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Abstract

Purpose of Review This review will describe current pediatric and adolescent fertility preservation methodologies and the
ethical concerns surrounding these procedures, as well as highlight recent research that may pave the way for the develop-
ment of new fertility preservation options.

Recent Findings Research is ongoing to allow prepubertal patients, particularly those with testes, to be able to have biologic
children in the future. Studies on sperm in vitro maturation highlight the importance of supporting the spermatogonial stem
cell niche for the development of mature sperm. The live birth of a rhesus macaque from in vitro fertilization using prepu-
bertal testicular tissue and in vivo matured sperm gives hope to future human births. For patients with ovaries, prior work
has led to successful fertility but further research is underway to refine these techniques and optimize outcomes. Organoid
scaffolds have shown promise when being used for in vitro oocyte maturation.

Summary For children and adolescents undergoing gonadotoxic treatment, such as chemotherapy, or hormonal treatment,
such as gender-affirming hormone therapy, future fertility potential may be negatively impacted. It is recommended that
fertility preservation (FP) be offered to these patients and families prior to undergoing treatment. Fertility preservation for
postpubertal patients mimics that in adults. For prepubertal children, however, the options are limited and in some cases
still experimental. It is essential that this work continues so that we may offer children and adolescents the right to an open
future and preserve their fertility potential.

Keywords Pediatric oncology - Fertility preservation - Transgender medicine - In vitro gamete maturation

Introduction colitis, which require potentially spermatoxic medications.

While the psychosocial issues related to FP in these popula-

For children and adolescents undergoing gonadotoxic treat-
ment, such as chemotherapy, or hormonal treatment, such as
gender-affirming hormone therapy (GAHT), future fertility
potential may be negatively impacted. Though these con-
ditions may seem vastly different, the potential treatments
often have the same detrimental impacts on fertility; as such,
it is recommended that fertility preservation (FP) be offered
to these patients and families prior to undergoing treatment.
Though this review focuses on patients with oncologic
diagnoses or those undergoing GAHT, the concepts apply
to other conditions, such as sickle cell anemia and ulcerative
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tions may be different, the science of FP is very much the
same. Notably, FP may be the norm in adults undergoing
similar therapies; however, the developmental and social
factors of children and adolescents as well as their parents
make FP far less common in these younger populations.
The process of FP for postpubertal patients mimics that of
adults. For prepubertal children, options are limited and in
some cases considered experimental. Research is ongoing to
allow prepubertal patients, particularly those with testes, to
be able to have biologic children in the future. For patients
with ovaries, prior work has led to successful fertility but
further research is underway to refine these techniques and
optimize outcomes. It is essential that this work continues
so that we may offer children and adolescents the right to an
open future and preserve their fertility potential. This review
will describe current fertility preservation methodologies
and the ethical concerns surrounding these procedures, as
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well as highlight recent research that may pave the way for
the development of new fertility preservation options.

Current Practice Recommendations
A Team Approach

Though guidelines recommend all patients undergoing treat-
ments that will potentially affect fertility be educated on the
risks and offered FP, in practice, this is not always the case
[1, 2]. While there are understandable barriers to completing
FP, there should be no child or family who is not offered a
clear discussion of the risks and options. Adult studies show
that patients and families who have undergone therapies del-
eterious to fertility have higher rates of regret if they did not
receive fertility-specific counselling and did not engage in
an active choice regarding FP [3-5]. A multidisciplinary
team approach is essential to ensuring this active choice.
Besides the treating endocrinologist or oncologist, this team
should include social work, nursing, mental health provid-
ers, fertility specialists, and a fertility navigator. Integration
of fertility specialists into inpatient teams and outpatient
clinics is essential to ensuring families receive dedicated,
timely, and comprehensive information regarding FP options
and potentially increases the number of patients pursuing
FP [6, 7]. Though a dedicated fertility navigator may be
a resource challenge for a small program, recent work has
shown that the addition of a navigator markedly increases
fertility consultations [8]. Previous work from adults also
shows an increase in patient satisfaction [9]. Smaller pro-
grams can utilize an interested nurse, advanced practice
provider, or social worker as a fertility liaison while they
grow their resources. An integrated, multidisciplinary team
including fertility specialists is critical to the comprehensive

Patients with Ovaries

care of young patients undergoing gonadotoxic or fertility
suppressive treatments.

Available Fertility Preservation Options

For the purposes of this discussion, we will refer to patients
with testes and patients with ovaries rather than use gen-
dered terms such as male and female. A summary of FP
options can be found in Fig. 1.

Options for Patients with Testes
Postpubertal

Cryopreservation of sperm was first pioneered in the
1950s and has been used successfully for live births since
that time [10]. This is by far the most common method of
FP in postpubertal patients with testes. Obtaining a sample
is fast and noninvasive. Frozen sperm can produce similar
rates of live births when compared with fresh sperm [11].
The principal concern regarding sperm cryopreservation
in adolescents and young adults is the means in which a
sample is obtained. Typically, for adolescent patients, this
is done at home and then transported to a cryopreserva-
tion lab, rather than producing a sample at the lab. For
hospitalized patients, this can be done in the hospital and
then transported by family members or a courier. Fed-
eral regulations require HIV testing for storage, and local
facilities may also require hepatitis B, hepatitis C, and
syphilis testing. This is done to prevent inadvertent trans-
mission among samples. For patients who are peripuber-
tal and willing to try, we recommend masturbation and
attempted cryopreservation. A recent study from our insti-
tution showed that a child in Tanner Stage 3 with 12-mL
testes successfully cryopreserved from a masturbated
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Fig. 1 Pathways for fertility preservation
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specimen [7]. This is consistent with prior work show-
ing viable sperm in biopsied specimens of patients with
testes 10—12 mL but has the advantage of lower cost and
avoiding a procedural intervention [12]. Costs vary widely
by practice and location but typical costs are $150-$500
for initial processing and preservation and yearly storage
varies from $300 to $1000 (Table 1).

A potential barrier to sperm cryopreservation is the
patient’s inability, or unwillingness to masturbate. This
may be due to embarrassment, stress, developmental delay,
religious proscription, or dysphoria. Electroejaculation or
penile vibratory stimulation can be suggested for these
patients. Electroejaculation is not widely available outside
of fertility centers and requires the use of general anes-
thesia. Insertion of a probe into the rectum and electri-
cal stimulation causes seminal emission and ejaculation.
Costs vary from $10,000 to $12,000 [13]. Studies have
shown that the sperm collected may have decreased motil-
ity, concentration, and volume or may not be collected at
all, further limiting the utility of this avenue for preserva-
tion [14, 15]. Penile vibratory stimulation has been used
in adults with spinal cord injuries and can in theory be
used in adolescents and young adults, but use and suc-
cess of penile vibratory stimulation in this population are
limited in published literature [16, 17]. Lack of familiarity
with and access to penile vibratory stimulation effectively
limits its use pediatric centers in the United States but it
should be considered where available.

If electroejaculation or penile vibratory stimulation is
unavailable and undesirable or has failed, patients can pur-
sue a testicular aspiration or extraction of sperm. In adults,
these can be done awake under local anesthesia but in the
pediatric population, these are surgical procedures under
general anesthesia. These can be done at the time of bone
marrow biopsy or port placement for patients with onco-
logic diagnoses. This will potentially decrease the cost
of anesthesia. Costs vary from $2500 to $8000 based on
procedure, facility, and region. Surgical specimens must
be transported to a cryopreservation lab and processed for
storage. Testicular extraction of sperm can also be done at
the time of gender-affirming surgical therapy in the future
but patients should be counselled on high rates of subfer-
tility or infertility with abnormal semen parameters [18].

Prepubertal

At this time, the only option for FP for prepubertal patients
with testes is testicular tissue cryopreservation (TTC) with
hopes for future in vitro maturation. This has not yet been
shown in humans and as such is considered experimental.
This will be further discussed in the “Innovations” section.
Prepubertal transgender patients must be counselled that
while the fertility effects of pubertal suppression and GAHT
are thought to be reversible, this can take months and there is
limited long-term data on future sperm quality. During those
months, they will need to be off of hormone therapy and may
see undesired masculinizing changes. As TTC is considered
experimental, it is less likely to be covered by insurance,
even in states that mandate fertility coverage. Costs range
from $2500 to $8000 for the procedure (Table 1). Storage
will be another $300-$500 per year. The costs to mature the
sperm are as yet unclear, as is the efficacy.

Options for Patients with Ovaries
Postpubertal

Postpubertal FP for patients with ovaries can be done via
oocyte cryopreservation, or ovarian tissue cryopreservation
(OTC). OTC is discussed further in the prepubertal section.
Oocyte cryopreservation requires 1-2 weeks of ovarian
stimulation for optimal oocyte harvesting, which may delay
treatment [19]. This can be of concern for chemotherapy.
While often the family and oncology team can devise a rea-
sonable plan for delay, this may not be recommended for
certain patients and cancers. Costs range from $12,000 to
$20,000 for the initial process but it should be discussed that
use of preserved oocytes will require in vitro fertilization
in the future, which can add another $12,000-$15,000 in
the future [13]. As with all cryopreservation, there is also a
yearly storage fee, ranging from $300 to $1000.

For transgender patients, ovarian stimulation may cause
short-term feminizing effects and as such be undesirable.
Aromatase inhibitors may lessen these effects. Ovarian
stimulation is also typically done after menstruation. Men-
struation can cause significant dysphoria for some transgender
patients. As there have been several transgender men who have

Table 1 Approximate costs of
fertility preservation (based on
pricing in the New York Section

Fertility preservation technique

Costs of collection and processing (including
anesthesia and surgery when required)

of the American Urological

Association . .
) Electroejaculation

Testicular tissue cryopreservation
Mature oocyte extraction

Ovarian tissue cryopreservation

Sperm cryopreservation (masturbated specimen)

$150-$500
$10,000-$15,000
$2500-$8000
$10,000-$15,000
$12,000-$20,000

@ Springer



136

Current Urology Reports (2024) 25:133-140

successfully achieved pregnancy after several years of GAHT,
most patients will choose not to pursue oocyte cryopreserva-
tion or OTC; however, some data suggests low oocyte yield
after hormonal therapy and long-term effects on offspring are
not well described [20-22].

Prepubertal

The current standard for prepubertal children and adolescents
with ovaries is cryopreservation of a whole ovary or strips of
ovarian tissue with plan for future autotransplantation. Similar
to TTC, this requires surgical excision or biopsy under gen-
eral anesthesia. There have been over 100 live births using
ovarian tissue cryopreservation. As of 2019, this is no longer
considered experimental and should be offered to patients and
families [23]. In practice, FP via OTC is limited to centers with
access to slow freezing or vitrification processes [24]. Vitrifi-
cation (essentially, fast freezing) is used less commonly than
slow freezing. OTC does require a gynecologic or pediatric
surgeon for tissue harvesting. This can be done as young as
infancy. Costs range from $10,000 to $15,000 (Table 1).

There is a theoretical concern that malignant cells may be
harvested unintentionally if present in the ovary. If this were
the case, transplantation in the future may trigger a relapse.
This is a particular concern for leukemia and lymphoma and is
less of a concern for solid organ cancers. Because of this, some
centers refrain from OTC in patients with leukemia or lym-
phoma while others recommend once cycle of chemotherapy
prior to tissue harvesting. Some authors recommend washing
the tissue prior to autotransplantation to remove malignant
cells but others have transplanted without this method and
have not shown relapse [25, 26]. Studies looking at the tissue
at the time of excision have not seen malignant cells in the
tissue [27]. We recommend a thorough discussion of the risks
and options.

When fertility is desired, the ovary is autotransplanted.
This can be done orthotopically or can be done just under the
abdominal wall to allow for transabdominal oocyte harvest-
ing. Transplantation has shown great success and several live
births [28, 29]. Future autotransplantation of an ovary or ovar-
ian tissue may not be desired for transgender patients given
the hormonal effects. To our knowledge, there has not been a
report of transplantation into a surrogate. This may be possible
but would likely require immunosuppression.

Ethical Considerations

There are several ethical issues that arise in FP for children
and adolescents. To begin, it may be uncomfortable for
pediatric patients to even engage in conversation on their
fertility and parents may not wish to subject their children
to such a discussion. Even requesting an adolescent to
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masturbate in order to provide a sperm sample may be con-
sidered controversial, particularly in some religious com-
munities. In a recently reported study, children undergoing
gonadotoxic therapies were polled for their knowledge and
interest on FP [30]. Results showed that many children
are aware of how their treatment can be detrimental to
their future fertility. Additionally, while many children
expressed that they were worried about the cost or pain
of FP treatment, the general response to education on the
topic was a positive one. Therefore, we recommend age-
specific and developmental specific education regarding
fertility considerations and options for preservation. Child
life and social work can be particularly helpful partners in
this endeavor. Embarrassment, unease, or lack of famili-
arity with options is not an acceptable reason as to not
discuss FP with patients and families.

Another ethical consideration is that of time. Despite
our best efforts, FP may delay treatment, be it by hours or
weeks. This delay may not be acceptable to patients, fami-
lies, or their treating physicians. Patients awaiting pubertal
suppression or GAHT may develop irreversible undesired
secondary sex characteristics that will necessitate future
surgical intervention. They may also experience worsening
dysphoria and mental health while awaiting FP and delay-
ing GAHT. For patients with oncologic diagnoses, a delay
in treatment may result in poorer long-term outcome. In
these cases, a delay is often unacceptable to patients, fami-
lies, or treating physicians. When time is of the essence,
it is essential to balance the risks and benefits of FP and
critical that we provide all the available information to
patients and families so that they may engage in shared
decision-making.

As with any type of pediatric patient, the input and
influence of their parents must be considered in the
decision-making process. This is particularly poignant in
patients with a poor oncologic prognosis. If the patient
has a limited chance of survival, cryopreservation is not
for them, but for their families. Legally, the ownership of
gametes harvested from a pediatric patient resides with the
parents. Some will argue that posthumous reproduction
should be allowed as the act of cryopreservation assumes
that the person they came from was intending on having
children [31]. For children and adolescents undergoing
cancer treatment or gender affirmation, this assumption
is less clear as cryopreservation is being often done as a
precautionary measure. To our knowledge, posthumous
use of gametes obtained from a minor has not occurred.
There has been precedent set in which parents have used
the gametes of their deceased adult children to have
grandchildren [32, 33]. This poses an ethical quandary
and without a clear discussion should be considered unac-
ceptable for gametes of children and adolescents. Given
that patients under the age of 18 are legally allowed to
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make decisions on other reproductive health issues, they
should be involved making the decision on what should
be done with their gametes if they were to die. This can
be an even more challenging topic than that of FP itself.
Ideally, families would create an advanced directive that
details the child’s wishes; however, in the cases of immi-
nent chemotherapy, there is often no time for this legal
document. If there is no clear directive, we advise against
parents using cryopreserved tissue from their child posthu-
mously and recommend disposal upon the patient’s death.
As use for reproduction cannot be assumed, neither can
use for research.

Cost is a significant barrier to FP and poses further ethi-
cal considerations. Table 1 summarizes approximate costs
for FP options [13, 34]. There are wide regional variations.
Insurance may or may not cover cryopreservation, even
in fertility mandate states. Experimental procedures may
not even yield viable sperm, leaving the patient’s family
to decide if the mere chance at future fertility options is
thousands of dollars. There is debate as to whether it is
ethical to recommend experimental procedures with high
costs, especially without the promise of viable gametes in
the future [35]. Despite these concerns, we believe that
we have an ethical mandate to preserve patient and fam-
ily autonomy and discuss all available options. Centers
that participate in institutional review board approved
protocols may require donation of a portion of the tissue
towards research. This may be considered a form of coer-
cion, especially in families who do not have resources to
otherwise afford the option. While we acknowledge the
injustice of the high costs of FP and unequal access, we
still believe that patients and families deserve knowledge
of the options so that they can fully participate in the
shared decision-making process.

Innovations

Recent innovations focus on in vitro maturation including
use of culture scaffolds and artificial organoids as well
as identifying genetic regulators IVM. Other work, par-
ticularly in ovarian tissue and oocytes, is being done with
increased harvested sample quality.

Maturation of Sperm

The current focus of FP techniques in patients with tes-
tes focuses on the utilizing spermatogonial stem cells
(SSCs) to produce mature sperm, rather than relying on
the harvest of already mature sperm, which are not yet
present in prepubescent children. The goal of this work is
to mimic the natural process of spermatogenesis. While

this has been reported successful in animal models, this
work has not yet translated to human pregnancy. Grady,
a rhesus macaque, was the live birth product of sperm
matured in vivo from grafted cryopreserved prepubertal
tissue [36]. To date, this technology has not proven suc-
cessful in humans. Several groups are working on various
aspects of in vitro maturation. Work on growth has shown
that morphological spermatozoa could be produced from
SSCs when they were cultured along with Sertoli cells in a
agarose-laminin hydrogel [37]. This supports the idea that
Sertoli cells are critical to the spermatogenic niche and
should be harvested and maintenance with the seminifer-
ous tubules. Another study yielded elongated spermatids
using a culture of agarose-embedded mouse seminiferous
tubules, again highlighting the importance of multiple
cell types for the maturation of sperm [38]. Maintenance
of the extracellular matrix and its proteins also appears
to be an important factor in maintaining the viability of
sperm stem cells. Kurek et al. report that LAMAT1 and
type IV collagen, which are components of the testicular
basement membrane, are integral to maintenance of the
SSC population [39¢]. With loss of these proteins the SSC
population dwindles. Another group has shown that using
a manufactured scaffold of gelatin and polycaprolactone
may improve SSC growth [40]. If the pool of spermato-
gonia can be improved, the overall efficiency rate of sper-
miogenesis could be increased. These four studies offer
several possible pathways to be explored that may allow
for the development of in vitro gametogenesis. By working
together, researchers will hopefully develop an efficient
and reliable method of in vitro spermatogenesis.

Identifying the genetic markers of maturation may be
essential for spermatogenesis. In mice, the activation of
transcription factor Stra8 through nutrient depletion will
initiate meiosis due to the downregulation of nutrient trans-
porters. The consequence of Stra8 application is depletion
of mature sperm [41e]. Additionally, it has been identified
that human spermatogonia have upregulated oxidative phos-
phorylation genes, which will become downregulated once
puberty begins [42]. Identification of the genetic controls of
sperm maturation transition stages may be key in performing
in vitro gametogenesis on SSCs. Once the mechanisms of
sperm maturation are identified, protocols to mimic these
processes in vitro can be developed and applied to harvested
SSCs to produce mature sperm.

Maturation of Oocytes and Optimization of Harvest

The landscape of fertility preservation techniques follows
similar trends to that of testicular FP advancements and
focuses mainly on improving in vitro maturation of imma-
ture oocytes. This would allow for oocyte maturation and
harvest from removed ovarian tissue without requiring
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autotransplantation. There have been several recent inno-
vations in the production of artificial ovaries and culture
scaffolds to mimic the environment of the ovary and allow
oocytes to mature in culture. In pigs, when primordial
ovarian follicles were cultured with other ovarian cells in
an alginate scaffold with affinity-bound bone morphoge-
netic protein-4 (BMP-4), the follicles matured to the pre-
antral stage and were able to secrete estradiol at a higher
level than follicles cultured without affinity bound BMP-4.
Upon transplantation into mice, the cultured follicles were
able to restore ovarian function [43]. Human primordial
follicles have been able to transition into secondary folli-
cles using an artificial ovary with fibrinogen and thrombin
scaffolding [44e]. The scaffolding degraded over 7 days,
which is a promising sign for generation of follicles that
can be reimplanted back into the patient. Furthermore, 3-D
printed artificial ovaries have successfully been used to cul-
ture murine oocytes up to metaphase II [45]. This research
uses ovarian tumor cell lines and gelatin-methacryloyl, a
protein-based hydrogel to print ovary-like cell niches for
growth. When considering the use of organoid scaffolds or
artificial gonads, a differentiation must be made depending
on whether the organ will be transplanted into a patient or
it will be maintained in vitro. Some authors posit that “the
ultimate goal of an artificial ovary is re-transplantation into
the human body” [44e]. For pediatric cancer patients, gonad
transplantation may be desirable once they complete chemo-
therapy in order to re-establish full reproductive potential
and reduce possible hormonal deficits. For transgender
patients, autotransplantation of the ovary may not be desir-
able, especially if they have undergone GAHT.

Similar to the findings presented by Kurek and col-
leagues with spermatozoa, studies utilizing murine oocytes
have shown that the preservation of extracellular matrix
proteins leads to improved oocyte maturation [46]. Via the
use of extracellular matrix sequestering proteins, the oocytes
were able to reconstruct a supporting matrix to facilitate
development. Another study showed that culturing imma-
ture oocytes with a specific growth factor mixture allowed
for immature oocytes to have higher rates of cumulus cell
growth, which is an essential step for oocyte maturation [47].

Another avenue of innovation is the optimization of
oocyte cryopreservation. Prior to in vitro fertilization or
cryopreservation, oocytes are assessed subjectively to deter-
mine their quality and, by proxy, the likelihood that they will
be fit for fertilization. Oocytes are graded on visual qualities
such as morphology and appearance of the cytoplasm [48,
49]. Based on large data sets and machine learning, artificial
intelligence technology has been used to assess the appear-
ance of oocytes, has been tested, and has shown to be able to
predict the possibility of fertilization based on comparison
with oocytes that results in a live birth [50]. Fertilization
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outcomes of these artificial intelligence selected oocytes
have yet to be seen. Others are working on more objective
quality assessment test such as the presence and quantifica-
tion of oocyte competence biomarkers. Research has estab-
lished that certain genes involved in oocyte processes such
as nuclear maturation and extracellular matrix remodeling
are expressed at different points in the oocyte’s life cycle
[36, 51]. Levels of these markers, such as luteinizing hor-
mone receptor (LHR), have been used to predict outcomes
of in vitro fertilization (IVF) cycles. These known biomark-
ers can be used to predict the maturation level of an oocyte,
rather than visual cues alone. Together, these innovations
seek to improve oocyte maturation and selection to improve
embryo implantation and birth outcomes.

Conclusion

Advances from adult infertility over the past 70 years have
made their way into the pediatric FP realm and further
advanced are on the horizon. On the clinical side, we need
to work together, in a multidisciplinary fashion, to ensure
that these options are made available to all patients with
at-risk fertility. We must also work through the ethical
issues of FP with our patients, our colleagues, and our
legislature. New advancements in the science of FP are
essential for children and adolescents, particularly pre-
pubertal patients with testes. Current work highlights the
importance of the stem cell niche and replication of the
gonadal environment for gamete maturation but further
work must be done to make in vitro maturation of sperm
a reality. Unfortunately, these procedures will continue to
be costly in the near future but hopefully with time, there
will be more equitable access to these technologies. These
advancements give pediatric patients and their families
more options for and certainty in preserving their fertility.
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