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Capsule  

Ovarian reserve impairment is common in childhood and adolescence female tumor survivors. 

Oocytes cryopreservation may deserve consideration in this setting. 



ABSTRACT 

Objectives: To assess the proportion of childhood and adolescent female tumor survivors who 

could benefit from oocytes cryopreservation.  

Design: Case series of childhood and adolescence female tumor survivors referred for fertility 

counseling.  

Setting: A referral Cancer Center and an infertility Unit of an academic hospital. 

Patients: Young childhood and adolescent female tumor survivors who received gonadotoxic 

treatments. 

Interventions: Women were prescribed tests of ovarian reserve and a personalized counseling was 

given. Oocytes cryopreservation was considered in subjects aged ≥ 18 years who were diagnosed 

with diminished ovarian reserve (DOR) (AMH < 2 ng/ml or total AFC ≤ 10. 

Main Outcome Measure: Rate of women with DOR who stored their oocytes.  

Results: Ninety out of 126 evaluated women completed the assessments. We documented 

preserved ovarian reserve, DOR and premature ovarian insufficiency in 36 (40%), 35 (39%) and 19 

(21%) cases, respectively. Overall, 13 subjects with DOR were eligible for oocytes cryostorage, of 

whom nine (69%) underwent the procedure. Considering the whole cohort of evaluated young 

women (n=90), the rate of those who performed egg freezing was 10%. Finally, nine women started 

looking for pregnancy after the counseling (six with DOR) and seven of them became pregnant. 

When data were analyzed separately according to most gonadotoxic treatments, considerable 

differences emerged but evidence did not support the idea that counseling should be restricted to 

particular subgroups of women.  

Conclusions: Ovarian reserve impairment is common in childhood and adolescence female tumor 

survivors. Post-cancer oocytes cryopreservation may be part of the armamentarium of fertility 

preservation options. 
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Introduction 

Oncofertility care is not limited to fertility preservation discussion and treatments at the time of 

cancer diagnosis. Patient care should include management of hormonal and sexual dysfunction, 

contraception and fertility counseling, both during and after cancer treatment (1-5). 

Childhood and adolescent female survivors represent a peculiar population, for whom 

gynecological assessment and fertility counseling after the end of cancer treatment may be 

particularly important (4,6-8). Of further relevance here is that fertility preservation issues are 

generally discussed more in depth with parents at the time of cancer diagnosis rather than with the 

patients themselves, in particular for the youngest children. Even if it is recommended to involve 

children in fertility discussion since the age of seven years, information in young patients is tailored 

to the patient age and it is inevitably incomplete and simplistic (2,9). Many survivors have anchored 

and biased beliefs about their fertility status or report frustration due to the lack of reproductive 

continuity of care (2,10). Importantly, in most cases no fertility preservation measures could be 

adopted at the time of cancer diagnosis because of unsuitable clinical conditions or because parents 

declined. Post-cancer oocytes cryopreservation is an emerging option for these patients but 

evidence is extremely scanty (11,12). 

In general, survivors of children and adolescent cancers represent a neglected group with critical but 

unmet needs (8). For this reason, we implemented a systematic referral of all childhood and 

adolescent tumor survivors to the oncofertility service with the intent to provide individual fertility 

assessment and pro-fertility counseling. The present study reports on 126 young women attending 

the service over a five-year period. The primary aim was assessing the rate of women with 

diminished ovarian reserve (DOR) who may benefit from oocytes cryopreservation. 

 

 



Materials and Methods 

This study took place at the Cancer Center IRCCS Istituto Nazionale dei Tumori (Milan, Italy). 

Since 2015, childhood and adolescent female tumor survivors are routinely offered fertility 

counseling at the oncofertility service of the hospital. This service takes place once a week and was 

originally implemented (in 2011) to discuss fertility preservation issues at the time of cancer 

diagnosis. Subsequently, it progressively broadened its activities, including post-tumor counseling. 

The service is run by a gynecologist who is expert in reproductive medicine (consultant, working in 

an external Infertility Unit of the same town – Fondazione IRCCS Ca’ Granda Ospedale Maggiore 

Policlinico) and a gynecologist who is expert in oncology (internal of the hospital). The Cancer 

Center attracts patients from the whole country. The pediatric service that refers the patients to the 

oncofertility service is mostly engaged in the treatment of solid tumors. Pediatric hematological 

cancers are conversely generally treated by another Institution located in the same town.  

Patients referred between January 2015 and June 2020 to the oncofertility service of the hospital 

were retrospectively reviewed. Inclusion criteria for the present study were as follows: 1) past 

history of tumors prior to 21 years (most were malignancies but we included also cases of recurrent 

ovarian dermoids), 2) gonadotoxic treatments of cancer (including chemotherapy, radiotherapy or 

ovarian surgery), 3) age ≥ 14 years at referral, 4) at least one year from the end of oncologic 

treatments, 5) intact uterus. Subjects who did not return to provide the results of the prescribed 

ovarian tests within one year were considered non-adherent and were excluded. The study was 

approved by the local Ethical Committee. 

Data regarding previous cancer treatments, menarche and menstrual cycle characteristics were 

collected. Alkylating agents exposure was presented as a dichotomous variable and using 

cyclophosphamide equivalent dose (CED) (13). These two variables do not fully correspond 

because dacarbazine, that is a non-classical alkylating agent, is not included in the CED formulae. 

Evaluation of the residual ovarian reserve was based on serum hormonal assessments [Follicle 



Stimulating Hormone (FSH), estradiol (E2)] on the second-third day of the menstrual cycle and 

Anti-mullerian Hormone (AMH)] and ultrasound evaluation of Antral Follicle Count (AFC). If 

under estroprogestin therapy, women were asked to preliminarily discontinue therapy for at least 

three months. Tests were not systematically performed for all referred subjects but tailored to the 

diagnostic purposes and the clinical situation. In particular, AFC was not assessed in subjects who 

did not have previous sexual intercourses, AFC and AMH were not deemed necessary in women 

with amenorrhea and serum FSH > 40 IU/mL and serum FSH was not considered essential if AFC 

and AMH were adequate. Within normal range serum FSH was deemed unreliable if E2 exceeded 

80 pg/mL. Subjects were invited to refer regularly after the first assessment to monitor the situation. 

Only data from the last assessment was reported in this study.  

Primary amenorrhea was defined as the absence of menstrual flow by age 14 in the absence of 

growth or development of secondary sexual characteristics or by the age of 16 regardless of the 

presence of growth or development of secondary sexual characteristics (14). Secondary amenorrhea 

was the absence of menstrual cycles for 3 months in subjects who had regular menstrual cycles and 

6-9 months for those with irregular menstrual cycles. Amenorrhea could be hyper-gonadotropic 

(primary gonadal failure) or hypo-gonadotropic (pituitary gonadotropin deficiency). Premature 

ovarian insufficiency (POI) was defined as premature exhaustion of the ovarian reserve and was 

diagnosed in women with amenorrhea and repeated peripheral levels of FSH above 40 IU/mL (14). 

A diagnosis of diminished ovarian reserve (DOR) was done when AMH or AFC were below the 5-

10th percentile of the age-related normograms (15,16). Given the young age of the cohort, these 

thresholds approximately corresponded to serum AMH < 2 ng/ml (< 1 ng/ml if the woman had one 

damaged or removed ovary) or total AFC ≤ 10 (≤ 5 if the woman had one damaged or removed 

ovar). Overt DOR was diagnosed in case of irregular cycles and severely compromised ovarian 

reserve tests (AMH < 0.5 ng/ml and total AFC < 5 and FSH > 15 IU/mL). These latter cutoff points 

refer to the lower values suggested in the Bologna criteria (17). 



Young women were informed about the clinical significance of ovarian reserve. In case of DOR, 

they were told that a low ovarian reserve does not affect the chances of natural pregnancy if they are 

in the condition to seek for pregnancy in the short term and provided that the remnant ovarian 

reserve is sufficient to ensure regular menstrual cycles. However, future chances of pregnancy may 

be compromised if they postpone pregnancy seeking for several years (18-20). Although ovarian 

reserve measurements are not precise predictors of the duration of the fertile period, they currently 

offer the best approximation available (21,22). Patients were informed about this uncertainty. They 

were also informed about alternative modes of conceptions such as oocytes donation and adoption, 

in particular for those who had severe impairment of the ovarian reserve. 

Oocytes cryopreservation was considered in subjects aged ≥ 18 years who were diagnosed with 

DOR. A shared decision-making approach was adopted. The patients were informed regarding the 

technique and the risks of oocytes cryopreservation (in particular the risks of hemorrhage and 

infection) (23). They were explained that the higher was the number of oocytes retrieved, the higher 

were the chances to obtain a pregnancy at the time of thawing and that the program was deemed 

sufficient or satisfactory if at least 10 or 20 oocytes could be stored, respectively (24,25). Women 

were offered up to three attempts of ovarian hyperstimulation and oocytes retrieval. A protocol with 

Gonadotropin Releasing Hormone (GnRH) antagonists was systematically used. The precise 

modalities of cycle monitoring and oocytes retrieval are explained in details elsewhere (11).  

Oocytes cryopreservation procedure was performed as previously reported (26,27). Briefly, after 

transvaginal ultrasound-guided aspiration and recovery, oocytes were incubated for 2–8 h in 

commercial culture medium and metaphase II (MII) oocytes were selected under a 

stereomicroscope. Vitrification was performed by using the Cryotop device (Kitazato Co., 

Fujinomiya, Japan) consisting of a thin film strip attached to a plastic holder and a separate 

protective cap to avoid mechanical damage of the strip during manipulation and storage. The first 

equilibration was performed in 7.5% ethylene glycol (EG) and 7.5% dimethylsulfoxide (DMSO) at 



24–26°C for 12–15 min. Subsequently, oocytes were transferred to a 24–26°C 15% EG, 15% 

DMSO and 0.5 M sucrose solution for 1 min, then placed on the film strip of the Cryotop as a 

single small drop. The excess solution was removed and the Cryotop was submerged into liquid 

nitrogen. The strip was covered with the protective cap and the sample was stored submerged in 

liquid or in vapor phase nitrogen. No important changes were made in the vitrification protocol 

during the investigation period. Overall, during the study period, the survival rate, the fertilization 

and the rate of embryo development were 71% per thawed oocytes, 54% per thawed oocytes (76% 

per used oocytes) and 47% per thawed oocytes (87% per fertilized oocytes). 

Costs were covered by the national public health system. Again, the counseling was tailored on the 

estimated residual ovarian reserve (the lower was the estimated remnant ovarian reserve, the lower 

were the chances of obtaining 10-20 oocytes). During the discussion with the woman regarding pros 

and cons of the procedure, the potential benefits were tailored to the magnitude of ovarian reserve 

impairment. Women with overt DOR were discouraged but not excluded. 

Data is reported as number (%), mean ± SD or median [interquartile range-IQR]. Only descriptive 

statistics were used. Data was analyzed with the Statistical Package for Social Sciences 23.0 (SPSS, 

IL, USA). No attempts were made to identify risk factors for ovarian reserve impairment because of 

the relatively low number of included subjects. However, the main outcomes (rate of women with 

preserved ovarian reserve, DOR, POI and oocytes storage) were reported separately for the 

subgroups of women at highest risk of ovarian reserve impairment. Specifically, data were 

presented disjointedly for women who were treated also for a recurrence or a second primary 

neoplasm, for those who received alkylating agents, those who had a CED ≥ 8, those who 

underwent autologous hematopoietic stem cell transplant, those who had abdominal or pelvic 

radiotherapy and those who underwent gynecological surgery. The 95% Confidence Interval 

(95%CI) of proportions was calculated using a binomial distribution model: this estimate was 

reported only for the most relevant proportions. Based on the activity of the service during the study 



period, we calculated that our sample size (about 90 women) could provide amplitudes of the 

95%CI within 20% (± 10%) for rates of women performing oocytes retrieval lower than 40%.  

 

Results 

One hundred twenty-six subjects were initially evaluated, of whom 90 could be included in this 

study (Supplemental Figure 1). Specifically, 26 out of 126 subjects (21%) did not complete the 

assessment and were considered non-adherent. Ten additional cases were excluded because they 

were younger than 14 years of age (n=5) or because they had not yet returned to complete the 

evaluation (n=5). 

Baseline characteristics of the selected young adult tumor survivors (n=90) are shown in Table 1. 

The vast majority of the included subjects had malignancies, only one case was diagnosed with 

recurrent ovarian mature teratomas. Chemotherapy was not required in two cases. These two 

women who were exclusively treated with ovarian surgery (the woman with recurrent mature 

teratomas and one woman with immature teratoma). Chemotherapy was required in the remaining 

88 cases (98%). Fifty-nine different combinations of chemotherapeutic drugs were used. The most 

common were Bleomycin-Cisplatin-Etoposide (n=12), Adriamycyn-Bleomycin-Dacarbazin-

Vinblastine (n=8), Cisplatin-Etoposide (n=4), and Cisplatin-Lomustine-Vincristine (n=3). Six other 

combinations were used in two cases per group, while the remaining 49 combinations were used 

only once. 

Cycle characteristics and ovarian reserve testing are shown in Table 2. Twenty-three patients had 

amenorrhea, of whom 13 had primary and 10 had secondary amenorrhea. In 19 of these cases, 

amenorrhea was due to ovarian reserve exhaustion while in the remaining four it was due to central 

nervous system damage (hypogonadotropic hypogonadism). All these four cases had primary 

amenorrhea and ovarian reserve testing were not indicative of POI. 



Overall, we documented 19 cases of POI (9 with primary amenorrhea and 10 with secondary 

amenorrhea) and 35 cases of DOR. The corresponding proportions (95%CI) were 21% (14-31%) 

and 39% (29-49%), respectively. In the remaining 36 young women (40%, 95%CI: 30-50%), 

ovarian reserve was deemed adequate. The outcome of counseling in the subgroup of young women 

with DOR is summarized in Supplemental Table 1. Overall, 13 subjects were eligible for oocytes 

cryopreservation, of whom nine (69%) performed the procedure. Considering the whole cohort of 

evaluated young women (n=90), the rate of those who underwent egg freezing was 10% (95%CI: 5-

18%). Main characteristics and cycle outcome of these nine women are shown in Supplemental 

Table 2. Frequencies of the main outcomes (rate of women with preserved ovarian reserve, DOR, 

POI and oocytes storage) in the subgroups of women at highest risk of ovarian reserve impairment 

are presented in Table 3. The rate of women with preserved ovarian reserve, DOR, and POI varied 

between 0% to 29%, 32% and 64%, and 14% and 57%, respectively. Egg freezing varied between 

0% and 33%. When considering the most common chemotherapeutic combinations, the number of 

women with preserved ovarian reserve, DOR, POI and those who underwent egg freezing were as 

follows: for Bleomycin-Cisplatin-Etoposide (n=12), they were 5/6/1/2, for Adriamycyn-Bleomycin-

Dacarbazin-Vinblastine (n=8) they were 7/1/0/1, for Cisplatin-Etoposide (n=4) they were 3/1/0/0, 

and for Cisplatin-Lomustine-Vincristine (n=3) they were 1/2/0/0.   

Finally, nine women initiated to seek for pregnancy after the first counseling. Excluding from the 

denominator those girls who were younger than 18 years of age and those with POI, this leads to a 

percentage of 17% (9 out of 54). If restricting to those older than 21 years, this percentage raises to 

29% (9 out of 31). Overall, seven out of these nine women had a baby or an ongoing pregnancy at 

the last assessment. One of these women had to turn to in vitro fertilization (IVF) (Supplemental 

Table 3). One woman underwent two IVF cycles without success (in both occasions ovarian 

response was modest but sufficient to ensure the transfer of 1-2 embryos), the other one interrupted 

natural pregnancy seeking for personal reasons after one year.  



 

Discussion 

A consistent proportion of young survivors referring for fertility assessment and pro-fertility 

counseling were found to have ovarian reserve impairment. POI was diagnosed in 21% of women 

(n=19) while 39% (n=35) had a clinically relevant reduction of the ovarian reserve (DOR). 

Noteworthy, in 8 out of these 35 cases (23%), ovarian reserve was severely compromised (overt 

DOR). Overall, one in ten women in our cohort performed oocytes cryopreservation (10%, 95%CI: 

5-18%). To note, this percentage underestimates the acceptability of the procedure. Indeed, we did 

not suggest oocytes cryopreservation to all women, but only to those aged ≥ 18 years with DOR 

(and discouraging those with overt DOR). In fact, only four out of 13 eligible women declined the 

procedure. The acceptance rate was thus 69% (9 out of 13). This is remarkable considering the well-

known emotional and physical burden of ovarian hyper-stimulation and oocytes retrieval 

(12,28,29).  

The study is underpowered to draw indications on which subgroup of women would merit more 

attention. We could only highlight that those exclusively treated with Adriamycyn-Bleomycin-

Dacarbazin-Vinblastine may be less harmed. However, in general, we do not believe that particular 

selection criteria can be applied. In this regard, it is interesting to note that considerable differences 

emerged according to the therapeutic history of the women. Among women exposed to most 

gonadotoxic treatments, the rates of DOR, POI and egg freezing varied substantially (Table 3). 

However, the proportion of DOR women varied less (between 32% and 64%) compared to 

preserved ovarian reserve and POI (that are conversely inversely correlated). This observation 

further strengthens the idea that all women deserve fertility counseling regardless of the specific 

treatment received.  

Previous evidence on post-cancer fertility counseling in the literature is scant (1,30). Evidence 

specifically focusing on the peculiar population of women who had a tumour in their childhood or 



adolescence is even more limited. We identified only two previous studies on this issue (12,31). In 

the first one, Lehman et al. presented their experience on 80 young female survivors: preserved 

ovarian reserve, DOR and POI were diagnosed in 8 (10%), 21 (26%) and 51 (64%) women, 

respectively. Eleven subjects with DOR (52%) stored their eggs. The rate of eligible women 

declining oocytes cryopreservation was 5% (12). The second study illustrated ovarian reserve status 

in 55 women previously treated for pediatric cancers but did not report on the possibility to freeze 

oocytes. Ovarian reserve was compromised in 23 (42%) patients: 14 with DOR and 9 with an 

established POI (31). Overall, results from these two studies are in line with our findings. 

Nonetheless, some mild differences emerged. They may be explained by statistical fluctuations (in 

all three studies the sample size was not large), the thresholds used to define DOR, the type of 

counseling and the baseline characteristics of the studied cases. For instance, in our setting, 

hematological cases were mainly referred to a dedicated independent hospital, and thus are 

inevitably under-represented. Moreover, the vast majority of women received chemotherapy with 

alkylating agents (61%) or needed radiotherapy (61%), one fourth had autologous hematopoietic 

stem cell transplant (23%) and one third had a recurrence or a second primary neoplasm (20% and 

14%, respectively), suggesting that some selection biases towards more injured cases may have 

occurred.  

Childhood tumor survivors are an ever-growing population among which questions and the interest 

on the long term effects of cancer treatment has grown in recent years (1,8). Nowadays, there is a 

general consensus that quality of survival needs the same attention as the quantity of survival (1). In 

line with this evolution of cancer management, the vision of fertility preservation for young patients 

with cancer is also changing. Providing fertility preservation prior to treatment initiation is 

important, but addressing fertility across the cancer continuum is crucial (12,32). Of utmost 

relevance is that tumor survivors are generally upset by the possibility that their fertility can be 

hampered (12)- but they tend to hide their concerns for years, usually until they approach 

childbearing age and start forming romantic relationships. Therefore, promptly investigating and 



facing these uncertainties seems essential. Accordingly, adherence to our program was high, as 

shown by the low rate of those who did not complete the requested investigations. Despite the well-

known clinical over-burden of tumor survivors and the difficulties related to referral setting 

(subjects were referred from all over the country), only one out of five did not return to complete 

the counseling (26 out of 126 subjects, corresponding to 21%).  

Physicians should not be afraid of causing additional harm, as ignoring fertility concerns may be 

worse for psychological well-being of the patients. A complete and realistic counseling on the 

residual ovarian reserve is essential and can empower young women. For instance, they may decide 

to modify their reproductive plans by anticipating motherhood or may undergo egg freezing. To 

note, also young women with POI deserves to be counseled by physicians engaged in reproductive 

medicine. Oocytes donation is a valuable treatment for these women, but this option is frequently 

misperceived by the general population (33,34). A clear and realistic information is warranted to 

mitigate anxiety and to prevent mis-perceptions on their future chances of motherhood.  

The idea to provide fertility counseling for the general population was first claimed by Hvidman et 

al. in 2015 (35), and since then it has raised growing interest (1). However, this initiative has also 

created debate (36). The main concern is the risk of causing anxiety and over-treatment in the 

absence of a robust evidence (36,37). In particular, the interpretation of assessments suggesting 

reduced ovarian reserve remains challenging. A poor result could have potentially devastating 

psychological and social sequelae, and for this reason we deem crucial providing reliable 

information (37). On one hand autonomy and personal empowerment represent a cornerstone of 

medical ethics, on the other hand providing unreliable or imprecise information could cause harm. 

According to a recent individual patient data meta-analysis, only 28% of women with AMH below 

the fifth percentile enter menopause before 40 years of age (21). To note, early menopause can be 

detrimental from a hormonal and general health perspective but may not cause childlessness if 

women do not excessively postpone pregnancy seeking (38). The end of fertility is estimated to be 



around 41 years (39) and entering into menopause around this age cannot be expected to markedly 

affect the overall chances of childbearing. In agreement with this view, low AMH was repeatedly 

demonstrated to have no effect on the chances of natural pregnancy (18-20). This is also in line with 

our data that showed that most women who attempted to become pregnant succeeded. To note, four 

women who got pregnant had DOR, of whom one had overt DOR. More in general, current 

knowledge on ovarian reserve is incomplete. We have insufficient evidence to draw a personal 

trajectory of ovarian reserve loss that could help us to accurately predict the duration of the fertile 

period (22,40). Counseling must handle this uncertainty, finding out an equilibrium between 

inopportune reassurance and unproven grim predictions. Monitoring ovarian tests over time may be 

more informative but data on the validity of this approach is lacking. 

Some main limitations of our study should be acknowledged. Firstly, we did not assess the 

psychological well-being or the rate of satisfaction of the included women. We relied on the 

literature that strengthens the importance of a comprehensive and continuum care but we do not 

provide direct information. To note, a comprehensive fertility counseling cannot be limited to 

ovarian reserve assessment. Other dimensions such as sexuality and capacity to develop romantic 

relationships should be concomitantly investigated. Secondly, the decision to postpone oocytes 

cryopreservation after the age of 18 years could be a point of concern. One may argue that this can 

further reduce the residual ovarian reserve in case of severe damage. The remnant pool of 

primordial follicles progressively reduces with age and one may claim that performing egg freezing 

prior to reach 18 years (i.e. at 15-16 years) could be more effective. On the other hand, we deemed 

inappropriate to anticipate fertility preservation techniques to minors for ethical reasons (41). In 

minors, it is arguable to perform any treatment that can be postponed because the consent is 

obtained by relatives and not directly by the patients themselves. In addition, it has recently been 

shown that oocytes competence could be altered in very young girls (42). Thirdly, our selection 

criteria allowed the inclusion of non-cancer patients. In fact, only two young women with recurrent 

dermoids were included. Even if inevitably poorly informative, these cases highlighted the 



importance of a broader inclusion of patients. Non-malignant cases may also be severely concerned 

by fertility issues. Fourthly, we have to acknowledge that only four girls (4%) in our cohort 

underwent ovarian cortex freezing. This rate is inappropriately low and may influence the high 

adherence observed in our study. To note, this low rate does not reflect the actual current practice. 

Most patients included in this cohort had a diagnosis of cancer 10-20 years ago when the procedure 

was still highly experimental and unavailable in our setting. The situation is expected to rapidly 

improve over the next years. Finally, we did not adopt a stringent definition of DOR. The use of a 

single biomarker of ovarian reserve (either AMH or AFC) and a stringent threshold would have 

facilitated inferences and comparisons with other studies. On the other hand, biomarkers of ovarian 

reserve are imprecise and fluctuations are common. In addition, the accuracy of AMH remains 

debated in the pediatric and adolescent population (43,44). For these reasons, we decided to adopt a 

more personalized and less rigid approach. The use of stringent cutoff points would have simplified 

the counseling but lacks scientifically validity. 

At present, robust clinical recommendations cannot be drawn from our findings. We showed that 

ovarian reserve impairment is common, that oocytes cryopreservation is feasible, and that 

empowerment can lead to anticipate motherhood. However, we did not collect data on women 

satisfaction, neither perform cost-beneficial analyses, thus limiting our capacity for stringent 

recommendations. On the other hand, given the ethical value of patients’ empowerment (36), we 

plea at least for a systematic referral of childhood and adolescent female tumor survivors to 

reproductive specialists for an in-depth and personalized counseling. This recommendation is 

particularly valid once women are aged ≥ 18 years, but in selected cases it can be considered earlier. 

Conversely, there is insufficient evidence to strongly recommend oocytes cryopreservation in these 

women. Additional evidence is needed to determine the real benefits of this program, and to 

identify the precise characteristics of women who should be candidate.   



In conclusion, post-cancer oocytes cryopreservation is an emerging opportunity that may deserve 

consideration within the complex and multifaceted armamentarium of fertility preservation options. 

It should not be viewed as an alternative to fertility preservation at the time of cancer diagnosis but 

as an additional option. We advocate a systematic referral of childhood and adolescent female 

tumor survivors once they are ≥ 18 years  This would allow all women to empower themselves on 

their reproductive potential and could give an additional chance of motherhood in some of them. 

However, there are some areas of uncertainty that can be challenging, in particular the interpretation 

of ovarian reserve tests. In our opinion, these uncertainties should be acknowledged and handled 

using a shared and tailored decision-making approach. To note, there is in general no need for a 

prompt and definite decision and the adolescent and young woman can be accompanied over the 

years. Decisions such as egg freezing or anticipating pregnancy seeking may require time and need 

to be progressively settled.   
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Figure legend 

 

Supplemental Figure 1: Flow-chart of the study 

 

 



 

Table 1.  Baseline characteristics of the patients at the time of cancer 

diagnosis 

  

Characteristics 
N (%) or mean 

± SD 

  

Age at diagnosis (years) 10.6 ± 5.4 

Menarche  

Pre-menarchal 55 (61%) 

Post-menarchal 35 (39%) 

Cancer diagnosis  

Lymphomas 15 (17%) 

Kidney tumours 6 (7%) 

Bone sarcomas 14 (16%) 

Central nervous system 22 (24%) 

Neuroblastoma 8 (9%) 

Soft tissue sarcoma 10 (11%) 

Others 15 (17%) 

Recurrence 18 (20%) 

Second primary neoplasm 13 (14%) 

Chemotherapy  

None 2 (2%) 

Non alkylating 33 (37%) 

Alkylating 55 (61%) 

CED (g/m2)   

None 35 (39%) 

< 4 4 (4%) 

4 to < 8 15 (17%) 

≥ 8 36 (40%) 

Autologous hematopoietic stem cell transplant 21 (23%) 

Radiotherapy  

None 35 (39%) 

Central nervous system 18 (20%) 

Abdominal 14 (16%) 

Pelvic 8 (9%) 

Other sites 15 (17%) 

Surgery a  

None 31 (34%) 

Central nervous system 12 (13%) 

Gynecological b 14 (16%) 

Others 33 (37%) 

Fertility preservation  

Ovarian cortex freezing 4 (4%) 

GnRH analogues 10 (11%) 

    



  

Data refers to the whole therapeutic journey (i.e. including treatments 

needed to cure recurrences or second tumours). 

a If women underwent more than one surgery only the most 

detrimental to reproductive capacity is reported.  

b Include 14 women who performed unilateral cystectoomy (n=2), 

unilateral ovariectomy (n=7), unilateral ovariectomy and contralateral 

cystectomy (n=4) and bilateral adnexectomy (n=1). 

CED: Cyclophosphamide equivalent dose  



 

Table 2.  Characteristics of the women who completed the 

assessment (n=90). 

  

Characteristics 
N (%) or mean 

± SD 

  

Age at last referral (years) 21.3 ± 5.4 

Menarche  

Primary amenorrea 13 (14%) 

Age (years) 12.3 ± 1.2 

Hypogonadotropic hypogonadism 4 (4%) 

Menstrual cycles a  

Amenorrhea 23 (26%) 

< 23 days 3 (3%) 

23-35 days 47 (52%) 

> 35 days 17 (19%) 

Hormonal therapy   

HRT 12 (13%) 

Oral contraceptives 19 (21%) 

AMH (ng/ml)  

< 0.5 23 (26%) 

0.5-2.0 24 (27%) 

> 2.0 26 (29%) 

Not available 17 (19%) 

Antral Follicle Count (AFC) per ovary  

< 5 21 (23%) 

5-10 21 (23%) 

> 11 17 (19%) 

Not available 31 (34%) 

FSH (IU/mL)  

< 10 37 (41%) 

10-39 9 (10%) 

≥ 40 14 (16%) 

Not available 30 (33%) 

    

  

  
a Women assuming contraception were requested to 

discontinue the therapy for at least three months to assess the 

regularity of the cycle and to test ovarian reserve 

 



 

 

 

 

 

Table 3. Ovarian reserve status according to the most potentially harmful clinical conditions 

      

  

N. 
Preserved 

ovarian reserve 
DOR POI 

Oocytes 

cryostorage 

      

Recurrence or second primary neoplasm 29 4 (14%) 15 (52%) 10 (34%) 4 (14%) 

Use of alkylating agents 55 16 (29%) 24 (44%) 15 (27%) 4 (7%) 

CED ≥ 8 36 7 (19%) 18 (50%) 11 (31%) 3 (8%) 

Autologous hematopoietic stem cell transplant 21 0 (0%) 9 (43%) 12 (57%) 2 (10%) 

Abdominal or pelvic radiotherapy 22 5 (23%) 7 (32%) 10 (45%) 0 (0%) 

Gynecological surgery 14 3 (22%) 9 (64%) 2 (14%) 3 (21%) 
      

All cohort 90 36 (40%) 35 (39%) 19 (21%) 9 (10%) 

            

      

DOR: diminished ovarian reserve. POI: Premature Ovarian Insufficiency.  CED: Cyclophosphamide equivalent dose 

All percentages refer to the total number of 

women       
 



 

 
Supplemental Table 1.  Outcomes in women with DOR 

(n=35) 

  

Outcome N (%) 

  

Oocytes retrieval performed 9 (26%) 

Postponed (minor) 8 (23%) 

Overt DOR 8 (23%) 

Contraindication to pregnancy 1 (3%) 

Death 1 (3%) 

Seek natural conception a 4 (11%) 

Declined / not returned 4 (11%) 

    

  

a In addition, one woman with overt DOR and one who 

banked her oocytes started seeking pregnancy (total 6 

cases). 
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Supplemental Table 2.  Cycle outcome of women who cryopreserved 

their oocytes     

        

Patient 

N. 
Diagnosis 

Age 

(years) 

FSH 

(IU/ml) 

AMH 

(ng/ml) 
AFC N. cyles 

N. stored 

oocytes 

        

1 Glyoblastoma 18 13.3 0.2 4 2 5 

2 Ovarian germ cell tumour 23 6.7 1.4 9 3 14 

3 Hodgkin Linfoma 20 4.4 0.5 3 1 7 

4 Recurrent mature ovarian teratoma 19 7.6 0.9 10 1 9 

5 Soft tissue sarcoma 26 5.4 0.5 7 3 17 

6 Glyoblastoma 21 12.5 0.2 7 2 7 

7 Medulloblastoma 25 13 0.2 5 2 1 

8 Hodgkin Linfoma and soft tissue sarcoma 23 7.6 0.9 5 3 19 

9 Ovarian germ cell tumour 25 6.8 1.7 5 1 16 

                

        

Patient N. 7 started seeking pregnancy after these two disappointing attempts and had a natural pregnancy. 

AFC: Antral Follicle Count       
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Supplemental Table 3.  Outcome of the women who decided to seek for 

pregnancy     

        

Patient 

N. 
Diagnosis 

Age 

(years) 

FSH 

(IU/ml) 

AMH 

(ng/ml) 
AFC 

Time to pregnancy 

(months) 
ART 

        

1 Wilms Tumor 26 31.0 0.1 3 12 No 

2 Osteosarcoma 32 5.9 0.8 7 24 IVF (n=2) 

3 Medulloblastoma 26 13.0 0.2 5 1 No 

4 Dysgerminoma and Yolk sac ovarian neoplasia 30 15.1 0.5 3 24 IVF (n=2) 

5 Malignant peripheral nerve sheath tumor  33 11.2 0.2 4 2 No 

6 Hodgkin Lymphoma 30 12.0 4.0 20 6 No 

7 Ewing Sarcoma  26 5.5 4.1 2 3 No 

8 Osteosarcoma 29 3.8 1.0 8 1 No 

9 Wilms Tumor 29 4.8 4.9 30 4 No 

                

        
Patient N.1 stopped seeking pregnancy after one year for personal reasons. Patient N. 7 had two live births.  

 

 


