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Abstract

Since 2007, the Oncofertility Consortium Annual Conference has brought together a diverse network of individuals from a
wide range of backgrounds and professional levels to disseminate emerging basic and clinical research findings in fertility
preservation. This network also developed enduring educational materials to accelerate the pace and quality of field-wide
scientific communication. Between 2007 and 2019, the Oncofertility Consortium Annual Conference was held as an in-person
event in Chicago, IL. The conference attracted approximately 250 attendees each year representing 20 countries around the
world. In 2020, however, the COVID-19 pandemic disrupted this paradigm and precluded an in-person meeting. Neverthe-
less, there remained an undeniable demand for the oncofertility community to convene. To maintain the momentum of the
field, the Oncofertility Consortium hosted a day-long virtual meeting on March 5, 2021, with the theme of “Oncofertility
Around the Globe” to highlight the diversity of clinical care and translational research that is ongoing around the world
in this discipline. This virtual meeting was hosted using the vFairs ® conference platform and allowed over 700 people to
participate, many of whom were first-time conference attendees. The agenda featured concurrent sessions from presenters
in six continents which provided attendees a complete overview of the field and furthered our mission to create a global
community of oncofertility practice. This paper provides a synopsis of talks delivered at this event and highlights the new
advances and frontiers in the fields of oncofertility and fertility preservation around the globe from clinical practice and
patient-centered efforts to translational research.

Keywords Oncofertility - Fertility preservation - Cancer

Introduction

Oncofertility is a discipline that merges oncology with
fertility and has moved rapidly from the purview of
individual champions to an integrated field that is standard of
care in many institutions [1]. The necessity for oncofertility
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has accelerated in parallel to the many life-preserving
advances in oncologic care, including earlier diagnostics
and the emergence of targeted cancer therapies, methods
to reduce radiation dose and field, and localized surgical
procedures. With these advances, cancer patients are
surviving their disease in increasing numbers and converting
what was once a mortal diagnosis to a chronic illness and,
in most cases, a curable disease. The data are particularly
compelling for pediatric cancer survivors; a patient treated
for cancer between the years 1975 and 1979 had a 55%
likelihood of surviving 5 years [2, 3]. In children diagnosed
between 2005 and 2011, this number rose to 83% [2, 3].
Current estimates are that 1 in 750 adults will be a survivor
of childhood cancer [4]. Although these statistics are
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encouraging, they now also raise concerns about the health
of cancer survivors as they age. These concerns are largely
related to the off-target effects of the cancer treatments
themselves. Cancer survivors are at significant increased
risk of second neoplasias, cardiovascular disease, and death
at an early age [5]. Another major complication of cancer
treatment is compromised reproductive function, which
ranges from destruction of gametes to the loss of pituitary
and gonadal hormone production. It is in this setting that
oncofertility is working to provide information about the
iatrogenic effects of drugs on reproductive organs and to
develop strategies that will preserve and restore reproductive
function and health for cancer survivors. Addressing the
complex treatment plans and general health and quality of
life concerns of young cancer patients whose fertility may
be threatened by their disease or its treatment is a priority,
and the Oncofertility Consortium has formally led efforts in
this area since 2006 [1, 6-21].

Since its founding, the Oncofertility Consortium not
only pioneers the science in the field, but also convenes the
leaders and learners in the field annually at the Oncofertility
Conference, which showcases groundbreaking research and
creating momentum for future activities and initiatives
(Table 1) [16, 21, 22]. Each year, the meeting brings together
scientists, researchers, clinicians, and others in the fields of
reproduction, to discuss contemporary oncofertility and
fertility preservation issues, including recent advances in
reproductive health for all patients receiving gonadotoxic
treatment. As the field has grown, and expanded its focus
from fertility preservation in cancer patients to a broader
patient population that now includes non-oncologic
conditions as well, the diversity of the meeting attendees
has also expanded which allows members of our global

Table 1 A list of all Oncofertility Conference themes and titles since
2012. 2012 marked the year the Oncofertility Conference expanded
from Roadmap UL1 project PIs to include all oncofertility stakehold-

community to engage in this field of study [8, 15, 21].
The annual conference has become the premier meeting of
oncofertility, reflecting the width and breadth of the field.
The Oncofertility Conference had been held annually as
an in-person event for 13 consecutive years since 2007.
The meeting had its origins as a gathering of Principal
Investigators (PIs) of the Oncofertility Consortium which
was funded through the National Institutes of Health
Roadmap Grant for Biomedical Research (UL1DE(019587).
This venue enabled PIs to deliver updates on their research,
but the scope of the meeting expanded as the field grew and
speakers and participants began to include all oncofertility
stakeholders from around the globe. Starting in 2012,
meeting organizers identified a contemporary theme or
themes in the multidisciplinary field which was used to
frame the conference program and speakers (Table 1). The
annual meeting was described by one attendee as a “must
attend” event and by 2019, the conference was attended by
approximately 250 individuals.

The global COVID-19 pandemic and the unpredictable
events of 2020 disrupted the long-running tradition of the
in-person Oncofertility Conference. To keep the community
safe, the 2020 Oncofertility Conference was canceled.
Although it was disappointing to end a decade long tradition
of meeting in Chicago, IL for the annual event, we saw this
as an opportunity to convene the globe in an unconventional
way and capitalize on the momentum of the field and the
appetite to gather and connect with others, albeit in a virtual
setting. Hosting a large-scale virtual conference enabled the
Oncofertility Consortium to continue to showcase innovative
research and convene the field in a novel way. The goal of this
manuscript is to provide a synopsis of the 2021 Oncofertility
Around the Globe virtual conference, including the meeting

ers from around the globe. From 2007 to 2011, the annual meeting
was an opportunity for Roadmap PIs to convene, but in 2012, the
focus shifted to include external stakeholders

Year(s) Conference title

General theme(s)

2007-2011 Oncofertility Conference: Annual Meeting of Roadmap PIs

2012 Dialogues in Oncofertility Research advances
2013 Fertility and Cancer Around the Globe Global oncofertility practice
2014 Bench to Bedside: Oncofertility Advances in Males and Females Males
2015 Critical Conversations in Oncofertility: Pediatrics and Beyond Pediatrics
2016 Expanding Access to Emerging and Existing Oncofertility Services Low/no resource environments, genetics, and education
2017 Research and Translational Medicine: Meeting the Needs of Cancer Pregnancy and cancer, sexual health, and quality of life issues
Patients and Survivors
2018 Bridging the Gaps in Oncofertility Research and Clinical Care: A Translational research
Global Initiative
2019 Pediatric Oncofertility: At the Intersection of Oncology Care and Pediatrics
Fertility Preservation in Pediatric Populations
2020 Meeting canceled due to COVID-19 pandemic
2021 Oncofertility Around the Globe Global advances in fertility preservation
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structure, how it compared to metrics of previous in person
meetings, and highlights from the seminal scientific and
clinical topics discussed during the meeting.

On March 5, 2021, the Oncofertility Consortium hosted
a day-long virtual meeting with the theme of “Oncofertility
Around the Globe” to highlight ongoing international
clinical care and translational research in the field. The
meeting provided an accessible platform for international
oncofertility leaders and those new to the field to share their
perspectives, discoveries, and vision for the field of fertility
preservation from basic science, translational, and clinical
angles (Supplementary Fig. 1). The day-long event featured
two tracks, and within each track there were six concurrent
sessions which consisted of three 20-min presentations with
15 min at the end of each session dedicated to Q&A and
discussion. Instead of speakers being organized according
to theme and expertise, the speakers at this meeting were
organized into tracks based on geographical location to show
case the state of the field in North America, South America,
Europe, Africa, and Australia. Oncofertility research is being
conducted around the globe, so the ability to invite speakers
from all over the world to present their cutting-edge research
was a distinct advantage of the virtual conference format. By
eliminating the need for travel, we were able to secure some of
the most renowned speakers in the field who were previously
unable to participate in the event due to time, scheduling, and
budget constraints. Furthermore, due to budget constraints, we
were previously unable to invite more than two international
speakers. However, because of the virtual format, the agenda
featured 38 total speakers from 6 continents and 17 different
countries (Table 2). Many of the speakers were early-career
investigators so even virtually, we were able to engage a new
generation of oncofertility leaders which helps maintain
momentum and the continuity of the field. The virtual setting
of the Oncofertility Around the Globe meeting was truly the
first time that the field was convened globally. The global
reach of the meeting expanded from an average of 201
registrants between 2012 and 2019 to 762 registrants in 2021
(Fig. 1A). Furthermore, the number of countries represented
grew from an average of 14 between 2012 and 2019 to 57
countries in 2021 (Fig. 1B, Fig. 2).

The increased number of participants contributed to
improved diversity with respect to race, ethnicity and
career stage as compared with previously hosted in-person
conferences (Fig. 3A, B). Attendees reported gender identity
of 72% female, 27% male, and 1% identifying as transgender,
genderqueer, non-binary/third gender, or preferred not to say.
Self-reported race of attendees was as follows: 53% white,
12% Asian, 12% Black or African American, less than 1%
American Indian or Alaskan Native or Native Hawaiian or
Other Pacific Islander, 8% some other race, ethnicity, or
origin, and 13% of attendees either preferred not to answer,
or preferred to self-describe (Fig. 3A). Fifty-five percent of

attendees self-identified as not of Hispanic, Latino/a/x, or
Spanish origin, 12% identified as Hispanic, Latino/a/x, or
Spanish origin, and the remaining 33% not answering or
identifying as some other race, ethnicity or origin (Fig. 3B).
Thirty-one percent of participants also self-identified as
trainees or early-stage investigators, which was up from
24% in 2019.

This virtual meeting was a completely new paradigm for
the field. Unlike past years, the virtual meeting was free
and accessible and as such, it expanded the global reach
of the fertility preservation and oncofertility professionals
to places previously unexplored. There were three distinct
advantages to hosting a virtual conference during the global
pandemic. First, the number of attendees nearly tripled and
as a result of opening this meeting to a broader audience, the
diversity statistics improved as well (Fig. 1A, B; Fig. 3A, B).
Second, we reached a new audience, with many participants
hailing from countries and areas with limited resources. And
lastly, we enhanced trainee representation both as conference
participants and as speakers. While the COVID-19 pandemic
presented a number of challenges, it also forced us towards
a new conference model that enhanced accessibility and
visibility for the field.

In the next section of the paper, we summarize the talks
presented at this event. This section is organized by four
overarching contemporary topics and sub-topics: clini-
cal practice (females, males, pediatrics, and DSD, gender
diverse, and non-oncologic cases), patient-centered fertility
preservation, translational research (males and females), and
global perspectives. These talks represent some of the most
cutting-edge research being conducted in the field of fertility
preservation.

Conference session synopsis
Clinical practice — females

For patients who are unable to delay cancer treatment,
several alternative ovarian stimulation protocols have
been developed and evaluated. Mitchell P. Rosen, MD,
described the use of random start protocols, which have
been shown to achieve comparable oocyte yields and
pregnancy outcomes compared to conventional protocols.
Double stimulation, during the follicular phase and luteal
phase of the same menstrual cycle, allows for two oocyte
retrievals in the shortest possible time. Many studies
have shown that random start, luteal phase start [23], and
conventional start protocols are not significantly different
in terms of the time to initiation of chemotherapy [24, 25]
or outcomes. In patients with estrogen-sensitive cancers, the
addition of letrozole/tamoxifen to random-start protocols
results in a significant decrease in peak estradiol level
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Table2 A list of all speakers, their academic rank, institution, county, and presentation topic. 38 speakers from 17 countries presented at the

Oncofertility Around the Globe virtual meeting

Speaker information

Presentation title

Meeting organizers

Francesca E. Duncan, PhD
Assistant Professor

Northwestern University, USA
Lauren Ataman-Millhouse, MA
Program Administrator
Northwestern University, USA
Africa

Nonso Daniels

Ekocorp Plc (Eko Hospitals), Nigeria
Mohamed Khrouf, MD
Associate Professor

Fertillia ART, Tunisia

Chris Venter, MD

Vitalab, South Africa

Asia

Satish Kumar Adiga, PhD
Professor

Kasturba Medical College, India
Kazuhiro Kawamura, MD, PhD
Associate Professor

St. Marianna University School of Medicine, Japan

Wen Li, MD, PhD
Professor
Shanghai JiaoTong University, China

Europe

Marie-Madeleine Dolmans, MD, PhD

Professor

Université Catholique de Louvain, Belgium

Stine Gry Kristensen, PhD
Senior Research Scientist

University Hospital of Copenhagen, Denmark

Rod T. Mitchell, MBChB, PhD
Professor

University of Edinburgh, UK
North America

Leslie C. Appiah, MD
Associate Professor

University of Colorado, USA

Maria T. Bourlon, MD
Professor

Instituto Nacional de Ciencias Médicas y Nutricion

Salvador Zubiran, Mexico

Mario Vega Croker, MD
Fertility Panama, Panama

Courtney Finlayson, MD
Assistant Professor

Lurie Children’s Hospital, USA
Kara Goldman, MD

Assistant Professor
Northwestern University, USA
Veronica Gomez-Lobo, MD

Professor
NICHD, USA

‘Welcome/Moderator

Welcome/Moderator

Oncofertility in Nigeria: Situation Report

Building the Oncofertility Consortium in Africa

Tracing the Oncofertility Consortium’s Footprint in South Africa

Access to Fertility Preservation Care in India

In vitro Activation (IVA) for Oncofertility

Applying Urinary Bladder Matrix Scaffold to Improve the Efficiency of Ovarian Tissue
Transplantation

Ovarian Tissue Cryopreservation and Live Births

Ovarian Tissue Cryopreservation and Aging

Fertility Preservation in Prepubertal Boys with Cancer — Testicular Transplantation as a
Future Clinical Application

Reproductive Late Effects in Adolescents

Current Status of Oncofertility in Mexico

Implementing a Pro-Bono Oncofertility Program in Panama

Fertility Potential and Preservation in DSD: Endocrinology Perspective

Pathways to Fertoprotection

Fertility Preservation and Special Populations
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Table 2 (continued)

Speaker information

Presentation title

Ellen Greenblatt, MD
Professor

Mount Sinai Fertility, Canada
Joshua A. Halpern, MD, MS
Assistant Professor
Northwestern University, USA
Emilie K. Johnson, MD, MPH
Assistant Professor

Lurie Children’s Hospital, USA
Monica Laronda, PhD
Assistant Professor

Lurie Children’s Hospital, USA
Molly B. Moravek, MD
Associate Professor

University of Michigan, USA
Leena Nahata, MD

Associate Professor

Nationwide Children’s Hospital, USA

Kyle E. Orwig, PhD
Professor
University of Pittsburgh, USA

Mary Ellen Pavone, MD
Associate Professor
Northwestern University, USA
David Pepin, PhD

Assistant Professor

Massachusetts General Hospital, USA

Gwendolyn Quinn, PhD
Professor
New York University, USA

Mitchell Rosen, MD, HCLD
Professor

University of California-San Francisco, USA

Erin Rowell, MD

Associate Professor

Lurie Children’s Hospital, USA
Kristin Smith

Patient Navigator
Northwestern University, USA
Stacy Whiteside, APRN
Patient Navigator

Nationwide Children’s Hospital, USA

Teresa K. Woodruff, PhD
Professor

Michigan State University, USA
Shuo Xiao, PhD

Assistant Professor

Rutgers University, USA

Mary Zelinski, PhD

Professor

Oregon Health Sciences University, USA

Oceania

Antoinette Anazodo, MD, PhD
Associate Professor

Future Fertility, Australia

Oncofertility in Canada: Current Landscape

A Practical Approach to Fertility Preservation in the Male Cancer Patient

Fertility Potential and Preservation in DSD: Surgical Perspective

Engineering the Microenvironment that will Enable a Bioprosthetic Ovary

Fertility Preservation in Gender Diverse Patients

Advances in Pediatric Oncofertility: Contributions of the Pediatric Initiative Network

Stem Cell and Tissue Transplant Therapies for Male Infertility

Egg Vitrification in Adolescents: Considerations for a Unique Patient Population

Mechanisms of uterine and ovarian protection from chemotherapy by AMH/MIS

Ethical Issues and Decisions in Fertility Preservation

Random start protocols, ovarian stimulation in FP

Pediatric Ovarian Tissue Cryopreservation: From OR to Cryo

Patient Navigation

Patient Navigation

Closing Remarks

Ovarian Toxicities of Doxorubicin

Functional Evaluation of Ovarian Tissue Cryopreserved by Vitrification in Nonhuman
Primates

The Development and Evaluation of a Reproductive Survivorship Patient Reported
Outcome Measure
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Table 2 (continued)

Speaker information

Presentation title

Robert Gilchrist, DSc

Professor

University of New South Wales Sydney, Australia
Karla Hutt, PhD

Associate Professor

Monash University, Australia

South America

Jose Ricardo Figueiredo, PhD, DVM

Professor

Universidade Estadual do Cear4, Brazil

Dana Kimelman, MD, MS

Universidad de la Republica de Uruguay, Uruguay
Romina Pesce, MD

Assistant Professor

Hospital Italiano de Buenos Aires, Argentina

Application of In Vitro Maturation in Fertility Preservation

Mechanisms of Ovarian Damage

Approaches to Improve the Efficiency of In Vitro Survival, Growth and Maturation of
Oocytes using Animal Models (ruminants)

Translational Oncofertility Research

Oncofertility Perspectives from Argentina

1,000 7

800

600

400

Participants

200

[ [ [ [ [ [ [ [ [
2012 2013 2014 2015 2016 2017 2018 2019 2021
Year

75 7
50

25

Countries Represented

[ [ [ [ [ [ [ [ [
2012 2013 2014 2015 2016 2017 2018 2019 2021
Year

Fig. 1 Graphs illustrating the growth of the conference in terms of A
number of participants and B numbers of countries represented. The
number of countries represented is based on self-reported registration
information. The change to a virtual format increased overall partici-
pation and accessibility. (Note there was no conference in 2020 due to
the COVID-19 pandemic.)

without compromising the length of stimulation, oocyte
yield, or oocyte quality compared with standard protocols.
Importantly, studies suggest there is no significant difference

@ Springer

in survival rate among patients who underwent fertility
preservation and those who did not [24, 26]. For those
undergoing stimulation after chemotherapy, a 6-month
waiting period is recommended to avoid birth defects and
achieve maximal ovarian recovery after treatment.

Use of oocyte freezing among adolescent patients has
been uneven, due to perceived lower efficacy of fertility
preservation techniques in pre-pubertal or early pubertal
populations, questions about disposition of unused gametes,
variability in physician and hospital attitudes towards pro-
viding egg freezing services, and anesthesia restrictions in
younger patients. Mary Ellen Pavone, MD, described stud-
ies that show no significant differences between younger
and older patients in terms of oocyte retrievals, ovarian
stimulation dosing, anti-Mullerian hormone (AMH) lev-
els, and peak estradiol [27]. Based on data showing higher
incidences of aneuploidy in eggs from younger girls [27],
genetic screening for aneuploidy may improve outcomes
for women who cryopreserved oocytes as adolescents.
Interdisciplinary teams should include a psychologist or
social worker and a patient navigator to support parents and
patients, provide education, obtain both consent and assent,
and discuss unused oocyte disposition.

Ovarian tissue cryopreservation (OTC) for future use
in ovarian tissue transplantation (OTT) is available to
pre-pubertal patients or when immediate chemotherapy
is required [28]. Cryopreserved tissue can be transplanted
to the native ovary or within a peritoneal pocket [29]; the
pocket location may need to shift in patients who under-
went pelvic irradiation and have poor vascularization of
the peritoneum. Marie-Madeleine Dolmans, MD, PhD,
described that OTC is most often performed before ini-
tiation of treatment, but because primordial follicles are
quiescent and more resistant to damage, it may also be an
option after chemotherapy. In almost all cases of OTT,



Journal of Assisted Reproduction and Genetics (2022) 39:1693-1712

1699

Fig.2 A map of countries represented by attendees at the 2021 Oncofertility Around the Globe meeting

A 2012

2013
2014
2015
2016
2017
2018
2019

2021

B 2012 83%
2013 77%
2014 90%
2015 93%
2016 91%
2017 91%
2018 91%
2019 92%
2021 82%

Fig.3 Graphs illustrating the self-reported demographic data from
conference attendees from 2012-2021 including A race and B eth-
nicity/origin. All data was self-reported and collected at the time of
conference registration. Race and ethnicity were not required fields
on the data registration form. Percentages are calculated based on

@ White/Caucasian
Asian
@ Black/African American
@ Native Hawaiian/Pacific Islander/American Indian/Alaskan Native
@ Other

@ Non-Latinx/Hispanic
Latinx/Hispanic

individuals who completed these fields on their registrations. Calcu-
lations were based on the following number of responses per year:
2012: 97; 2013: 112; 2014: 151; 2015: 186; 2016: 219; 2017: 204;
2018:200; 2019: 231; 2021: 663
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endocrine function is restored, with FSH levels dropping
and menstruation resuming approximately 4 months after
transplantation [30]. Long-term studies report sustained
function of the grafts, out to 11 years [29, 31]. The number
of live births following OTT is exponentially increasing
[32]. In data from three centers, one in two women had a
pregnancy following OTT and 41% had at least one live
birth [33]. For patients with some chemotherapy before
OTC, the percentage of women with at least one birth was
comparable, further indicating that exposure to chemo-
therapy is not a contraindication for OTC [29, 33].

Since the first OTC in Denmark in 1999, only 14% of
patients have returned for OTT and 59% still have their tissue
in storage. Stine Gry Kristensen, PhD, described a high
return rate for OTT among women older than 30 years at
OTC, and that 71% of patients return within 5 years of OTC
[34]. Young patients with breast cancer had lower return
rates, while young patients with lymphoma had similar
return rates as older patients [34]. Return rates for OTT are
dependent on the diagnosis, age of the patient at OTC, and
follow-up time, which calls for new measures for reporting
and comparing the OTT rates within cohorts and among
centers worldwide. For patients above the age of 35 years at
the time of OTC the reproductive outcomes after OTT are
poor [35, 36] and the efficacy of the procedure is limited
due to a significant loss (70%) of follicles occurring during
transplantation as a result of ischemia and reperfusion
injury [37, 38]. New methods to improve follicular survival
post-OTT are being investigated, including adipose tissue-
derived stem cells to increase follicle survival by enhancing
vascularization [39], and intraperitoneal administration of
the antioxidant N-acetylcysteine (NAC) to protect follicles
from ischemia-reperfusion injury [40].

Clinical practice — males

As most male cancer survivors express a wish to become
biological parents, Joshua A. Halpern, MD, MS, suggested
that every patient be treated as if they will lose their fertility
potential and be offered sperm cryopreservation as early as
possible before cancer treatment is started [41]. Decades
of data have shown that clinical outcomes are not different
between fresh and cryopreserved sperm, with a frozen-
thaw survival rate of about 75% [42]. A formal oncofertility
program can help overcome persistent barriers to fertility
preservation, at the level of the patient, physician, and
system. Such programs include training sessions for
nurses and physicians, oncology grand rounds focused on
oncofertility, use of electronic medical record prompts for
referral, a dedicated patient navigator, and a patient-facing
website in multiple languages.

@ Springer

Clinical practice — pediatrics

The growth in OTC for fertility preservation in pediatric
patients has spurred advances in surgical technique. Erin
Rowell, MD, discussed the development of a new porcine
model of pediatric laparoscopic oophorectomy that is
being used to test an ultrasound-based tissue removal
technique. Using this model, researchers found that when
the ultrasound device is placed far from the cortical
capsule compared to close to the capsule, various markers
of ovarian tissue cortex health were improved (ovarian
tissue consumed glucose and produced less lactate and
also produced more estradiol) [43]. Dr. Rowell also
described their program’s surgical technique for pediatric
laparoscopic oophorectomy, including optimal port
placement at different pediatric developmental stages and
technical principles such as scope placement, confirmation
of ovary symmetry, and a “no touch technique” in which
the mesovarium is grasped directly adjacent to the cortical
tissue, stretched, and incised with an ultrasound energy
device using a medial to lateral approach > 1 cm distant
from the cortex [44]. After cutting the ovarian artery, the
organ is drawn carefully through the umbilicus using an
endoscopic retrieval bag with preservation of the adnexal
structures — specifically the fallopian tubes — for future
reproductive use.

Leena Nahata, MD, reviewed the contributions of
the Pediatric Initiative Network, an international group
of providers dedicated to preserving and protecting the
fertility of children and adolescents at risk for infertility
due to either underlying medical conditions or their
treatments [45, 46]. A best practices committee was
established to develop strategies to optimize fertility-
related care, while a research committee set out to design
and implement collaborative multi-site research to advance
care. A navigator subcommittee was developed with the
goal of improving access to care, and more recently, an
education committee was formed to improve patient
and clinician communication and develop resources on
fertility and reproductive health. The PIN recently created
a practical roadmap that highlights the importance of team
structure and the use of a fertility navigator, organized
a legislative working meeting to address insurance
issues faced by front-line providers and to discuss
practical approaches for advocacy, and developed a Risk
Stratification System for clinicians to reference during
fertility consults [22, 47]. They are now focused on missed
opportunities for counseling on reproductive health and
survivorship, knowledge gaps in fertility testing, when to
refer for fertility preservation, psychosexual health, how
AMH should be interpreted in the pediatric population, and
creating an international tissue repository imaging system.
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Clinical practice — DSD, gender diverse,
and non-oncologic cases

Several patient groups have fertility-related concerns that
can potentially be addressed with fertility preservation; each
group has a unique set of considerations that affect the risk/
benefit calculation.

Veronica Gomez-Lobo, MD, described that in individuals
with accelerated follicular loss such as those with Turner
syndrome and classic galactosemia, oocyte cryopreserva-
tion is probably the best option for those who have reached
puberty; however, most of these individuals experience
premature ovarian failure prior to menarche and many have
advocated for ovarian tissue cryopreservation earlier in
life [48, 49]. For example, individuals with galactosemia
younger than five may have a normal primordial follicle
pool, in which case arrest of follicle loss may be accom-
plished by OTC [50]. However, laparoscopic removal of an
entire ovary may further reduce of the ovarian reserve pre-
venting the possibility of puberty and post-pubertal oocyte
cryopreservation in those who were destined to achieve this
milestone. It is also unclear whether follicle loss after thaw-
ing, and transplantation is greater for women with these con-
ditions. The risk/benefit of performing OTC in individuals
with galactosemia is further confounded by the fact that
there are reports of high rates of conception despite a diag-
nosis of premature ovarian insufficiency [50]. In patients
with autoimmune disorders, there are significant knowledge
gaps regarding fertility potential and long-term gonadal
function, and fertility counseling is not part of standard of
care in these patients.

In children with differences in sex development (DSD),
impaired fertility may be caused by abnormal gonadal
development, abnormal hormone production and/or action,
assumed infertility due to discordant gender identity and
gametes, or anatomic barriers such as the lack of a uterus.
Courtney Finlayson, MD, described that, unlike in pediatric
oncology, gonadal tissue cryopreservation is not typically
offered to DSD patients due to concerns about the health of
the gonadal tissue, the presence and quality of germ cells,
and patient age. In many DSD diagnoses, gonadal cancer
risk was thought to be high and early gonadectomy was rec-
ommended. Yet several recent publications have reported
the presence of germ cells in DSD, more often in younger
patients (0-3 years of age) [51]. Another study reported the
presence of germ cells in a patient diagnosed with complete
androgen insensitivity syndrome (CAIS) [51]. Dr. Finlayson
advocates for an evolving approach to fertility preservation
that moves away from traditional assumptions of infertility
in DSD patients.

Emilie K Johnson, MD, MPH, FACS, echoed Dr. Finlay-
son’s call for a shift in the paradigm of DSD gonadal man-
agement, from a recommendation for early gonadectomy to

individualized gonadectomy with multidisciplinary evalua-
tion and patient involvement. Gonadal tissue cryopreserva-
tion (GTC) at the time of gonadectomy should be discussed
as an experimental fertility preservation option for DSD
patients. Dr. Johnson described the DSD GTC research pro-
tocol at Lurie Children’s Hospital, which consists of preop-
erative evaluation and counseling, postoperative pathology
discussion, and family decision-making [52]. Protocols must
include processes for accurate identification of candidates
for GTC and sophisticated germ cell quality assessment and
assuring that families understand that advances in Assisted
Reproductive Technologies (ART) may be necessary for the
gonadal tissue to be used to produce a biological child.

Molly B. Moravek, MD, extended the discussion to
include fertility preservation in gender diverse patients. In
transfeminine individuals, the effects of estradiol exposure
on reproductive anatomy have been assessed via semen
analyses (count, motility, and morphology) and histological
changes, with mixed results. Transfeminine individuals can
undergo fertility preservation, though the outcomes may not
be optimal if they have already started on hormone therapy
[53, 54]. Typical semen parameters are often also affected
in transgender women who have never been exposed to hor-
mone replacement therapy, though the underlying patho-
physiology is unclear [55]. In transmasculine individuals,
several studies have examined pregnancy, fertility preserva-
tion, and ART outcomes. While transmasculine people are
able to carry a pregnancy to term, the efficiency of con-
ception attempts, and the long-term effects of testosterone
remain unclear. One study found that individuals who had
started testosterone before ovarian stimulation had sig-
nificantly lower numbers of oocytes retrieved [56], while
another showed improved parameters [57]. Researchers at
Michigan are using a mouse model to study the effects of
testosterone on reproductive parameters and the reversibility
of the transmasculine transition. In this model, testosterone
causes reproductive perturbations at the level of the ovary,
though without an effect on overall ovarian reserve [58]. In
reversibility studies, they found cyclicity resumption, persis-
tent histological differences (assumed to be time dependent),
and production of offspring [58].

Patient-centered fertility preservation

Fertility preservation and ART require patient-centered care,
with shared decision-making and multidisciplinary support
for patients and their families.

Gwendolyn Quinn, PhD, discussed the ethical issues that
arise in fertility preservation in adolescents and young adults
(AYA). Decision-making requires a clarification of the deci-
sions to be made, a consideration of alternative options and
consequences, and selection of the option that is the best for
each situation. Ethical concerns are related to how prepared
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patients are to make these decisions in a fully informed
way and who decides what happens and when. Healthcare
providers vary in their approach to fertility preservation
consultations, with some clinicians comfortable with full
discussions of options and others trying to balance patient
satisfaction with resource limitations and insurance coverage
issues. Tools that clarify decision-making can reduce uncer-
tainty. The overarching goal is to help patients make autono-
mous decisions about fertility preservation and reduce the
chance of future decisional regret. Healthcare clinicians have
an ethical obligation to inform individuals about potential
threats to fertility, provide referrals to specialists, and docu-
ment these conversations in the patients’ medical record.

Discussions about fertility preservation require an under-
standing of fertility risk. Leslie C. Appiah, MD, discussed
reproductive late effects among AYA survivors. The risk
of ovarian failure is 12% and of testicular failure is 66%
after treatment of childhood cancer, while pregnancy rates
decrease nearly 40% for young adult survivors. Radiation-
induced uterine injury occurs in 30% of survivors, leading
to a 2- to fourfold increased risk of premature and low-birth
weight babies [59-61]. Dr. Appiah shared a guide for deter-
mining infertility risk according to condition and treatment
with gonadotoxic agents [47]. Female patients should wait
at least six, and ideally 12 months after treatment to attempt
conception [62-66]. Ovarian reserve testing (ORT) based
on AMH level reflects primary and secondary follicle func-
tion [67-70]. ORT should be performed starting 1 year after
treatment is completed for patients desiring fertility assess-
ment and continued until family planning is complete or no
longer desired [47, 70, 71]. In males, sperm DNA breakage
can be present for up to 24 months after cancer therapy, and
providers recommend that men wait at least 12 months to
conceive [72]. Dr. Appiah noted that the gonadotoxicity of
newer treatments is not known and may be a threat to future
fertility of childhood cancer patients [73, 74].

In addition to infertility, cancer and its treatment can
have adverse effects on psychosexual well-being and sexual
function. Antoinette Anazodo, MD, PhD, spoke about the
development of a patient-reported outcome measurement
of reproductive survivorship (RS-PROM) to help identify
sexual and reproductive concerns experienced by cancer
patients in the survivorship period. At her institution, two
survivorship clinics currently see 397 patients 5 years of
age and older, starting at the end of the treatment. Many
reproductive issues are covered in the survivorship clinics,
but psychosexual and sexual dysfunctions are rarely cov-
ered. The RS-PROM questionnaire helps physicians under-
stand the unique patient experience and provides patients
an opportunity to discuss concerns about reproductive
symptoms with healthcare professionals [75]. Using the RS-
PROM, 68% of patients reported at least one concern about
their sexual health and function after cancer, 85% felt that
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having an active sex life was very important, and 64% feared
they would not be able to have children, yet 43% reported no
communication with healthcare personnel about sexual and
reproductive issues. Dr. Anazodo believes the RS-PROM
may help address survivors’ oncofertility needs in routine
survivorship care in the future.

Helping patients and their families understand and
synthesize complicated information about cancer, cancer
treatment, and fertility preservation is essential to ensur-
ing ethical, patient-centered care. Kristin Smith and Stacy
Whiteside, APRN, reviewed the role of the oncofertility
patient navigator, who works at the intersection of repro-
ductive endocrinology and infertility [52] and oncology.
Navigators can come from a variety of backgrounds, but
they must possess skills in communication and education,
be knowledgeable in healthcare systems and insurance and
finance, and synthesize knowledge from many different care
teams. Although there are no formal courses for patient navi-
gators, online training opportunities are available. Funding
for navigators can be acquired through consult service rev-
enue, downstream revenue, grants or philanthropic funds,
or utilization of full-time employees in other positions. Cur-
rently, legislative efforts are focused on mandated cover-
age for patient navigators. Sharing of program structure and
outcomes data among sites will be important for building
effective navigation programs with standardized procedures
and training.

Translational research — females

Ovarian toxicity and fertoprotection

According to Karla Hutt, PhD, the ideal pharmacological
fertoprotectant would ultimately eliminate the need to har-
vest and cryopreserve oocytes, embryos, and ovarian tissue
to preserve fertility. Understanding the mechanisms that
underlie the gonadotoxicity of cancer treatments is essential
for developing new methods to protect the ovaries during
treatment. Dr. Hutt described her lab’s research on the role
of the PUMA apoptotic pathway in triggering oocyte death,
with the loss of PUMA protecting oocytes from apoptosis
following chemotherapy treatment [76]. They also found that
primordial follicle oocytes have the capacity for efficient
DNA repair that may restore oocyte quality and fertility
potential [77].

Shuo Xiao, PhD, provided an update on research into the
effects of doxorubicin on the ovary and fertility. Doxorubicin
is toxic to growing follicles in vitro and in vivo, rapidly
inducing apoptosis of the granulosa and theca cells as well
as the oocyte, and can also activate primordial follicles, lead-
ing to an increase in primary follicles and an indirect deple-
tion of the ovarian reserve [78]. Dr. Xiao also found that
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doxorubicin toxicity is age-dependent. In 5-day-old mice,
doxorubicin reduced the primordial follicle pool by 84%; in
21-day-old mice, by 65%, and in 8-week-old mice, by 55%
[79, 80]. Older mice might have higher baseline levels of
AMH, which may protect the primordial follicle pool from
either overactivation or atresia when doxorubicin is admin-
istered. Future studies will investigate the potential role of
inflammation and fibrosis in doxorubicin-induced primordial
follicle apoptosis and atresia.

Understanding the mechanisms by which chemotherapeu-
tic agents deplete the ovarian reserve is also important for
educating and advising patients infertility risk before they
undergo treatment. Dr. Hutt noted that mice treated with
the relatively new PARP inhibitor olaparib for 28 days have
normal estrous cycles, ovulation, number of growing fol-
licles, and serum AMH levels, but the primordial follicle
pool is depleted by 46% [81]. Thus, women treated with
PARP inhibitors may present with normal AMH and men-
strual cycles yet have a reduced ovarian reserve that affects
fertility.

Kara N. Goldman, MD, explained that fertoprotective
agents should aim to preserve the primordial follicle pool
rather than targeting growing follicles, which may explain
why evidence supporting a protective effect of Gonadotro-
pin-releasing hormone (GnRH) agonists has been mixed
[82-85]. Dr. Goldman described the rationale for usage of
mammalian target of rapamycin (mTOR) inhibitors as ferto-
protectants, reviewing that mTOR upregulation is critical to
primordial follicle activation [86-91]. The mTOR pathway
is upregulated in 80% of cancers and mTOR inhibitors are
FDA-approved for the treatment of a number of benign and
malignant conditions, making this pathway an attractive tar-
get for pharmacologic fertoprotection. Using a murine model
of treatment with mammalian target of rapamycin complex 1
(mTORC1) inhibitors and dual mMTORC1/2 inhibitors along-
side alkylating chemotherapy, Dr. Goldman’s group noted a
downregulation of mTOR activity, a twofold increase in the
number of primordial follicles, and preservation of normal
litter sizes compared to mice treated with chemotherapy
alone [92]. Her group is currently evaluating the effect of
mTOR inhibitors on fertility outcomes, offspring survival,
and overall health.

David Pepin, PhD, focused on the mechanisms of uter-
ine and ovarian protection from chemotherapy by AMH/
Mullerian inhibiting substance (MIS), which is produced
by early antral follicles and acts in a paracrine fashion to
inhibit primordial follicle activation [93]. Dr. Pepin’s lab
engineered a more potent recombinant form of MIS protein
as well as an adeno associated virus 9 (AAV9) containing
MIS [94, 95]. Mice treated with AAV9-MIS showed sup-
pressed follicle proliferation, resulting in a smaller ovary and
a significant reduction in the number of primary, secondary,
antral, and atretic follicles [95]. Administration of two doses

of doxorubicin concurrent with MIS led to maintenance of
the primordial follicle pool compared to controls, and pro-
tection of primary and secondary follicles [95]. MIS had
an anti-apoptotic effect on follicles 24 h after doxorubicin
treatment, with reductions in cleaved PARP and cleaved cas-
pase 3 [95]. MIS-treated mice produced twice as many pups
as control mice [95]. AMH/MIS may also have protective
effects on the uterus during chemotherapy, where it appears
to delay repair of the uterus by suppressing progenitor cell
proliferation during chemotherapy [96].

Ovarian tissue cryopreservation and transplantation

With removal of the “experimental” label in 2018, use of
OTC has expanded and translational research is laser focused
on improving tissue freezing and optimizing follicle survival
in transplanted tissues. Mary Zelinski, PhD, discussed the
functional evaluation of transplanted vitrified ovarian tissue
in nonhuman primates. Vascular flow to the tissue can be
evaluated in vivo with contrast-enhanced ultrasound (CEUS)
or computed tomography (CT) imaging, which can predict
early tissue function, return of ovarian cyclicity, and produc-
tion of competent oocytes [97, 98]. Heterotopic transplanta-
tion of vitrified ovarian cortex to omental sites was found to
be associated with greater blood volume and vascularization
compared to subcutaneous sites in the arm [97]. Oocytes
collected from heterotopically transplanted vitrified ovarian
tissue have produced viable offspring, underscoring clinical
feasibility and efficacy. Standardized vitrification protocols,
media, and training of laboratory personnel are needed to
ensure quality control.

Wen Li, MD, PhD, described a novel method of apply-
ing urinary bladder matrix (UBM) to improve OTT effi-
ciency. Promoting neovascularization of the graft is crucial
to maximize follicular survival following transplantation.
UBM is a biodegradable, acellular matrix membrane with
added angiogenic factors (VEGF and b-FGF) that has been
shown to regulate the immune microenvironment, promote
angiogenesis, and reduce inflammation [99]. In a study in
rats, ovarian tissue was treated with either VEGF, UBM, or
control media, then transplanted under the renal capsule.
After 4 weeks, the transplanted ovarian tissue in the UBM
group was larger, contained more follicles of all sizes, and
showed less fibrosis and atresia and greater neovasculariza-
tion than the VEGF and control groups [99]. The rats in the
UBM group also had lower levels of FSH and higher levels
of AMH. Current work is examining the mechanisms under-
lying the effects of UBM on transplanted ovarian tissue.

Methods to overcome the current limitations and potential
risks of OTC include the development of scaffolds that can
support follicle development in vivo. Monica M. Laronda,
PhD, described the development of a bioprosthetic ovary
that recreates the follicular microenvironment — both
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physical and biochemical — to prevent premature primor-
dial follicle activation, improve transplantation success
rates, and increase the longevity of hormone production.
Research has demonstrated follicle growth, expansion, and
ovulation in 3D printed scaffolds, producing eggs that can
be fertilized and lead to live birth in mice [100]. Techniques
such as decellularization, reconstituted tissue papers, and 3D
printing have also been used to recreate bioprosthetic ovary
environments with specific extracellular matrix-associated
biochemical cues, referred to as the matrisome [101-105].
Future studies include the development of a specialized 3D
printable gel containing specific proteins and rigidity to sup-
port follicle activation and folliculogenesis.

In vitro techniques

The ability to culture early-stage follicles, activate them,
grow them, and induce oocyte maturation in vitro will fur-
ther expand fertility preservation options, particularly for
pre-pubertal patients who are unable to undergo ovarian
stimulation. Robert Gilchrist, DSc, discussed the advan-
tages of oocyte vitro maturation (IVM) techniques for fer-
tility preservation. Cumulus oocyte complexes (COCs) can
be collected from antral follicles with or without ovarian
simulation or from ovarian tissue prior to OTC and matured
in vitro at short notice [106—110]. Although still experi-
mental, oocytes from very small antral follicles can also be
collected and developed in vitro prior to IVM using a pre-
IVM step [111, 112]. Dr. Gilchrist described the a biphasic
IVM CAPA technique called CAPA, in which oocytes are
cultured in pre-IVM for 24 h followed by a 30-h matura-
tion period designed to prolong germinal vesicle arrest and
promote gap junction communication, which is followed by
a 30 h maturation period [111-114]. In their study, 49%
of oocytes developed to MII using standard IVM and 64%
using the CAPA technique [114]. Using oocytes collected
from ovarian tissue and matured with standard IVM, most
mature oocytes did not progress to the blastocyst stage,
while a small number progressed in the CAPA group [115].
These techniques may make it possible to eliminate ovarian
stimulation for fertility preservation and provide a fertility
preservation option for those who cannot delay treatment,
have hormone-sensitive cancers, or prepubertal patients, and
for clinics that do not have the technical skills to provide
OTC.

Kazuhiro Kawamura, MD, PhD, described his research
on harnessing the intracellular signaling system involved in
egg activation — the phosphatidylinositol 3-kinase (PI3K)
signaling pathway — to access dormant follicles in the
ovaries of patients with POI. The PI3K pathway inhibits
FOXO3 and is negatively regulated by PTEN [116]. After
birth, PTEN or FOXO?3 deletion leads to activation of dor-
mant primordial follicles [117, 118]. Dr. Kawamura cultured
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fragmented cubes of cryopreserved ovarian cortical tissue
with PTEN inhibitors and PI3K activators for 2 days to acti-
vate the dormant follicles, then auto transplanted the cubes
back into patients. Mature eggs were retrieved for in vitro
fertilization and embryo transfer, and successful pregnancy
was achieved for 36.3% of patients [119-121]. The possi-
bility of activation of malignant cells existing in ovarian
tissue by the PI3K activation treatment cannot be excluded,
making this treatment risky for oncofertility patients. Dr.
Kawamura established a safer approach such as a drug-free
in vitro activation based on suppression of Hippo signaling
pathway that would only require a single surgery without
PI3K activation [122—124].

The ultimate goal of in vitro follicle growth is to pro-
duce mature oocytes that can be fertilized and implanted
to achieve pregnancy and healthy offspring. José Ricardo
de Figueiredo, PhD, DVM, discussed his work to improve
the efficiency of in vitro survival, growth, and maturation
of oocytes in ruminant animal models. Primordial follicles
from ruminant ovaries can be activated in in vitro culture
using hormones, growth factors, and antioxidants, and the
development and oocyte maturation of primordial follicles
has been achieved with fibrin alginate scaffolds and sup-
plemented media [125]. The “artificial ovary network™ was
established in Brazil with the goal of achieving pregnancy
with in vitro cultured caprine follicles. Following in vitro
follicle growth, maturation, and fertilization, a single embryo
was transferred to a recipient goat, and pregnancy was con-
firmed after 30 days [126]. Unfortunately, the pregnancy was
lost on day 46. The network continues to optimize in vitro
follicle growth conditions to achieve a full-term pregnancy
and produce viable offspring.

Translational research — males

Rod T. Mitchell, MBChB, PhD, described the estab-
lishment in 2015 of a two-site UK program for fertility
preservation in prepubertal boys, which now has stored
tissue from more than 400 patients. Patient selection for
testicular tissue cryopreservation is complicated by a lack
of precision in assigning gonadotoxicity to treatments.
One commonly used method to calculate gonadotoxicity
is the Cyclophosphamide Equivalent Dose (CED), in which
each drug in an alkylating group is given a gonadotoxic-
ity relative to cyclophosphamide [127, 128]. Total CED
is then calculated based on dose to predict likelihood of
azoospermia. While widely used for alkylating chemother-
apies, the CED does not apply to platinum-based agents,
which are also gonadotoxic [129]. Dr. Mitchell described
a hanging drop system, in which human testicular tissue
is exposed to an agent and the reduction in spermatogo-
nia and spermatogonial stem cell (SSC) populations is
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assessed [130]. Xenograft models can be used to assess
the effects of longer exposure.

Functional sperm can be generated from transplanted
human testicular tissue or cells [131]. In one method, isolated
SSCs are transplanted directly into the seminiferous tubules to
restore spermatogenesis [132, 133] A second method involves
transplantation of whole tissue to regenerate spermatogenesis,
followed by retrieval of mature sperm for intracytoplasmic
sperm injection (ICSI) [134-136].

Kyle Orwig, PhD, described his work in macaques
demonstrating the safety and feasibility of testicular stem
cell and testicular tissue transplantation. Testicular tissue
biopsies were collected from prepubertal monkeys, cut into
9 to 25 mm cubed pieces and cryopreserved by controlled
slow rate freezing. In one study, tissues were thawed and
digested with enzymes to produce a testicular cell suspension
(including spermatogonial stem cells) that was transplanted,
under ultrasound guidance, into the testes of chemotherapy
treated, infertile males. Transplanted stem cells restored
normal spermatogenesis and ejaculated sperm were
competent to fertilize rhesus eggs [133, 137]. In another study,
immature prepubertal testicular tissue pieces were thawed
and transplanted intact under the back skin or scrotal skin
of chemotherapy-treated male monkeys. When transplanted
tissues were collected 8—12 months later, complete
spermatogenesis was observed. Sperm were used to fertilize
rhesus eggs and produced an embryo that was transferred to
a surrogate female, resulting in a pregnancy and birth of a
healthy baby girl named Grady (Graft-derived baby) [138].

Human testis xenotransplants have so far not been able
to generate sperm, possibly because the supporting somatic
cell populations are not mature [139]. To investigate this
possibility, Dr. Mitchell’s group grafted human fetal tissue
to mice exposed to human chorionic gonadotropin (hCG).
Those treated with hCG produced mature somatic cells, but
germ cell development did not occur. Using pre-pubertal
tissue with exposure to pubertal hormones yielded similar
results [140]. Evidence supports scrotal/testicular tissue
transplant followed by recovery and extraction of sperm for
ICSTI; however, this procedure should only be performed in
adults as part of an ethically approved research study with
systematic follow-up. The safety of autologous human tes-
ticular transplantation also needs to be evaluated, in particu-
lar the risks of reintroducing malignancy.

The epigenetic stability of germ cells after storage is
another important consideration [131, 141, 142]. While there
is currently evidence of stability following spermatogonia
cryopreservation in adult males, more information is needed
in prepubertal cases. Prepubertal boys have not yet started pro-
ducing mature sperm; therefore, research is focused on opti-
mizing the preservation of SSCs and development of mature
sperm after thawing.

Continuing the dialogue on oncofertility —
global perspectives

As oncofertility and fertility preservation have expanded
across the globe, it has encountered various social, cultural,
geographic, educational, and economic challenges. Several
speakers shared perspectives on oncofertility in their
countries, underscoring significant gaps that limit patient
access.

Ellen M. Greenblatt, MDCM, shared the current
landscape of oncofertility in Canada. She estimated that
50% of reproductive-aged Canadians do not have access
to publicly funded Oncofertility services, and all costs are
currently covered in only one province (Quebec). Funded
sperm and egg freezing for oncofertility exists only in
Quebec and Ontario. There are 42 fertility/IVF centers in
Canada and many have smaller regional satellites, yet half
of Canadians live in areas without an IVF clinic. Non-profit
charity programs such as Fertile Future, which runs the
Power of Hope Program, offset costs of oncofertility across
Canada. A recent survey of IVF clinics found that publicly
funded oncofertility treatment does not cover the cost of
medication and storage. Of IVF centers that are not publicly
funded, most estimated an average cost for oncofertility care
of more than $3500. Most clinics offer sperm banking and
clinics reported an average of 5-30 oncofertility egg freezing
cycles/year.

Maria Teresa Bourlon, MD, described a similar challenge
with oncofertility accessibility in Mexico. Though the
technology is available, it is limited to a small population
and in private clinics. A recent survey among breast cancer
patients in Mexico found that while 44% had fertility
preservation concerns and 22.5% changed their treatment
options because of these concerns, only 3% could afford
fertility preservation (n=134). Dr. Bourlon’s group also
found that fertility preservation for testicular cancer
patients was feasible as long as funding was available; 30%
of patients who received grant support and early referral
completed biological reproduction assessment and 20%
completed sperm cryopreservation. In addition to financial
barriers, conservative religious, cultural, and ethical
attitudes in Mexico have limited more widespread use of
oncofertility. Patients in Mexico receive little information
about fertility risks and very few pursue cryopreservation.
Knowledge about oncofertility is also low amongst oncology
providers in Mexico. One study found that, though providers
are able to identify oncologic treatments associated with
infertility, they rarely know the tests that need to be ordered
to assess fertility. In addition, 50% of providers could not
name a fertility preservation method, and only 10% reported
self-perceived confidence in providing fertility preservation
counseling. Physicians under 40 years of age were more
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likely to inform patients about fertility preservation and
provide effective fertility counseling. Dr. Bourlon clarified
the need for culturally appropriate educational tools, public
funding mechanisms, and resource-stratified guidelines to
increase access to oncofertility in Mexico. Dr. Bourlon was
in the process of developing an oncofertility registry when
the COVID-19 pandemic hit.

In Panama, only 7% of people have private insurance and
most do not cover oncofertility treatment or tests. To fill this
gap, Mario Vega Croker, MD, implemented Panama Fertil-
ity as a pro-bono oncofertility program, in which patients
only pay facility fees (approx. $1000-1500). In addition,
the referral rate to fertility centers from gynecologists in
Panama is about 1%, compared to 50% in the US, and the
rate among oncologists is even lower, which makes coordi-
nation of oncofertility care difficult. To change this medi-
cal mindset, Dr. Vega Crocker reached out to FUNAFES:
the National Foundation for Fertility and Sterility, which
brought credibility and communications outreach experi-
ence. Dr. Vega Crocker ultimately started his own founda-
tion to create partnerships with cancer patients and medical
societies, with the goal of increasing referrals of oncology
patients to fertility centers. The foundation recently hosted
a webinar series directed at oncologists and surgical oncol-
ogists to educate on the importance of timely referrals of
patients to oncofertility care.

Within Latin America, Argentina has the highest ART
usage rate per million inhabitants and was the first country
to ensure fertility preservation procedures are covered by
public and private healthcare. Romina I. Pesce, MD, MSC,
described three key barriers faced by oncology patients seek-
ing fertility preservation in Argentina. The first occurs at
the initial consultation, where patients encounter a range of
attitudes about fertility preservation. Some healthcare pro-
fessionals avoid the discussion, while others report not hav-
ing enough time to discuss options with patients. This leads
to low referral rates as well as delays in connecting a patient
with a specialist. Geographic and transportation issues
are also often overlooked during the initial consultation.
The second set of barriers includes limited time to decide
whether to pursue fertility preservation and the long process-
ing times for financial coverage. A patient with an aggressive
cancer may not have time to make the decision to undergo
fertility preservation before cancer treatment starts. Finally,
several barriers prevent patients from returning after cancer
treatment, including a lack of information about the suc-
cess of fertility treatment and fear about pregnancy among
survivors. Dr. Pesce stressed the need for interdisciplinary
teamwork to quickly connect patients with specialists. Fertil-
ity preservation patient decision aids and patient navigators
can help patients with decision-making or find insurance
coverage. Improving follow-up and sharing data on the effec-
tiveness and safety of procedures and processes, as well as
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keeping open communication with national and international
networks, is important to raise awareness of oncofertility
among physicians and patients. Patients need accurate infor-
mation about outcomes and should be encouraged to return
after undergoing a fertility preservation procedure.

Dana Kimelman, MD, MS-RSM, described the results of
a survey to evaluate the knowledge, attitudes, and practice
of fertility preservation treatments among healthcare
professionals in Uruguay. All participants agreed that
cancer treatment had gonadotoxic effects; however, only
half of those surveyed knew about the types of fertility
preservation options available to cancer patients. Although
the majority of participants agreed that oncofertility should
be considered part of the cancer treatment plan, the same
number reported that they either sometimes, once in a
while, or never showed concern about the reproductive
effects of cancer treatments in young cancer patients. The
survey further found that more than half of participants
would sometimes or never refer a patient to an oncofertility
specialist. As in many other countries, one of the biggest
barriers for fertility preservation treatment in Uruguay cost.
About 52% of participants did not know of any financial
support for fertility preservation treatments. There is a need
for greater awareness and education about oncofertility
among healthcare professionals in Uruguay, as well as the
establishment of a clear set of standard practices for patient
selection, OTC, ovarian tissue handling, vitrification and
storage, and autologous transplantation to improve patient
care and oncofertility outcomes.

Chris Venter, MD, traced the footprint of the Oncofertility
Consortium in South Africa. With 58 million people, 12
official languages, and 9 provinces, South Africa faced
challenges in establishing a national Oncofertility Network,
requiring a hard look at the resources at hand to provide
standardized care, increase awareness of these services,
provide a multidisciplinary approach to treatment plans, and
increase funding. In 2018, an initial collaboration between
Fertility Preservation and Medical Oncology in South Africa
was established and the first Oncofertility session at the
South African Society for Medical Oncology Conference
was held the same year. Since then, 6 of 19 clinics accredited
by the Southern African Society of Reproductive Medicine
and Gynaecological Endoscopy (SASREG) have joined the
Oncofertility Network in South Africa. While 85% of these
clinics are private, there is a growing partnership between
public and private clinics, with a commitment to provide
standard fertility preservation services, from IRB-approved
tissue preservation to standard IVF. Since the inception
of the Oncofertility Network, there has been a dramatic
increase in oncology patients seeking fertility preservation
options, with the highest number in 2020. SASREG provides
accreditation to clinics that maintain a high standard of care,
and doctors are encouraged to take online courses to stay
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current on cryopreservation methods and standard clinical
procedures. Funding remains the largest issue, with 85% of
the population in South Africa utilizing public healthcare
and unable to afford the out-of-pocket fees associated with
oncofertility care. Future efforts are focused on funding to
increase accessibility and awareness of fertility preservation
services and promoting formal data acquisition to ensure
standardization of care.

In 2017, Nonso Daniels helped establish an Oncofertility
Network in Nigeria to provide infrastructure, awareness, and
collaboration amongst practitioners. Nigeria has 205 mil-
lion people, 15 oncology centers (only half of which are
functional), and 92 fertility centers. Of the fertility cent-
ers in Nigeria, only 4 are located near oncology units. Cur-
rently, there is a wide gap in knowledge among oncology
providers regarding fertility preservation options for patients
with cancer. Oocyte retrieval and oocyte and embryo cryo-
preservation have been available, but ovarian tissue freezing
and transplantation and fertoprotective approaches are not.
Practitioners do not present options for fertility preservation
due to financial and time constraints and fears about surviv-
ability. A lack of awareness in the general public underscores
a critical need for advocacy, awareness, and sensitization
programs. Research and education about fertility preserva-
tion has relied on the work of local organizations dedicated
to supporting individual patients, but with more than 250
ethnic nationalities and diverse belief systems, advocacy
efforts are challenging. Mr. Daniels continues to engage
and potentially collaborate with charities, non-profits, and
businesses to increase awareness, funding for treatment, and
development of online educational tools.

Mohamed Khrouf, MD, discussed his experience build-
ing the Oncofertility Consortium in Africa. About half of
countries in Africa have IVF clinics and 15 also provide
oncology treatment. Cryopreservation is well developed in
Africa, accounting for more than 75% of reported proce-
dures since 2013. To overcome barriers to care, Dr. Khrouf
is actively encouraging oncology and fertility practitioners
to collaborate and form a robust oncofertility network in
Africa. These barriers include a lack of awareness amongst
practitioners, minimal referrals from oncologists, and overall
lack of communication and collaboration in patient care.
Since 2017, Dr. Khrouf has pursued a “door-to-door” strat-
egy in Tunisia to visit oncology teams and build relation-
ships, leading to a sharp increase in fertility preservation.
Financial barriers remain an issue across Africa. Currently,
fertility preservation drug therapies are covered in Morocco.
In Tunisia, infertility medications are covered by National
Insurance and there is a public hospital that provides fertility
preservation options at an affordable cost. South Africa has
plans to provide affordable fertility preservation options and
Egypt remains a champion of providing services at lower
costs, offering support for one cycle of IVF. Social and legal

barriers limit third-party egg donation options in Tunisia,
Senegal, Algeria, Egypt, and Morocco, but is allowed and
potentially unregulated in Nigeria, South Africa, and the
Ivory Coast. Practitioners are constantly overcoming social
and legal hurdles to provide these services. In 2020, the
African Federation of Fertility Societies was established,
consisting of 20 Fertility Societies including the African
Oncofertility Consortium.

India is home to a large and growing number of fertility
centers; 97% are stand-alone or private ART facilities
and only 2% are institution-based. The oncofertility score
— a tool used to measure the availability and utilization
of an oncofertility option for patients in a treating center,
country, or group of countries — showed that these centers
are similar to those in other parts of the world, but do not
provide egg and embryo freezing for all cancer patients. In
2020, Satish Kumar Adiga, PhD, and colleagues surveyed
Indian oncologists and gynecologists about their knowledge
and attitudes towards fertility preservation and barriers to
establishing oncofertility in India [143]. Oncologists were
only slightly less aware and less knowledgeable about
options for fertility preservation compared to gynecologists.
Economic barriers were seen as largest the contributing factor
to a lack of oncofertility care, with poor health insurance
coverage for fertility services, lack of institutional funding,
and high out-of-pocket costs for fertility treatment received
at private centers. Dr. Adiga advocates for creation of fertility
preservation consortiums nationally to facilitate networking,
knowledge sharing, and resource distribution among medical
professionals; the incorporation of oncofertility into the
training of cancer and fertility healthcare providers; and
development of fertility preservation societies in India.

Discussion and future directions

Although it was the first time we convened the field virtually,
in an unconventional way, we convened the field, nonethe-
less. What we learned at this meeting was that this group of
diverse professionals in fertility preservation and oncofertil-
ity, consistently and enthusiastically comes together on an
annual basis with the common goal of advancing the field.
One notable part of this meeting was how it engaged the
next generation of leaders including early-career or junior
level speakers as well as participants who self-identified as
trainees. New research was presented at the meeting and
many of the talks focused on new and improved ways to treat
our patients around the globe. Transitional patient care and
fundamental science came together to unify and direct the
next generation of work in the field.

As a field, there are a variety of challenges we must
overcome in the next decade to ensure progress continues
even despite limited resources and other paucities. One
area of universal struggle that has been documented in the
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literature is the lack of resources especially in third world
and developing nations [14, 21, 144]. Another issue is the
leaky pipeline of reproductive scientists and clinicians in
academia. While this is not a challenge unique to our field,
it is one that poses a prolonged threat. While we anticipate
resource limitations, both in the financial and personnel
sense, will continue to be obstacles foe the field, if we
continue to convene as a field on a regular basis, at meetings
like the Oncofertility Conference and others, we can continue
to share best practices and templates for success, which
can strengthen local, regional, and international ties and
maximize interaction among centers to create synergistic
opportunities for the field [21].

While the circumstances surrounding the COVID-19
pandemic forced us to convene virtually, one outstanding
upside of this event was that it enhanced the accessibility.
We learned a virtual environment allows us to open the
doors wide to over 700 attendees, including many first-
time attendees. We also learned that fundamental science is
continuing despite the context of the COVID-19 pandemic.
Conversations continue to happen between basic science and
clinical science and there are large data sets that feed back to
the bench to drive the next generation of new questions that
will be asked. Around the globe, there is extraordinary value
in coming together as it provides value and allows us to make
the arguments to governments, philanthropists, and funders
about the importance of fertility preservation for patients both
in the oncologic and non-oncologic settings. This improved
model for global accessibility will allow us to provide a route
for advocacy, so we are recognized as an authentic area of
medicine that is burgeoning around the globe.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10815-022-02570-5.
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