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Abstract 

Background  Ovarian tissue cryopreservation (OTC) is the only fertility preservation option for premenarcheal girls 
before gonadotoxic treatment, but is still considered to be experimental in pediatric patients. This study investigated 
storage behaviors across different age groups to refine counseling approaches for pediatric patients.

Methods  This retrospective study analyzed data from children (0–14 years), adolescents (15–19 years), and adults 
(≥ 20 years) who underwent OTC between 2000–2021 at the University Hospital Bonn’s cryobank. Comparison 
to adults (age ≥ 20 years) was conducted.

Results  Of 2,475 patients, 6% were children and 12% adolescents. Sarcoma was most common in children, lym-
phoma in adolescents. Adults had longer active storage than children (5.5 vs. 4.7 years, p = 0.011), but for active stor-
age ≥ 10 years, children and adolescents stored longer than adults (13.1 and 12.6 vs. 11.8 years, p ≤ 0.01). The propor-
tion of adolescents increased, while that of children decreased in long-term storage. Median ovarian cortex surface 
before cryopreservation was 3.5 cm2 in children and 4.5 cm2 in adolescents. Leukemia and sarcoma had the highest 
mortality rates in children (25% and 13.5%). Overall, pregnancy and birth rates following ovarian tissue transplanta-
tion (OTT) were 34.5% and 24.1%, respectively. Among adolescents, pregnancy rates were 33.3% after OTT and 27.3% 
without OTT, while all children without OTT achieved pregnancy (100%).

Conclusions  Children and adolescents represent a small subset of OTC patients, with indications linked to common 
pediatric malignancies. For active storage ≥ 10 years, they store longer than adults, likely due to delayed reproduction 
or awaiting in vitro growth / in vitro maturation in hematological cases. Overall, adults store longer, but adolescent 
storage has risen over time possibly due to higher child mortality and previously limited OTC use in younger patients. 
Mean ovarian cortex surface data may guide pediatric tissue harvest recommendations, with unilateral oophorec-
tomy advised. Fertility preservation counseling and cost coverage should be standard for pediatric patients undergo-
ing gonadotoxic treatment. A tailored approach to OTC indications is essential, especially in high-mortality cancers 
like leukemia or sarcoma. Favorable pregnancy rates observed, even without OTT, suggest possible OTC overutiliza-
tion, highlighting the need for individualized strategies and careful clinical decision-making to balance risks and pre-
serve reproductive potential.
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Background
Thirty-five thousand new cases of cancer in children and 
adolescents are diagnosed every year in Europe [1], 2,250 
of these are newly diagnosed cases in Germany [2]. How-
ever, survival rates in pediatric oncology are fortunately 
constantly increasing due to advances in systemic and 
locoregional treatment. The overall 5-year survival rate in 
childhood cancers is approximately 80% [3–5]. Therefore, 
particular attention should be paid at life quality of can-
cer survivors [4, 6]. One of the most important subjects 
after a successfully treated oncologic disease is family 
planning. Of those men and women having survived can-
cer, 76% wish to have a child [7, 8]. However, this can be 
difficult due to gonadotoxic effects of most chemother-
apy regimens as well as radiotherapy [8–10]. Only 12% of 
oncologic patients feel adequately informed about fertil-
ity preserving measures before receiving gonadotoxic 
treatment [7, 8]. In prepubescent girls, it is assumed that 
the only feasible option of fertility preservation is ovar-
ian tissue cryopreservation (OTC). While the majority 
of literature supports the notion that producing mature 
gametes is not feasible in prepubertal girls, a limited 
number of studies have demonstrated the potential for 
oocyte retrieval following ovarian stimulation in this 
demographic [8, 9, 11–13]. Through performing OTC, 
primordial follicles are preserved embedded in ovarian 
cortex [11].

In adults, OTC is an already established method with 
the first published childbirth after transplantation of 
ovarian tissue (OTT) in 2004 [14]. It can be conducted 
without causing a time delay, which is important for 
patients requiring urgent initiation of chemotherapy or 
radiotherapy. In 2019, the American Society of Repro-
ductive Medicine (ASRM) officially classified OTC as 
a non-experimental method for fertility preservation 
in adult patients [15]. Pregnancy rates after OTC/OTT 
range between 28–50% [16–19]. So far, more than 140 
live births after OTC and OTT have been documented 
[20]. The efficacy of this fertility preservation method is 
well-demonstrated in adults but the data are scarce for 
children. OTC in pediatric patients is mostly considered 
to be investigational [19, 21]. The group of PanCare-
LIFE Consortium moderately recommends OTC also 
in prepubertal patients as standard care since its ben-
efits outweigh the potential harms in the patient group 
with expected high gonadotoxicity [22]. However, the 
first live birth after performing OTC [23] in a girl before 
menarche with a reimplantation at her age of 27  years 
was achieved 2014 [24].

Post-pubertal fertility preservation options extend 
beyond OTC. Gonadotropin-releasing hormone ago-
nists (GnRHa) can be used as adjuncts, inducing revers-
ible ovarian suppression during chemotherapy through 

pituitary downregulation. While both direct and indirect 
mechanisms contribute to GnRHa’s assumed protective 
effect, its efficacy varies due to heterogeneous data [8, 
24–27]. For high gonadotoxicity cases, ovarian stimula-
tion and oocyte vitrification are possible in post-menar-
cheal adolescents, potentially combined with GnRHa and 
OTC. However, this approach poses several challenges, 
including a delay of 10–14 days, the off-label use of gon-
adotropins in individuals under 18 years of age, and the 
potential for psychological or physical discomfort associ-
ated with vaginal access in cases of virgo intacta [8].

Despite its many advantages, a noteworthy obstacle of 
the OTC/OTT method is the possible risk of retransfer of 
malignant cells to the patient through OTT and the con-
sequent possible reinduction of the oncological disease, 
depending on the subtype of cancer [19, 28, 29].

The University Hospital of Bonn is one of more than 
150 participating clinics in Germany, Austria and Swit-
zerland that contribute data on fertility preservation to 
the FertiPROTEKT network, which was founded in 2006 
[19, 30].

OTC is the only fertility preservation option avail-
able for prepubertal girls, and its growing evidence and 
demand highlight its importance. However, it presents 
unique challenges compared to adult patients due to the 
distinct storage capacities and requirements involved. 
Pediatric ovaries are smaller, providing less tissue for 
retrieval, and their ovarian cortex contains a higher den-
sity of primordial follicles but also a greater proportion 
of abnormal ones. These factors can influence tissue via-
bility, functionality, and the success of transplantation or 
fertility restoration. The smaller size of pediatric ovarian 
tissue necessitates meticulous surgical techniques and 
specialized cryopreservation protocols to preserve viabil-
ity. Additionally, long-term storage introduces logistical 
challenges, including maintaining tissue integrity over 
extended periods and ensuring accessibility when needed 
[31–33].

The aim of this study was to evaluate all cases of OTC 
and cryostorage in children (ages 0–14 years) and adoles-
cents (ages 15–19  years) treated at the University Hos-
pital Bonn Cryobank between 2000 and 2021. Particular 
focus was placed on return, pregnancy, and birth rates, as 
well as active storage durations and cancer subtypes, to 
enhance counseling strategies for pediatric patients.

Methods and material
Study population and storage groups
All participants enrolled in this retrospective study were 
either children (age 0–14  years) or adolescents (age 
15–19 years). Comparison to adults (age ≥ 20 years) was 
conducted. The definitions of the groups by mentioned 
age limits are already described elsewhere [4, 34]. All 
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patients who stored ovarian tissue in the cryobank of the 
University Hospital Bonn were included in this study and 
gave written informed consent. Patients were assessed 
and risk stratified for fertility issues according to national 
guidelines. All patients received a comprehensive coun-
seling session. Inclusion criterion was female gender. 
Exclusion criteria were male gender, distant metastases 
and significantly reduced probability of survival [8, 30]. 
Data extraction was performed for all cases between 
2000 and 2021 from cryobank of the University Hospital 
Bonn.

Active storage group was defined as patients storing 
their ovarian tissue in our cryobank with active cur-
rent contracts and ongoing annual payments of stor-
age fees for cryopreserved tissue samples. The two 
subgroups active storage group ≥ 5 years and active stor-
age group ≥ 10  years contained patients with an active 
cryostorage contract and annual payments for 5 years or 
more or 10 years or more, respectively.

End of storage required active termination by the 
patient via official patient declaration stating the inten-
tion to end sample storage. Other reasons for storage 
end were patient’s decease, transplantation on site and 
outsourcing. To enable the destruction of samples follow-
ing the patient’s death, death certificates were obtained. 
Orthotopic tissue transplantation was conducted by spe-
cially trained reproductive physicians via laparoscopy. 
Outsourcing comprised transfer to other cooperating 
centers for either OTT or further storage. OTT on site 
was defined as internal return rate and outsourcing for 
scheduled external OTT was considered external return 
rate. Those two combined was regarded as overall return 
rate. Apart from these reasons, end of storage could be 
intended by repeated severe violation of the contractual 
conditions. This was the case, for example, when patients 
repeatedly failed to pay and could not be contacted. If 
necessary, the legal department was involved in those 
cases. In the time period until 2023, patients in Germany 
had to bear the costs for OTC and storage themselves.

Ethical approval
The procedures of this study were approved by the eth-
ics committee of the University Hospital Bonn, Germany, 
approval code 007/09. In order to obtain patient’s infor-
mation aside from storage and disposal data in our stor-
age database, a specialized questionnaire was conducted. 
Patients gave written informed consent prior to contact 
via letter, e-mail or telephone. For patients who were 
minors, parents or legal guardians provided their writ-
ten consent. After the children and adolescents reached 
adulthood, they were required to re-sign the cryopreser-
vation contracts. All performed procedures were in 
accordance with the Helsinki Declaration.

Tissue procedures
Ovarian tissue harvesting was performed laparoscopi-
cally either at the University Hospital Bonn or corre-
sponding centers. In most instances, these procedures 
were conducted independently as standalone surgeries 
by different surgeons. In children, preferably one whole 
ovary was taken out in order to gain enough material 
to cryoconserve. In adults and postpubescent ado-
lescents, approximately 50% of one ovary was excised 
[19]. Immediately after surgical removal of the ovary, 
the tissue was secured in a tube with custodiol medium 
(Dr. Köhler, Bensheim, Germany) and stored at 4° C 
until preparation. One small piece of ovarian tissue 
was obtained separately, inserted in formalin solution 
and examined histologically to exclude the presence of 
metastases. Ovarian tissue transplantation (OTT) was 
carried out laparoscopically, with the ovarian tissue 
being implanted into a peritoneal pocket.

In Germany, ovarian tissue from external clinics was 
primarily transported to three centralized cryobank 
facilities – University Hospital Düsseldorf, University 
Hospital Erlangen, and University Hospital Bonn – 
where it was cryopreserved and stored. Transportation 
of ovarian tissue from cooperating centers to cryobank 
of the University Hospital Bonn was facilitated by spe-
cially assembled boxes for save transportation. These 
custom-made metal gear boxes contained a vessel with 
custodiol tissue maintenance media, cold packs (delta 
T, Fernwald, Germany), certified temperature data 
loggers (delta T, Fernwald) and temperature isolating 
inlays (Consarctic, Westerngrund, Germany). Receiving 
these boxes after harvesting ovarian tissue in cooperat-
ing centers was either via overnight shipment, receiving 
the tissue samples one day after surgery, or non-over-
night transportation on the operation day [35].

Tissue preparation was performed according to pub-
lished protocols of Schallmoser et al. [36, 37]. Initially, 
the medulla was carefully ablated to ensure precise 
removal. Subsequently, the cortical tissue was sec-
tioned into uniform strips measuring 8 × 4 × 1  mm 
under sterile conditions. In 2019, the ratio of the stripes 
was reduced to 5  mm × 4  mm × 1  mm prior to cryo-
preservation. Viability staining of two pieces of ovar-
ian cortex samples of 2 mm in diameter was conducted 
after digestion with collagenase. Afterwards, OTC was 
performed by slow freezing [38] or vitrification [36, 
39, 40]. Storage of the ovarian tissue was conducted in 
vapour phase of liquid nitrogen at −160 °C in automati-
cally replenished storage tanks (MVEHeco Chart, Ball 
Ground, USA), which were guarded by an autonomous 
high end alarm system (Planer limited, Middlesex, GB).
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Patient data and statistical analysis
Patient data like name, birthdate, date of surgery and 
initial diagnosis, as well as informed consent and stor-
age contract were collected in external as well as inter-
nal patients and enrolled in the specialized in-vitro 
fertilization management program MedITEX (©CRITEX, 
Regensburg, Germany). Furthermore, number of cortex 
samples, number of aliquots and storage depot param-
eters were entered into the database. All patient cases 
from 2000 to 2021 were revised, manually digitalized and 
entered into MedITEX (©CRITEX, Regensburg, Ger-
many) system. Statistical analysis was performed using 
SPSS version 27.0 (IBM SPSS Statistics for Windows, 
IBM Corp., Chicago, IL, USA). Regarding continuous 
data, Mann–Whitney U-test was used as appropriate. 
Patient’s indication for OTC was divided into the follow-
ing eight groups: Haematological malignancies, tumors 
of brain and nervous system, sarcoma, gynecological 
tumors (consisting of epithelial ovarian carcinoma, germ 
cell tumors, granulosa cell tumors, borderline tumors, 
squamous cell carcinoma of the cervix, adenocarcinoma 
of the cervix, hydatidiform mole, chorionic carcinoma, 
vulvar carcinoma), breast cancer, lymphoma, others 
(consisting of Turner syndrome, galactosemia, sickle 
cell disease, thalassemia major, medullar aplasia, Kost-
mann syndrome), and non specified (when the surgery 
was performed at an external facility, and no information 
regarding the disease subtype was available). For cancer 
subtypes with a high risk of reintroducing malignant cells 
through OTT, patients and their parents were informed 
that the only feasible option for utilizing the cryopre-
served ovarian tissue would be in-vitro growth (IVG) 
and in-vitro maturation (IVM), techniques that remain 
experimental at this time.

Storage fees
Based on the 3 leading ovarian tissue cryobanks in 
Germany annual cryopreservation fees for ovarian tis-
sue were averaged, the result was 330.70 € per year. For 
the usually extraordinarily long storage times of 20 to 
30  years in children and adolescents, the total storage 
fees would result in 6,614 € to 9,921 €, respectively. Since 
2023 there is a reimbursement of costs in Germany, but 
only for patients after menarche, not for patients before 
puberty. Hormonal stimulation and cryopreservation of 
unfertilized oocytes are covered by insurance since July 
2021 in Germany.

Results
This comprehensive analysis examined ovarian tissue 
samples from 2,475 patients undergoing OTC. Children 
(0–14 years) comprised 6% (149 patients) of the cohort, 

with a median age of 13 years (IQR 3), while adolescents 
(15–19  years) accounted for 12% (302 patients), with a 
median age of 17 years (IQR 1, Table 1). Within the pedi-
atric group, 22.1% (33 patients) were under 10 years old, 
and 8.7% (13 patients) were younger than 5  years, with 
the youngest patient being only 3 months old at the time 
of OTC. The study population, including the active stor-
age (AS) groups and the reasons for storage termination, 
is illustrated in Fig. 1.

The annual number of OTC procedures performed 
in children and adolescents from 2000 to 2021 is illus-
trated in Fig. 2. The first OTC procedure in a child was 
conducted in 2007, after which cryopreservation rates 
steadily increased, reaching their peak between 2015 and 
2017. In adolescents, OTC procedures were initiated ear-
lier than in children, with a noticeable decrease observed 
toward the end of the first decade of the study period. 
This was followed by a gradual increase in procedures 
during the second decade.

Age‑dependent return rates, pregnancy rates and birth 
rates after OTT
The overall return rate of cryopreserved ovarian tis-
sue was 5.0% (124 patients). Return rate was defined as 
either transplantation performed on-site (29 patients) 
or the transfer of tissue to an external center for planned 
transplantation (95 patients). In the group of children 
and adolescents, no cases of tissue outsourcing for sched-
uled or unscheduled transplantation to an external center 
were reported. The return rate among children was 0% (0 
patients), while the return rate among adolescents was 
1.0% (3 patients). The overall rate of at least one preg-
nancy following internal OTT was 34.5% (10 patients). 
Among adolescents, the pregnancy rate was 33.3%, with 
one patient achieving pregnancy and currently expe-
riencing a second ongoing pregnancy. A total of 24.1% 
(7 patients) of all individuals who underwent internal 
OTT successfully gave birth at least one time, includ-
ing 33.3% (1 patient) in the adolescent group. Notably, 
three patients achieved two pregnancies from the same 
OTT. One patient who gave birth following oocyte dona-
tion and another who conceived using the existing ovary 
rather than the transplanted tissue were excluded from 
these calculations.

Age‑dependent distribution in the active storage group
In total, 53.3% (1,320 patients) of all patients had ongoing 
AS. Within this group, children accounted for 9% (120 
patients) with a median age of 12 years (IQR 2) at OTC 
and a median storage duration of 4.2 years (IQR 1.7), with 
a maximum storage duration of 14.1  years. Adolescents 
represented 17% (227 patients) of the AS group, with a 
median age of 17  years (IQR 1) at OTC and a median 
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storage duration of 4.9 years (IQR 2.3), with a maximum 
storage duration of 15.2 years.

The distribution of AS across different malignancies 
varied. In hematological malignancies, 23.7% (9 patients) 
were children and 36.8% (14 patients) were adolescents. 
For brain and nervous system tumors, children rep-
resented 18.8% (9 patients) and adolescents 27.1% (13 
patients). In sarcomas, children accounted for 30.7% 
(27 patients) and adolescents for 38.6% (34 patients). 
Gynecological tumors showed 6.4% (5 patients) chil-
dren and 21.8% (17 patients) adolescents. Breast cancer 
AS was absent in children and present in only 0.6% (3 
patients) of adolescents. Lymphoma AS included 5.7% 
(20 patients) children and 28.3% (100 patients) adoles-
cents. Other indications comprised 33.1% (41 patients) 
children and 24.2% (30 patients) adolescents. Non-spec-
ified cases included 9.5% (9 patients) children and 16.8% 
(16 patients) adolescents.

Subgroups of AS duration were also analyzed: 50.7% 
(661 patients) had AS ≥ 5 years, and 11.2% (148 patients) 
had AS ≥ 10 years. Age-dependent differences in storage 
duration were observed across various active storage (AS) 
groups. In the overall AS group, adults demonstrated 

significantly longer storage times compared to chil-
dren (mean 5.5  years, 95% CI 5.3–5.7 vs. 4.7  years, CI 
4.2–5.3; p = 0.011). However, this trend reversed in the 
AS group ≥ 10  years, where children stored significantly 
longer than adults (mean 13.1  years, CI 12.1–14.1 vs. 
11.8 years, CI 11.5–12.1; p = 0.01). Similarly, adolescents 
in the AS group ≥ 10 years also stored significantly longer 
than adults (mean 12.6 years, CI 12.1–13.1 vs. 11.8 years, 
CI 11.5–12.1; p = 0.002). No significant differences were 
found between age groups in the AS ≥ 5  years category 
(Fig. 3).

Analysis of age compositions at the time of OTC and 
over time revealed an increasing proportion of adoles-
cents and a decreasing number of children in the long-
term storage group (Fig. 4).

Diagnostic distribution in pediatric and adolescent ovarian 
tissue cryopreservation
The most prevalent malignancies differed between age 
groups, with sarcoma being predominant in children (37 
patients) and lymphoma in adolescents (128 patients). 
The distribution of patients across various disease catego-
ries revealed distinct patterns. In hematological diseases, 

Fig. 1  Flowchart of the study population and overall study design. Patient populations per storage group (n). Outsourcing: transportation 
of samples to another center. Inclusion criterion: female gender. Exclusion criteria: maler gender, distant metastases and significantly reduced 
probability of survival
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children represented 20% (12 patients) and adolescents 
28.3% (17 patients) of cases. For brain and nervous sys-
tem tumors, children accounted for 15.3% (11 patients) 
and adolescents 22.2% (16 patients). Sarcomas showed a 

prevalence of 25.3% (37 patients) in children and 33.6% 
(49 patients) in adolescents.

Gynecological tumors were observed in 4.3% (7 
patients) of children compared to 16% (26 patients) of 

Fig. 2  Annual number of ovarian tissue cryopreservation procedures performed in children and adolescents from 2000 to 2021, categorized by age 
groups. Total numer of cryopreservations in children n = 149. Total number of cryopreservations in adolescents n = 302

Fig. 3  Comparison of active storage duration in different age groups in. a active storage group ≥ 5 years in years with total number of patients 
n = 661. b active storage group ≥ 10 years in years with total number of patients n = 148. *asterisk indicating statistical significance p ≤ 0.01
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adolescents. Breast cancer was absent in children and 
present in 0.4% (4 patients) of adolescents. Lympho-
mas were found in 4.1% (23 patients) of children and 
23.1% (128 patients) of adolescents. Other malignan-
cies accounted for 23.6% (49 patients) in children and 
18.8% (39 patients) in adolescents. Unspecified cases 
represented 6% (10 patients) in children and 13.9% (23 
patients) in adolescents (Table 1, Figs. 5 and 6).

Mortality rates
Between 2000 and 2021, 5.4% (133 patients) of all indi-
viduals who stored ovarian tissue at the University Hos-
pital Bonn’s cryobank passed away. Among children, 
the mortality rate was 8.7% (13 patients), while 6.0% (18 
patients) of adolescents died during this period. Mor-
tality rates varied significantly based on tumor type 
in children who underwent OTC. In the hematologi-
cal malignancies group, 25% (3 patients) died. For brain 
and nervous system tumors, the mortality rate was 9% 
(1 patient), and for sarcomas, it was 13.5% (5 patients). 
No deaths were recorded among children with gyneco-
logical tumors, while 4.3% (1 patient) with lymphoma 
passed away. Similarly, mortality rates among adoles-
cents who underwent OTC differed by tumor type. In the 
hematological malignancies group, 5.9% (1 patient) died. 
For brain and nervous system tumors, the mortality rate 
was 12.5% (2 patients), and for sarcomas, it was 10.2% 
(5 patients). In the gynecological tumor group, 11.5% (3 
patients) died, while no deaths occurred among adoles-
cents with breast cancer. In the lymphoma group, the 
mortality rate was 0.8% (1 patient). Overall, children and 
adolescents accounted for 9.8% and 13.5%, respectively, 
of all deceased patients in this study cohort.

Other reasons for storage ending
Children accounted for 2.5% (29 patients) and adoles-
cents for 6.5% (75 patients) of the total group that discon-
tinued storage. Beyond the previously described cases of 
death, transplantation, and outsourcing without sched-
uled transplantation, the motivations for ending storage 
in other cases were further investigated. Among the 14 
children eligible for contact, two responded to outreach 
efforts. Of those patients, 100% reported the occurrence 
of a pregnancy without retransplantation of the ovarian 
tissue (2 patients). For the first patient, the indication for 
cryopreservation was osteosarcoma with scheduled chem-
otherapy. The second patient presented with a torsioned 
right ovary, showing interspersed fibroma, while the left 
ovary had multiple ovarian fibromas. Given the bilateral 
ovarian tumors with uncertain malignancy, a right adnex-
ectomy and partial left ovarian resection were performed, 
along with cryopreservation of left ovarian tissue.

Of the 45 adolescents contacted, 24.4% provided 
responses (11 patients). Of those, 27.3% reported preg-
nancies without retransplantation (3 patients). Notably, 
all three of these patients had a history of Hodgkin’s lym-
phoma. Furthermore, 18.2% expressed no desire to have 
children (2 patients), and another 18.2% experienced a 
recurrence of cancer (2 patients). 9.0% discontinued stor-
age due to financial constraints (1 patient), 36.4% passed 
away (4 patients), and 27.3% did not provide reasons for 
ending storage (3 patients).

Among the 63 patients under the age of 18, 8 discontinued 
storage upon reaching adulthood. In 5 cases, this was due to 
the patient’s death, while in the remaining 3 cases, it resulted 
from the voluntary destruction of the cryopreserved tissue. 
Thus, reaching the age of majority did not appear to influ-
ence the decision to terminate storage duration.

Fig. 4  Age compositions at time of OTC and during storage in percent of all patients, patients with active storage (AS), in the group of AS ≥ 5 years 
and AS ≥ 10 years. n = number of patients
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Tissue surface prior to cryopreservation
In the pediatric cohort, the median surface area of ovar-
ian cortex tissue prior to cryopreservation was 3.5 cm2 
(range 0.5–22, IQR 1.5), while in the adolescent cohort it 
was 4.5 cm2 (range 1–20, IQR 1).

Among children, patients with gynecological tumors 
had the largest tissue surface area, with a median of 7.25 
cm2 (range 3.5–22, IQR 1.6).

In the adolescent group, patients with hematological 
malignancies had the largest cryopreserved tissue surface 

Fig. 5  Age related indications of all patients with OTC in percent with total number of patients n = 2,475

Fig. 6  Distribution of indications in children in. a active storage group in percent with total number of patients n = 120. b active storage 
group ≥ 5 years in percent with total number of patients n = 49
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area, with a median of 8 cm2 (range 2.5–13, IQR 4). This 
was followed by patients with breast cancer and gyneco-
logical tumors, both with median surface areas of 5.75 
cm2 (range 3.5–7.5, IQR 1.5) and 5 cm2 (range 1.5–19, 
IQR 2.25), respectively (Table 1).

Discussion
This study comprehensively examined the distribu-
tion of indications for OTC in children and adolescents 
and analyzed age-dependent storage behaviors. With 
451 patients, this represents the largest single-center 
study investigating OTC in pediatric populations to date 
[41–49].

Current research landscape: OTC recommendations 
for pediatric and adolescent patients
The American Society of Clinical Oncology and Ger-
man guidelines strongly recommend counseling pediatric 
patients and their parents before gonadotoxic treatment 
due to the high risk of sterility from chemotherapy [8, 
47]. OTC is the only viable fertility preservation option 
for prepubertal girls and has become standard practice 
in several countries, although it is still classified as inves-
tigational in children [19, 21, 50]. A systematic review 
reported ten live births and one ongoing pregnancy from 
18 patients who underwent OTC before age 21, with the 
youngest successful case being a 9-year-old girl [24, 51–
60]. While OTC can restore ovarian function and ena-
ble pregnancies in girls aged 9 and older, outcomes for 
younger children require further study [24, 56, 60–66]. 
In a study by Jensen et  al., 71.8% of prepubescent girls 
who underwent OTC needed medical puberty induc-
tion, highlighting the need for yearly follow-ups with 
hormone analysis during puberty [15, 48]. Although two 
cases of OTT in prepubertal girls successfully induced 
puberty [67–69], concerns about its impact on acceler-
ated development and psychological distress favor medi-
cally induced puberty using low-dose hormones. The 
required amount of ovarian tissue for achieving preg-
nancy remains unknown, necessitating careful consid-
eration of its use since cryopreserved oocytes are limited 
[66, 70, 71].

Decision-making for OTC should consider the risk of 
premature ovarian insufficiency (POI), which is expected 
to be at least 20–50% in patients undergoing moderate 
to high-risk treatments [30, 66, 72]. Additionally, suffi-
cient egg reserve at the time of OTC is crucial for future 
pregnancies, with AMH levels recommended to be above 
0.5 ng/ml [72], but this should be interpreted with cau-
tion in children and adolescents until the age of 20 years, 
as AMH and follicle density do not necessarily correlate 
in this group of patients [73]. Duffin et  al. showed that 
the Edinburgh Selection Criteria effectively identify 

12- to 18-year-old girls at risk of POI, aiding OTC eligi-
bility decisions [74]. Laparoscopic ovarian tissue removal 
has a low complication rate (0.2–0.6%) [75–77] and 
recent studies show no increase in childhood cancer or 
congenital malformations among offspring of cancer sur-
vivors [78].

Global comparison of return, pregnancy, and birth rates
The return rate of 5.0% observed in this study is consist-
ent with other reports, such as Jadoul et  al. (4.4%), Van 
der Ven et al. (3%), Jensen et al. (5%), Diaz et al. (6.2%), 
and Lotz et al. (3.6%) [53, 79–82]. However, none of these 
studies provide specific return rate data for the sub-
groups of children or adolescents. In the current study, 
the return rate for ovarian tissue was 0% among children 
and 1.0% among adolescents. Additionally, this study 
highlights an unexpected finding: notably high pregnancy 
rates were observed without OTT, with rates of 100% (2 
patients) in children, 27.3% (3 patients) in adolescents, 
and 49.8% (105 patients) in adults. These results provide 
novel insights into fertility outcomes in this young popu-
lation. The observed low utilization rates of ovarian tissue 
cryopreservation and high pregnancy rates without OTT 
highlight a critical need for enhanced understanding of 
premature ovarian insufficiency risks following gonado-
toxic treatments. By developing a more comprehensive 
understanding of individual risk factors, healthcare pro-
viders can offer this fertility preservation technique more 
selectively and effectively. This targeted approach would 
optimize resource allocation, improve patient outcomes, 
and align with the principles of personalized medicine in 
oncofertility care.

The pregnancy and birth rates following OTC/OTT 
in this study – 34.5% and 24.1% in adults, and 33.3% in 
adolescents – rank among the highest in international 
comparisons. For example, Van der Ven et  al. reported 
pregnancy and birth rates of 32.7% and 30.3%, respec-
tively, with no pregnancies achieved by the single ado-
lescent included [53]. Meirow et  al. observed a 50% 
pregnancy rate and 30% birth rate, though none of the 
four adolescents undergoing OTC achieved pregnancy 
[59]. Jadoul et  al. documented 33.3% pregnancy and 
birth rates after OTT but provided no data specific to 
adolescents [82]. Diaz-Garcia reported rates of 27.3% 
for pregnancies and 18.2% for births, while Gellert et al. 
noted 25.4% and 18%, respectively, with neither study 
offering pediatric-specific data [79, 83]. Fortin et  al. 
published pregnancy and birth rates of 29.4%, Dittrich 
et  al. reported 35.0% and 20.0%, and Donnez and Dol-
mans documented a birth rate of 42.1%, but none 
included children or adolescents [84–86]. Hoekman 
et al. observed a combined pregnancy and birth rate of 
57.1% in four patients, while Takae et al. reported rates 
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of 33.3% for pregnancies and 11.1% for live births, with 
no patients under 20  years old in either study [87, 88]. 
These findings emphasize the need for further research 
into fertility outcomes specific to younger populations 
undergoing OTC/OTT.

Interpretation of age‑dependent storage durations 
of ovarian tissue
To our knowledge, no data on storage duration in OTC 
for children and adolescents have been published so far. 
Among those with storage durations of ≥ 10  years, chil-
dren and adolescents show a significantly higher propor-
tion compared to adults. This may be due to the longer 
time required for them to reach reproductive age and 
consider starting a family, as well as the higher preva-
lence of hematologic malignancies in this group, leading 
to extended waiting periods for IVG/IVM. Consistently, 
the proportion of pediatric patients with hematologic 
malignancies and sarcomas increases with longer stor-
age durations. For conditions like leukemia or Ewing 
sarcoma, where the risk of retransferring malignant cells 
through OTT is significant, IVG/IVM remains the only 
safe fertility option to prevent cancer recurrence after 
transplantation [28, 29, 87–91].

Interestingly, within the AS group as a whole, adults 
stored tissue for significantly longer periods than chil-
dren. At the same time, the proportion of adolescents 
with storage durations of ≥ 10 years was increasing, while 
the number of younger children in this category was 
declining. This shift may reflect the limited use of OTC in 
younger children prior to 2010, when experience with the 
procedure in this age group was still developing. Addi-
tionally, the higher mortality rate in children (8.7% com-
pared to 6.0% in adolescents) may further explain this 
pattern.

These findings are relevant, as extended storage dura-
tions pose a substantial financial burden on patients and 
their families. Furthermore, these observations not only 
shed light on evolving practices in pediatric fertility pres-
ervation but also highlight the importance of refining 
counseling strategies to address the unique challenges 
and long-term considerations for younger patients.

Interpretation of age‑dependent indications for OTC
The most common cancer types in children and adoles-
cents are leukemia, central nervous system neoplasms, 
lymphoma, and malignant bone tumors [1]. This distribu-
tion is reflected in OTC indications across multiple stud-
ies. Our cryobank data aligns with this pattern, showing 
sarcoma, lymphoma, hematological malignancies, and 
brain tumors as primary indications. Similar findings 
are reported in various international studies, with slight 

variations due to regional factors and specific center col-
laborations [4, 41–43, 45, 46, 89–92]. For instance, some 
centers report higher rates of hemoglobinopathies due 
to partnerships with sickle cell disorder experts, while 
others show increased prevalence of Epstein-Barr virus 
infections in certain populations. Despite these minor 
differences, the overall indications for OTC consistently 
mirror the most frequent pediatric cancer types, empha-
sizing the importance of fertility preservation in young 
patients undergoing gonadotoxic treatments. The pro-
portion of children and adolescents undergoing OTC is 
small. This analysis of the distribution of indications is 
important to determine whether there is a particularly 
large care gap in any specific medical specialty. It appears 
that the proportion of patients seeking fertility preserva-
tion counseling is comparable to the distribution of pri-
mary diseases in children and adolescents. Therefore, it 
can be assumed that there is no specific medical specialty 
with a particularly large care gap in this regard. These 
findings demonstrate the diverse range of indications for 
OTC in pediatric and adolescent populations, underscor-
ing the importance of fertility preservation across various 
oncological conditions.

Comparison of mortality rates
This study observed mortality rates of 8.7% and 6.0% in 
children and adolescent groups, respectively, which are 
lower than those reported in several other studies. Pub-
lished mortality rates for children undergoing ovarian 
tissue cryopreservation (OTC) range from 5% to 27.8% 
[47, 89], with most studies reporting rates between 6.6% 
and 21.6% [41, 42, 45, 48, 49, 90, 91]. The highest rela-
tive mortality in this study was observed in hematologi-
cal malignancies (25%, 3 patients) and sarcomas (13.5%, 
5 patients), aligning with findings from other studies that 
consistently report elevated mortality rates in these dis-
ease categories. Fabbri et  al. reported highest mortality 
in sarcomas (38%) and hematological diseases (30%) [41], 
while Lotz et  al. noted highest rates in leukemia (25%) 
and sarcoma (23.5%) [90]. Similarly, Poirot et  al. identi-
fied sarcoma (28.2%) and leukemia (20%) among the top 
five OTC indications with highest mortality rates [42].

While these findings could contribute to more nuanced 
risk–benefit assessments for OTC in pediatric patients 
with sarcoma and leukemia, it’s crucial to interpret the 
results cautiously due to the small sample size. Nev-
ertheless, these findings might help refine counseling 
approaches, potentially leading to more tailored treat-
ment decisions that consider the observed mortality 
trends in these specific patient groups, thereby poten-
tially reducing instances of overtreatment. The low 
return rates as well as favorable pregnancy rates observed 
in children and adolescents without OTT in this study 
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further support the notion that OTC may, in some cases, 
be overutilized.

International comparison of OTC age demographics
In this study, the median age of children undergoing 
OTC was 13  years (range 0–14). Other German stud-
ies reported mean ages of 14.8  years (range 6–17) and 
14 years (range 1–17) [46, 90]. In contrast, French stud-
ies found a median age of 6.9 years (range 0.3–15) and a 
mean age of 9.3 years (range 0.2–17) [42, 45]. In China, 
the mean age was 7.55 ± 3.64  years (range 1–14) [43], 
while in the USA, the median age was 12  years (range 
5 months–23 years) [91]. In Denmark, the mean age was 
8.11  years for children aged ≤ 12 and 11.25  years over-
all (range 0.6–17.11) [48]. Belgium reported a mean age 
of 10.3  years (range 0.8–15.8) [49], and an Italian study 
found a mean age of 12.9 years in patients ≤ 17 years [41]. 
Notably, countries where OTC is covered by healthcare 
systems – such as France, Denmark, Israel, Spain, and 
Belgium [93, 94] – tend to have younger average ages 
for OTC compared to countries like China, the UK, and 
most states of the USA, where patients often bear the 
costs [95, 96]. Germany recently decided to cover OTC 
costs through its healthcare system; however, during this 
study’s period, patients paid out-of-pocket [97]. Remark-
ably, the average age for OTC in children and adolescents 
in Germany is significantly higher than the international 
average [46, 90]. Internationally, average fees for ovarian 
tissue removal, cryopreservation with five years of stor-
age, and transplantation amount to €5,000, €4,000, and 
€5,000 respectively [93]. Since children typically require 
longer storage durations, costs are even higher. Finan-
cial barriers are significant: In this study, 9.0% of the 
adolescents terminated storage due to financial reasons. 
Piselli et al. reported tissue discard in 10.8% of cases due 
to missed payments and financial concerns in 29.7% of 
patients [98], while Schallmoser et  al. found that 8.9% 
ended storage due to high costs [35]. These findings stress 
the urgent need for healthcare funding for OTC, espe-
cially in children. Beyond financial factors, demographic 
differences across countries may also be influenced by 
limited awareness among pediatric oncologists and/or 
an underdeveloped referral and supply network for ovar-
ian tissue cryopreservation. These findings highlight dis-
parities in OTC practices globally due to differences in 
healthcare systems and demographics. Further research 
is needed to address these challenges and improve access 
to fertility preservation for children worldwide.

Average surface area of cryopreserved ovarian cortex
For adults, it is recommended to cryopreserve approxi-
mately half of an ovary. Dolmans et al. suggest perform-
ing unilateral oophorectomy in young girls because of 

the small size of children’s ovaries, but so far there is no 
common consensus on this issue [66]. Current evidence 
suggests that unilateral oophorectomy brings forward 
menopause by one to two years [66, 99, 100].

In this present study, the majority of children and 
young adolescents underwent unilateral oophorectomy. 
Median surface of ovarian cortex in children (0–14 years) 
was 3.5  cm2 and 4.5  cm2 in adolescents (15–19  years). 
These results are in line with current literature. In a study 
by Ruan et  al., mean cryopreserved surface of the ovar-
ian cortex in children (1–14 years) was 3.7cm2 [43]. Grel-
let-Grün et al. published mean surface of 2.6  cm2 in the 
group of children and adolescents (0.2–17 years) [45]. In 
the cohort of children ≤ 14  years by Jensen et  al., mean 
surface of cryopreserved ovarian cortex was 3.15 cm2 and 
in the cohort of adolescents (15–18 years), mean surface 
was described as 5.5  cm2 [48]. Abovementioned authors 
also performed laparoscopic unilateral ovarectomy in 
children due to small ovary sizes [43, 43, 45, 48]. These 
findings could contribute to a more joint consensus 
regarding the necessary amount of harvested ovarian tis-
sue for OTC in children and adolescents.

To our knowledge, this is the first study to examine 
ovarian tissue distribution across different OTC indi-
cations in children. The high proportion of large cryo-
preserved tissue in gynecological tumors may stem 
from bilateral ovary removal in some cases. For breast 
cancer patients, chemotherapy often includes cyclo-
phosphamide, a highly gonadotoxic agent due to its 
oxidative stress and DNA methylation effects [19], pos-
sibly prompting greater ovarian tissue removal. Similarly, 
high-dose busulfan used before stem cell transplantation 
in hematologic malignancies is highly damaging to ovar-
ian tissue [19], likely leading to increased tissue excision 
in these pediatric patients. Understanding the distribu-
tion of ovarian tissue across different indications can help 
refine surgical and preservation techniques, ensuring 
better outcomes for pediatric patients in terms of fertility 
restoration and overall health.

Limitations
It is important to note that this study has limitations, par-
ticularly as it is a retrospective analysis. Consequently, 
information regarding the stage of cancer and initial 
chemotherapy prior to OTC was not available. Pregnancy 
and birth rates in adolescents should be interpreted with 
caution due to the low retransplantation rate within this 
age group. Additionally, pregnancy rates without retrans-
plantation should also be viewed cautiously in the groups 
of children and adolescents, as they are based on small 
sample sizes and may be influenced by potential pub-
lication bias. This bias arises from the likelihood that 
patients are more inclined to respond to contact attempts 
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when they have positive outcomes, such as pregnancies, 
to report. Furthermore, the return rates observed in chil-
dren and adolescents should be interpreted with caution, 
as longer observation periods – potentially exceeding two 
decades – may be necessary to draw more definitive con-
clusions on this subject. Moreover, caution is warranted 
when interpreting mortality rates due to the limited 
sample sizes, which may affect the generalizability of the 
findings, highlighting the need for larger studies to vali-
date these results. Additionally, the current study does 
not include a cost–benefit analysis; therefore, any discus-
sion regarding costs should be approached with caution. 
Furthermore, the lack of detailed information regarding 
the type and quality of fertility counseling provided to 
patients at external centers should be mentioned. This 
absence of data prevents an assessment of whether the 
counseling was comprehensive or superficial. Conse-
quently, this limitation may result in a restricted under-
standing of the factors influencing patient choices and 
a lack of critical contextual information regarding their 
decision-making processes.

Conclusions
OTC is a viable and low-risk option for fertility preser-
vation in children and adolescents, with a high potential 
for successful pregnancies [18, 19, 52, 97, 101]. Indica-
tions for OTC align with common pediatric malig-
nancies [4]. Notably, children and adolescents tend to 
store ovarian tissue for significantly longer durations 
than adults in the group of AS > 10 years, likely due to 
their delayed progression to reproductive maturity and 
longer waiting times for fertility treatments like IVG/
IVM in cases of hematological diseases. Conversely, 
adults generally have longer storage periods overall and 
adolescent storage has risen over time in comparison to 
children, which may be influenced by the higher mor-
tality rates among children and the historically limited 
experience with OTC in this younger demographic 
prior to 2010.

The findings regarding the mean surface area of cry-
opreserved ovarian cortex in pediatric patients may 
help establish a consensus on the optimal amount of 
harvested tissue, with unilateral oophorectomy recom-
mended. Despite the small proportion of children and 
adolescents undergoing OTC compared to adults, dis-
cussions about fertility preservation should be integral 
to standard care for pediatric patients facing gonado-
toxic treatments. Timely referrals to fertility special-
ists are essential to preserve reproductive autonomy. 
Additionally, this study suggests a potential correla-
tion between the costs associated with OTC and its 

implementation, highlighting the need for cost cover-
age in healthcare systems to support affected patients.

A tailored and individualized approach to determin-
ing the appropriate indications for OTC in children 
and adolescents is essential, particularly in cancer sub-
groups such as leukemia or sarcoma, where mortality 
rates remain relatively high. Moreover, the favorable 
pregnancy rates observed in this study among children 
and adolescents without retransplantation of ovarian 
tissue further underscore the need for careful consider-
ation, as these findings suggest that OTC may, in some 
cases, be overutilized.

The findings of this study emphasize the importance 
of individualized fertility preservation strategies and 
careful clinical decision-making to mitigate long-term 
risks while preserving reproductive potential.
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