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The gonadotoxicity of cancer therapy ranges from severe to mild effects on spermatogenesis, structural,
functional, and genetic integrity of spermatozoa. However, these effects are even more pronounced in
prepubertal males due to the susceptibility of the prepubertal testis to cytotoxic therapy. The proliferating
germ cells in the prepubertal testis are mitotic in nature, thereby becoming a target for anticancer agents.
Immature testicular tissue (ITT) cryopreservation is offered as the only fertility preservation (FP) strategy
for prepubertal males facing gonadotoxic risk, though it is still experimental in nature. Multiple
cryopreservation protocols have been developed to ensure safe and efficacious storage of the tissue
and to enable maximum recovery of germ cells during thawing. The thawed tissue can then be used for
fertility restoration by either in vitro spermatogenesis or transplantation to reinitiate spermatogenesis and
thereby result in the production of mature spermatozoa. However, there are many challenges to overcome
to successfully offer this procedure as an established one. This mini-review gives an overview of the
progress in ITT cryopreservation and fertility restoration procedures, along with the other challenges.
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INTRODUCTION

Improvement in cancer cure rates has led to change in
focus from survival rates to quality of life or survivor
experience from cancer treatment. Cancer survivors are
faced with short- to long-term adverse effects of cancer
treatment, the prominent among them being transient or
permanent infertility.[1] In prepubertal males, the
cytotoxic effects are even more pronounced, due to
high susceptibility of the immature testis containing
spermatogonial stem and germ cells, that are mitotic in
nature. The potential for sperm production in adulthood
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in these cancer survivors is dependent on the survival,
proliferation, and differentiation of these cells into
spermatids.[2] Male childhood cancer survivors show a
significant reduction in fecundity and are less likely to sire
a pregnancy compared to the sibling control subjects.[3] A
high prevalence of infertility (46%) has been seen in this
patient group when compared to their siblings,[4]

especially after treatment with alkylating medications.[5]

It is difficult to predict the severity of damage to an
individual as the variables for gonadotoxicity due to
chemotherapy include the type of drug(s) administered,
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cumulative dose, treatment duration, and age of the
patient.[6]

Immature testicular tissue (ITT) banking

In prepubertal boys, ITT is cryopreserved with the intent
for future use for fertility restoration through autologous
transplantation of tissue or spermatogonial cells or by
generation of spermatozoa through in vitro culture of the
tissue.[7] This procedure is offered only in an experimental
setting with use of an Institutional Review Board (IRB)
(The Institute for Research in Biomedicine Barcelona)-
approved protocol,[8] for prepubertal males fulfilling the
Edinburgh selection criteria.[7] Valli-Pulaski et al. have
reported that testicular tissue biopsy or
cryopreservation can be offered as a feasible method
of fertility preservation (FP) in male patients ranging
from 5 months to 34 years.[9] Braye et al. summarize
their experience of ITT banking during 2002–2018,
highlighting the importance of the procedure to
safeguard the fertility potential of boys with a high risk
of germ cell loss and also stating the important challenges
to setting up FP for prepubertal boys.[10]

Several international societies have recommended
guidelines for ITT banking, with the common
indication being malignant disease in childhood.[11,12]

The cancers associated with impaired gonadal function
even before commencement of treatment are Hodgkin’s
and non-Hodgkin’s lymphoma, testicular cancer,
extragonadal germ cell tumors, and other solid
tumors.[13,14] Cancer pathology can affect reproductive
health through several mechanisms, such as disruption of
the hypothalamus-pituitary gonadal axis and consequently
the production of reproductive hormones, or by directly
affecting the testicular environment by invasion of
cancerous cells or through the pro-inflammatory
response resulting from the cancer.[14]

While cancer pathology can play a role in gonadal
impairment, cancer treatment can result in direct
damage to the gonadal cells, causing fertility decline.
Cancer treatments such as total body irradiation,
chemotherapy with alkylating agents, or conditioning
before bone marrow transplantation are known to
result in gonadal impairment.[15]

ITT banking can be invasive as well as experimental;
hence consideration for FP in prepubertal boys should be
based on the extent of risk to gonadal function.[7] Pre-
pubertal boys facing high risk of fertility due to treatment
can be taken before the initiation of therapy, or in some
cases, patients who have already undergone one round of
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chemotherapy are also recruited to prevent further
gonadal damage.[13]

Prepubertal patients with non-malignant disorders
requiring hematopoietic stem cell transplantation
(HSCT), such as sickle cell disease, bone marrow
failure, thallasemia, etc., are also at risk of impaired
fertility due to the conditioning with chemotherapy
before HSCT. Hence, such patients can also be
included in ITT banking.[14] Patients with testicular or
sex chromosome disorders such as Klinefelter’s
syndrome, and cryptorchidism can also be potential
candidates for ITT banking.[16] However, in certain
conditions, such as Klinefelter’s syndrome, clinical
results so far are not in favor of ITT banking due to
the suboptimal quality of gonadal tissues available during
banking.[17]

Current approaches to ITT freezing protocols

Earlier, the purpose of testicular tissue cryopreservation
was to effectively cryopreserve the spermiogenic cells, or
spermatozoa, from the testis of azoospermic men
undergoing infertility treatment; hence, glycerol was
used as a cryoprotectant. However, with ITT as a FP
strategy in cancer-affected prepubertal boys starting
gaining significance, glycerol was no longer found to
be optimal for ITT freezing.[18] The rationale for ITT
banking was effective preservation and recovery of
spermatogonial stem cells (SSC) by minimal cryoinjury
to the tissue.[19] ITT cryobanking has been optimized
through several approaches since the first trial by Bahadur
et al., who used different cryoprotectants such as glycerol
and propane-1,2-diol on prepubertal and pubertal human
testicular tissue to test the efficacy of cryopreservation by
the slow freezing method.[20] Over the years, dimethyl
sulfoxide (DMSO) was found to be a more appropriate
cryoprotect for ITT, as first revealed by the findings from
Keros et al.,[21] which was also later confirmed by other
groups.[22-24] Wyns et al. established a protocol for
prepubertal testicular tissue using 0.7M DMSO and
controlled rate freezing (CRF) for efficient freezing of
the tissue.[25] A survey of European centers offering FP
reported that most centers preferred DMSO and CRF for
freezing of ITT.[26]

Vitrification was also tested as a cryopreservation method
for ITT, as this method had shown promising results in
gamete and embryo freezing. Curaba et al. compared
conventional slow freezing with vitrification of ITT
using 2.8M DMSO as a cryoprotectant and showed
similar tissue morphology post-thaw between the two
freezing methods. The group recommended vitrification
tility Science and Research | Vol 10 | Issue 4 | October-December 2023



Tholeti: Oncofertility: technical challenges in immature testicular tissue banking
as a more cost-effective method of freezing compared to
CRF.[27] Poels et al. also compared vitrification versus slow
freezing but found that the number of spermatogonial
cells per tubule was reduced significantly in all groups −
fresh, CRF, and vitrified human tissues that were thawed
and xenografted into castrated nude mice.[28]

Several studies have also compared the freezing of
isolated testicular cell suspensions with testicular tissue
and proposed better outcomes with the former method.
Brook et al., in 2001, assessed the cryosusceptibility of cell
suspensions isolated from testicular tissue of five adult
patients, which was the first trial to establish freezing
protocol for testicular cell suspensions (TCS).[29] Wyns
et al. also proposed that TCS freezing might be a better
alternative to ITT freezing, which would allow them to
bypass the challenges of heat exchange in tissue freezing,
thereby facilitating better spermatogonial stem cell
survival.[30] Several other studies have confirmed
similar findings.[24,31,32] Despite all the improvements
made in freezing protocols, there is still no consensus
on the optimal method. Further studies are awaited to
establish the ideal freezing protocol.

Fertility restoration after ITT

Fertility restoration strategies from cryopreserved ITT are
still under development across the world, with a focus on
auto-transplantation of testicular tissue or propagated
SSCs, and in vitro spermatogenesis.[13] The former
method was shown to be successful in animal models
where spermatogenesis could be reinstated after infusion
of SSCs into the rete testis of mouse.[33,34] Healthy
offspring were obtained after SSC transplantation in
mice model.[35] Studies have demonstrated that the rete
testis is an ideal site for injection of propagated SSC in
bovine and primate models as well as in humans.[36,37]

Using human SSCs obtained from adult and prepubertal
testicular tissue, in vitro propagation and infusion into
seminiferous tubules through xenotransplantation have
been successfully demonstrated.[38]

Grafting of testicular tissue instead of propagated SSC is
another alternative method of fertility restoration.[13] This
method allows for the interaction of SSCs with the
somatic cells, allowing for spermatogenesis within the
natural niche. Xenografting of testicular tissue to ectopic
sites has not been successful in animal models in
establishing full spermatogenesis, which could be due
to a temperature difference between the scrotum and
other body sites. Xenotransplantation of human ITT to
homotopic sites such as the scrotum or testis of mice has
allowed for SSC proliferation and differentiation up to the
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spermatid stage, as well as better graft survival.[22,39] In
non-human primates, healthy monkeys were born from
sperm derived from ectopic xenografts through ICSI.[40]

Another recent study was able to obtain healthy offspring
after ICSI of sperm derived after ectopic transplantation
of macaque testicular tissue to castrated immature
macaques.[41]

In vitro spermatogenesis, or in vitro differentiation of
testicular germ cells, is an alternative method of fertility
restoration, especially in patients with malignant
hematological diseases who face the risk of
contamination with malignant cells during
transplantation. Tesarik et al., was the first study to
show potential to generate sperm in vitro from the
adult testicular tissue of azoospermic patients. Haploid
spermatids were derived in vitro, which resulted in healthy
babies after a round spermatid injection.[42] Similar
findings were observed in another study that attempted
to obtain sperm from adult patients with
cryptorchidism.[43] However, the outcomes from
prepubertal testicular tissue culture have been quite
different. Organotypic culture systems using semi-
permeable membranes have been used to culture
human prepubertal testicular tissue and found that
while the system demonstrated survival of
spermatogonia and maintenance of seminiferous tubule
architecture, complete spermatogenesis could not be re-
instated.[44,45]

Complete spermatogenesis in vitro has been reported in
animal models, with some studies showing the production
of fertile offspring after ICSI with in vitro-derived sperm
using an organ culture system.[46] Different culture
systems have been developed over time to improve the
outcome of in vitro spermatogenesis (IVS) in mice,[47,48]

and rat models.[49] In humans, one study attempted to
culture tissue derived from adult males with gender
dysphoria using chitosan and reported haploid
spermatids in the seminiferous tubules in 34 days of
culture instead of 72 days.[50] While there have been no
studies so far demonstrating sperm production in vitro
from human prepubertal testicular tissue, a few studies
were able to derive meiotic and post-meiotic germ cells
from prepubertal testicular tissue using organotypic
culture conditions or 3D culture systems,[51,52] but the
functionality of these cells remains to be established.

The lack of further progress in this direction of fertility
restoration from ITT emphasizes the need for further
research to establish protocols for successful FP and
restoration.
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Challenges in ITT

The main hurdle of ITT banking is that it is not only
invasive but also experimental in nature, owing to the lack
of establishment of successful protocols in FP and
restoration. This prevents the option from offered to
other patients with low or medium risk of infertility.
However, treatment strategies can vary based on
individual responses to the treatment, allowing for
subsequent treatments to involve high-risk gonadotoxic
drugs. Also, the literature on the gonadotoxicity of
chemotherapy drugs has mostly been extrapolated from
animal studies, making it difficult to confirm the risk
classification of gondotoxicity.[14,16] Hence optimization
of patient selection criteria for ITT is required taking into
consideration the above aspects.

In prepubertal boys with hematological diseases, testicular
tissue retrieval can be considered invasive as it may have
additional complications such as infection or bleeding.
Also, the risk of reintroducing the malignant cells during
transplantation of tissue or SSCs is also considered to be
high during fertility restoration in these patients.[16]

Detection of malignant cells before transplantation can
be done through methods such as minimal residual
disease PCR to detect leukemic cells in an in vitro
propagated human SSC population.[53]

The freeze-thaw process during banking and fertility
restoration is also expected to affect the germ cells,
leading to their depletion or compromise in quality.[19]

There is also the concern that genetic and epigenetic
stability is likely to be compromised due to the
cryopreservation, thawing, transplantation, or in vitro
culture. Animal studies have demonstrated the
maintenance of genomic stability of germ cells after
freeze-thawing[35,54] and even up to second-generation
offsprings.[55] However, there have been no studies on
prepubertal human testicular tissue to assess the extent of
damage caused to the genome and epigenome due to
manipulations involved in the FP and restoration
processes. This brings about a need for optimization of
freeze-thaw protocols to minimise germ cell loss,
maintain genetic integrity, and their functionality.

Fertility preservation referrals

While ITT banking is still experimental in nature, it is the
currently available technique for prepubertal boys facing
the risk of fertility loss recommended by the American
Society of Clinical Oncology (ASCO).[56] However, the
number of patients availing of this FP option is very low,
either due to poor referrals, or a lack of awareness, or a
lack of time.[57,58] It has been shown that the majority of
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healthcare providers involved in oncofertility
programmes are unaware of the FP guidelines.[59,60]

Also, healthcare providers perceive patient survival and
cure from cancer as the primary goals. Therefore, it is felt
that FP could interfere with or delay the cancer
treatment.[61]

Oncologists and gynecologists or fertility specialists play
an important role in a successful oncofertility program;
hence, their knowledge of the available FP options is likely
to correlate with the frequency of patients opting for FP
services.[62] Another major hurdle is the economic burden
on patients due to a lack of insurance coverage or funding
in developing countries that needs to be addressed.[63]

Similar challenges have been reported in developed
countries as well, along with other religious or cultural
restrictions and legal barriers.[64]

CONCLUSION

ITT banking is the only FP option that is presently offered
to prepubertal boys facing a significant risk of gonadal
impairment due to cytotoxic therapy. Though there have
been major advances in the protocols of ITT
cryopreservation as well as in restoration, the technique
is purely experimental in nature as of now. Due to societal,
emotional, and financial factors associated, the referrals
for this approach remain low. There are several challenges
that still need to be overcome for the ITT
cryopreservation to become a standard FP option.
Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.
REFERENCES
1. Shankara-Narayana N, Di Pierro I, Fennell C, et al. Sperm
cryopreservation prior to gonadotoxic treatment: experience of a
single academic centre over 4 decades. Hum Reprod 2019;34:
795–803.

2. Allen CM, Lopes F, Mitchell RT, Spears N. Comparative
gonadotoxicity of the chemotherapy drugs cisplatin and
carboplatin on prepubertal mouse gonads. Mol Hum Reprod
2020;26:129–40.

3. Chow EJ, Stratton KL, Leisenring WM, et al. Pregnancy after
chemotherapy in male and female survivors of childhood cancer
treated between 1970 and 1999: a report from the Childhood Cancer
Survivor Study cohort. Lancet Oncol 2016;17:567–76.

4. Wasilewski-Masker K, Seidel KD, LeisenringW, et al.Male infertility in
long-term survivors of pediatric cancer: a report from the childhood
cancer survivor study. J Cancer Surviv 2014;8:437–47.
tility Science and Research | Vol 10 | Issue 4 | October-December 2023



Tholeti: Oncofertility: technical challenges in immature testicular tissue banking
5. van Casteren NJ, van der Linden GH, Hakvoort-Cammel FG, et al.
Effect of childhood cancer treatment on fertility markers in adult
male long-term survivors. Pediatr Blood Cancer 2009;52:108–12.

6. Colpi GM, Contalbi GF, Nerva F, Sagone P, Piediferro G. Testicular
function following chemo-radiotherapy. Eur J Obstet Gynecol
Reprod Biol 2004;113:S2–6.

7. Anderson RA, Mitchell RT, Kelsey TW, Spears N, Telfer EE, Wallace
WH. Cancer treatment and gonadal function: experimental and
established strategies for fertility preservation in children and
young adults. Lancet Diabetes Endocrinol 2015;3:556–67.

8. Practice Committee of the American Society for Reproductive
Medicine. Fertility preservation in patients undergoing gonadotoxic
therapy or gonadectomy: a committee opinion. Fertil Steril
2019;112:1022–33.

9. Valli-Pulaski H, Peters KA, Gassei K, et al. Testicular tissue
cryopreservation: 8 years of experience from a coordinated
network of academic centers. Hum Reprod 2019;34:966–77.

10. Braye A, Tournaye H, Goossens E. Setting up a cryopreservation
programme for immature testicular tissue: lessons learned after more
than 15 years of experience. Clin Med Insights Reprod Health
2019;13:1179558119886342.

11. Oktay K, Harvey EB, Partridge AH, et al. Fertility preservation in
patients with cancer: ASCO Clinical practice guideline update. J Clin
Oncol 2018;36:1994–2001.

12. Halpern JA, Hill R, Brannigan RE. Guideline based approach to male
fertility preservation. Urol Oncol 2020;38:31–5.

13. Goossens E, Jahnukainen K, Mitchell RT, et al. Fertility preservation
in boys: recent developments and new insights †. Hum Reprod Open
2020;2020:hoaa016.

14. Delgouffe E, Braye A, Goossens E. Testicular tissue banking for
fertility preservation in young boys: which patients should be
included? Front Endocrinol (Lausanne) 2022;13:854186.

15. Meistrich ML. Male gonadal toxicity. Pediatr Blood Cancer
2009;53:261–6.

16. Kilcoyne KR, Mitchell RT. Fertility preservation: testicular
transplantation for fertility preservation: clinical potential and
current challenges. Reproduction 2019;158:F1–14.

17. Gies I, Oates R, De Schepper J, Tournaye H. Testicular biopsy and
cryopreservation for fertility preservation of prepubertal boys with
Klinefelter syndrome: a pro/con debate. Fertil Steril 2016;105:
249–55.

18. Crabbé E, Verheyen G, Tournaye H, Van Steirteghem A. Freezing of
testicular tissue as a minced suspension preserves sperm quality better
than whole-biopsy freezing when glycerol is used as cryoprotectant.
Int J Androl 1999;22:43–8.

19. Onofre J, Baert Y, Faes K, Goossens E. Cryopreservation of testicular
tissue or testicular cell suspensions: a pivotal step in fertility
preservation. Hum ReprodUpdate 2016;22:744–61.

20. Bahadur G, Chatterjee R, Ralph D. Testicular tissue cryopreservation
in boys. Ethical and legal issues: case report. Hum Reprod
2000;15:1416–20.

21. Keros V, Rosenlund B, HultenbyK, Aghajanova L, Levkov L, Hovatta
O. Optimizing cryopreservation of human testicular tissue:
comparison of protocols with glycerol, propanediol and di-
methylsulphoxide as cryoprotectants. Hum Reprod 2005;20:
1676–87.

22. Wyns C, Curaba M, Martinez-Madrid B, Van Langendonckt A,
Francois-Xavier W, Donnez J. Spermatogonial survival after
cryopreservation and short-term orthotopic immature human
cryptorchid testicular tissue grafting to immunodeficient mice.
Hum Reprod 2007;22:1603–11.

23. Baert Y, Van Saen D, Haentjens P, In’t Veld P, Tournaye H, Goossens
E. What is the best cryopreservation protocol for human testicular
tissue banking? Hum Reprod 2013;28:1816–26.
Fertility Science and Research | Vol 10 | Issue 4 | October-December 2023
24. Pacchiarotti J, Ramos T, Howerton K, et al. Developing a clinical-
grade cryopreservation protocol for human testicular tissue and cells.
Biomed Res Int 2013;2013:930962.

25. Wyns C, Curaba M, Petit S, et al.Management of fertility preservation
in prepubertal patients: 5 years’ experience at the Catholic University
of Louvain. Hum Reprod 2011;26:737–47.

26. Picton HM, Wyns C, Anderson RA, et al. ESHRE Task Force On
Fertility Preservation In Severe Diseases. A European perspective on
testicular tissue cryopreservation for fertility preservation in
prepubertal and adolescent boys. Hum Reprod 2015;30:2463–75.

27. Curaba M, Verleysen M, Amorim CA, et al. Cryopreservation of
prepubertal mouse testicular tissue by vitrification. Fertil Steril
2011;95:1229–1234.e1.

28. Poels J, Van Langendonckt A, Many MC, Wese FX, Wyns C.
Vitrification preserves proliferation capacity in human
spermatogonia. Hum Reprod 2013;28:578–89.

29. Brook PF, Radford JA, Shalet SM, Joyce AD, Gosden RG. Isolation of
germ cells from human testicular tissue for low temperature storage
and autotransplantation. Fertil Steril 2001;75:269–74.

30. Wyns C, Curaba M, Vanabelle B, Van Langendonckt A, Donnez J.
Options for fertility preservation in prepubertal boys. Hum Reprod
Update 2010;16:312–28.

31. Sá R, Cremades N, Malheiro I, Sousa M. Cryopreservation of human
testicular diploid germ cell suspensions. Andrologia 2012;44
(6):366–72.

32. Onofre J, Kadam P, Baert Y, Goossens E. Testicular tissue
cryopreservation is the preferred method to preserve
spermatogonial stem cells prior to transplantation. Reprod Biomed
Online 2020;40:261–9.

33. Brinster RL, Zimmermann JW. Spermatogenesis following male
germ-cell transplantation. Proc Natl Acad Sci U S A. 1994;91
(24):11298–302.

34. Avarbock MR, Brinster CJ, Brinster RL. Reconstitution of
spermatogenesis from frozen spermatogonial stem cells. Nat Med
1996;2:693–6.

35. Goossens E, de Vos P, Tournaye H. Array comparative genomic
hybridization analysis does not show genetic alterations in
spermatozoa and offspring generated after spermatogonial stem
cell transplantation in the mouse. Hum Reprod 2010;25:1836–42.

36. Schlatt S, Rosiepen G, Weinbauer GF, Rolf C, Brook PF, Nieschlag E.
Germ cell transfer into rat, bovine, monkey and human testes. Hum
Reprod 1999;14:144–50.

37. Ning L, Meng J, Goossens E, Lahoutte T, Marichal M, Tournaye H. In
search of an efficient injection technique for future clinical application
of spermatogonial stem cell transplantation: infusion of contrast dyes
in isolated cadaveric human testes. Fertil Steril 2012;98:1443–1448
e1441.

38. Sadri-Ardekani H, Akhondi MA, van der Veen F, Repping S, van Pelt
AM. In vitro propagation of human prepubertal spermatogonial stem
cells. JAMA 2011;305:2416–18.

39. Van Saen D, Goossens E, Bourgain C, Ferster A, Tournaye H. Meiotic
activity in orthotopic xenografts derived from human postpubertal
testicular tissue. Hum Reprod 2011;26:282–93.

40. 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.

41. Fayomi AP, Peters K, Sukhwani M, et al. Autologous grafting of
cryopreserved prepubertal rhesus testis produces sperm and
offspring. Science 2019;363:1314–19.

42. Tesarik J, Bahceci M, Ozcan C, Greco E, Mendoza C. Restoration of
fertility by in-vitro spermatogenesis. Lancet 1999;353:555–6.

43. Yang S, Ping P, Ma M, et al. Generation of haploid spermatids with
fertilization and development capacity from human spermatogonial
stem cells of cryptorchid patients. Stem Cell Rep 2014;3:663–675.
181



Tholeti: Oncofertility: technical challenges in immature testicular tissue banking
44. Kvist K, Thorup J, Byskov AG, Hoyer PE, Mollgard K, Yding AC.
Cryopreservation of intact testicular tissue from boys with
cryptorchidism. Hum Reprod 2006;21:484–91.

45. Keros V, Hultenby K, Borgstrom B, Fridstrom M, Jahnukainen K,
Hovatta O. Methods of cryopreservation of testicular tissue with
viable spermatogonia in pre-pubertal boys undergoing gonadotoxic
cancer treatment. Hum Reprod. 2007;22:1384–1395.

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

47. Arkoun B, Dumont L, Milazzo JP, et al. Retinol improves in vitro
differentiation of pre-pubertal mouse spermatogonial stem cells into
sperm during the first wave of spermatogenesis. PLoS One 2015;10:
e0116660.

48. Komeya M, Hayashi K, Nakamura H, et al. Pumpless microfluidic
system driven by hydrostatic pressure induces and maintains mouse
spermatogenesis in vitro. Sci Rep 2017;7:15459.

49. Reda A, Hou M, Winton TR, Chapin RE, Soder O, Stukenborg JB. In
vitro differentiation of rat spermatogonia into round spermatids in
tissue culture. Mol Hum Reprod 2016;22:601–12

50. Perrard MH, Sereni N, Schluth-Bolard C, et al. Complete human and
rat ex vivo spermatogenesis from fresh or frozen testicular tissue. Biol
Reprod 2016;95:89.

51. Medrano JV, Vilanova-Perez T, Fornes-Ferrer V, et al. Influence of
temperature, serum, and gonadotropin supplementation in short- and
long-term organotypic culture of human immature testicular tissue.
Fertil Steril 2018;110:1045, e1043–1057.

52. Abofoul-Azab M, AbuMadighem A, Lunenfeld E, et al.Development
of postmeiotic cells in vitro from spermatogonial cells of prepubertal
cancer patients. Stem Cells Dev 2018;27:1007–20.

53. Sadri-Ardekani H, Homburg CH, van Capel TM, et al. Eliminating
acute lymphoblastic leukemia cells from human testicular cell
cultures: a pilot study. Fertil Steril 2014;101:1072–8.e1.

54. Wu X, Goodyear SM, Abramowitz LK, et al. Fertile offspring derived
from mouse spermatogonial stem cells cryopreserved for more than
14 years. Hum Reprod 2012;27:1249–59.
182 Fer
55. Goossens E, De Rycke M, Haentjens P, Tournaye H. DNA
methylation patterns of spermatozoa and two generations of
offspring obtained after murine spermatogonial stem cell
transplantation. Hum Reprod 2009;24:2255–63.

56. Oktay K, Harvey BE, Partridge AH, et al. Fertility preservation in
patients with cancer: ASCO Clinical practice guideline update. J Clin
Oncol 2018;36:1994–2001.

57. Shnorhavorian M, Harlan LC, Smith AW, et al. AYA HOPE Study
Collaborative Group. Fertility preservation knowledge, counseling,
and actions among adolescent and young adult patients with cancer: A
population-based study. Cancer 2015;121:3499–506.

58. Peddie V, Porter M, Barbour R, et al. Factors affecting decision making
about fertility preservation after cancer diagnosis: a qualitative study.
BJOG 2012;119:1049–57.

59. van den Berg M, Baysal O, Nelen WLDM, et al. Professionals’ barriers
in female oncofertility care and strategies for improvement. Hum
Reprod 2019;34:1074–82.

60. Tholeti P, Uppangala S, Bhat V, et al. Oncofertility: Knowledge,
attitudes, and barriers among Indian oncologists and gynecologists.
J Adolesc Young Adult Oncol. 2021;10:71–7.

61. Covelli A, Facey M, Kennedy E, et al. Clinician’s perspective on
barriers to discussing infertility and fertility preservation with
young women with cancer. JAMA Network Open. 2019;2:
e1914511.

62. Anazodo A, Laws P, Logan S, et al. How can we improve
oncofertility care for patients? A systematic scoping review of
current international practice and models of care. Hum Reprod
Update 2019;25:159–79.

63. Salama M, Ataman LM, Sobral F, et al. Barriers and opportunities of
oncofertility practice in nine developing countries and the emerging
oncofertility professional engagement network. JCO Glob Oncol
2020;6:369–74.

64. Rashedi AS, de Roo SF, Ataman LM, et al. Survey of fertility
preservation options available to patients with cancer around the
globe. JCO Glob Oncol 2020;6:331–4.
tility Science and Research | Vol 10 | Issue 4 | October-December 2023


