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ABSTRACT

STUDY QUESTION: What is the quality of our standard oncofertility care, with a focus on fertility counselling and preservation rates, in
children and adolescents with cancer and a high risk of treatment-induced gonadal damage (HR%%) at our national centralised paediat-
ric oncology centre?

SUMMARY ANSWER: Standardised personalised oncofertility care was achieved in 66.1% of identified HR%® children and adolescents
with cancer, of whom 60.1% of patients underwent fertility preservation methods.

WHAT IS KNOWN ALREADY: Increasing survival rates among childhood cancer patients have heightened awareness of long-term treat-
ment-related toxicities, including gonadal damage and subsequent risk of infertility. The American Society for Reproductive Medicine and the
International Guideline Harmonization Group recommend that fertility preservation counselling should be offered to paediatric and adoles-
cent cancer patients at high risk of gonadal damage, including consideration of gonadal tissue preservation when appropriate. However, evi-
dence on the implementation of oncofertility care programmes in HR%® paediatric and adolescent cancer patients remains limited.

STUDY DESIGN, SIZE, DURATION: This descriptive cohort study reports on standard oncofertility care in a national prospective cohort
of HR9Y childhood cancer patients, between January 2020 and December 2023, in our national paediatric oncology centre.

PARTICIPANTS/MATERIALS, SETTING, METHODS: In all HR%¢ childhood cancer patients, who were diagnosed or relapsed between
January 2020 and December 2023 in the Princess Maxima Center, our standard oncofertility care strategy was evaluated. Prospective
collection of demographics, tumours, treatment, and oncofertility care details, as well as retrospective collection and analysis of rea-
sons why HR9 patients and their families were not counselled or did not undergo fertility preservation, was performed.

MAIN RESULTS AND THE ROLE OF CHANCE: Between January 2020 and December 2023, 599 patients (age range 0-23 years; 345 males,
254 females) were triaged as HR%¢ (459 children newly diagnosed and 140 relapsed patients), including 396 (66.1%) who were counselled
with 238 of these (60.1%) undergoing fertility preservation. Reasons why HR9¢ patients did not receive fertility counselling (n=203/599, 34%)
included their clinical status at diagnosis, young age of the patient, and anticipated poor prognosis. Uncertainties regarding future
reproductive outcomes after autotransplantation of preserved tissue and concerns about potential risks of preservation procedures, were
reasons for HR9Y patients (n = 158/396, 40%) to refrain from fertility preservation.
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LIMITATIONS, REASONS FOR CAUTION: Triage information of HR9Y patients who were diagnosed and/or relapsed during the estab-
lishment of oncofertility care in our centre may still be lacking.

WIDER IMPLICATIONS OF THE FINDINGS: Further improvement in oncofertility care is warranted by counselling all HR9® patients
and offering all of them gonadal tissue preservation through standardised documentation, whenever applicable. Future knowledge on
reproductive and safety outcomes after cryopreservation and autotransplantation of gonadal tissue will further enhance fertility
counselling.
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Introduction

Over the past decades, overall survival of childhood cancer has signif-
icantly increased to up to 80% in developed countries (Hudson et al,
2014; Ward et al., 2014; Ellison et al.,, 2021; Botta et al., 2022). The in-
creasing number of childhood cancer survivors has raised awareness
of direct and late toxicities of childhood cancer and its treatment
(Oeffinger et al., 2006). Preferably, these toxicities are anticipated and
ideally prevented. A considerable subset of childhood cancer patients
is at high risk for treatment-induced gonadal damage (further re-
ferred to as HR®Y), with potential subsequent infertility (Martinez and
International Society for Fertility Preservation-ESHRE-ASRM Expert
Working Group, 2017; Practice Committee of the American Society
for Reproductive Medicine, 2019, 2026; Mulder et al, 2021a,b;
Meacham et al., 2025; Mitchell et al., 2025; Su et al., 2025). Concern
about the possible risk of infertility is among the main concerns of
childhood cancer patients, survivors, and their families (Reh et al,
2011; Anazodo et al,, 2019; Clasen et al., 2023). Therefore, it is impor-
tant that all children and adolescents with cancer are triaged regard-
ing their risk of infertility and that adequate counselling on personal
risk of treatment-induced gonadal damage and fertility preservation
methods is offered at least to HR®? patients, preferably before or early
during treatment (Letourneau et al, 2012; Deshpande et al, 2015;
Skaczkowski et al., 2018; Newton et al., 2021; Clasen et al., 2023). Our
previous report on the utilisation of a standardised oncofertility care
plan for female patients with cancer in the starting phase of our na-
tional paediatric oncology centre showed that personalised oncofer-
tility care is feasible (van der Perk et al, 2021). To identify all HR8Y
patients, according to international definitions and guidelines
(Martinez and International Society for Fertility Preservation—
ESHRE-ASRM Expert Working Group, 2017; Practice Committee of
the American Society for Reproductive Medicine, 2019, 2026; Mulder
et al., 2021a,b; Meacham et al., 2025; Mitchell et al., 2025; Su et al.,
2025) and to again triage patients at the time of relapsed disease was
identified as an important challenge for future practice. So far,
reports on oncofertility programmes with respect to fertility preser-
vation in national cohorts of HR®¢ paediatric and adolescent cancer
patients are scarce. Here, we aim to determine the quality of our stan-
dard oncofertility care, focusing on triage, fertility counselling, and
the fertility preservation offered to HR®® paediatric and adolescent

cancer patients in our national paediatric oncology centre over four
consecutive years (2020-2023).

Materials and methods
Ethical approval

Ethical consent had been obtained from the METC Utrecht (Medical
Ethical Committee Utrecht) for the PEARL and the PRINCE study.
Description of data was approved through BioBank consent (Project
number PMCLAB2023.0388).

Patients

All newly diagnosed and relapsed childhood cancer patients, inde-
pendent of age, identified by triage as carrying a high risk of gonadal
damage according to our oncofertility care plan (Supplementary
Table S1), and treated at the Princess Maxima Center, a national pae-
diatric oncology centre, between January 2020 and December 2023,
were included in this study. Patients aged >18 years (Table 1) who re-
ceived treatment according to a paediatric treatment protocol were
also included to ensure comprehensive reporting and complete cap-
ture of fertility counselling and preservation within our centre. This
subgroup consisted of patients treated for a relapse of childhood can-
cer, with a primary diagnosis before the age of 18years (n=13),
patients with a cognitive impairment requiring continued paediatric
oncology care (n=4), or patients treated in our centre according to
the ALLTogether protocol (Supplementary Table S1), which is exclu-
sively provided at our paediatric cancer centre in a research con-
text (n=10).

Risk stratification tool

Based on international guidelines and consensus (Martinez and
International Society for Fertility Preservation-ESHRE-ASRM Expert
Working Group, 2017; Practice Committee of the American Society
for Reproductive Medicine, 2019, 2026; Mulder et al, 2021a,b;
Meacham et al., 2025; Mitchell et al., 2025; Su et al., 2025), patients
were identified and triaged regarding their gonadal damage risk us-
ing our treatment-based risk stratification tool (Supplementary Table
S1) by a dedicated oncofertility nurse practitioner (van der Perk et al.,
2021). The risk stratification tool takes into consideration expected
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Table 1. Characteristics of HR9 childhood cancer patients identified through standardised oncofertility triage in the Netherlands, January
2020 to December 2023.

Total cohort (n=599) Male cohort (n=345) Female cohort (n=254)

At new At new At new
diagnosis At relapse diagnosis At relapse diagnosis Atrelapse
(n=459) (n=140) (n=260) (n=85) (n=199) (n=55)
Median age at diagnosis, years (range)® 8.0(0.0-22.0) - 10.0(0.0-22.0) - 6.0(0.0-22.0) -
Median age at relapse, years (range)? - 11.0(0.0-23.0) - 12.5(0.0-23.0) - 10.0(1.0-23.0)
Diagnosis
Haemato-oncologic malignancies (%)° 126 (27) 74 (53) 86 (33) 46 (54) 40 (20) 28 (51)
Acute lymphoblastic leukaemia 43(9) 47 (34) 36(14) 31(36) 7(4) 16 (29)
Acute myeloid leukaemia 18 (4) 16 (11) 10(4) 9(11) 8(4) 7(13)
Other leukaemia'’s 10 (2) 4(3) 7(3) 2(2) 3(2) 2(4)
Bone marrow failure/MDS 24 (5) 3(2) 9(3) 2(2) 15(8) 1(2)
Hodgkin's lymphoma 10(2) 2(1) 9(3) 1(1) 1(0.5) 1(2)
Non-Hodgkin's lymphoma 21(5) 2(1) 15(6) 1(1) 6(3) 1(2)
Solid tumours (%)° 235(51) 62 (44) 114 (44) 37 (44) 121 (61) 25(45)
Neuroblastoma 80(17) 21(15) 43(17) 13(15) 37(19) 8(15)
Renal tumour 7(2) 8(6) - 5(6) 7 (4) 3(5)
Osteosarcoma 9(2) 8 (6) 4(2) 3(4) 5(3) 5(9)
Ewing sarcoma 47 (10) 10(7) 21(8) 6(7) 26 (13) 4(7)
Germ cell tumour 12(3) 2(1) 4(2) 2(2) 8(4) -
Soft tissue sarcoma 74 (16) 13(9) 37 (14) 8(9) 37(19) 5(9)
Carcinoma 5(1) - 4(2) - 1(0.5) -
Skin cancer 1(0.2) - 1(0.4) - - -
Central nervous system tumours (%)° 98 (21) 4(3) 60 (23) 2(2) 38(19) 2(4)
CNS tumour 98 (21) 4(3) 60 (23) 2(2) 38(19) 2(4)
Median age at fertility preservation, years (range)® 12.0(0.0-22.0) 15.5(1.0-21.0) 14.0(0.0-22.0) 14.0(14.0-20.0) 8.5(1.0-18.0) 6.5(1.0-21.0)

@ Twenty-seven patients were older than 18years at inclusion. These patients were eligible because they had experienced a relapse after an initial diagnosis before
18years of age (n=13), had cognitive impairment requiring continued paediatric oncology care (n =4), or were diagnosed with acute lymphoblastic leukaemia scheduled to
be treated according to ALLTogether protocol in research context in our centre (n=10).

P Numbers in italic depict total number of patients per category, respectively.

CNS, central nervous system; HRY, high risk of gonadal damage; MDS, myelodysplastic syndrome; n, number of patients.

cyclophosphamide equivalent dose (CED) scores, myeloablative con-
ditioning as part of haematopoietic stem cell transplantation (HSCT),
as well as radiotherapy (pelvic, abdominal, or total body irradiation)
(Martinez and International Society for Fertility Preservation—
ESHRE-ASRM Expert Working Group, 2017; Practice Committee of
the American Society for Reproductive Medicine, 2019, 2026; Mulder
et al, 2021a,b; Meacham et al., 2025; Mitchell et al., 2025; Su et al,
2025). Age at treatment is not incorporated into the formal risk strati-
fication algorithm, although gonadal susceptibility to treatment may
vary across developmental stages. In 2021, the risk stratification tool
was revised in accordance with consensus recommendations from
the American Society for Reproductive Medicine (ASRM) and
International Guideline Harmonization Group (IGHG) guidelines
(Practice Committee of the American Society for Reproductive
Medicine, 2019, 2026; Mulder et al, 2021a,b). Following these
updates, patients were stratified into high- and low-risk categories
only. Specifically, lower cumulative CED thresholds for high-risk clas-
sification were adopted (>4000 mg/m? for males and >6000mg/m?
for females). Hence, most patients previously classified as intermedi-
ate risk are now predominantly reclassified as high risk (van der
Perk et al., 2021).

Male patients with cancer

In the period from 2020 until and including 2023, all postpubertal
male patients with cancer were actively counselled and encouraged
to pursue semen cryopreservation (SP) as standard of care, regardless

of personal risk of gonadal damage (Mulder et al, 2021a; Mitchell
et al.,, 2025). Additional fertility preservation methods in postpubertal
HR®&! male patients included testicular sperm extraction (TESE), per-
cutaneous epididymal sperm aspiration (PESA) and electrostimula-
tion (ES), in case of an inability to produce sperm through
masturbation (Mulder et al., 2021a; Mitchell et al., 2025). In addition,
from October 2021, the PRINCE (‘testicular bioPsies in young boys di-
agnosed with cancer to cRyopreserve future fertllity; towards a safe
aNd feasible future autologous CEll therapy’) study (METC research
file NL73818.000.21 (METC-protocol number 0000002974)) started in
our centre, which offered testicular biopsies (TB) to harvest gonadal
stem cells as a potential gonadal tissue preservation method in pre-
and peri-pubertal HR®? male patients with a new diagnosis of child-
hood cancer in a research setting. In postpubertal males, TB and TESE
were only performed if SP was not successful.

Female patients with cancer

For females with cancer, counselling by an oncofertility specialist
(gynaecologist) was actively encouraged in patients with an antici-
pated high risk of gonadal damage after triage and referral by the
oncofertility nurse practitioner. Fertility preservation options in-
cluded ovarian tissue cryopreservation (OTC), oophoropexy in case of
radiotherapy, and oocyte cryopreservation (OC) for postpubertal
females aged >16 years. In some cases, the option of oocyte cryopres-
ervation for donation by patients’ mothers (age <38years old)
(Mulder et al., 2021b) was discussed as part of fertility counselling.
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These procedures were prospectively monitored as part of the PEARL
(‘PresErving ovARian function through cryopreservation and inform-
ing girLs with cancer about infertility due to gonadotoxic treatment’)
study (METC research file NL72115.041.19 (METC-protocol number
19/783, Netherlands trial register number NL8192)).

Methods

Relevant anonymized data for the purpose of this descriptive study of
a national prospective cohort of childhood cancer patients were
extracted from medical records based on informed consent. To pre-
vent missing patients, patients were identified by using the daily
updated hospital registration dashboard of the Princess Maxima
Center (van der Perk et al., 2021). Prospective collection of baseline
data included type of malignancy, age at diagnosis, cancer treatment
regime, details on oncofertility care, as well as date of and age at fer-
tility preservation if pursued. The reasons why patients had not been
counselled on their high risk of gonadal damage, as well as why
patients or families declined fertility preservation after counselling,
were retrospectively retrieved from patients’ electronic medical files
and analysed.

According to our oncofertility care plan, all included patients were
triaged for their gonadal damage risk at initial diagnosis, prior to the
start of oncological treatment. Patients in whom triage was delayed
until after the start of treatment included female patients diagnosed
with leukaemia and all patients diagnosed with renal tumours. These
particular patients were triaged 6-8 weeks after diagnosis upon es-
tablishment of complete remission and/or definitive treatment strati-
fication based on postoperative risk and treatment. At the time of
relapse, disease progression, and inadequate response to treatment
or change of treatment, patients were triaged again prior to the start
of relapse or intensification of cancer treatment. Data completion,
cleaning, and analysis were performed in the summer of 2025.

For male patients newly diagnosed with cancer only, the analyses
were stratified according to the period before and after the start of
the PRINCE study (October 2021), where, in contrast to the female set-
ting, TB were only offered to chemo-naive males with a new cancer
diagnosis according to protocol. For relapsed HR&Y male and female
patients who were referred for fertility counselling and preservation,
timing of oncofertility care was analysed and stratified into primary
diagnosis and the time of relapse.

Statistical analysis

To account for uncertainty around key estimates, 95% CIs were calcu-
lated for key proportions, including counselling and fertility preser-
vation uptake rates. In addition, Pearson’s chi-square tests were used
to compare rates of referral for counselling, counselling uptake, and
fertility preservation uptake, with those reported in the previously
published cohort from our centre (van der Perk et al., 2021). A two-
sided P-value of <0.05 was considered statistically significant.

Results

Children and adolescents with a new diagnosis of
childhood cancer

Between 1 January 2020 and 31 December 2023, 459 patients with a
new diagnosis of childhood cancer (260 males, 199 females) were tri-
aged to be at high risk for treatment-induced gonadal damage

(Table 1; Fig. 1A and B; Supplementary Table S2). The median age at
diagnosis of HR®? patients was 8.0 years (range 0.0-22.0 years). HR&¢
patients were diagnosed with haemato-oncologic malignancies
(n=126, 27%; n=71/126 preceding HSCT), solid tumours (n=235,
51%), and central nervous system (CNS) tumours (n =98, 21%).

Children and adolescents with a relapse of
childhood cancer

In that same period, oncofertility care was provided at the time of re-
lapse of childhood cancer in an additional 140 patients (85 males, 55
females), who were triaged to be at high risk for treatment-induced
gonadal damage (Table 1; Fig. 1A and B; Supplementary Table S2).
The median age at the time of relapsed disease of HR®" patients was
11.0years (range 0.0-23.0 years). These patients were diagnosed with
a relapse of haemato-oncologic malignancies (n =74, 53%; n=70/74
preceding HSCT), solid tumours (n=62, 44%), and CNS tumours
(n=4, 3%).

Newly diagnosed male patients with cancer

The median age at diagnosis of HR® males (n=260) was 10.0 years
(range 0.0-22.0years) (Table 1). They were diagnosed with haemato-
oncologic malignancies (n=286, 33%), solid tumours (n=114, 44%),
and CNS tumours (n=60, 23%) (Table 1). Out of 260 male patients
with a new malignancy, 112 (43%) were diagnosed prior to the start
of the PRINCE study, and 148 (57%) were diagnosed after the start of
the PRINCE study (Fig. 1A). Prior to the start of the PRINCE study, 73/
112 males (65.2%; 95% CI 56.0-73.4%) were counselled, of whom 38
underwent fertility preservation (52.1%; 95% CI 40.8-63.1%, n=31
SP, n=3 ES, n=2 TB pursued in another hospital, n=1 SP combined
with TB pursued in another hospital, n=1 ES combined with PESA)
(Fig. 1A; Supplementary Table S3). After the start of the PRINCE study
in our centre, 86/148 males (58.1%; 95% CI 50.1-65.8%) received fer-
tility counselling, of whom 56 underwent fertility preservation
(65.1%; 95% CI 54.6-74.3%, n=27 PRINCE biopsies, n=24 SP, n=3
PRINCE biopsies combined with TESE, n=2 SP combined with TESE
due to failure of sperm production through masturbation) (Fig. 14;
Supplementary Table S3).

Retrospective analyses showed that 101/260 male patients with a
new diagnosis (39%) were not referred for fertility counselling
(Table 2). Reasons for this were documented in 14 males (14%), and
these included a poor clinical condition requiring a rapid start of on-
cological treatment after diagnosis, young age (including prepubertal
patients prior to the start of the PRINCE study), anticipated poor prog-
nosis, and the upfront palliative care treatment setting (Table 2). In
the other 87/101 male patients, reasons as to why they were not coun-
selled were not available from their medical records (Table 2).

In 65 out of 159 (41%) counselled HR® male patients, fertility pres-
ervation was not pursued (Table 3). Reasons for this were available in
45 patients (69%) and included young age (including prepubertal
patients prior to the start of the PRINCE study), no time to delay onco-
logical treatment, and prior initiation of gonadotoxic treatment, as
these patients were not eligible for inclusion in the PRINCE
study (Table 3).

Relapsed male patients with cancer

The median age at the time of relapse in HR®¢ males (n=85) was
12.5years (range 0.0-23.0years) (Table 1). Their relapse concerned
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Figure 1. Standardised oncofertility care pathways in HR9¢ paediatric and adolescent patients. (A) Flow chart of oncofertility care in HR9® males (n
= 345), stratified by newly diagnosed and relapsed disease, illustrating fertility counselling and fertility preservation pathways, with semen
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Table 2. Reasons why healthcare providers did not provide fertility counselling to HR9 patients after diagnosis.

Male patients (n=134)

Female patients (n=69)

At new diagnosis

(n=101)

Young age?® 5(5)
Poor prognosis 3(3)
Palliative care treatment setting 2(2)
From a different country 2(2)
Low gonadal damage risk® -
Poor condition 1(1)
Deceased early after diagnosis and/or relapse -
Benign disease® 1(1)
Pre-existing premature ovarian insufficiency -
Previous gonadotoxic treatment® -
Not available 87 (86)

At relapse At new diagnosis At relapse
(n=33) (n=53) (n=16)
1(3) 2(4) -
1(3) 2(4) -
2(6) 1(2) 2(13)
1(3) 3(6) -

- 2(4) -

- 1 (2) -

- 4 (8) -

- - 1(6)°
7(21) - -
21 (64) 38(72) 13(81)

Prior to implementation of PRINCE study, pre- and peri-pubertal males were often not counselled by healthcare providers, due to the fact that fertility preservation

options could not be offered. Females under the age of 1year old at diagnosis could not be offered fertility preservation methods, as we do not perform elective ovarian
tissue cryopreservation in females <1 year in our centre, for which reason they were not counselled.

b

no longer considered to be at high risk and were therefore not counselled.
cC

for which reason she did not receive fertility counselling.

Patients initially were triaged to be at high risk of gonadal damage, but due to a change of diagnosis and/or change of treatment plan after initial triage, patients were

Patient was not diagnosed with a relapse, but with a secondary malignancy. She had pre-existing premature ovarian insufficiency as a result of her primary malignancy,

9 These prepubertal male patients were not counselled on their high risk of gonadal damage at relapse, since they could not be offered fertility preservation through

testicular biopsies according to protocol.

HR99, high risk of gonadal damage; n, number of patients; PRINCE (‘testicular bioPsies in young boys diagnosed with cancer to cRyopreserve future fertllity; towards a safe
aNd feasible future autologous CEll therapy’ study), testicular biopsies in prepubertal boys in study context started in October 2021.

haemato-oncologic malignancies (n =46, 54%), solid tumours (n=37,
44%), and CNS tumours (n =2, 2%) (Table 1). Out of 85 male patients
with a relapse of childhood cancer, 52 (61.2%; 95% CI 50.6-71.0%)
had received fertility counselling (n =15 at primary diagnosis, n=2 at
primary diagnosis and again at relapse, n =35 at relapse) (Fig. 1A). Of
these, fertility preservation had been pursued by 29/52 males (55.8%,
95% CI 42.3-68.4%), including 11/15 males (73%, n=9 SP, n=1 TB
pursued in another hospital, n=1 ES) at primary diagnosis and 16/35
males (46%; 95% CI 30.5-61.8%, n=12 SP,n=2 TESE,n=1ES,n=1 SP
combined with TESE due to failure of sperm production through mas-
turbation) at the time of relapsed disease (Fig. 1A, Supplementary
Table S3). Of the two males counselled both at primary diagnosis and
again at the time of relapse, one male pursued SP both at primary di-
agnosis and again at relapse because of azoospermia at his primary
diagnosis and the other male at the time of relapsed disease only
(Fig. 1A; Supplementary Table S3).

Reasons why HR®¢ male patients and their families were not re-
ferred for fertility counselling at relapse (n =33) were available in 12/
33 males (36%) and included a young age, anticipated poor prognosis
or palliative care treatment settings and prior initiation of gonado-
toxic treatment (Table 2).

Reasons why fertility preservation was not pursued in relapsed
HR#Y male patients (n=23) were available in 12/23 patients (52%)

Figure 1. Continued

and included a young age, no time to delay, or a preference to priori-
tise oncological treatment, prior initiation of gonadotoxic treatment,
and anticipated poor prognosis at the time of relapse (Table 3).

Newly diagnosed female patients with cancer

The median age at diagnosis in HR® females (n=199) was 6.0 years
(range 0.0-22.0years) (Table 1). They were diagnosed with haemato-
oncologic malignancies (n =40, 20%), solid tumours (n=121, 61%), and
CNS tumours (n =38, 19%) (Table 1). Of these, 166 (83.4%) were offered
referral for fertility counselling by a gynaecologist, of whom 146 (73.4%;
95% CI 66.8-79.2%) subsequently accepted referral (Fig. 1B). Fertility
preservation was pursued by 90/146 females (61.6%; 95% CI 53.5-
69.0%, n =88 OTC, n=2 OC) (Fig. 1B; Supplementary Table S4).

Reasons why HRE&Y female patients had not undergone fertility
counselling at diagnosis (n=53) were available in 15/53 patients
(28%) and included a young age, anticipated poor prognosis, or
upfront palliative care treatment setting (Table 2). Four HR®? females
who had not been referred for fertility counselling appeared to have
died early after diagnosis.

Reasons why counselled HR& female patients (n=56) and their fami-
lies decided not to pursue fertility preservation were available for 49/56
patients (88%) (Table 3). Reasons included a preference to prioritise

cryopreservation as the most frequently performed fertility preservation procedure. (B) Flow chart of standardised oncofertility care in HR9® females
(n = 254), stratified by newly diagnosed and relapsed disease, illustrating referral, fertility counselling, and fertility preservation pathways, with
ovarian tissue cryopreservation as the predominant fertility preservation procedure. ?Relapse patients who had been counselled and had undergone
fertility preservation at primary diagnosis, had been primarily diagnosed prior to 2020, and none of the relapse patients who preserved at primary
diagnosis, were included in the left column under ‘New diagnosis’. "One male pursued fertility preservation at relapse; the other did so both at
primary diagnosis and at relapse after azoospermia at primary diagnosis. “One female pursued fertility preservation at relapse. Dx, primary diagnosis
of childhood cancer; ES, electrostimulation; HR9?, high risk of gonadal damage; n, number of patients; OC, oocyte harvest and cryopreservation; OTC,
ovarian tissue cryopreservation; PESA, percutaneous epididymal sperm aspiration; PRINCE, testicular biopsies in prepubertal males in study context
started in October 2021; Rel, relapse of childhood cancer; SP, semen cryopreservation; TB, testicular biopsies prior to start of PRINCE study in
Amsterdam UMC before the start of the PRINCE study (Oct 2021); TESE, testicular sperm extraction.


https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data
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Table 3. Reasons why HR9 patients did not undergo or pursue fertility preservation after fertility counselling.?

Male patients (n=88) Female patients (n=70)

At new diagnosis
(n=65)

At relapse
(n=23)

At new diagnosis
(n=56)

At relapse
(n=14)

Patient Physician Patient Physician Patient Physician Patient Physician
decision decision decision decision decision decision decision decision

Young age 11
No time to delay oncological treatment -
Inability to produce semen 6

Previous or already started gonadotoxic treatment -
Poor condition 1
Prioritisation oncological treatment® 2
No wish for treatment, including oncofertility care 2
Religious reasons 2
No (future) child wish 1
Low gonadal damage risk® -
Poor prognosis -
Concerns about risks of surgical preservation procedure 1
Uncertainty reproductive outcomes after utilisation 1
of cryopreserved tissue
Concerns about the safety of auto-transplantation -
of cryopreserved tissue because of risk of MRD?

Potential effect of chemotherapeutic agents on the residual gonad -
Tumour location and/or anatomy -
Trust in future fertility or assisted reproductive options -
Diagnosis-related® -
Pre-existing premature ovarian insufficiency’ -
Return to homeland -
Not available

3 6 1 3 2 - -
8 - 1 - 1 - -
4 - 1 - 3 - -
1 - - 2 7 - -
- - 24 - 1 -
- - - 7 - - -
- - - 1 - - -
1 - - - 5 - -
1 - 1 - 2 - -

- - 23 - 1 -
- - - 16 - 1 -
- - - 14 - 1 -
- - - 3 - - -
- - - - 3 - -
- - - - - - 1
- - - 1 - 1 -

20 11 7 11

Some patients and families reported multiple reasons why they did not want to pursue fertility preservation, for which reason percentages cannot be reported.

b

stressful period.

c

Preference to focus on cancer treatment and avoid additional emotional burden or logistical complexity associated with fertility preservation during an already highly

Patients initially were triaged to be at high risk of gonadal damage and received counselling, but due to a change of diagnosis and/or change of treatment plan after

fertility counselling, patients were no longer considered to be at high risk and therefore did not pursue fertility preservation.

d

In this cohort, 15 female patients and their families declined fertility preservation because they were concerned with the safety of autotransplantation of cryopreserved

ovarian tissue and the risk of minimal residual disease. Of these 15 females, 10 were diagnosed with a solid tumour (n=5/45 (11%) neuroblastoma, n=3/42 (7%)
rhabdomyosarcoma, n=2/30 (7%) Ewing sarcoma) and 5 with a haematological malignancy (n=4/23 (17%) acute lymphoblastic leukaemia, n=1/15 (7%) acute

myeloid leukaemia).

€ Fanconi anaemia.
f

for which reason she did not pursue fertility preservation.

Patient was not diagnosed with a relapse, but with a secondary malignancy. She had pre-existing premature ovarian insufficiency as a result of her primary malignancy,

HR9, high risk of gonadal damage; MRD, minimal residual disease; n, number of patients.

oncological treatment over fertility preservation, uncertainties regard-
ing the future reproductive outcomes after autotransplantation of pre-
served tissue, concerns about the safety of autotransplantation of
ovarian tissue considering the risk of minimal residual disease (MRD),
concerns about possible risks associated with the surgical preservation
procedure, and a poor clinical status at diagnosis (Table 3).

Relapsed female patients with cancer

The median age in HR& females (n=55) at the time of relapse was
10.0 years (range 1.0-23.0 years) (Table 1). They were diagnosed with
a relapse of haemato-oncologic malignancies (n=28, 51%), solid
tumours (n =25, 45%), and CNS tumours (n = 2, 4%) (Table 1). Referral
for counselling was offered to 42/55 (76.4%) females (n=11 already
at primary diagnosis, n=2 at primary diagnosis and at relapse, n=29
at relapse), after which 39 (70.9%; 95% CI 57.8-81.4%) were coun-
selled (n=10 at primary diagnosis, n=2 at primary diagnosis and at

relapse, n=27 at relapse). After counselling, 25 females (64.1%; 95%
CI 48.4-77.3%, n=25 OTC) underwent gonadal tissue preservation
(n=7 at primary diagnosis, n=18 at relapse) (Fig. 1B; Supplementary
Table $4). None of the relapsed HR8? females who underwent fertility
preservation at the time of primary diagnosis underwent fertility
preservation again at the time of relapse.

The reasons why female patients (n=16) and their families did not
undergo fertility counselling at the time of relapse were available in
only 3/16 patients (19%) and turned out to be the upfront palliative
care treatment setting and pre-existing premature ovarian insuffi-
ciency as a result of her primary malignancy (Table 2).

Reasons why HR®® female patients (n=14) and their families de-
cided to decline fertility preservation were available in 3 out of 14
patients (21%). A preference to prioritise oncological treatment over
fertility preservation, concerns about possible risks associated with
the surgical preservation procedure, uncertainties regarding future
reproductive outcomes after autotransplantation of preserved tissue,


https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data
https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data
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and concerns about the safety of autotransplantation of ovarian tis-
sue considering the risk of MRD were among the reasons for females
and their families to refrain from fertility preservation (Table 3).

Discussion

The objective of this study was to evaluate the quality of our oncofer-
tility care, with a focus on triage, fertility counselling, and offered
preservation in a national Dutch cohort of childhood cancer patients
with an anticipated high risk of treatment-induced gonadal damage
between 2020 and 2023. With this, we aim to identify opportunities
to further enhance oncofertility care in this relevant subset of
patients in the future. We identified 599 HR8 patients (459 at diagno-
sis and 140 at relapse), based on our gonadal risk stratification tool
(van der Perk et al., 2021), of whom the majority (n=396/599, 66.1%;
95% CI 62.2-69.8%) received fertility counselling, with fertility pres-
ervation being pursued by 238 of the 396 counselled HR&? patients
(60.1%; 95% CI 55.2-64.8%). Main reasons to decline the offer of fertil-
ity preservation were a young age, concerns about the potential risks
associated with surgical preservation procedures, uncertainties re-
garding the future reproductive outcomes after autotransplantation
of preserved gonadal tissue, and concerns about the safety of auto-
transplantation of ovarian tissue considering the risk of MRD.
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Newly diagnosed male patients with cancer

Between January 2020 and December 2023, 61.2% (95% CI 55.2—
66.9%) of all newly diagnosed HR®! male patients had been coun-
selled regarding their personal risk of treatment-induced gonadal
damage and were offered the option of fertility preservation, which
59.1% (95% CI 51.3-66.5%) of counselled males decided to pursue
(Fig. 1A; Supplementary Table S3). After the start of the PRINCE study,
we observed an increase (52.1-65.1%) in fertility preservation as this
could be offered to both pre- and peri-pubertal males (Figs 1A and
2A), and their ages were no longer the primary reason for parents to
refrain from fertility preservation. However, a subset of parents de-
clined testis tissue preservation because of uncertainties regarding
future reproductive outcomes (e.g. pregnancy and live birth rates) fol-
lowing utilisation of testicular tissue, since the preservation of testicu-
lar tissue does not guarantee future pregnancy, as well as concerns
about the risks associated with the surgical testis biopsy procedure. It
has, however, been shown that performing TB in prepubertal males
is a safe procedure, performed in many countries since 2020.
Performing TB in this relevant subset of patients can be offered as
standard of care as part of oncofertility care, when multidisciplinary
expertise can be offered and if national and local regulations allow
this (Mitchell et al,, 2025; Safrai et al, 2025). Subsequent steps re-
quired for achieving future fertility are, however, still being opti-
mised. Recent reports on maturation of pre- and peri-pubertal
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Figure 2. Annual implementation of standardised oncofertility care in HR9® paediatric and adolescent patients (January 2020 to December
2023). (A) Annual number of newly diagnosed HR99 male patients undergoing triage, fertility counselling and fertility preservation between 2020 and
2023. (B) Annual numbers of newly diagnosed HR?® female patients undergoing triage, fertility counselling, and fertility preservation between 2020
and 2023. (C) Annual numbers of HR? male patients with relapsed cancer undergoing triage, fertility counselling, and fertility preservation between
2020 and 2023. (D) Annual numbers of HRI? female patients with relapsed cancer undergoing triage, fertility counselling, and fertility preservation
between 2020 and 2023. n, number of patients; HR?%, high risk of gonadal damage.


https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deag138#supplementary-data

testicular tissue, as well as reports on live births (>15) after matura-
tion and autotransplantation of prepubertal testicular tissue in ani-
mal (including mice, rabbits, pigs and primates) models show
promising results (Braye et al.,, 2019; Fayomi et al.,, 2019; Duffin et al,
2024; Safrai et al., 2025). With increasing research in this field of male
fertility (Goossens et al., 2026), more information will become avail-
able on the reproductive outcomes, with respect to pregnancy and
live birth rates, after maturation and autotransplantation of pre- and
peri-pubertal testicular tissue.

Newly diagnosed female patients with cancer

Between January 2020 and December 2023, 73.4% (95% CI 66.8—
79.2%) of newly diagnosed HR& female patients had been counselled
by a fertility specialist regarding their personal risk of gonadal dam-
age, and 61.6% (95% CI 53.5-69.0%) of these females decided to pur-
sue fertility preservation methods, with OTC the most prevalent
procedure in this cohort (Fig. 1B; Supplementary Table S4). Concerns
on the safety of surgical preservation procedures, as well as on repro-
ductive outcomes after autotransplantation of ovarian tissue and the
risks of autotransplantation considering the risk of MRD, were the
main reasons for females and families to decline gonadal tissue pres-
ervation (n =56, 38%) (Table 3). Our recent paper (Clasen et al., 2026)
on procedure-related complications in a subset of this cohort of 88
patients after laparoscopic oophorectomy, as well as additional litera-
ture (Clasen et al., 2026) on the safety of laparoscopic OTC procedures
show that OTC is a relatively safe and feasible procedure in paediatric
and adolescent females with cancer, but that wound infections and
bleeding do occur, even in controlled settings. As reports on the safety
of laparoscopic oophorectomy in paediatric and adolescent cancer
settings are limited, more studies in larger, preferably international,
cohorts are needed to be able to evaluate the safety of OTC and im-
prove fertility counselling. This information is included in the shared
decision-making process of fertility counselling and preservation.
Reports of successful live births of healthy offspring (Corkum et al.,
2019; Gillipelli et al., 2024; Emrich et al., 2025) following autotrans-
plantation of cryopreserved tissue in paediatric patients have in-
creased interest in OTC for paediatric and adolescent females with
cancer and reduced previous scepticism regarding this strategy. To
date, 24 pregnancies resulting in 20 live births have been reported
following 46 autotransplantations, including three live births after
transplantation of ovarian tissue cryopreserved before puberty (at
ages 9 and 13years) in two females (Corkum et al., 2019). In postpu-
bertal subjects, more experience with autotransplantation, as part of
standard of care, is available (Khattak et al, 2022; Meacham et al.,
2025; Su et al., 2025). Since literature on reproductive outcomes after
autotransplantation of cryopreserved ovarian tissue in (prepubertal)
children and adolescents is limited and the preservation of ovarian
tissue does not guarantee future pregnancy, additional cohort studies
are needed, particularly in young (prepubertal) females with cancer,
to adequately address patients’ and parents’ concerns about the fu-
ture benefits and reproductive outcomes of this procedure. Another
reason to decline gonadal tissue preservation procedures was the
concerns about the risks of autotransplantation considering the possi-
bility of re-implanting tissue with MRD, thus causing a possible re-
lapse of malignant disease (Dolmans et al., 2010). A significant subset
of patients with a high risk of gonadal damage is those diagnosed
with a haemato-oncologic malignancy. Currently, there is no interna-
tional consensus on whether it is safe to transplant ovarian tissue in
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this subgroup of patients, nor in which patients ovarian tissue can
safely be autotransplanted (Dolmans et al., 2013; Kourta et al., 2023).
More research is needed on the safety of autotransplantation with
regards to the possibility of MRD, to be able to address these concerns
and risks during fertility counselling.

We previously described our first-year experience in the year 2019
at the start of our oncofertility care programme. Compared to the pre-
vious study (van der Perk et al, 2021), we found that more HR&4
females were offered referral for counselling (83.4% vs 64.4%,
Pearson x> = 8.232, P=0.004) and counselled (73.4% vs 55.6%,
Pearson XZ = 5.553, P=0.018) between 2020 and 2023 compared to
the first year of oncofertility care (Fig. 2B). Fertility preservation rates
were similar between the two cohorts (61.6% vs 64.0%, Pearson x> =
0.050, P=0.823) (Fig. 2B). Compared to available literature on rates of
fertility counselling and preservation in cancer patients (Table 4)
(Ben-Aharon et al,, 2016; Kapadia et al., 2020; Lehmann et al., 2020;
Gregoire-Briard et al.,, 2022; Heritage et al.,, 2022; Ligon et al.,, 2023;
Stukaite-Ruibiene et al., 2023; Grimes et al., 2024; Hartup et al., 2024;
Leavitt et al,, 2024; McElhinney et al., 2024; Corona et al., 2025), we re-
port high rates of fertility counselling and similar rates of fertility
preservation. However, none of the other studies reported findings
on national cohorts nor stratified for newly diagnosed or re-
lapsed patients.

Relapsed patients with childhood cancer

One of the lessons learned from our first evaluation of our oncofertility
care setting was that we tended not to pay attention to a child’s risk of
gonadal damage at the time of relapse or when treatment is intensified
(n=3) (van der Perk et al, 2021). Now, in the subsequent cohort, we
found that patients are better identified and increasingly referred for
counselling, counselled, and offered fertility preservation at the time of
relapse or when treatment is intensified (Figs 1A and B and 2C and D).
Hence, this indicates that more awareness has improved our oncofertil-
ity care for HR®? patients over recent years, at diagnosis and again at
relapse (Fig. 2C and D). An interesting observation is the increasing
number of male patients receiving fertility counselling over time
(Fig. 2A and C), while this was not accompanied by a proportional
increase in fertility preservation procedures. This pattern was not
explained by any identifiable systematic changes in counselling practi-
ces, referral pathways, or access to fertility preservation services within
our dataset. It may reflect individual decision-making processes follow-
ing counselling, including patient preference, timing constraints, or
perceived urgency of oncological treatment, but these factors were not
systematically captured in this study.

Future perspectives

Still, oncofertility care for children and adolescents with cancer can
be further improved by timely triaging and ensuring fertility counsel-
ling and preservation for all HR®? patients in accordance with guide-
lines by the ASRM and the IGHG (Letourneau et al., 2012; Deshpande
et al., 2015; Skaczkowski et al., 2018; Newton et al., 2021; Clasen et al.,
2023). For a substantial proportion of patients, documented reasons
why they did not receive fertility preservation counselling (Table 2)
or declined fertility preservation methods (Table 3) were not avail-
able, mainly due to the retrospective nature of data extraction from
medical records. To address this issue, we emphasised the need for
standardised prospective documentation of fertility preservation
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Table 4. Published studies reporting referral, fertility counselling, and fertility preservation rates in paediatric and adolescent

cancer patients.

Rate of fertility preservation (%)

Sample size, n?

Median age in

Rate of fertility

Study Study design Male Female years®(range) counselling (%) Total SP TTC OTC OC Other
Ben-Aharon Prospective - 62 13.2(1.5-18.0) n=62/62 (NA)® 52 (84) - - 41 N -
etal. (2016) survey cohort
Lehmann Retrospective 99 53 NA (2.0-25.0) n=152/152 (NA)® 68 (45) - - - - -
etal. (2020) cohort study
Kapadia et al. (2020) Retrospective 82 - 16.0(13.0-25.0) n=42/82(51%) 29 (69) 29 - - - -
cohort study
Heritage et al. (2022) Retrospective 67 55 NA n=91/122 (75%) 75 (82) 35 1 2 2 27
cohort study *n=19/91 by FS
Gregoire-Briard Retrospective - 89 5.0(3.0-13.0) n=29/89 (33%) 11 (38) - - - 1 10
etal. (2022) cohort study *n=12/29 by FS
Stukaite-Ruibiene  Prospective NA NA NA (0.4-17.0) n=61/61 (NA)® 3(5) 3 - - - -
etal. (2023) survey cohort *n=6/61byFS
Ligon et al. (2023) Retrospective 91 58 NA n=90/149 (60%) NA - - - - -
cohort study
Leavitt et al. (2024)  Prospective 27 27 5.0(0.0-12.0) n=7/54(13%) 6 (86) - 3 3 - -
cohort study
Hartup et al. (2024)  Retrospective 35 23 Mean age 17.6years n=19/58 (33%) 15(79) - - - - -
cohort study (2.5-39.0) *n=19/19 by FS
Grimes et al. (2024) Retrospective 95 34 16.8 (NA) n=67/129 (52%) 29 (43) - - - - -
cohort study
McElhinney Retrospective 188 149 NA n=337/337 (NA)® 262 (78) 48 98 106 10 -
etal. (2024) cohort study
Coronaetal. (2025) Retrospective 103 69 8.0(2.5-14.8) n=90/172 (52%) 58 (64) 20 16 19 3 -
cohort study
Clasenetal. (2026)  Prospective 345 254 9.0(0.0-23.0) n=396/599 (66.1%) 238/396 (60.1) 78 30 113 2 15
cohort study *n=396/396
by FS

Unless otherwise specified.

accurately determined.

None of the studies other than the current study reported how many patients were triaged at high risk of gonadal damage or otherwise.

Unless otherwise specified, authors did not report who provided fertility counselling.
Unless otherwise specified, authors did not report which fertility preservation methods were pursued by patients.
Allincluded patients were referred for fertility counselling. The authors did not disclose data on patients that were not referred, for which reason rates could not be

FS, fertility specialist; n, number of patients; NA, not available; OC, oocyte harvest and cryopreservation; OTC, ovarian tissue cryopreservation; SP, semen cryopreservation;

TTC, testicular tissue cryopreservation.

counselling in HR8? patients, including explicit recording of whether
counselling was provided or whether fertility preservation was pur-
sued, and when not provided or performed, the reasons for this deci-
sion. Improved documentation would facilitate more accurate
evaluation of barriers to fertility preservation in future studies.
Previous studies in childhood cancer patients, survivors, and their
families report that they highly prefer to receive (basic) fertility
counselling at diagnosis, with the possibility to receive more detailed
information after treatment has started and the initial shock and
emotions of diagnosis have passed (Bath et al, 2004; Clasen et al.,
2023). By providing patient-specific fertility information to all
patients, miscommunication regarding fertility could be prevented,
which may decrease future concerns and regrets regarding fertility
and fertility preservation (Clasen et al., 2023). Patients are reported to
experience less psychosocial issues and a better quality-of-life after
they have received fertility counselling, regardless of their personal
anticipated risk of gonadal damage (Skinner et al., 2006; Mulder et al.,
2021a,b, c; Clasen et al., 2023).

The strength of this study is that it provides the results of 4 years of
established oncofertility care in a national cohort of all childhood
cancer patients, newly diagnosed and relapsed, male and female

patients. Compared to our previous study from 2021 (van der Perk
etal, 2021), we saw an increase in counselling and preservation rates
in both newly diagnosed and relapsed HR® patients. However, we
still did not reach 100% counselling and preservation rates. The limi-
tation of this study is that a small subset of HR& patients during the
establishment of oncofertility care in our centre may still not have
been identified.

Conclusion

We conclude that standardised but personalised oncofertility care is
valuable to identify childhood cancer patients at high risk for
treatment-induced gonadal damage. Further improvement can be
made regarding triage of all childhood cancer patients at diagnosis,
combined with standard documentation of fertility risk and counsel-
ling, but also when treatment is intensified and at relapse, by continu-
ous awareness of a patient’s personal gonadal damage risk. In our
expertise, a dedicated oncofertility care team is essential in that re-
spect. Knowledge derived from future studies on the risks and bene-
fits of cryopreservation procedures, as well as reports on
reproductive outcomes (e.g. pregnancy and live birth rates) after and



the safety of cryopreservation and autotransplantation of gonadal tis-
sue in larger cohorts will guide future development and improve-
ment of oncofertility care strategies.
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