report on Long-term
Follow-up Guidelines suggests monitoring fertility and hypo-
gonadism in survivors of childhood cancer (37). Professional
societies, such as the ASRM and the American Society for
Clinical Oncology, shortly followed the Children’s Oncology
Group by recommending that all new patients with a cancer
diagnosis be informed of the risks of infertility and their op-
tions for FP before cancer treatment (15, 38). Therefore, a
comprehensive pediatric care program includes the ability
to offer inclusive and timely discussions about the potential
increased risk of future infertility or sex hormone deficiencies.

Comprehensive FP consultations must be supported by
the opportunity to undergo FP procedures. These procedures
can include testicular tissue cryopreservation, sperm cryo-
preservation, OTC, or egg cryopreservation, depending on
the patient’s gonads and pubertal status. Discussions during
consultation with patients and their families can be difficult
as medical, ethical, social, religious, and cultural factors
must be considered (39–41). When appropriate, patients are
included in these discussions directly with their parents
because it has been shown previously that adolescent
patients have a strong desire to participate in discussions
about FP (42). These discussions involve looking to the
future in patients who may have a difficult diagnosis or are
unsure when they plan to become biologic parents in the
future (43). Alternative options to traditional childbearing
must be also presented and considered, such as adoption,
egg and sperm donation, and surrogacy (44–46). Although
the preservation of ovarian tissue does not commit a patient
to having biologic children, it does provide them with
additional potential opportunities to have biologic children
in the future. Most patients and families wish to have the
option to safeguard their future fertility when faced with
gonadotoxic treatments (39, 47). For many patients, OTC is
the modality that, at present, provides the greatest
possibility for restoring future fertility. However, patients
and families should be counseled that OTC does not
guarantee future biologic children as a result of the decision
to cryopreserve their tissue (26).

The Northwestern University Oncofertility Consortium
was established in 2007. Lurie Children’s (previously Chil-
dren’s Memorial Hospital) formally joined the Oncofertility
Consortium in 2010. At the time, ovarian transposition and
embryo cryopreservation were the only nonexperimental op-
tions for individuals with ovaries with fertility-threatening
diagnoses or treatments (34, 48, 49). Ovarian tissue cryopres-
ervation offered an alternative option for patients who could
not delay treatment for ovarian stimulation, did not want to
use a current partner or sperm donor for embryo cryopreser-
vation, or were advised against ovarian stimulation for
hormone-responsive cancers. Additionally, OTC was the first
VOL. 5 NO. 2 / JUNE 2024
option for FP in prepubertal patients (20–22). The OTC
protocol was opened at Lurie Children’s in 2011, and the
first patient was enrolled in March 2011. There have been
several events that have led to an increase in access to FP
for pediatric patients with ovaries. The ASRM removed the
experimental label of egg cryopreservation in 2012, making
ovarian stimulation and egg cryopreservation more
appealing to individuals who did not want to freeze
embryos but could undergo ovarian stimulation for FP. One
group of reproductive endocrinologists from the Icahn
School of Medicine at Mount Sinai reported that before the
removal of the experimental label of egg cryopreservation,
no insurance companies offered coverage for egg
cryopreservation (50). In the years since, there has been a
steady increase in the percentage of cases of egg
cryopreservation covered by insurance, with 42.7% of cases
covered by insurance in 2022. They also report a steady
increase in egg cryopreservation cases, with 119 egg
cryopreservation procedures performed in 2012 and 684
procedures performed in 2022. Another group from the
University of Pennsylvania showed that women with
insurance coverage for egg cryopreservation were more
likely to present for counseling about egg cryopreservation
and then ultimately move forward and complete ovarian
stimulation and egg cryopreservation (51). This change in
practice may have contributed to the overall shift in the
proportion of OTC cases from postpubertal, adolescent, and
adult patients to prepubertal patients, which was seen also
in the Oncofertility Consortium cohort overall (52). Illinois
residents and many patients who sought care at Lurie
Children’s were affected by HB2617, which mandated that
health insurance must cover FP services for iatrogenic
infertility in 2017 (53). In December 2019, the ASRM
released its committee opinion, which removed the
experimental label from OTC as a means of FP in patients
with ovaries (18). We believe that the removal of the
experimental label from OTC will lead to a similar trend,
because what was seen after the experimental label was
removed from egg cryopreservation increased insurance
coverage and overall increased access to this form of FP.

Another shift in OTC utilization may have been a conse-
quence of demonstrating that laparoscopic oophorectomy
can be safely performed in young infants (30). The FHPR pro-
gram has a standardized approach to unilateral oophorec-
tomy for OTC to optimize the amount of ovarian tissue
available for cryopreservation and future OTT (30). Other
institutions have opted for an ovarian biopsy or a partial oo-
phorectomy. However, there are notable disadvantages to
these approaches. Ovarian biopsy or partial oophorectomy in-
creases the risk of thermal damage to the ovarian cortex—both
within the tissue taken for cryopreservation andwhat remains
intact within the patient. In addition, there has been a re-
ported increased risk of hemorrhage in cases of ovarian bi-
opsy (54). Additionally, performing a partial oophorectomy
or biopsy is technically challenging, particularly in the prepu-
bertal patient where the ovary and body habitus are small.
Unilateral oophorectomy allows for the storage of more
cortical tissue and more future attempts at OTT, while leaving
the remaining ovary untouched and a potential site for
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orthotopic transplantation (54–56). After patients undergo a
unilateral oophorectomy, the remaining ovary undergoes
compensatory changes, leading to similar hormone
production and rates of fertility when compared with
patients who have not undergone oophorectomy (57).
Patients who underwent unilateral oophorectomy for
reasons other than OTC experience menopause 1.8 years
earlier than their peers who still have both ovaries;
however, the difference is small and likely not clinically
significant (58, 59). Long-term patient follow-up within the
FHPR program is ongoing to compare gonadal function in
those who had OTC and who had similar diagnoses and treat-
ments but did not opt for OTC.

The FHPR program’s research efforts support future inno-
vations in fertility and hormone preservation and restoration
with donated human specimens (60, 61). Most patients and
families elect to donate research specimens. Access to pathol-
ogy specimens has enabled robust characterization of follicle
density and depth of primordial follicles within the tissue to
define best practices in ovarian tissue processing for OTC
(62). Wewere also able to define changes in the gross and sub-
anatomic features of the human ovary across the pubertal
transition and support our collective efforts to define terms
and definitions that consider the ovary across stages of devel-
opment (62–64). The media that is used during the ovarian
tissue processing for OTC is discarded unless otherwise
donated to research. These media samples contain ovarian
interstitial cells and cumulus-oocyte complexes that support
current and future research into the growth and maturation
of oocytes from prepubertal and adolescent ovaries, with
and without previous chemotherapy treatments (65). Serum
from donated blood specimens is used to create hormone
benchmarks across the pubertal transition and to test modal-
ities for monitoring serum levels using protein-saver cards
previously standardized for the adult population (66). Finally,
peripheral blood mononuclear cells from donated blood spec-
imens are used to make patient-derived human induced
pluripotent stem cells for future research into cell-based hor-
mone replacement therapies (67, 68).

In addition to our ownwork, there has been increasing in-
terest and awareness on the topic of pediatric FP and OTC, as
demonstrated by the increase in publications on the subject
annually from 2011 through 2022 (Supplemental Fig. 2 and
Supplemental Table 1, available online). This increase in the
literature available since the beginning of this program and
the willingness of families to travel nationally for FP support
the increasing interest and support of OTC by patients and
their families (Supplemental Figures 1 and 2). This awareness
coincided with the growth of worldwide Oncofertility Con-
sortium participation and an increase in reported patients un-
dergoing successful OTT that restored ovarian hormones and
produced biologic children (61, 69–73). Ongoing efforts by
organizations, such as the Alliance for FP are also
improving access to FP options by advocating for
legislation at the state level to mandate insurance coverage
for FP procedures (74). Presently, OTT is the only option for
reintroducing native ovarian hormone function after a
patient experiences premature ovarian insufficiency (23).
Since 2016, there have been 5 individuals, including one
202
reported in the lay press, who had undergone OTT after an
OTC at age of <14 years. This has resulted in 3 live births
and the induction of puberty in 2 adolescent girls (69–73).
Future work within our program includes optimizing
fertility and hormone restoration rates through
implementing and optimizing OTT for patients who
underwent OTC as a child or adolescent. We are the largest
children’s hospital in our area and offer risk assessment,
education, and counseling to every patient at risk of
premature ovarian insufficiency. Additional work needs to
be done to make patients and physicians at other
institutions aware of fertility risks, the FP option, and that
OTC is available at Lurie Children’s and other institutions in
the country. Future directions for our program include
collaborative efforts with other institutions to offer
unilateral oophorectomy locally to patients who may not
otherwise be able to travel for this procedure, allowing their
ovary to be shipped for processing and cryopreservation at
Lurie Children’s. This is a prevalent model in Denmark,
Germany, and the United Kingdom and would expand
access to this unique pediatric-focused program to more
diverse families outside of this large academic institution
(13, 75, 76). No patients to date have used the OTC tissue pre-
served within our program for restoration. However, we
anticipate that some of our oldest patients, or those who
had undergone OTC in the earlier years, may request OTT
for fertility and hormone restoration soon. This program
will continue to contribute valuable information on process-
ing, cryopreservation, and outcomes while serving these
patients in the fertility and hormone preservation and
restoration process.

CONCLUSION
Ovarian tissue cryopreservation cases in the FHPR program
have increased over the past 12 years as the median age at
FP by OTC has decreased. These changes coincide with several
pivotal changes within the field, including increased avail-
ability of oncofertility information in the form of clinical
and translational literature publications, an increased number
of reported live births after OTT, an increased number of OTT
in individuals who were aged <14 years at the time of OTC,
and changes in professional society guidelines that expanded
access and acceptability of OTC. It is believed that advocacy
will continue to increase access to OTC through mandated in-
surance coverage using legislation at both the state and fed-
eral levels. Data will continue to be collected to drive this
field, with a particular focus on options for achieving puberty
and live births with OTT for patients who were prepubertal at
the time of OTC.
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