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A B S T R A C T

Recent international guidelines in child, adolescent, and young adult (CAYA) oncofertility uni
formly recommend fertility discussion before cancer treatment, and individualised decision- 
making for fertility preservation procedures. Yet significant disparities remain across the globe. 
Various aspects of oncofertility care are in different stages of translation and the boundaries 
between experimental, innovative and established techniques are not always clear to patients, 
clinicians and policymakers. This poses barriers for implementation of high-quality care and for 
the allocation of resources required. International and national guidelines play a key role in 
promoting equitable care. In 2019, members of the Australian New Zealand Consortium in CAYA 
Oncofertility (ANZCO) called for national guidelines to standardise care and improve connect
edness amongst Australian New Zealand Haematology Oncology Group (ANZCHOG) centres. A 
clearer understanding of the similarities and differences amongst key guidelines was deemed 
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useful for closing knowledge gaps in the local context and identifying the priorities of key 
stakeholders with respect to guideline development. This paper provides an overview of CAYA 
oncofertility guidance from six peak bodies from four continents (Australia, Europe, North 
America, Asia). A review of recommendations and levels of evidence followed by a Delphi 
consensus of ANZCO members to develop priority questions is described. ANZCHOG guidelines 
tailored to the local CAYA context were deemed a high priority, in order to provide a common 
purpose, direction and governance for providers of paediatric care.

1. Introduction

Globally, over 290 000 children under 15 years and 500 000 adolescents and young adults up to 25 years of age (CAYA) are 
diagnosed with cancer annually [1,2]. Australia has one of the highest incidences of childhood cancer, with an age-specific cancer 
incidence rate for population aged 0–19 estimated 20 cases per 100 000 in 2021 [3]. Advances in diagnostic methods, cancer treat
ments and supportive care have substantially improved the 5-year survival rate for CAYA to >84 % [4]. However, cancer treatments 
can be gonadotoxic and result in infertility and hypogonadism. The risk of infertility varies according to the cancer type, age at the time 
of first treatment and treatment regimen [5]. Male childhood cancer survivors receiving modern alkylators have a 40 % reduced 
chance of parenthood [6], though this may be an underestimate. CAYA females have around a 16 % reduced chance, which can reach 
40 % by the third decade [6,7].

Infertility is recognised as a major survivorship concern and can contribute to grief, anxiety, depression, panic, and social isolation 
for decades after diagnosis [8,9]. Lack of fertility consultation is one of the highest unmet needs at diagnosis and throughout the cancer 
journey [10]. In 2015, a survey of 346 female survivors, aged 18–35 years, who were cancer-free for at least a year, reported that 43–62 
% still had unmet fertility needs, reproductive concerns, and decisional conflict about future parenthood [11]. Patients and families 
should be informed about the impact of cancer treatment on fertility and potential fertility preservation options, regardless of the 
infertility risk, at all stages of the cancer journey [12–22]. While there are fertility preservation options for patients, techniques are in 
various developmental stages from experimental to standard practice (Table 1) [13–22]. Some procedures considered standard in 
adults are innovative in children and adolescents (not experimental but have no or limited pregnancy outcome data) and due to the 
differences in individual guidelines, implementation can be challenging [12]. However, provision of information, and referral to 
expert oncofertility services in a timely manner, reduces long-term psychosocial morbidity by providing survivors with a potential 
opportunity to attempt biological parenthood if desired [8,9].

1.1. Barriers to oncofertility care in young patients

While oncofertility discussion should be universal for all patients with curative intent, fertility preservation procedures should only 
be offered if they are medically and ethically appropriate and any potential risks safely mitigated [17]. Shared decision-making be
tween parent, clinician, and child depending on maturity (and partner where appropriate) is best practice. A collaborative multi
disciplinary team approach is strongly encouraged to address the medical and ethical challenges (Table 2) [13–21]. It is increasingly 
recognised that young people of increasing maturity and mature minors, may wish to contribute to decisions that affect their health 
[23]. Parents or guardians are often key-decision makers for pre-pubertal children or those who are vulnerable from recency of cancer 
diagnosis [24,25]. In a follow-up study of 108 parents and 30 cancer survivors, decision regret was demonstrated in 18 % of 

Table 1 
Status of fertility preservation strategies in prepubertal, peripubertal and postpubertal adolescents [13–22].

Prepubertal Peripubertal/postpubertal adolescents

Males Testicular tissue cryopreservation (researcha) Sperm cryopreservation via masturbation 
Sperm cryopreservation by  

- Electroejaculation (innovative),
- Testicular sperm extraction (TESE) (innovativeb),
- Testicular tissue cryopreservation (innovativeb)

Females Ovarian tissue cryopreservation (innovativeb) 
Ovarian transposition 
Oocyte collection (researcha) 
Ex vivo maturation of immature eggs (researcha)

Oocyte cryopreservation (innovative in peripubertalb) 
Ovarian tissue cryopreservation 
Embryo cryopreservation (where appropriate) 
Uterine transplantation (researcha) 
Oocyte in vitro maturation, collected in vivo (innovativeb) 
Ex-vivo maturation of immature eggs (researcha) 
Gonadotrophin releasing hormone analogues (researcha) 
Ovarian transposition 
Uterine transposition (researcha)

Researcha: the technique should only be undertaken under approved research protocols or special institutional new technologies approval.
Innovativeb: a technique that is has either recently transitioned into clinical practice for that population, or where pregnancy and livebirth data for 
that population are limited.
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participants, largely due to suboptimal fertility consultation (conversations occurring too late or of insufficient quality to make an 
informed fertility preservation decision) [24,26]. Unstructured fertility discussions which lack tailored information and include 
overwhelming medical jargon can also adversely affect understanding of fertility preservation options [27].

Clinician concerns about urgency of cancer care are legitimate. Time constraints, lack of educational resources and training, lack of 
guidelines and referral pathways, and lack of a supportive institutional culture further pose barriers to oncofertility consultation [8,
28–30]. Healthcare professionals with limited fertility preservation knowledge, or those who lack role-clarity in oncofertility care, or 
have concerns about family distress, report lower fertility preservation discussion rates compared to other providers [6,32,33]. Gender 
bias has been reported with a scoping review of 147 papers finding that young females are less likely to receive adequate counselling, 
or referral for fertility preservation than young males [6]. It is noted that access to oncofertility care for both genders is suboptimal 
[30]. Another major issue for clinicians is lack of utility and accessibility of clinical guidance at the point of care [8].

2. Current clinical practice guidelines for fertility preservation

Currently, several guidelines in fertility preservation exist, many serving as a blueprint for oncofertility care within their regional 
networks [13–22,34,35]. Guidelines may vary according to cultural context as evident in guidelines from peak reproductive and 
oncology groups, such as the European Society of Human Reproduction and Embryology (ESHRE), PanCareLIFE, American Society of 
Clinical Oncology (ASCO), American Society of Reproductive Medicine (ASRM), Japan Society of Clinical Oncology (JSCO) and the 
Clinical Oncology Society of Australia (COSA), who have published updates for birth assigned females (Table 3); and birth assigned 
males (Table 4) [13–15,18–21]. Their similarities and differences are quite nuanced and may take time to understand. They focus on 
slightly different populations and use different methods to describe levels of evidence and recommendations (Box 1).

Despite these differences, they make significant contributions to patient care in their cultural context. ESHRE 2020 was the first 
oncofertility guideline to include transgender males, however, there is no mention of male infertility in the guidelines [13]. Embryo 
and oocyte cryopreservation are deemed non-experimental in all guidelines however complexities for minors are raised [13–21]. The 
PanCareLIFE guidelines make strong recommendations for consideration of oocyte and embryo cryopreservation in post-pubertal 
patients if the cancer prognosis would not be affected [15]. JSCO 2017 is the only guideline stipulating in the recommendation it
self that embryo cryopreservation would not be considered for those without a male partner, with no mention of same sex couples [19,
20]. However, JSCO does consider oocyte cryopreservation suitable for single females, as per other guidelines [11,12]. ASRM 2019 
was the first guidance to deem ovarian tissue cryopreservation a standard of care [21], followed by ESHRE in 2020 [13], and COSA in 
2022 [18]. PanCareLIFE deemed ovarian tissue cryopreservation ethically justifiable in most circumstances without requiring addi
tional governance in 2021 [17]. Clinicians are referred to ethical frameworks for children to help guide fertility preservation decisions 
in paediatric practice [15,16]. Caution is noted in patients with leukaemia who are often too unwell at diagnosis and at high risk of 
malignant contamination of gonadal tissue at diagnosis. Tissue cryopreservation after interval chemotherapy or prior to bone marrow 
transplant in the context of minimal residual disease can be considered [13,17,19,20]. Ovarian transposition (oophoropexy) is deemed 
viable for female patients undergoing pelvic radiation in all guidelines, however ESHRE additionally suggested it be undertaken in the 
absence of chemotherapy and simultaneously with ovarian tissue cryopreservation [13]. There is general agreement that gonado
trophin releasing hormone (GnRH) agonist (chemoprophylaxis) not be used as a replacement for other proven forms of fertility 
preservation, and not for routine use outside of approved protocols for non-breast cancer diagnoses [13–21]. Ex-vivo IVM is under 
development.

For pubertal and post-pubertal males, both PanCareLIFE and ASRM discuss the possibility of penile vibratory stimulation as a 
secondary method for sperm collection [16,21]. Electroejaculation and testicular sperm extraction were considered invasive and only 
for consideration in those at high risk of infertility or where self-collection or penile vibratory stimulation had failed. (However, in 
clinical practice, ethical concerns about penile vibratory stimulation or electroejaculation procedures in minors or lack of access to 
suitable equipment can preclude their use in some countries [36]. TESE is a viable procedure, which can also be offered under an 
anaesthetic at the same time as another procedure and may have more acceptance by patients and families in some regions [16]). For 
prepubertal males, testicular tissue cryopreservation is an experimental procedure that was recommended for those at high risk of 

Table 2 
Potential ethical concerns of clinicians or families about fertility preservation [13–21].

Before/at time of treatment In survivorship

Potential delays to cancer treatment if patient too unwell or disease too advanced. Fertility a secondary concern to 
cancer treatment.

Impact of treatment on future gonadal 
function is unknown

Limited awareness of issues by family or clinician. 
Reluctance/avoidance of discussion of sexual function/masturbation

The ongoing cost to a family of tissue and 
gamete storage

Experimental nature of some FP technologies: Uncertain outcomes for fertility or offspring health. No guarantees 
for parenthood.

Posthumous use of tissue or gametes if the 
child passes away

Young age and surrogate decision making. Discordance between family members in desire to proceed to FP, or 
lack of awareness of importance of fertility to young person

Pressure felt by survivor to use tissue/gametes

Concern about potential to cause discomfort/distress to the child Potential reseeding of original disease when 
tissue reimplanted.

Surgical and anaesthetic risks, impact of comorbidities Desired parenthood not achieved
Religious and cultural considerations Regret about the fertility preservation 

decision
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Table 3 
Criteria for Fertility preservation (FP) recommendations for children, adolescents, and young adults with female sex at birth having gonadotoxic treatment: guidance from ESHRE, PanCareLIFE, ASCO, 
ASRM, COSA and JSCO [13–21].

FP Techniques ESHRE 2020a Postpubertal, 
transgender males

PanCareLIFE Consortium 2021b ASCO 2018c ASRM 2019d COSA 2022e JSCO 2017f

High gonadotoxic 
riskg

Low gonadotoxic 
riskh

Embryo 
cryopreservation

Additional 
criteria

​ Postpubertal Postpubertal + high 
risk of relapse

Adults Postpubertal + male 
partner or donor sperm

Postpubertal Postpubertal + male 
partner

Recommendation Strong Strong Moderate Established Established Satisfactory Recommended
Level of evidence ⊕⊕⊖⊖ ⊖⊖⊖⊖ Cited from 

guidelines
– – III-3 Grade B

Oocyte 
cryopreservation

Additional 
criteria

​ Postpubertal Postpubertal + high 
risk of relapse

Adult and postpubertal Postpubertal, sometimes 
peripubertal

Postpubertal Postpubertal

Recommendation Strong Strong Moderate Established Established Satisfactory Recommended
Level of evidence ⊕⊕⊖⊖ ⊖⊖⊖⊖ Cited from 

guidelines
– – II Grade C1

Ovarian tissue 
cryopreservation 
(OTC)

Additional 
criteria

(1) Moderate-high 
gonadotoxic risk treatment, 
oocyte freezing unfeasible

CAYA ≤ 25 years CAYA ≤ 25 years All ages (research 
required to confirm 
safety in leukaemia)

All ages if no time for 
ovarian stimulation

All ages having high 
gonadotoxic risk 
cancer treatment

All ages if urgent 
cancer therapy

(2) After onset low risk 
treatment

Recommendation (1) Strong (established) Moderate 
(Established)

Not 
recommended

Investigational Established Satisfactory 
(Established)

Recommended
(2) Weak

Level of evidence (1) ⊕⊕⊖⊖ ⊕⊖⊖⊖ ​ ​ ​ IV grade C1
(2) ⊕⊖⊖⊖

Ovarian 
transposition

Additional 
criteria

Pelvic radiotherapy + no 
chemotherapy + performed 
simultaneously with OTC

CAYA ≤25 years 
+ prior to pelvic 
irradiation

[No radiotherapy 
risk]

Prior to pelvic 
irradiation

Prior to pelvic 
irradiation

All ages + prior to 
pelvic irradiation

All ages + prior to 
pelvic irradiation

Recommendation Good practice point Moderate – Can be offered – Satisfactory Recommended
Level of evidence Clinician expertise ⊕⊖⊖⊖ – – – III-2 Grade B

GnRH agonist i Additional 
criteria

(1) Breast cancer if proven 
methods unfeasible

CAYA ≤25 years CAYA ≤25 years Breast cancer if proven 
methods unfeasible

(1) Breast cancer if 
proven methods 
unfeasible

In breast cancer (1) For fertility

(2) In other cancers, must 
discuss uncertain benefit

(2) Menstrual 
management

(2) Menstrual 
management

Recommendation (1) Strong Research-only Research-only May be offered - Strong (1) Not 
recommended

(2) Strong (2) Consider
Level of evidence (1) ⊕⊕⊕⊕ Inconclusive 

evidence
Inconclusive 
evidence

– – I Grade C2
(2) ⊕⊖⊖⊖

In-vitro maturation 
of oocytes

Additional 
criteria

(1) Oocyte collection +
stimulation not feasible j

Not discussed Not discussed Not discussed (1) Postpubertal Not discussed Not discussed

(2) Ex vivo extraction from 
tissue k

(2) Peripubertal 
premenarchal 
adolescents with careful 
consideration

Recommendation (1) Good practice point – – – - – –

(continued on next page)
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Table 3 (continued )

FP Techniques ESHRE 2020a Postpubertal, 
transgender males 

PanCareLIFE Consortium 2021b ASCO 2018c ASRM 2019d COSA 2022e JSCO 2017f

High gonadotoxic 
riskg

Low gonadotoxic 
riskh

(2) Weak 
recommendation

Level of evidence (1) Clinician expertise – – – – – –
(2) ⊕⊖⊖⊖

a European Society of Human Reproduction and Embryology used the Grading of Recommendations Assessment, Development and Evaluation methodology (GRADE) to assess quality of evidence (High 
⊕⊕⊕⊕, Moderate ⊕⊕⊕⊖, Low ⊕⊕⊖⊖, Very low ⊕⊖⊖⊖). Each recommendation was categorised as strong or weak correlating to levels of evidence; Good practice points (GPPs) based on clinical 
expertise; Research only.

b PanCareLIFE Consortium used GRADE (as above) to assess quality of evidence. Recommendations were categorised into strong (where benefits significantly greater than risks); moderate (where the 
benefits greater or equal to the risks); do not recommend (where no benefit/potentially harm).

c America Society of Clinical Oncology used the GuideLines Into DEcision Support (GLIDES) methodology with types of recommendations categorised as evidence-based, formal consensus, informal 
consensus and no recommendation. The strength of recommendations categorised as strong, moderate, weak; strength of evidence defined as high, intermediate, low and insufficient.

d American Society of Reproductive Medicine: Committee opinion. Lack of standardised wordings of recommendations and levels of evidence not provided.
e Clinical Oncology Society of Australia used the National Health and Medical Research Council (NHMRC) evidence matrix. The levels of evidence defined as Grade A: Evidence can be trusted to guide 

practice. Grade B: Evidence can be trusted to guide practice in most situations. Grade C: Evidence provides some support for recommendation(s) but care should be taken in its application. Grade D: 
Evidence is weak, and recommendation must be applied with caution and PP as practice point. The strength of recommendations were defined as A Excellent, B Good, C Satisfactory and D Poor, dependant 
on grades. The evidence level described as I: systematic review of level II studies. II: evidence from randomized controlled trials, prospective cohort study & accuracy test. III-1: pseudorandomised 
controlled trial & study of accuracy test. III-2: comparison study with concurrent controls. III-3: comparison study without concurrent controls, diagnostics case-control study & retrospective cohort study. 
IV: Case studies with post-test or pre-test outcomes & study of patients at different stages of disease [45].

f Japanese Society of Clinical Oncology used consensus-based rating with the following levels of evidence Grade A: Recommendation based on full scientific evidence, approach is strongly recom
mended. Grade B: Recommendation based on scientific evidence, approach is recommended. Grade C1: Presence of limited scientific evidence, approach is recommended. Grade C2: Paucity of scientific 
evidence, approach is not recommended. Grade D: Scientific evidence for its non-efficacy or harm(s), approach is not recommended. The categories of evidence were level I from a systematic review or 
meta-analysis of randomized controlled trials (RCTs); level II from 1 or more RCTs; level III from 1 or more non-randomized controlled studies; level IVa from 1 or more analytical epidemiology studies 
(cohort studies); level IVb from 1 or more analytical epidemiology studies (case–control studies and/or cross-sectional studies); level V from 1 or more descriptive studies (1 or more case reports and/or 1 
or more case-series studies) and level VI was based on expert opinion without supportive patient data.

g High-dose alkylating agents (Cyclophosphamide-equivalent dose ≥6000–8000 mg/m2), ovarian radiotherapy, or hematopoietic stem cell transplantation (HSCT).
h Low-dose alkylating agents (Cyclophosphamide-equivalent dose <6000–8000 mg/m2) or Cranial radiotherapy.
i Gonadotrophin releasing hormone (GnRH) agonist.
j Oocytes collection without hormone stimulation (innovative).
k In-vitro extraction and maturation of oocytes (experimental).
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Table 4 
Criteria for Fertility preservation (FP) recommendations for children, adolescents, and young adults with male sex at birth patients having gonadotoxic treatment: guidance from PanCareLIFE, ASCO, 
ASRM, COSA and JSCO [14–22].

FP Techniques PanCareLIFE Consortium 2021a ASCO 2018b ASRM 2019c COSA 2022d JSCO 2017e

High gonadotoxic riskf Low gonadotoxic riskg

Sperm cryopreservation via 
masturbation

Additional 
criteria

Pubertal or postpubertal Pubertal or postpubertal (1) Adult Postpubertal Postpubertal Postpubertal
(2) Postpubertal 
minor

Recommendation Strong Strong (1) Should 
discuss

Established Satisfactory Recommended

(2) Suggest
Level of evidence ⊕⊖⊖⊖ ⊕⊖⊖⊖ – – III-2 Grade B

Sperm cryopreservation via 
penile vibration stimulation 
(PVS)

Additional 
criteria

Pubertal or postpubertal Pubertal or postpubertal - Peripubertal and postpubertal Not discussed Postpubertal if unable 
to self-collect

Recommendation Strong Strong - - - Recommended
Level of evidence ⊕⊖⊖⊖ ⊕⊖⊖⊖ – – – Grade B

Sperm cryopreservation via 
electroejaculation

Additional 
criteria

Pubertal or postpubertal +
can’t collect via masturbation 
or PVS

Pubertal or postpubertal + can’t collect via 
masturbation or PVS + high risk of cancer 
recurrence

– Peripubertal or postpubertal if 
can’t collect via masturbation or 
PVS

Not discussed Postpubertal if unable 
to self-collect

Recommendation Strong Moderate – – – Recommended
Level of evidence ⊕⊖⊖⊖ ⊕⊖⊖⊖ – – – Grade B

Testicular sperm extraction 
(TESE)

Additional 
criteria

Pubertal or postpubertal +
can’t collect via masturbation 
or PVS

Pubertal or postpubertal + can’t collect via 
masturbation or PVS + high risk of cancer 
recurrence

- Males unable to collect via other 
techniques or have low sperm 
count

Postpubertal if 
unable to self-collect

Postpubertal if unable 
to self-collect

Recommendation Strong Moderate – – Poor Recommended
Level of evidence ⊕⊖⊖⊖ ⊕⊖⊖⊖ – – IV Grade B

(continued on next page)
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Table 4 (continued )

FP Techniques PanCareLIFE Consortium 2021a ASCO 2018b ASRM 2019c COSA 2022d JSCO 2017e

High gonadotoxic riskf Low gonadotoxic riskg

Testicular tissue 
cryopreservation

Additional 
criteria

Prepubertal and postpubertal (1) CAYA ≤ 25 years (1) Adult (1) Pubertal (1) Pubertal Postpubertal if no 
sperm in ejaculate(2) Only cranial radiotherapy (2) Prepubertal (2) Prepubertal (Research) (2) Prepubertal

Recommendation Moderate (Research) (1) No recommendation formulated (1) Experimental - (1) Poor Recommended
(2) Not recommended (2) 

Investigational
(2) Poor 
(Research)

Level of evidence ⊕⊖⊖⊖ Insufficient evidence – – IV Grade C1

a PanCareLIFE Consortium used the Grading of Recommendations Assessment, Development and Evaluation methodology (GRADE) to assess quality of evidence (High ⊕⊕⊕⊕, Moderate ⊕⊕⊕⊖, Low 
⊕⊕⊖⊖, Very low ⊕⊖⊖⊖). Recommendations were categorised into strong (where benefits significantly greater than risks); moderate (where the benefits greater or equal to the risks); do not recommend 
(where no benefit/potentially harm).

b America Society of Clinical Oncology used the GuideLines Into DEcision Support (GLIDES) methodology with types of recommendations categorised as evidence-based, formal consensus, informal 
consensus and no recommendation. The strength of recommendations categorised as strong, moderate, weak; strength of evidence defined as high, intermediate, low and insufficient.

c American Society of Reproductive Medicine: narrated review by experts. No levels of recommendations or evidence provided.
d Clinical Oncology Society of Australia used the National Health and Medical Research Council (NHMRC) evidence matrix. The levels of evidence defined as Grade A: Evidence can be trusted to guide 

practice. Grade B: Evidence can be trusted to guide practice in most situations. Grade C: Evidence provides some support for recommendation(s) but care should be taken in its application. Grade D: 
Evidence is weak, and recommendation must be applied with caution and PP as practice point. The strength of recommendations were defined as A Excellent, B Good, C Satisfactory and D Poor, dependant 
on grades. The evidence level described as I: systematic review of level II studies. II: evidence from randomized controlled trials, prospective cohort study & accuracy test. III-1: pseudorandomised 
controlled trial & study of accuracy test. III-2: comparison study with concurrent controls. III-3: comparison study without concurrent controls, diagnostics case-control study & retrospective cohort study. 
IV: Case studies with post-test or pre-test outcomes & study of patients at different stages of disease [45].

e Japanese Society of Clinical Oncology used consensus-based rating with the following levels of evidence Grade A: Recommendation based on full scientific evidence, approach is strongly recom
mended. Grade B: Recommendation based on scientific evidence, approach is recommended. Grade C1: Presence of limited scientific evidence, approach is recommended. Grade C2: Paucity of scientific 
evidence, approach is not recommended. Grade D: Scientific evidence for its non-efficacy or harm(s), approach is not recommended. The categories of evidence were level I from a systematic review or 
meta-analysis of randomized controlled trials (RCTs); level II from 1 or more RCTs; level III from 1 or more non-randomized controlled studies; level IVa from 1 or more analytical epidemiology studies 
(cohort studies); level IVb from 1 or more analytical epidemiology studies (case–control studies and/or cross-sectional studies); level V from 1 or more descriptive studies (1 or more case reports and/or 1 
or more case-series studies) and level VI was based on expert opinion without supportive patient data.

f High-dose alkylating agents (Cyclophosphamide-equivalent dose ≥4000 mg/m2), testicular radiotherapy, or hematopoietic stem cell transplantation (HSCT).
g Low-dose alkylating agents (Cyclophosphamide-equivalent dose <4000 mg/m2), cisplatin, or orchiectomy or Cranial radiotherapy.
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infertility under research protocols only [14,16–22]. For such procedures, morbidity from the intervention must be balanced with the 
potential opportunity to collect sperm in adulthood.

3. Delphi consensus for guideline development

Oncofertility research related to children is rapidly advancing but not always of sufficient maturity for inclusion into guidelines. 
This makes it challenging for clinicians to comfortably incorporate even other evidence-based aspects of fertility preservation care into 
routine practice, such as fertility discussion [37]. The Delphi method is widely used by researchers and experts to reach a consensus 
particularly when there is lack of empiric evidence [38]. The French Society of onco-gynaecology conducted a modified Delphi 
approach to evaluate the management of endometrial cancer and optimise clinical practices with engagement from French and Swiss 
French speaking experts [39]. The study was able to clarify several issues arising from the European Society of Gynaecological 
Oncology (ESGO), the European Society for Radiotherapy and Oncology (ESTRO), and the European Society of Pathology (ESP) 
(ESGO-ESTRO-ESP) 2021 recommendations, for development of the new Franco-Swiss guidelines for endometrial cancer [39]. Delphi 
processes may also be used to seek consensus on guideline development or priorities in care using co-design. The French national 
college of gynaecologists and obstetricians (Collège National des Gynécologues et Obstétriciens Français (CNGOF)) conducted two 
Delphi surveys and a final meeting with a steering committee of 14 oncofertility experts to explore items for inclusion in the fertility 
preservation guidelines for AYA women with benign gynaecologic disease [40]. Twenty-eight items were approved for inclusion in the 
final set of the French guidelines defining indication for oocyte vitrification in this population. A special interest group on fertility 
preservation in ESHRE utilised the Delphi method to explore information needs and research priorities related to fertility preservation 
for women with breast cancer [41]. Two Delphi studies through three online surveys not only identified significant gaps in patient 
information and the need for tailored communication from clinicians but emphasised essential topics for future research and the 
necessity of guidelines to improve support and resources for women at risk of breast cancer treatment-related infertility [41]. A group 
of experts under the European Association of Urology (EAU) conducted a Delphi study to bridge knowledge practice gaps in male 
infertility [42]. Oncofertility experts have used Delphi methodology to determine 108 competencies in oncofertility clinical care [32]. 
Although these studies utilised the Delphi method to improve clinical practices for fertility preservation, there has been limited focus 
on the paediatric oncofertility space.

The development of a framework for the Australia and New Zealand Children’s Haematology/Oncology Group (ANZCHOG) CAYA 
oncofertility guidelines using a Delphi consensus was recently undertaken. ANZCHOG centres treat all paediatric patients and most 
adolescents in Australia and New Zealand. Most ANZCHOG centres continue to follow cancer patients into young adulthood via 
survivorship programs after successful cancer treatment. In 2019, a study by Skaczkowski found that around 50 % of young Australian 
cancer survivors were unaware of the possibility of fertility loss prior to their treatment [43]. In 2021, a survey of ANZCHOG centres 
showed that around 80 % of the centres did not routinely implement fertility discussions in all patients [44]. Furthermore, the 
governance, guidance, and risk management systems at ANZCHOG centres lacked uniformity and oncologists recommended that 
national paediatric-specific guidelines be developed to address inequalities and guide fertility discussions [44]. It was proposed that 
ANZCHOG guidelines would address cultural, geographic and organisational barriers between centres, address emerging technologies 
and ethical issues, and support connectedness between centres. Ten working groups were formed within ANZCO to develop the 
guidelines through consensus and focus groups (Supplementary Table A1) to produce the final framework (Table 5). Multidisciplinary 
discussion during the Delphi process facilitated agreement for inclusion on subjects that were deemed important by experts in the field. 
Four themes for implementation were identified through the Delphi process: i) the importance of leveraging pre-existing high-quality 
guidelines; ii) the need for guidelines that are relevant and easy to implement in clinical practice; iii) consideration of geographic 
barriers and cultural inclusivity and iv) acknowledgement of some benefit of inclusion of emerging technologies to improve awareness 
in end-users, even if not for clinical action. A disadvantage of Delphi methodology is that it can solidify preconceived ideas, therefore 

Box 1

• ESHRE 2020 (post-pubertal females and transgender males) [13]: 78 recommendations, 50 evidence-based, 31 graded strong 
recommendations, 25 good practice points, 3 research-only. Used the Grading of Recommendations Assessment, Development 
and Evaluation methodology (GRADE) to describe quality of evidence.

• PanCareLIFE 2021 (pre and postpubertal females and males) [15,16]: 46 recommendations, of which 17 strong, 17 moderate, 
10 not recommended, 2 research-only. Used GRADE to describe quality of evidence.

• JSCO 2017 (male and female CAYA) [19,20]: 36 consensus-based recommendations. Used categories of recommendation 
grades (A to D).

• COSA 2022 (adults and children) [18]: 34 recommendations, 24 evidence-based, 6 consensus-based, 2 practice points. Used 
the National Health and Medical Research Council (NHMRC) body of evidence matrix [31].

• ASCO 2018 (adults and children) [14]: 18 recommendations. Used the GuideLines Into DEcision Support (GLIDES) meth
odology [33,34].

• ASRM 2019 (male and female CAYA) [21]: 10 recommendations. Evidence and recommendations based on expert review and 
committee opinion.
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Table 5 
The ANZCHOG Oncofertility Guidelines Framework formed with Delphi consensus and working group (WG) iterations.

WG1: What are the potential impacts of routine cancer treatment on female reproductive health (pubertal development, sexual health, fertility and 
pregnancy)?

1. What are potential impacts of different chemotherapy agents on female reproductive health (pubertal development, sexual health, fertility and pregnancy)?
2. What are the potential impacts of external beam including TBI on female reproductive health (pubertal development, sexual health, fertility and pregnancy)?
3. What are the potential impacts of brachytherapy on female reproductive health (pubertal development, sexual health, fertility and pregnancy)?
4. What are the potential impacts of unilateral salpingo-oophorectomy on female reproductive health (pubertal development, sexual health, fertility and 

pregnancy)?
WG2: What are the risks, benefits and potential impacts of new gonadotoxic and epigenomic therapies on reproductive health (pubertal development, 

sexual health, fertility & pregnancy)?
5. What are the risks, benefits and potential impacts of craniospinal radiation on reproductive health (pubertal development, sexual health, fertility & pregnancy)?
6. What are the risks, benefits and potential impacts of CAR-T cell therapy on reproductive health (pubertal development, sexual health, fertility & pregnancy)?
7. What are the risks, benefits and potential impacts of epigenomic therapies on reproductive health (pubertal development, sexual health, fertility & pregnancy)?
8. What are the risks, benefits and potential impacts of other novel therapies on reproductive health (pubertal development, sexual health, fertility & pregnancy)?
9. What are the risks, benefits and potential impacts of proton therapy on reproductive health (pubertal development, sexual health, fertility & pregnancy)?
WG3: What is the evidence of the following FP techniques to be considered in male CAYA undergoing gonadotoxic treatment?
10. What is the natural history of testicular endocrine and exocrine dysfunction during and after gonadotoxic treatment (chemotherapy, external beam 

radiotherapy and total body irradiation, and orchidectomy)
11. Can electroejaculation be considered for FP in males undergoing gonadotoxic treatment?
12. What is the evidence of sperm collection to be considered in male CAYA before, during and after gonadotoxic treatment?
13. What is the safety and efficacy evidence of sperm dissection from testicular biopsies to be considered in male CAYA undergoing gonadotoxic treatment?
14. What is the safety and efficacy evidence of testicular sperm extraction to be considered in male CAYA undergoing gonadotoxic treatment?
15. What is the safety and efficacy evidence of testicular tissue preservation to be considered in male CAYA undergoing gonadotoxic treatment?
16. Are the offspring born from FP measures healthy?
WG4: What are the recommended standard FP techniques to be considered in female CAYA undergoing gonadotoxic treatment?
17. What are the risks, benefits and potential impacts of stimulation and oocyte collection in biological female CAYA undergoing gonadotoxic treatment?
18. What are the risks, benefits and potential impacts of ovarian tissue collection in birth assigned CAYA undergoing gonadotoxic treatment?
19. What is the evidence of ovarian transposition to be considered in female CAYA undergoing gonadotoxic treatment?
WG5: What is the evidence of the novel FP techniques to be considered in female CAYA undergoing gonadotoxic treatment?
20. What is the evidence of novel fertility protective agents to be considered in female CAYA undergoing gonadotoxic treatment?
21. What is the evidence of GnRH therapy to be considered in female CAYA undergoing gonadotoxic treatment?
22. What is the evidence of in-vitro maturation (IVM) to be considered in female CAYA undergoing gonadotoxic treatment?
23. What are the future considerations for cancer survivor’s suitability utilizing uterine transplant in the future?
24. What is the evidence of uterine transposition to be considered in female CAYA undergoing gonadotoxic treatment?
WG6: What are the best models of clinical care for oncofertility before, during and after cancer treatment?
25. When should FP discussion occur in the cancer treatment trajectory?
26. What should be discussed during oncofertility consultation before, during and after cancer treatment?
27. What is the evidence for including oncofertility coordinators in oncofertility care?
28. What is the evidence for psychosocial support be included in oncofertility care?
29. What are the supportive care issues for CAYA having FP?
30. What evidence-based information resources are available to support clinicians and families?
31. What is the evidence for multidisciplinary meetings in oncofertility?
32. a) What is the evidence for concordance between parents/guardians/partners and CAYA for FP experience?
b) What is the impact of shared/surrogate decision making between parents/guardians and CAYA?
WG7: What are the best models of surgical care for oncofertility before, during and after cancer treatment?
33. What are the advantages and disadvantages of centralised tissue transport and storage to centres of excellence versus decentralized service?
34. Should oophorectomy versus cortical biopsy be considered in CAYA undergoing ovarian tissue cryopreservation?
35. What is best practice surgical care in oncofertility (pre, intra and post op)?
WG8: Governance and regulations in CAYA oncofertility
36. What are the skills and the experience recommended/preferred for medical practitioners and nurses involved in CAYA oncofertility?
37. What is the level of the accreditation required for reproductive laboratories involved in CAYA oncofertility?
38. What is the level of the accreditation required for institutions involved in CAYA oncofertility?
39. What are the general guidelines for transport of tissue?
40. What is the role of clinical ethics and institutional governance frameworks in CAYA oncofertility? (Include utility of oncofertility steering committees)
41. Mature minor principle as it relates to FP and ownership of the tissue?
42. a) What access to tissue do family members of deceased patients have for use of tissue or burial?
b) How do we implement access to tissue for families?
43. What are the legal and ethical considerations for using reproductive tissue for research?
44. What are the regulations of materials and medical devices used for CAYA?
WG9: What are the considerations for fertility preservation in special populations?
45. What are the considerations for fertility preservation for CNS tumour patients?
46. What are the considerations for fertility preservation for genetic predispositions patients?
47. What are the considerations for fertility preservation for leukaemia patients?
WG10: What are the recommendations that address applicability, implementation, resources and monitoring?
48. How should the Australian and New Zealand context be considered?
49. What is the evidence for population monitoring of impact through oncofertility registries?
50. What implementation strategies should be used to influence uptake and practice of guidelines?
51. How should we monitor the health economic benefits of oncofertility?
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the questions will form the basis of systematic reviews of the literature and policy to minimise this bias. Further details on the ANZCO 
Delphi process can be found in Supplementary File A.

4. Discussion

Oncofertility is a rapidly evolving field. Collectively, current international guidelines have been developed for postpubertal female 
and transgender males (ESHRE, 2020) [13], male and female CAYA ≤25 years (PanCareLIFE 2021, JSCO 2017) [15–17,19,20]; adults 
and children with cancer (ASCO 2018, COSA 2021) [14,18]; CAYA males and females undergoing gonadotoxic therapy or gonadec
tomy (ASRM 2019) [21]. Evidence on gonadotoxic risk assessment, fertility preservation procedures are included in all guidelines. 
Guidelines have also included systematic approaches and models of care, the importance of counselling by multidisciplinary teams 
rather than a discipline-specific approach, the critical need for clearly defined roles and responsibilities, and a known point of contact 
for all referrals [13–21]. Provision of written information, including decision aids, individualised counselling with attention to ethical, 
financial and legal aspects of fertility preservation and provision of psychological support particularly for younger patients and their 
families are suggested [13–21]. Informed consent, maintenance of fertility preservation documentation and monitoring of outcomes 
through registries is recommended [13,45]. Guidelines should consider special populations including brain tumour and leukaemia 
patients, not only because they are the two most common childhood cancers, but also because of the challenges these diagnoses pose 
for implementation of oncofertility care. Paediatric providers identify specific concerns for this group, including ‘the impact of cranial 
surgery on cognitive function’, the optimal timing for fertility preservation referral and malignant reseeding. Importance of 
post-fertility preservation care [13–21], and importance of preconception counselling and high-risk obstetric monitoring in pregnancy 
after gonadotoxic treatment have also been discussed [13].

Implementing guidelines into clinical practice is complicated, and coverage or documentation of oncofertility care for eligible 
patients is still variable [46,47]. Changes are required at individual and organisational levels for their success [44]. A number of 
measures have been identified to enhance guideline translation and adoption, including an understanding of readiness of end-users to 
change, and integrating implementation strategies within the guidelines. Leveraging recently published guidelines can save resources 
and time. Consistency of terminology, how populations are defined (for example according to Tanner staging or menarcheal status), 
and clearly accessible explanations and descriptors of evidence and recommendations can assist CAYA clinicians. Co-design with 
diverse end-users can facilitate cultural inclusivity and an understanding of the local context. And developing guidelines under the 
banner of professional bodies, including national paediatric oncology bodies, can promote support and unity in oncofertility care 
across paediatric oncology and adult reproductive sectors.

Several countries have established comprehensive fertility preservation networks and localised guidelines to support CAYA pa
tients and their families access care with excellent results [34,35]. The Nordic Network for Gonadal Preservation after Cancer 
Treatment in CAYA have shown increased fertility preservation protocols in their centres from 25 % to 75 % over 12 years [48]. The 
Oxford hub and spoke model has demonstrated a network of 36 centres undertaking ovarian tissue cryopreservation and 16 under
taking testicular tissue cryopreservation, with a significant increase in fertility preservation procedures seen in prepubertal patients in 
spoke centres [49]. Countries such as Spain and Portugal have established national policies for fertility preservation to enable patients 
and their families access relevant fertility care [37]. A Swiss multi-centre network demonstrated high acceptance rates of testicular 
tissue cryopreservation (87.5 %, 35/40) highlighting the willingness of patients and their families to consider fertility preservation 
[50].

Mechanisms need to be in place to update guidelines regularly and to translate the updates into clinical practice. Clinical guidelines 
can be readily outpaced by rapid medical advancements. This, combined with the lack of guarantees about future fertility, the urgency 
of cancer treatment, potential ethical and legal barriers, and underdeveloped clinical pathways, can leave paediatric clinicians 
practising in a landscape of uncertainty [51]. Responsive and adaptive guidance on assessing infertility risk, medical co-morbidity; 
monitoring of safety and efficacy; clinical ethics guidance; laboratory and surgical quality assurance; information support and psy
chosocial counselling for families, as well as survivorship care are necessary for paediatric providers.

Guidelines can play a role in raising awareness of emerging technologies, even if they are not accessible, in order to enhance 
oncology clinician knowledge and respond to consumer awareness. For example, the Food and Drug Administration has approved a 
number of new therapies and long-term infertility impact is unknown [41,48]. Uterine transplantation is emerging as a viable option 
that can provide women without a uterus an opportunity to attain both genetic and gestational motherhood [52]. The first live birth 
after transplant was reported in September 2014 [52] Uterine transplantation has progressed significantly in recent years, over 15 
centres having initiated clinical trials, including Australia where the first birth was reported in 2024 [53–55]. It is important that 
paediatric providers have educational awareness of these new fertility impacting technologies, however implications for CAYA 
oncology practice are unclear.

Delphi methodology can support development of consensus in the absence of evidence. There are several advantages of employing 
the Delphi technique, including anonymous participation, encouraging honest feedback and enabling participants to express their 
views without the influence of others. The iterative approach of Delphi allows participants to re-evaluate their responses in comparison 
to others to achieve a consensus view [36]. However, success relies much on the quality and experience of the expert panel, and 
reliability of outcomes can be impaired by bias. The role of nursing staff present a great opportunity in this space. A study at the RCH 
Melbourne demonstrated that 29/41 (70.7 %) of nursing staff desired more training and participation in oncofertility care, yet only 43 
% had some involvement in care [56]. As CAYA oncofertility nursing networks grow, new iterations of guidelines need to be developed 
according to nursing as well as consumer priorities.

The questions highlighted by the ANZCO Delphi are undergoing systematic review as well as review of policy by a multidisciplinary 
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guidelines group before making evidence-based or consensus-based recommendations for the guidelines. The importance of additional 
layers of governance at the institutional levels (research, clinical ethics or novel technologies governance) for implementation of 
experimental care can fill an important gap that guidelines cannot fill [17,57]. Implementation studies to assess utility, scalability, 
address the issue of accessibility (for health care professionals and patients) of how to best present evidence summaries at the point of 
care are being planned through the ANZCO clinical trials network. They will aim to assess the impact of the guidelines on key per
formance indicators and the core competencies of clinicians.

5. Conclusions

This review presents an overview of high impact oncofertility guidelines in CAYA and a consensus-based paediatric-specific 
guideline development process. Commonalities in international guidelines exist, such as sperm, oocyte, embryo and ovarian tissue 
cryopreservation considered standard practice in most guidelines [13–21]. Utility of reproductive tissue and livebirth data are limited 
so monitoring of long-term outcomes are recommended [13–21]. Differences in guideline development, grading of evidence and 
recommendation strengths were seen. Varying recommendations for different populations utilizing the same technology, and socio
cultural factors highlight the highly nuanced and individualised nature of fertility counselling. This can make implementation at the 
point of care difficult for providers. Delphi consensus processes can provide multidisciplinary clinicians and researchers the oppor
tunity for iterative intellectual exchange, to inform consensus priorities for oncofertility care and guidance in youth with the 
cautionary note that they must adapt as evidence comes to light. An implementation focus can evaluate if the impact of the guidelines 
on oncofertility care in paediatric oncology centres is aligned with their original aims.
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