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Abstract: In this narrative review, we discuss the epidemiology and pathophysiology of infertility in

childhood and adolescent cancer. We also review the current guidelines and ethical issues related to pediatric

oncofertility. Finally, we present recent advances in basic science and translational research in pediatric

fertility preservation (FP).
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Introduction and definition

Cancer in children and adolescents is relatively uncommon,
but is estimated to affect over 15,000 patients a year in
the United States (1) with the most common types being
leukemias and lymphomas, central nervous system tumors,
soft tissue sarcomas, neuroblastomas and kidney tumors.
Survival rates have improved dramatically in the last few
decades with an overall 5-year survival of 83.5% (2). With
many of these patients surviving into adulthood, the long-
term effects of treatment are becoming better understood,
one of which is infertility. The American Society of Clinical
Oncology (ASCO) first published guidelines recommending
that referral for fertility preservation (FP) be offered to
patients of reproductive age in 2006 (3). With intensified
interest in FP in cancer patients, the term oncofertility
was coined and has since become its own area of clinical
practice and research (4). Numerous guidelines and
recommendations have been published, including some
that address pediatric patients, but few advances in clinical
practice have been realized in the last decade. While
awareness of the issue has increased, practice patterns
regarding discussion of FP with appropriate patients
varies widely even among oncologic specialists (5). In this
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narrative review, we will discuss the epidemiology and
pathophysiology of infertility in childhood and adolescent
cancer, review current guidelines and ethical issues in
pediatric oncofertility, and present recent advances in basic
science and translational research in pediatric FP.

Scope of the problem and pathophysiology

With the current population of childhood cancer survivors
estimated at 380,000 in the United States (2) and incidence
of pediatric cancers increasing slightly in recent years (1),
the number of these patients reaching childbearing age
is significant and is likely to continue to increase. The
incidence of infertility in patients receiving chemo- and
radiation therapy varies widely with age and gender, but
remains significant. In male patients, rapidly dividing,
differentiating spermatogonia are very sensitive to damage
by radiation and cytotoxic chemotherapy, which leaves
later stage germ cells that continue to differentiate without
being replaced by new cells derived from spermatogonia.
This results in a depletion of the remaining later-stage
differentiating cells and eventual oligo- or azoospermia (6).
In females, chemo- or radiation therapy can cause
apoptosis of primordial follicles. This causes a reduction
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of anti-Miillerian hormone (AMH) levels and leads to the
recruitment of surviving primordial follicles. This, in turn,
causes depletion of the ovarian reserve or “burnout” (7) and
premature ovarian failure. Younger patients seem to be at
lower risk than older patients (8) and female patients are at
a lower risk than males due to the effects of chemotherapy
on the testis compared to the ovary (9). The type of cancer
therapy also has a large impact on infertility risk. ASCO
categorizes the likelihood of infertility based on various
chemotherapeutic regimens into low (<20%), intermediate
(20-80%) and high (>80%) risk of infertility (3). Commonly
used alkylating agents such as cyclophosphamide subject a
patient to the highest risk, and it has been suggested that
a “summed alkylating agent dose score” be used to predict
risk for gonadal injury and subsequent infertility (10).
Radiation therapy also has a significant effect on fertility
with cumulative doses over 4 Gy to the testes (11), 30 Gy
to the hypothalamus-pituitary axis, and >5 Gy to the
uterus and/or ovaries (10). Because infertility due to cancer
treatment is multifactorial, overall rates of infertility are
difficult to ascertain. It is estimated, however, that the risk
of infertility is 2.5 times higher in male cancer survivors
than their healthy siblings and approaches 50% (11).

Why address this issue?

While fertility may not be the most pressing issue in the
management of pediatric patients with newly-diagnosed
cancer, it has been demonstrated that as survivors aged,
they and their families had significantly more interest in
fertility (12). In fact, over 75% of childhood cancer survivors
expressed a desire to have children in the future (13,14).
Parents and adult male survivors of childhood cancer were
also shown to have a significant amount of regret when FP
was not pursued at the time of initiation of therapy (12).

Current recommendations

In general, guidelines recommend that patients be
counseled on the possibility of infertility regardless of age
and that appropriate patients be referred for discussion
of FP. Guidelines for pediatric patients can be divided
according to gender and pubertal status. One, example of
consensus guidelines following this pattern are the ASCO
pediatric consensus guidelines for newly diagnosed pediatric
oncology patients regarding oncofertility.

ASCO has the following guidelines for male children and
adolescents with a new cancer diagnosis (15):
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(I)  For post-pubertal patients, a semen sample can be
obtained through masturbation or testicular sperm
aspiration and cryopreserved.

(i) Itis generally recommended that, due to the
risk of genetic damage from chemotherapy,
the sample be collected before the initiation of
therapy.

(i) Cryopreservation of sperm has been studied
extensively and specimens have been used,
resulting in successful pregnancy.

(I) Hormonal suppression to preserve gonadal tissue
has not been proven to be successful and is not
recommended.

(III) Testicular tissue cryopreservation from pre-pubertal
patients is noted to be experimental at this time
and it is recommended that this only be offered in
conjunction with established research protocols.

In the case of female patients, the ovary is more resistant
to deleterious effects of chemotherapy, but both radiation
therapy and chemotherapy have been shown to increase risk
of premature ovarian failure (16) and have a negative impact
on pregnancy rates (8).

Current guidelines from ASCO suggest the following
regarding female patients (15):

(I)  Post-pubertal patients can be offered cryopreservation
of oocytes, as this is no longer considered
experimental and is now consistent with established
guidelines (17).

(II) Post-pubertal females who have a partner can also
be offered embryonic cryopreservation. Either of
these options should, however, be performed at
centers with sufficient expertise.

(III) Delays in the initiation of therapy should be
minimized, as oocyte collection requires prior
ovarian stimulation.

(IV) In female patients undergoing pelvic radiation,
surgical relocation of the ovaries (oophoropexy) has
been described, but is not always successful due to
radiation scatter and possible remigration.

(V) Ovarian tissue cryopreservation and transplantation,
particularly in pre-pubertal patients, does not require
ovarian stimulation but remains experimental and
should only be offered in conjunction with an
established research protocol.

In the pediatric setting, it is recommended that both
parent and patient be involved in the decision making process
and that both consent and assent be obtained. In both male
and female patients who are pre-pubertal, there are no
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current options other than gonadal tissue cryopreservation,
although methods for using this tissue in future fertility
options remain investigational and unproven (15).

Barriers and ethical issues

In spite of established guidelines, FP is often not discussed
with pediatric patients (18). Surveys of pediatric oncologists
regarding their practice patterns showed that younger age
and female gender were seen as barriers to discussion of FP
techniques (19,20).

A recent systematic review evaluated and categorized
various barriers to FP discussion among a variety of
healthcare providers (21). Overall, providers were found
to have a high level of awareness of treatment effects of
fertility, but significant gaps existed in knowledge about FP
options that kept some providers from initiating discussions
on the topic. These knowledge gaps included the cost and
details of FP procedures, facilities and specialists for FP
referrals, how to approach a conversation about FP, and
options available for young female patients. Provider sense
of comfort was found to be a barrier to discussing FP,
particularly with regard to discussion of sexual practices
and activity privately or with parents. The prospect of
bringing up topics that are not appropriate for the age or
sexual maturity of the patient and discussing the use of
erotic materials in sperm banking were also found to be a
barrier to discussion. Patient and parental factors were also
reported to be barriers to FP discussion. Patient factors
brought up in the analysis include poor prognosis, positive
HIV status and inability of patients to afford the treatment.
The prospect of bringing a new issue to the table with an
already stressful diagnosis was also a recognized barrier to
FP discussion as were issues of consent and undue parental
influence in a very personal decision for the patient. Finally,
seven of the studies included in the review also brought up a
lack of educational material as a barrier to addressing FP.

While guidelines do exist and FP discussions are
recommended with adult patients, ethical issues remain
with children and adolescents, particularly those in the pre-
pubertal period. These issues can be divided into ethical
concerns at the time of FP treatment and ethical concerns
in the future. Ethical concerns at the time of FP treatment
include possible delay in timely cancer treatment for
the possible future benefit of fertility (22) and a possible
lack of comprehension of the family regarding potential
for fertility. Ethical consideration must be given to the
potential distress and discomfort to the child from the FP
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treatment, along with surgical and anesthetic risks of the
treatments themselves possibly outweighing the benefits of
the treatment (23). This is particularly true in cases where
the FP treatment is experimental or where the possibility of
successful treatment is low.

Possible ethical concerns in the future include the impact
of FP treatment on future gonadal function, the high
cost of treatment and storage of gonadal tissue making it
unavailable to patients without financial means (24) and
the fate of the tissue if the patient does not survive (22).
Future ethical issues would also include the possibility of
re-introduction of malignant cells with transplantation of
gonadal tissue (25) and possible compromised health of
the offspring arising from FP treatments (26,27). These
actual and potential issues underscore the need for an
individualized approach to assessing risks and benefits of FP
treatment, particularly in the pediatric population.

As alluded to, one of the major barriers to FP is the
monetary cost of related procedures and long-term
cryopreservation of sperm, oocytes or gonadal tissue. For
example, in the case of oocyte or ovarian tissue preservation,
the initial cycle or surgery for retrieval costs approximately
$10,000 and storage costs an additional $300-$500
per year (28). Sperm retrieval is less costly, especially if
a sample can be obtained by masturbation, but storage
costs are similarly expensive (29). Recent improvements to
insurance coverage for FP and advocacy organizations that
assist patients financially (15) are some ways that this barrier
can be overcome, but access is still in not universal in this
population.

Recent publications demonstrate that establishing a
formalized oncofertility program results in improved
documentation of FP discussions (30) and may increase the
likelihood of appropriate referrals to FP specialists (31).
While these studies are not specifically related to pediatric
patients and providers, there is likely benefit from having
organized programs and referral patterns in overcoming
barriers and providing appropriate care and counseling.

Experimental therapies using immature gonadal
tissue

As discussed earlier, pre-pubertal patients diagnosed with
cancer currently have no proven option of FP. Gonadal
tissue can be collected on these patients, but guidelines
suggest that this only be offered in conjunction with an
established research protocol. While this is the case, there
are centers that offer tissue preservation in hopes of future
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scientific progress. The main problem in this population in
developing mature sex cells (sperm and oocytes) from stem
cells in immature gonads.

In the case of female patients, ovarian tissue
cryopreservation (OTC) and retransplantation has been
shown to be a promising option and progress has come
to the point where some recommendations exist to offer
this to carefully selected pre-pubertal patients (32). In this
approach, cryopreserved tissue is thawed and grafted into
orthotopic sites (residual ovary, broad ligament or nearby
pelvic tissue) (33). Advantages of this approach include the
ability to retrieve the tissue regardless of pubertal status,
and it circumvents delaying the initiation of the girl’s
oncologic therapy. One major disadvantage is the potential
re-introduction of malignant cells in malignancies that may
affect the ovaries, although this has not been reported to
date (34).

OTC with retransplantation has resulted in successful
pregnancy and live birth in 86 cases with tissue collected
from post-pubertal patients (35). There has been only one
reported case of successful spontaneous pregnancy from
retransplanted ovarian tissue collected prior to menarche
for subsequent primary ovarian failure (36). While this is an
isolated case, it does hold promise for future FP options in
pre-pubertal female patients.

Another promising approach for female FP is
xenotransplantation of cryopreserved ovarian tissue. This
approach has been successfully tested by grafting pre-
pubertal ovarian tissue from a 6-year-old female patient
with Wilm’s tumor into immunocompromised mice (37).
The group was able to retrieve a completely mature oocyte
from the xenograft without any exogenous hormone
administration. After complete excision, the graft was found
to have follicles in all developing stages, suggesting that the
tissue was synchronized with the HPA axis of the mouse.

In vitro maturation (IVM) of primordial follicles has also
been attempted on cryopreserved ovarian tissue (38), and
while maturation rates were much lower for pre-pubertal
tissue, maturation was successful in some cases. While no
usable oocytes could be retrieved in tissue from patients
younger than 5, this option also holds promise for FP in
some pre-pubertal female patients.

In male patients, sperm cryopreservation is a routinely
performed option for FP and has provided results including
pregnancy and healthy offspring. This method has been
used since the first successful pregnancy was achieved
with frozen/thawed sperm in 1953 (39). Prepubertal
males, however, do not produce mature sperm. Attempts

© Translational Andrology and Urology. All rights reserved.

$279

at producing mature sperm from spermatogonial stem
cells (SSCs) in pre-pubertal testicular tissue is still in early
experimental stages compared to tissue cryopreservation
and oocyte maturation in pre-pubertal females. Animal
models show promise in transplantation of SSCs into
the seminiferous lumen of germ-cell depleted hosts (40).
Results, including healthy offspring in mice and production
of mature sperm in non-human primates, have been
achieved (41,42), but the propagation required for successful
transplantation in humans has proved difficult due to only
short-term survival of SSCs iz vitro (43).

Another approach is grafting of cryopreserved immature
testicular tissue. While this approach has successfully
resulted in sperm and healthy offspring in animal models
(44-46), transplantation of human immature testicular
tissue have not resulted in maturation beyond the stage of
spermatocyte (47).

A third possible approach for using cryopreserved pre-
pubertal testicular tissue is spermatogenesis iz vitro from
SSCs. This has been successfully tested in the mouse model
with resultant sperm having been successfully used in ICSI
(48,49). Attempts on pre-pubertal human testicular tissue
have successfully resulted in somatic cells maturing to a post-
pubertal phenotype, but were unsuccessful in producing
mature sperm (50). This is likely due to the fact that major
differences have been found in the response of spermatogonia
to gonadotropins between mice and primates (51).

In spite of the current techniques involving cryopreservation
of gonadal tissue being considered experimental, a recent
survey of members of the Oncofertility Consortium Global
Partners Network demonstrated that at least 16 centers
worldwide offer testicular tissue cryopreservation and
26 centers offer ovarian tissue cryopreservation to pre-
pubertal patients (52). Given the success with OTC in the
investigational setting, this would seem appropriate; however,
significant hurdles remain in using cryopreserved testicular
tissue to produce mature sperm.

Conclusions

Oncofertility remains an emerging field, particularly in
the pediatric setting. Fertility and FP become increasingly
important to patients as they enter adulthood and should
thus be discussed with children and adolescents that are
to undergo gonadotoxic treatments for a new diagnosis of
cancer. Barriers remain in facilitating appropriate discussion
of this topic and formalized oncofertility programs may
help in providing access and realistic information to patients
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and parents. Established options for FP exist for both male
and female post-pubertal patients and although promising
advances have been made for pre-pubertal patients, FP

techniques remain experimental in that population.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest

to declare.

References

1.

10.

Ward E, DeSantis C, Robbins A, et al. Childhood and
adolescent cancer statistics, 2014. CA Cancer J Clin
2014;64:83-103.

Phillips SM, Padgett LS, Leisenring WM, et al. Survivors
of childhood cancer in the United States: prevalence and
burden of morbidity. Cancer Epidemiol Biomarkers Prev
2015;24:653-63.

Lee SJ, Schover LR, Partridge AH, et al. American
Society of Clinical Oncology recommendations on
fertility preservation in cancer patients. ] Clin Oncol
2006;24:2917-31.

Woodruff TK. The Oncofertility Consortium--addressing
fertility in young people with cancer. Nat Rev Clin Oncol
2010;7:466-75.

Loren AW, Brazauskas R, Chow EJ, et al. Physician
perceptions and practice patterns regarding fertility
preservation in hematopoietic cell transplant recipients.
Bone Marrow Transplant 2013;48:1091-7.

Meistrich ML. Effects of chemotherapy and
radiotherapy on spermatogenesis in humans. Fertil Steril
2013;100:1180-6.

Roness H, Gavish Z, Cohen Y, et al. Ovarian follicle
burnout: a universal phenomenon? Cell Cycle
2013;12:3245-6.

Nicholson HS, Byrne J. Fertility and pregnancy after
treatment for cancer during childhood or adolescence.
Cancer 1993;71:3392-9.

Byrne J, Mulvihill JJ, Myers MH, et al. Effects of
treatment on fertility in long-term survivors of childhood
or adolescent cancer. N Engl ] Med 1987;317:1315-21.
Green DM, Kawashima T, Stovall M, et al. Fertility

of female survivors of childhood cancer: a report from

© Translational Andrology and Urology. All rights reserved.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

tau.amegroups.com

Lau and Schaeffer. Pediatric oncofertility: a narrative review

the childhood cancer survivor study. J Clin Oncol
2009;27:2677-85.

Wasilewski-Masker K, Seidel KD, Leisenring W, et al.
Male infertility in long-term survivors of pediatric cancer:
a report from the childhood cancer survivor study. ]
Cancer Surviv 2014;8:437-47.

Stein DM, Victorson DE, Choy JT, et al. Fertility
Preservation Preferences and Perspectives Among Adult
Male Survivors of Pediatric Cancer and Their Parents. J
Adolesc Young Adult Oncol 2014;3:75-82.

Schover LR, Rybicki LA, Martin BA,, et al. Having
children after cancer. A pilot survey of survivors' attitudes
and experiences. Cancer 1999;86:697-709.

Reinmuth S, Liebeskind AK, Wickmann L, et al. Having
children after surviving cancer in childhood or adolescence
- results of a Berlin survey. Klin Padiatr 2008;220:159-65.
Loren AW, Mangu PB, Beck LN, et al. Fertility
preservation for patients with cancer: American Society of
Clinical Oncology clinical practice guideline update. ] Clin
Oncol 2013;31:2500-10.

Larsen EC, Miiller J, Schmiegelow K, et al. Reduced
ovarian function in long-term survivors of radiation- and
chemotherapy-treated childhood cancer. ] Clin Endocrinol
Metab 2003;88:5307-14.

Practice Committees of American Society for Reproductive
Medicine; Society for Assisted Reproductive Technology.
Mature oocyte cryopreservation: a guideline. Fertil Steril
2013;99:37-43.

Vakeesan B, Weidman DR, Maloney AM, et al. Fertility
Preservation in Pediatric Subspecialties: A Pilot Needs
Assessment Beyond Oncology. J Pediatr 2018;194:253-6.
Anderson RA, Weddell A, Spoudeas HA, et al. Do doctors
discuss fertility issues before they treat young patients with
cancer? Hum Reprod 2008;23:2246-51.

Kéhler TS, Kondapalli LA, Shah A, et al. Results from

the survey for preservation of adolescent reproduction
(SPARE) study: gender disparity in delivery of fertility
preservation message to adolescents with cancer. J Assist
Reprod Genet 2011;28:269-77.

Vindrola-Padros C, Dyer KE, Cyrus J, et al. Healthcare
professionals' views on discussing fertility preservation
with young cancer patients: a mixed method systematic
review of the literature. Psychooncology 2017;26:4-14.
Quinn GP, Stearsman DK, Campo-Engelstein L, et al.
Preserving the right to future children: an ethical case
analysis. Am J Bioeth 2012;12:38-43.

Patrizio P, Butts S, Caplan A. Ovarian tissue preservation

and future fertility: emerging technologies and

Transl Androl Urol 2018;7(Suppl 3):S276-S282



Translational Andrology and Urology, Vol 7, Suppl 3 July 2018

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

ethical considerations. ] Natl Cancer Inst Monogr
2005;(34):107-10.

McDougall R], Gillam L, Delany C, et al. Ethics of
fertility preservation for prepubertal children: should
clinicians offer procedures where efficacy is largely
unproven? ] Med Ethics 2018;44:27-31.

Dolmans MM, Luyckx V, Donnez J, et al. Risk of
transferring malignant cells with transplanted frozen-
thawed ovarian tissue. Fertil Steril 2013;99:1514-22.
Cohen CB. Some perils of "waiting to be born": fertility
preservation in girls facing certain treatments for cancer.
Am J Bioeth 2008;8:30-2.

Meirow D, Ra'anani H, Shapira M, et al. Transplantations
of frozen-thawed ovarian tissue demonstrate high
reproductive performance and the need to revise restrictive
criteria. Fertil Steril 2016;106:467-74.

Fertility Preservation Options for Women. 2015. Available
online: https://www.livestrong.org/we-can-help/fertility-
services/fertility-preservation-options-women

Paying for treatments: How much does fertility
preservation cost? 2018 [cited 2018 April]. Available
online: http://www.allianceforfertilitypreservation.org/
costs/paying-for-treaments

Sheth KR, Sharma V, Helfand BT et al. Improved fertility
preservation care for male patients with cancer after
establishment of formalized oncofertility program. J Urol
2012;187:979-86.

Lewin J, Ma JM, Mitchell L, et al. The positive effect of a
dedicated adolescent and young adult fertility program on
the rates of documentation of therapy-associated infertility
risk and fertility preservation options. Support Care
Cancer 2017;25:1915-22.

Wallace WH, Smith AG, Kelsey TW, et al. Fertility
preservation for girls and young women with cancer:
population-based validation of criteria for ovarian tissue
cryopreservation. Lancet Oncol 2014;15:1129-36.

Van der Ven H, Liebenthron J, Beckmann M, et al.
Ninety-five orthotopic transplantations in 74 women

of ovarian tissue after cytotoxic treatment in a fertility
preservation network: tissue activity, pregnancy and
delivery rates. Hum Reprod 2016;31:2031-41.

Oktay K, Buyuk E. Ovarian transplantation in humans:
indications, techniques and the risk of reseeding cancer. Eur
J Obstet Gynecol Reprod Biol 2004;113 Suppl 1:545-7.
Jensen AK, Macklon KT, Fedder J, et al. 86 successful
births and 9 ongoing pregnancies worldwide in women
transplanted with frozen-thawed ovarian tissue: focus

on birth and perinatal outcome in 40 of these children. J

© Translational Andrology and Urology. All rights reserved.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

tau.amegroups.com

S281

Assist Reprod Genet 2017;34:325-36.

Demeestere I, Simon P, Dedeken L, et al. Live birth after
autograft of ovarian tissue cryopreserved during childhood.
Hum Reprod 2015;30:2107-9.

Raffel N, Lotz L, Hoffmann I, et al. Repetitive Maturation
of Oocytes From Non-Stimulated Xenografted Ovarian
Tissue From a Prepubertal Patient Indicating the
Independence of Human Ovarian Tissue. Geburtshilfe
Frauenheilkd 2017;77:1304-11.

Fasano G, Dechéne J, Antonacci R, et al. Outcomes

of immature oocytes collected from ovarian tissue for
cryopreservation in adult and prepubertal patients. Reprod
Biomed Online 2017;34:575-82.

Bunge RG, Sherman JK. Fertilizing capacity of frozen
human spermatozoa. Nature 1953;172:767-8.

Medrano JV, Martinez-Arroyo AM, Sukhwani M, et al.
Germ cell transplantation into mouse testes procedure.
Fertil Steril 2014;102:e11-2.

Brinster RL, Avarbock MR. Germline transmission of
donor haplotype following spermatogonial transplantation.
Proc Natl Acad Sci U S A 1994;91:11303-7.

Hermann BP, Sukhwani M, Winkler F, et al.
Spermatogonial stem cell transplantation into rhesus testes
regenerates spermatogenesis producing functional sperm.
Cell Stem Cell 2012;11:715-26.

Medrano JV, Rombaut C, Simon C, et al. Human
spermatogonial stem cells display limited proliferation

in vitro under mouse spermatogonial stem cell culture
conditions. Fertil Steril 2016;106:1539-1549.e8.

. Honaramooz A, Snedaker A, Boiani M, et al. Sperm

from neonatal mammalian testes grafted in mice. Nature
2002;418:778-81.

Jahnukainen K, Ehmcke J, Nurmio M, et al. Autologous
ectopic grafting of cryopreserved testicular tissue preserves
the fertility of prepubescent monkeys that receive
sterilizing cytotoxic therapy. Cancer Res 2012;72:5174-8.
Liu Z, Nie YH, Zhang CC, et al. Generation of macaques
with sperm derived from juvenile monkey testicular
xenografts. Cell Res 2016;26:139-42.

Wyns C, Van Langendonckt A, Wese FX, et al. Long-term
spermatogonial survival in cryopreserved and xenografted
immature human testicular tissue. Hum Reprod
2008;23:2402-14.

Sato T, Katagiri K, Gohbara A, et al. In vitro production
of functional sperm in cultured neonatal mouse testes.
Nature 2011;471:504-7.

Sato T, Katagiri K, Kubota Y, et al. In vitro sperm

production from mouse spermatogonial stem cell lines using

Transl Androl Urol 2018;7(Suppl 3):S276-S282



S282 Lau and Schaeffer. Pediatric oncofertility: a narrative review

an organ culture method. Nat Protoc 2013;8:2098-104. testicular transcriptome associated with spermatogonia
50. de Michele F, Poels J, Weerens L, et al. Preserved differentiation initiated by gonadotrophin stimulation

seminiferous tubule integrity with spermatogonial survival in the juvenile rhesus monkey (Macaca mulatta). Hum

and induction of Sertoli and Leydig cell maturation after Reprod 2017;32:2088-100.

long-term organotypic culture of prepubertal human 52. Rashedi AS, de Roo SE, Ataman LM, et al. Survey of

testicular tissue. Hum Reprod 2017;32:32-45. Fertility Preservation Options Available to Patients With
51. Ramaswamy S, Walker WH, Aliberti P, et al. The Cancer Around the Globe. J Glob Oncol 2018;4:1-16.

Cite this article as: Lau GA, Schaeffer AJ. Current standing
and future directions in pediatric oncofertility: a narrative
review. Transl Androl Urol 2018;7(Suppl 3):S276-S282. doi:
10.21037/tau.2018.05.04

© Translational Andrology and Urology. All rights reserved. tau.amegroups.com Transl Androl Urol 2018;7(Suppl 3):5276-S282



