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Simple Summary: Advances in cancer treatment have significantly increased survival rates among
children and adolescents, but many therapies may affect future fertility and impact long-term quality
of life. Preserving fertility has therefore become a key element of pediatric cancer care. This
retrospective study analyzed how fertility preservation was managed for young patients treated for
cancer at the Medical University of Innsbruck between January 2000 and December 2018. The aim
was to better understand current practices, identify gaps, and raise awareness among physicians
about possible long-term effects on fertility. As comprehensive international data on the extent to
which fertility preservation is offered and performed in these contexts is still lacking, our findings
contribute to closing this knowledge gap.

Abstract: Background/Objectives: With increasing survival rates in pediatric oncology, late effects
such as therapy-induced infertility are becoming more relevant. This study evaluated the
management of fertility preservation in children and adolescents with cancer at the Medical
University Innsbruck between 2000 and 2018. Methods: In this retrospective monocentric study, 552
patients (0-17 years) receiving chemotherapy were analyzed. Data was extracted from the Clinical
Information System and the cryopreservation database. The assessed main variables included
pubertal status, sex hormone levels and use of fertility preservation methods. Results: Fertility
preservation was documented in 6.5% of patients, more frequently in males (8.9%) than females
(3.2%). Sperm cryopreservation was performed in 28 males, ovarian tissue cryopreservation in six
females and oocyte cryopreservation in three. Pubertal status at diagnosis was recorded in 4.9% of
patients, and hormone levels in 29.7%. Conclusions: The findings highlight significant gaps in
systematic fertility preservation, particularly in female patients. Consistent assessment of pubertal
and hormonal parameters at diagnosis is essential to inform decision-making. Standardized
procedures and closer interdisciplinary collaboration are needed to ensure equitable access to fertility
preservation and safeguard long-term quality of life.

Keywords: childhood cancer survivors; gonadotoxicity; cryopreservation; survivorship; infertility;
FertiProtekt

1. Introduction

With the increasing number of childhood cancer survivors (CCS), minimizing late effects and
improving quality of life (QoL) have become increasingly important. In addition to physical
limitations such as organ dysfunction, endocrine deficits, sterility/infertility, or psychosocial stressors
also occur [1-4]. For survivors, fertility impairment is considered one of the most relevant long-term
effects, the assessment of which is complicated by heterogeneous study populations and the frequent
lack of long-term contact with oncologists [5].

In males, fertility disorders primarily arise from damage to spermatogenesis or the
hypothalamic-pituitary-gonadal (HPG) axis. Hypogonadism and erectile dysfunction are other
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possible consequences [6-8]. Studies show a significantly increased risk of infertility in male CCS
[9,10]. In women, the loss of primordial follicles, uterine damage, HPG disorders, and vaginal
strictures can cause infertility resulting from chemotherapy or irradiation [11,12]. Female CCS have
a lower pregnancy rate compared to the general population, mainly due to the development of
premature ovarian insufficiency (POI) [13-15].

Rendtorff et al. reported that around one-third of CCS experience fertility limitations, although
the desire to have children remains comparable to that of the general population [16]. Abortions are
less common in CCS, which underscores the importance of the desire to have children [17].

The degree of fertility impairment depends on the type and dose of therapy, underlying disease,
gender, and pubertal status. Chemotherapeutic agents, especially alkylating agents and platinum
compounds are considered gonadotoxic and can cause long-term fertility impairment [18-20]. Men
show dose-dependent disorders of spermatogenesis, including azoospermia, while women show a
decrease in follicular reserve and an increased risk of POI [21-24]. Platinum compounds, especially
cisplatin, also affect fertility in both sexes, although the data is heterogeneous [25-28].

Radiotherapy can impair fertility both through direct gonadal damage and through central
effects on the HPG axis. Pelvic and whole-body irradiation in particular increase the risk of ovarian
insufficiency, uterine dysfunction, or damage to spermatogenesis [10,14,16,28-31]. The results for
cranial irradiation are contradictory, especially in male CCS [10,14,16,32,33].

Puberty status influences vulnerability to gonadotoxic therapies. Prepubertal children appear to
be more resistant to certain chemotherapies, while postpubertal patients show a higher risk of fertility
disorders [16,28,34].

Since there is no safe threshold above which infertility occurs after cancer therapy, all patients
should be informed about the risks and offered fertility protection options depending on their gender,
age, underlying disease, and therapy [35].

The options for fertility preservation in prepubertal boys are limited. In addition to testicular
shielding during radiotherapy, testicular tissue cryopreservation (TTC) is being tested
experimentally. Successful sperm maturation from stem cells has not yet been achieved in humans
but is already possible in animal models [36-38].

Once spermarche has occurred, sperm cryopreservation (SC) can usually be performed in post-
pubertal boys. Alternatively in rare cases, penile vibratory stimulation (PVS), electrostimulation, or
testicular sperm extraction (TESE) can also be used if necessary [35,39,40]. It is important to obtain
sperm before starting therapy, as sperm quality declines after therapy begins. Hormonal protective
measures are not effective and are not recommended by professional societies [35,40].

The most promising option for prepubertal girls is ovarian tissue cryopreservation (OTC), which
has already enabled puberty induction and live births after re-transplantation [41-43], although the
risk of malignant cell contamination must be considered. Ovarian transposition or gonadal shielding
may also be considered [35,44—46].

In addition, oocyte cryopreservation (OC) after controlled ovarian hyperstimulation (COH) and
the use of gonadotropin-releasing hormone agonists (GnRHa) are established procedures in post-
pubertal girls. OC achieves pregnancy rates of up to 50% in young women [47,48], but requires almost
two weeks of preparation time. OTC is increasingly considered a standard procedure, although its
invasiveness and higher resource requirements should be taken into account [40]. The administration
of GnRHa is contradictory, but can be offered as a complementary option [35,40,49,50].

This study aimed to evaluate the current approach to fertility preservation for pediatric cancer
patients at the Department of Pediatrics in Innsbruck between 2000 and 2018. The focus was on
documenting the services offered and how they were implemented prior to the start of therapy,
analyzing existing practices and identifying potential care gaps, with the aim of improving education
about the long-term effects of gonadotoxicity.
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2. Materials and Methods

This retrospective, monocentric study included 552 pediatric patients (305 male, 247 female)
aged 0-17 years, treated for oncological diseases at the Department of Pediatrics I, Medical University
of Innsbruck, between 2000 and 2018. All oncological patients receiving chemotherapy were
included; those without such treatment or with incomplete records were excluded. The study period
was limited to 20002018 to allow the use of an existing, comprehensive dataset of pediatric oncology
patients who received chemotherapy, which served as the foundation for the systematic collection
and analysis of additional clinical information by the authors. Data was collected from the Clinical
Information System and the cryopreservation database. The data was pseudonymized via
consecutive study numbers.

The parameters included demographics, diagnosis, treatment details, pubertal stage, hormone
levels (FSH, AMH, estradiol, testosterone), menarche and spermarche age, and fertility preservation
measures (SC, OTC, OC). Descriptive statistics were applied using IBM SPSS Statistics 26 and
Microsoft Excel 365.

The study was approved by the local Ethics Committee of the Medical University of Innsbruck
(1374/2023). The corresponding author will provide data upon reasonable request.

3. Results

3.1. Study population

From 2000 to 2018, a total of 552 pediatric patients (305 males [55.3%], 247 females [44.7%]) aged
0-17 years received chemotherapy for oncological diseases at the Department of Pediatrics I, Medical
University of Innsbruck. At the time of data collection, 20.1% of patients were deceased. The most
frequent diagnosis was acute lymphoblastic leukemia (ALL, n=199), followed by extracranial solid
tumors (n= 166, mainly neuroblastoma, Ewing sarcoma, osteosarcoma, rhabdomyosarcoma and
Wilms tumor), central nervous system (CNS) tumors (n= 63), non-Hodgkin lymphoma (NHL, n=37),
acute myeloid leukemia (AML, n=35), Hodgkin lymphoma (n= 32), and rare pediatric tumors (n=20).
At least one recurrence occurred in 22.5% of patients, and 29.3% received radiotherapy, including
cranial (n=57) and extracranial (n=105) irradiation (see Table 1).

Table 1. Patient characteristics, survival, recurrence, and radiotherapy status.

Variable n Percentage (%)!
Sex
Female 247 447
Male 305 55.3
Survival, recurrence, and radiation status
Alive 441 79.9
Deceased 111 20.1
Recurrence (min. 1) 124 22.5
Radiation 162 29.3
Extracranial Radiation 105 19.0
Cranial Radiation 57 10.3

1 Percentage of the total sample.

The median age at diagnosis was 6 years (IQR = 2-12). The highest frequency of diagnoses was
observed in children aged 04 years (1 =240, 43.5%). The mean number of new oncological diagnoses
that met the inclusion criteria was 29 per year (range: 16-38). Extracranial solid tumors, AML, CNS
tumors and rare pediatric malignancies peaked in infancy and early childhood, while the incidence
of ALL was highest between ages 2 and 4. NHL manifested at a consistent frequency across all age
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groups, while Hodgkin lymphoma was rarely diagnosed before the age of 10 and its incidence
increased thereafter.

3.2. Indicators of puberty

The pubertal stage was documented in 27 patients (4.9%). Among the girls (n = 9), the
development of breast and pubic hair was documented. The age or date of menarche was recorded
in n = 44 patients. In 10 out of these girls, menarche occurred before the date of initial diagnosis. An
evaluation of testicular development and pubic hair was conducted among a total of n = 18 males.
The age of the patients, for whom puberty indicators were noted, ranged from 5 to 17 years (M =
11.7). Hormone levels were measured in 164 patients (29.7%), including FSH, estradiol, AMH, and
testosterone. Evidence of hormonal activation consistent with puberty was observed in 30.6% of
females and 20.2% of males, where sex hormones were documented (see Table 2).

Table 2. Clinical documentation of sex hormone status.

Variable n Percentage (%)!
Total (female) 75 304
AMH 4 1.6
FSH 73 29.6
Estradiol 72 29.1
Hormonally active 23 30.62
Total (male) 89 29.2
FSH 88 28.9
Testosterone 82 26.9
Hormonally active 18 20.22

1 Percentage of the total sample of same sex, 2 Percentage of the total number of patients with documented
hormone levels of the same sex, in female patients estradiol > 25 ng/L and age > 9 years, in male patients
testosterone > 3.1 ug/L and age > 9 years.

3.3. Fertility preservation

The analysis revealed that fertility-preserving interventions were performed in 6.5% of all
included patients (n= 36). Among patients aged >12 years, 25.4 % (36/142) received a fertility-
preserving measure, with higher rates in males (31.8 %) than females (14.8 %). In the male subject
group, 27 underwent sperm cryopreservation by masturbation, while one boy underwent TESE.
Among the females, 6 underwent ovarian tissue cryopreservation, while 3 underwent oocyte
cryopreservation. In one case, both OTC and OC were performed in the same patient (see Table 3).

Table 3. Application of SC, OC or OTC.

Variable n Percentage (%)!
Fertility preservation (female)
no 239 96.8
yes 8 32
OCT 6 24
OC 3 1.2
Fertility preservation (male)
no 277 90.8
yes 28 9.2
SC via masturbation 27 8.9
SC via TESE 1 0.3

1 Percentage of the total sample of same sex.
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The mean age at fertility preservation was 15.7 years for males (range 13-17) and 14.8 years for
females (range 12-17). The proportion of interventions increased with age, reaching 50% among 17-
year-old patients, with a male-to-female ratio of 10:1 (see Figure 1). No procedures were performed
in patients under 12 years.
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Figure 1. Fertility preservation measures in male and female patients as a percentage of the total age group.
The highest frequency of interventions was observed in patients with extracranial solid tumors
(n= 14, mainly Ewing sarcoma and osteosarcoma) and ALL (n= 8). Fertility preservation procedures

were initiated in 2006, with a single exception in 2001. The mean number of interventions per year
since 2006 was 2.4, with a maximum of five recorded in 2011 (see Figure 2).
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Figure 2. Fertility preservation measures in male and female patients as a percentage of the total age group.

4. Discussion

This monocentric, retrospective study assessed fertility preservation practices in pediatric
oncology patients treated in Innsbruck between 2000 and 2018. The documentation of puberty status,
hormone levels, and reproductive milestones (menarche and sperm-arche) was inconsistent,
particularly in the early study period. This finding suggests that there was historically limited
awareness of fertility risks. The analysis revealed that 6.5% of patients underwent fertility-preserving
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procedures, with a significantly higher uptake among males (8.9%) compared to females (3.2%).
Among patients aged >12 years, 25.4% received such interventions, a proportion that was again
higher among male patients (31.8%) than among female patients (14.8%). This gender imbalance is
consistent with reports from other European centers, where SC is more accessible and logistically
feasible than OCT or OC [51,52]. The invasiveness, prolonged preparation time, and elevated
resource requirements (including specialized staff, facilities, and associated costs) of female
procedures are likely to explain the observed differences. It must be noted that these interventions
are not covered by public insurance in Austria. Consequently, the financial burden of these
treatments therefore falls on the families of patients, which may further impact the number of patients
undergoing preservation interventions. Furthermore, most diagnoses, particularly ALL and AML,
require immediate treatment, often started within hours of diagnosis, making any delay for fertility
preservation procedures challenging. At present, the safety and practicality of such procedures
remain uncertain, as leukemic cells may infiltrate vital organs, including the ovaries and testes.

International data on fertility preservation in pediatric oncology is sparse and heterogeneous,
which limits the comparability of results. A Swiss survey conducted from 2009 to 2013 reported a 9%
uptake [51], which is slightly higher than the rate observed in our cohort. However, it should be noted
that the inclusion criteria differed between the two studies, as they also included non-malignant
diseases requiring HSCT as well as patients treated with radiotherapy alone. A European multicenter
survey revealed significant variability, with sperm cryopreservation being offered in the majority of
centers that supplied their data, while oocyte preservation was available in only one-third of the
centers [52]. Beyond these examples, few systematic publications exist, highlighting the unique
relevance of our findings: data on actual uptake and documentation practices is rarely reported and
urgently needed to inform guidelines and improve equity in care.

It is important to acknowledge the limitations of the study. The single-center, retrospective
design of the study limited its generalizability, and the absence of documentation (e.g., Tanner
staging, hormone values) restricted the analysis. The results may be influenced by physician-
dependent variation in awareness and counseling, as no SOPs were in place during the study period.
Despite these limitations, the dataset provides valuable insights into historical practice and offers a
rare reference point for international comparison.

4.1. Practical Implications

Our findings underline the need for structured, prospective approaches. Systematic
documentation of puberty status, hormone levels (including AMH in girls and inhibin B in boys),
and reproductive milestones should be standard at diagnosis. Interdisciplinary counseling involving
pediatric oncologists and reproductive specialists can ensure individualized, risk-adapted
recommendations. Awareness among physicians, patients, and families should be increased through
standardized information at diagnosis. Finally, expanding fertility-preserving options for high-risk
patients, including experimental approaches such as ovarian tissue cryopreservation for prepubertal
girls, should be considered to prepare for future technological advances.

5. Conclusions

Fertility preservation in pediatric oncology patients at our center was inconsistently applied,
with marked gender differences and incomplete documentation of reproductive parameters.
Although uptake rates were comparable to the few international reports available, the scarcity of
published data underscores the particular relevance of our findings.

Standardized documentation, interdisciplinary decision-making, and broader access to fertility
preservation are essential to optimize care. As survival after childhood cancer improves, fertility
preservation must become an integral component of survivorship care to safeguard long-term quality
of life and future family planning.
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Abbreviations

The following abbreviations are used in this manuscript:

AMH Anti-Miillerian Hormone

CCs Childhood Cancer Survivors

COH Controlled Ovarian Hyperstimulation
HPG Hypothalamic-Pituitary-Gonadal Axis
HSCT Hematopoietic Stem Cell Transplantation
NHL Non-Hodgkin Lymphoma

ocC Oocyte Cryopreservation

OTC Ovarian Tissue Cryopreservation

PVS Penile Vibratory Stimulation

POI Premature Ovarian Insufficiency

QoL Quality of Life

SC Sperm Cryopreservation

TESE Testicular Sperm Extraction

TTC Testicular Tissue Cryopreservation
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