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I. Introduction 
 

The incidence of cancer increases with age, and as family planning has been delayed over 

the last decade, there is an increasing number of cancer patients whose fertility may be affected 

by oncological treatments [1]. Recent advances in cancer treatment have greatly improved 

quality of life after treatment [2]. However, the potential loss of fertility is a significant 

emotional burden for many young people [3].  For women of reproductive age diagnosed with 

cancer, fertility preservation (FP) strategies have become an essential part of their treatment, 

offering hope for future motherhood.  

The decision to use FP requires careful consideration, counselling and a comprehensive 

assessment of multiple factors. These strategies are primarily based on preserving the 

reproductive organs, cryopreserving reproductive cells and tissues, and selecting the most 

appropriate intervention based on the time available before cancer treatment. 

The primary goal is to achieve oncological outcomes that are non-inferior to those without FP, 

while optimizing reproductive outcomes. Most FP techniques have been available to women of 

reproductive age for several decades. 

International guidelines recommend that all cancer patients of reproductive age, including 

adolescents, should receive fertility preservation counselling. If indicated, fertility preservation 

procedures should be performed as part of their comprehensive cancer care [4].  

In Hungary, approximately 2,066 women under the age of 40 are diagnosed with cancer each 

year, according to the National Cancer Registry [5]. Approximately two thirds of these patients 

require gonadotoxic treatment for their disease, which can potentially reduce their chances of 

conceiving and giving birth in the future. With an incidence of 16 cases per 100,000, there are 

approximately 230-250 new cases each year. This means that approximately 80 adolescents and 

young adults should be referred for FP treatment each year [3, 6].   

As a result of our work, we have just published the Hungarian professional guideline on fertility 

preservation in women with cancer [7]. However, there is still no established oncofertility 

program in Hungary. This gap in resources and guidance poses a significant challenge for 

cancer patients of reproductive age who wish to preserve their fertility while undergoing 

essential treatment. 



II. Aims and objectives 
 

In oncofertility counselling, it is important to provide patients with accurate information to help 

them make informed decisions about their options for conceiving after cancer. However, there 

is limited knowledge about the effectiveness of assisted reproductive technology (ART) 

treatment in women who have undergone fertility-sparing surgery (FSS), and there are few 

reports of in vitro fertilization (IVF) outcomes following FSS. It is therefore essential to have 

comprehensive information on ART outcomes.  

Our research efforts are focused on three main aims: 

1. Evaluation of oncofertility practices in Hungary: 

- To evaluate the knowledge, attitudes and existing clinical practices of Hungarian 

oncologists in the field of oncofertility. 

- To identify factors that may prevent young women with cancer from accessing fertility 

preservation programs. 

- To develop an educational program tailored for clinicians (oncologists and fertility 

specialists) with the aim of improving network accessibility for cancer patients. 

2. IVF outcomes in early stage cervical cancer: 

- To evaluate the results of in vitro fertilization (IVF) in patients with early-stage 

cervical cancer who have undergone fertility-sparing procedures. 

- To compare outcomes between radical and non-radical approaches in specific cases of 

oncofertility. 

3. To explore innovative approaches to fertility preservation: 

- To investigate the feasibility of incorporating new methods, such as in vitro maturation 

(IVM), into a fertility preservation program. 

By addressing these objectives, our research aims to fill critical gaps in the understanding of 

oncofertility, contribute to informed patient decision making, and pave the way for improved 

fertility preservation options and accessibility in Hungary. 

  



III. Materials and Methods 
 

1. Evaluation of oncofertility practices in Hungary: 

Based on the existing literature [6, 8, 9], we designed a comprehensive questionnaire on 

fertility preservation, which was distributed twice to the members of the Hungarian Oncological 

Society via an online platform (SurveyMonkey). The distribution process was facilitated with 

the support of the Board of the Hungarian Oncological Society. A total of 154 oncologists 

initiated the survey and 94 physicians successfully completed the questionnaire. Our analysis 

was based on the data from these 94 fully completed responses, ensuring that each participant 

completed only one questionnaire. Participation was voluntary. The data collected were 

analyzed using R statistical software (version 4.1.0). Statistical significance was determined at 

a p-value of less than 0.05. Descriptive statistics were used to express the relative prevalence 

of each characteristic as a percentage of the total population surveyed. 

2. IVF Outcomes in Early-Stage Cervical Cancer 

This retrospective cohort study included all Hungarian patients who underwent fertility-sparing 

surgery (FSS) for early-stage cervical cancer performed by an experienced surgical team 

between 2004 and 2020, followed by IVF treatment between 2006 and 2022. Data were 

obtained from the database of the National Health Insurance Fund of Hungary (NEAK) [10]. 

The inclusion criteria were cervical cancer patients who desired to preserve their fertility; had 

histological confirmation of squamous cell carcinoma, adenocarcinoma, adenosquamous 

carcinoma or other epithelial tumors; had stage IA1 to IB3 disease according to the International 

Federation of Gynecology and Obstetrics (FIGO) 2018 revised staging of cervical cancer [11].  

The exclusion criteria were previous neo-adjuvant chemotherapy, pelvic radiotherapy or total 

hysterectomy. We attempted to reduce the impact of maternal age by excluding patients over 

40 years of age at the time of their first oocyte retrieval, as one of the major factors contributing 

to IVF treatment failure is advanced maternal age.   

A team of six experienced gynecologic oncologists performed the FSS procedures at the 

designated centers. The team has extensive experience spanning two decades of performing 

FSS in patients diagnosed with early-stage cervical cancer. Patients were categorized into 

radical and non-radical surgical groups based on the type of their FSS procedure. Non-radical 

surgical procedures consistently preserved the uterine arteries. Patients in the non-radical group 

underwent simple trachelectomy or modified radical trachelectomy with preservation of the 



uterine arteries [12]. In contrast, the radical group included patients who underwent classic 

abdominal radical trachelectomy with bilateral ligation of the uterine arteries. The latter 

procedure was previously detailed in the publication by Ungar et al [13]. Non-radical surgery 

was introduced after 2015, previously almost all patients underwent radical surgery.  

Patients who underwent FSS and required fertility treatment were referred to assisted 

reproductive technology (ART) centers. Patients who underwent IVF treatment(s) between 

2006 and 2022 following previous FSS performed between 2004 and 2020 for early-stage 

cervical cancer were included in the study. All Hungarian fertility clinics actively participated 

in this study, providing comprehensive data concerning patient characteristics and IVF 

outcomes. Patients were contacted and surgical/pathological reports were obtained to provide 

detailed clinical data. The National Central Ethical Committee approved the study: 

BMEÜ/2366- 1 /2022/EKU. 

Outcome measures 

The primary outcome of this study was live birth among women who underwent fertility 

treatment. This indicator was chosen to ensure the statistical independence of the sample 

elements and to estimate the odds, despite differing from the most commonly used outcome 

indicators in IVF treatments [14]. Both patient groups were analyzed for secondary outcomes 

including clinical pregnancy rate per transfer, cumulative live birth rate (CLBR) per oocyte 

retrieval, ovarian stimulation (OS) response, number of retrieved oocytes per cycle, fertilization 

rate, clinical pregnancy rate (PR) per embryo transfer cycle, miscarriage rate, cumulative live 

birth rate per aspiration, implantation rate, gestational age at birth and fetal birth weight. 

Statistical analysis 

For most variables, we calculated simple means, medians, or frequency values to describe the 

characteristics of the groups. The statistical analysis was performed using the RStudio program 

(R software version: 4.2.2). Student’s t-test was used to compare group means, and Fisher's 

exact test was applied to assess independence and distributions between categorical variables, 

and to estimate odds. 

  



3. Exploring Innovative Approaches in Fertility Preservation 

We present two anovulatory patients with increased functional ovarian reserve who had 

previously experienced ovarian torsion after OS with gonadotropins.  

Both patients had undergone unilateral oophorectomy despite the general recommendation of 

conservative surgical management of ovarian torsion. After self-referral to the Centre for 

Reproductive Medicine, Universitair Ziekenhuis Brussel, they were offered in vitro maturation 

(IVM) of oocytes as an alternative to IVF treatment, which resulted in a live birth in both 

patients. Data were obtained from chart review and reported without patient identifiers. Patients 

signed informed consent for publication of their data. Publication was approved by the local 

Ethics Committee (No B1432020000125). 

  



IV. Results 
 

1. Evaluation of oncofertility practices in Hungary 

The majority of doctors surveyed (55%) were male and 96% had a specialist qualification. 

Approximately two-thirds of respondents worked in national or university centers, 

predominantly in the capital city (72%), and had 15-25 years of professional experience (30%). 

Figure 1 shows the demographic and professional characteristics of the participating 

oncologists. 

Figure 1. Demographic and professional characteristics of oncologists participating in the 

study. 

 

  

Figure 2. shows the distribution of participants by qualification, with the three most common 

specialties being clinical oncology, radiotherapy and internal medicine. 
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Figure 2. Distribution of participants by qualification 

 

The three most common specialties were clinical oncology, radiotherapy and internal 

medicine. Seventy-five percent of participants reported a moderate or high level of knowledge 

about the gonadotoxic effects of radiotherapy and chemotherapy, whereas only nine 

respondents (9.5%) felt moderately or highly informed about the latest fertility-sparing 

techniques. Notably, professional experience correlated positively with awareness of 

gonadotoxic effects (Spearman's coefficient [ρ] = 0.4214, p<0.05). Regarding awareness of 

oncofertility centers, 48% of professionals were informed, 42% were unsure and 9.5% were not 

aware. Notably, 9.5% were unaware of a center offering fertility preservation for patients 

undergoing treatment. A significant majority (77%) of respondents routinely inquire about their 

patients' desire for more children, while 79% consistently consider the gonadotoxicity of 

treatments in patients of childbearing age, discussing these concerns with patients in 85% of 

cases. 

However, despite these considerations, 45% of respondents rarely or never refer patients to 

fertility centers and 13% do not mention fertility preservation options during consultations.  

Sperm and oocyte cryopreservation were the most commonly recognized and recommended 

fertility preservation methods, whereas embryo cryopreservation was less commonly 

recognized and recommended (see Table 1).  

 



Table 1: Fertility preservation methods and respondents' perceptions of them 

 

Regarding referral practices, 86% of respondents felt that a multidisciplinary oncofertility 

guideline would be beneficial. Targeted education of professionals, an oncofertility network 

and accessible contacts (hotline) were identified as critical factors that would facilitate patient 

referral for fertility preservation, as shown in Figure 3. 

  

 

Mentioning the 

method to the 

patient 

Thinks the 

method is 

experimental  

Thinks the 

method is 

available 

Mention the 

method to the 

patient 

Sperm 

cryopreservation 

(n) 

88 % (82) 3 % (3) 90 % (85) 77 % (72) 

Egg freezing (n) 80 % (74) 11 % (10) 77 % (72) 61 % (57) 

Use of GnRH 

analogue (n) 
65 % (60) 5 % (5) 51 % (48) 19 % (18) 

Testicular tissue 

freezing (n) 
58 % (54) 43 % (40) 25 % (23) 18 % (17) 

Ovarian tissue 

freezing (n) 
55 % (51) 37 % (35) 33 % (31) 34 % (32) 

Ovarian 

transposition  
46 % (43) 39 % (37) 28 % (26) 15 % (14) 

Embryo 

cryopreservation 

(n) 

44 % (41) 46 % (43) 26 % (24) 13 % (12) 



Figure 3: Factors influencing referral for oncofertility treatment 

 

Barriers to patient referral for fertility preservation included inadequate cooperation between 

professionals, urgency of oncological treatment, lack of interest on the part of both patients and 

physicians, insufficient information and lack of a fertility preservation network (see Table 2). 

Free-text responses provided additional insights, revealing restrictions on accepting patients 

under 18 years of age in infertility clinics, limited fertility preservation methods in this age 

group, patient refusal of fertility preservation treatment, and instances where physicians deemed 

fertility preservation inappropriate. The concentration of assisted reproduction centers in the 

capital is likely to contribute to a more robust professional network. 
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Table 2: Factors leading to oncologists not referring patients for assisted reproduction 

 

Main reasons for not referring a patient for fertility preservation treatment 

Response (n)  

Insufficient collaboration between oncologist/fertility specialists. 64 

There is no time for fertility preservation because the tumor needs urgent 

treatment. 
58 

Cancer treatment is more important than fertility preservation. 55 

The information I have about fertility preservation is not up to date. 54 

Lack of fertility preservation network. 53 

Patients don't know that cancer treatment and fertility preservation can co-exist. 51 

When a tumor is detected, the psychological burden of dealing with the loss of 

fertility is high. 
35 

Ovarian stimulation is considered dangerous in hormone receptor-positive 

gynaecological and breast cancers. 
32 

Short consultation time. 29 

I don't think it's clear who has to tell the patient. 24 

In the case of breast cancer, I am concerned about the oncological risk of 

subsequent pregnancies. 
16 

The patient is frightened by the prospect of fertility treatment. 8 

I think the success rate of assisted reproduction is low. 2 

Other 7 

 

In terms of geographical differences, oncologists in the capital showed greater awareness of 

assisted reproduction centers (55%) than their rural counterparts (39%). 



2. IVF Outcomes in Early-Stage Cervical Cancer 

In the initial data retrieval process, we identified 148155 in vitro fertilization treatment 

cycles performed between 2006 and 2022 in the database of the National Health Insurance Fund 

of Hungary (NEAK). (Fig. 4). 

Figure 4. Overview of the study course 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Of these cycles, 132 were performed in 40 patients who had previously undergone FSS for 

early-stage cervical cancer. After exclusion of four patients (with 10 cycles) - two due to 
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advanced age (>40), one who had undergone a fertility preservation cycle prior to FSS, and one 

due to coding error- the study included 36 patients representing 122 cycles. These cycles 

comprised 91 ovarian stimulation cycles and 31 frozen embryo transfer (FET) cycles. Out of 

the 91 ovarian stimulation cycles, 11 and 80 occurred in the non-radical group and radical 

group, respectively. An overview of the study course is presented in Fig. 4.  

A total of 36 patients were included in the study, with 6 in the non-radical group and 30 in the 

radical group. Table 3 summarizes patient and tumor characteristics.  

Table 3. Patient and tumor characteristics 

  Group  

All 

patients 

Non-radical 

group 

Radical 

group 

P 

value 

Number of patients, n 36 6 30  

Mean age at FSS, y (range) 31.7 (23-

37) 

31 (26-35) 30.2 (23-37)  

Nulliparous, n (%) 31 (86.1%) 5 (83.3%) 26 (86.7%)  

Stage distribution (FIGO 2018)     <0.01 

    IA1, n (%) 4 (11.1%) 4 (66.7%) 0 (0%) 

    IA2, n (%) 3 (8.3%) 1 (16.7%) 2 (6.7%) 

    IB1, n (%) 24 (66.7%) 1 (16.7%) 23 (76.7%) 

    IB2, n (%) 3 (8.3%) 0 (0%) 3 (10%) 

    IB3, n (%) 2 (5.6%) 0 (0%) 2 (6.7%) 

Histology     

  Squamous cell carcinoma 20 (55.6%) 3 (50%) 17 (56.7%)  

  Adenocarcinoma 12 (33.3%) 1 (16.7%) 11 (36.7%) 

  Adenosquamous carcinoma 2 (5.6%) 2 (33.3%) 0 (0%) 

  Other epithelial tumors 2 (5.6%) 0 (0%) 2 (6.7%) 

Type of FSS 
   

 

    ART with bilateral ligation of uterine 

arteries, n (%) 

30 (83.3%) 0 (0%) 30 (100%) N/A 

    ART with preservation of uterine 

arteries non-radical, n (%) 

1 (2.8%) 1 (16.7%) 0 (0%) 

    Simple trachelectomy non-radical, n 

(%) 

5 (13.9%) 5 (16.7%) 0 (0%) 

Cervical stenosis, n (%) 6 (16.7 %) 1 (16.7 %) 5 (16.7 %) 1 

Median follow-up , y  13.6  16.4  13.2  
    

 

Note:  FSS= Fertility-sparing surgery ; ART= Abdominal radical trachelectomy  

 

The mean age at the time of fertility-sparing surgery (FSS) was 31.7 years (range: 23-37 

years) for all patients, with comparable ages of 31 and 30.2 years in the non-radical and radical 

groups, respectively. Most patients were nulliparous (86%), while 14% had one previous child 



prior to the trachelectomy procedure.  Most patients had FIGO stage IB1 tumors (66.7 %). The 

remainder had stage IA1 (11.1%), IA2 (8.3 %), IB2 (8.3 %), or IB3 (5.6%). All patients with 

tumors> 2cm underwent abdominal radical trachelectomy with bilateral ligation of uterine 

arteries. Patients were categorized into radical and non-radical surgical groups according to the 

type of their FSS procedure. The majority of the patients with stage IB1 tumors (95.8 %) 

underwent radical surgery; only one patient underwent modified abdominal radical 

trachelectomy with preservation of the uterine arteries.  71.4 % of the patients with stage IA 

had received non-radical surgery. No patients in our database received adjuvant treatment (XRT 

and/or chemotherapy) after fertility-sparing surgery (FSS). However, the radical and non-

radical groups seemed unbalanced in terms of tumor stage. The Fisher exact test showed a 

statistically significant difference (p<0.01) in the tumor stage (IA vs. IB stadium) distribution 

between the non-radical and radical groups. Six patients (16.7%) have developed documented 

cervical stenosis after FSS: 1 out of 6 patients in the non-radical group, and 5/30 patients in the 

radical group. All had subsequent successful cervical dilatation under general anesthesia.  

Oncological outcomes were evaluated and showed 100% recurrence-free survival and overall 

survival in non-radical patients in our study with a median follow-up of 13.6 years. It's 

important to note that due to the limited number of patients in our study, we cannot comment 

in detail on oncological safety. 

Reproductive Outcomes 

Regarding ovulation stimulation outcomes (Table 4.), the mean time interval from FSS to 

the first oocyte retrieval for all patients, was 1681 days. The mean age at the first oocyte 

retrieval was 34.9 years for all patients, and there was no statistically significant difference 

between the two groups (p=0.4703). Furthermore, there was no significant difference between 

the two groups in terms of Body Mass Index (BMI) (22.9 kg/m2) and Anti-Müllerian Hormone 

(AMH) levels (2.5 ng/ml) (p=0.2264 and p=0.2878 respectively). The study also found that the 

radical group had four cases of male infertility, while the non-radical group had none.  In 

addition, the radical group had ten cases of other causes of female infertility, compared to two 

cases in the non-radical group.  On average, patients underwent 2.4 cycles of ovarian 

stimulation cycles. The radical group had more cycles (2.7) than the non-radical group (1.7). 

There was no significant difference in the mean number of retrieved oocytes between the non-

radical and radical groups during the first cycle (p=0.46). The mean FSH dosage at the first 

cycle (IU) showed no significant difference between the two groups (p=0.9597). The 



fertilization rates were also similar, with 55% and 53% in the non-radical and radical groups, 

respectively. 

 

Table 4. Ovarian stimulation outcomes and patient characteristics 

 

  Group  

  All patients Non-radical Radical P 
value 

Mean time interval from FSS to first 
oocyte retrieval, days 

1681 1864 1644 0.6938 

Mean age at the first oocyte retrieval, y  35.1  36.2  34.9 0.4703 

BMI, mean (kg/m2) 22.9 24.3 22.7 0.2264 

AMH, mean (ng/ml)  2.5 4.1 2.3 0.2878 

Male infertility 4 (11.1%) 0 (0%) 4 (13.3%)  

Other causes of infertility in women 12 (33.3%) 2 (33.3% ) 10 (33.3%)  

Stimulation cycles 91 11 80  

Mean number of ovarian stimulation 
cycles (per patient) 

2.4 1.7 2.7  

Mean number of retrieved oocytes in 
the first cycle 

7.1 8.3 6.8 0.4647 

Fertilization rate 53% 
(311/585) 

55% 
(37/67) 

53%  (274/518)  

Mean FSH dosage at the 1. cycle (IU) 1811 1800 1815 0.9597 

OS response (mean FSH dosage per 
matured oocyte at the 1. cycle) (IU) 

282 243 303  

         

Note: OS= Ovarian stimulation; FSS=Fertility-sparing surgery  

Table 4 summarizes the IVF outcomes. Live births occurred in 10 patients (28%), with one 

woman having two deliveries, resulting in 11 babies. No multiple births were recorded. The 

live birth rate after fertility treatment was significantly higher in the non-radical group, with 

83% of  patients achieving a live birth compared to only 17% in the radical group (Fisher test, 

p=0.0035). In the non-radical group, the clinical pregnancy rate per embryo transfer (CPR) and 

the CLBR per oocyte retrieval were 64% and 55%, respectively. In contrast, the radical group 

had a CPR per embryo transfer of 12% and a CLBR per oocyte retrieval of 6%. These results 

show a significant difference between the two groups (Fisher test, CPR p=0.0004 and CLBR 

p=0.0002). The non-radical group had a 21.9- fold estimated odds (95% CI: 1.9-1216.4) higher 

chance of having a live birth compared to the radical group. The miscarriage rate was 50% and 

17% in the radical and non-radical group, respectively. Three pregnancies (60%, 3/5) in the 



radical group resulted in a first-trimester miscarriage and only one pregnancy (17%, 1/7) in the 

non-radical group. In the radical group two patients (40%, 2/5) had a second-trimester loss, 

whereas no second trimester loss was reported in the non-radical group. The implantation rate 

was significantly higher in the non-radical group, with 37 % compared to only 8% in the radical 

group (Fisher-test, p=0.0017). 

Table 5. Outcomes of in vitro fertilization after fertility-sparing surgery in the non-radical 

compared to the radical group 

  Group   

All patients Non-radical 

group 

Radical group P value 

Patients, n 36 6 30 
 

Stimulation cycles, n 91 11 80 
 

Embryos, n 311 37 274 
 

Embryo transfers, n 95 11 84 
 

Pregnancies, n 17 7 10 
 

Miscarriage, n (%) 35% (6/17) 17% (1/7) 50% (5/10) 0.3043 

    1 st trimester miscarriage, n  4 1 3 
 

    2 st trimester miscarriage, n 2 0 2 
 

Implantation rate, % 11% (19/167) 37% (7/19) 8% (12/148) 0.0017 

CLBR per oocyte retrieval, % 12% (11/91) 55% (6/11) 6% (5/80) 0.0002 

Clinical PR per embryo transfer, % 18% (17/95) 64% (7/11) 12% (10/84) 0.0004 

Women with live birth, % 28% (10/36) 83% (5/6) 17% (5/30) 0.0035 

Preterm birth <37 weeks of 

pregnancy, n (%) 

63.6 % (7/11) 50 % (3/6) 100 % (5/5) 0.1818 

    24-32 weeks 14.3% (1/7) 0% (0/3) 40% (2/5) 
 

    32-37 weeks 85.7% (6/7) 100% (3/3) 60% (3/5) 
 

Average gestational age at birth, w 33.5 35.5 31 0.0758 

Average fetal birth weight, g 2203 2787 1473 0.0515 

          

Note: CLBR= cumulative live birth rate; FSS= Fertility-sparing surgery; PR = pregnancy rate. 

 

The non-radical group had an average gestational age at birth of 35.5 weeks. In contrast, the 

group that received radical treatment had a lower average gestational age at birth of 31 weeks, 

indicating a higher incidence of prematurity in these patients. Within the radical treatment 

group, 40% of patients (2/5) delivered with significant prematurity (before 32 weeks), which is 

where most neonatal morbidity and mortality occurs. However, there was no significant 

prematurity in the non-radical group. The average fetal birth weight was 2787 grams and 1473 

grams in the non-radical and radical groups, respectively.   

  



3. Exploring Innovative Approaches in Fertility Preservation 

Patient 1 

Patient 1 self-referred to our clinic with a history of primary subfertility for 2 years. She had 

experienced secondary amenorrhea after discontinuing the oral contraceptive pill. Before 

attending our clinic, she had previously undergone four cycles of ovulation induction prescribed 

by her gynaecologist. Because of resistance to clomiphene citrate, the patient had received HP-

hMG (Menopur®; Ferring Pharmaceuticals A/S, Copenhagen, Denmark) at a daily dose of 75 

IU, resulting in the recruitment of a single dominant follicle. Ovulation had been triggered using 

5000 IU hCG (Pregnyl®, Organon, MSD, Haarlem, The Netherlands). After the third round of 

ovulation induction, the patient had presented at the emergency department with increasingly 

severe and persistent lower abdominal pain and nausea, 2 days after hCG administration. An 

explorative laparoscopy had been performed, which revealed two enlarged and rotated ovaries 

with a diameter of 12 cm and 10.5 cm. Because the right ovary and fallopian tube had shown 

persistent dark discoloration and complete absence of blood flow in the ovarian vessels after 

derotation, the gynaecologist had decided to perform a unilateral adnexectomy. The 

contralateral ovary had been derotated and recovered quickly. The histology report confirmed 

the diagnosis of necrosis of the right ovary. After self-referral to our fertility clinic, hormonal 

analysis was performed which was compatible with functional hypothalamic amenorrhea 

(WHO I anovulation, Table 6). 

  



Table 6: Baseline patient characteristics and IVM cycle outcome 

 

 

Transvaginal ultrasound showed an antral follicle count (AFC) of 60 in the unique left ovary, a 

thin endometrium, and no ovarian cysts (Fig. 5).  

  



Figure. 5: Baseline transvaginal ultrasound scan in patient 1 showing an AFC of 60 in the 

unique left ovary 

 

The BMI was 16.5 kg/m2 and sperm analysis in the partner was normal.  Because of the history 

of ovarian torsion after OS with gonadotropins and hCG triggering, the patient declined further 

attempts of OS. In view of this, in vitro maturation (IVM) of oocytes was proposed, as 

previously described [14]. Briefly, ovarian stimulation involved administration of 225 IU 

HPhMG (Menopur®) for four consecutive days. Transvaginal oocyte retrieval was performed 

42 h after the last injection of HP-hMG. No hCG trigger was administered. Transvaginal 

ultrasound-guided oocyte retrieval was performed under general anaesthetic using a 17-gauge 

single-lumen needle on day 6 (K-OPS-1230-VUB; Cook Medical) at an aspiration pressure of 

−70 mmHg. No follicle flushing was performed. Follicular aspirates were collected in human 

tubal fluid (HTF) (IVF Basics® HTF HEPES, Gynotec B.V. Malden, The Netherlands) 

supplemented with heparin (5000 IU/mL, Heparin Leo, Leo Pharma, Belgium; final heparin 

concentration 20 IU/mL) and filtered through a cell strainer (Falcon®, 70-μm mesh size, BD 

Biosciences, CA, USA). In total, 70 cumulus-oocyte complexes (COCs) were harvested. After 

collection, COCs were washed and transferred to four-well dishes (Nunc, Thermo Fisher 



Scientific, MA, USA) containing IVM medium (IVM System, Medicult, Origio) supplemented 

with 75 mIU/mL HP-hMG (Menopur®), 100 mIU/mL hCG (Pregnyl®), and 10mg/mL human 

serum albumin (Vitrolife, Göteborg, Sweden), followed by 32 h of group culture of 10 COCs 

per well in 500 μL of IVM medium with an oil overlay (Ovoil, Vitrolife) at 37 °C under 6%CO2 

and 20%O2. In total, 35 oocytes reached MII stage after IVM. Matured oocytes were 

inseminated using ICSI with partner sperm, and 25 oocytes fertilized normally. Embryos were 

cultured in individual 25-μL droplets of sequential media (Quinn’s Advantage™ Fertilisation, 

Fert™, Cleav™, Blast™ medium, Origio) and in G-TL™ monophasic culture medium 

(Vitrolife, Göteborg, Sweden) in the second cycle. Seventeen cleavage-stage embryos were 

observed on day 3 after ICSI, and embryo culture was continued to day 5. Luteal-phase support 

for an IVM cycle with fresh embryo transfer consisted of transdermal estradiol (E2) gel 

(Oestrogel®; Besins Healthcare, Paris, France) at a dose of 2 mg, three times daily, which was 

started on the day before oocyte retrieval, and 600 mg daily of vaginal micronized progesterone 

(Utrogestan®, Besins Healthcare, Paris, France), starting on the evening of the day of the ICSI 

procedure. One blastocyst of good quality (BL4BB, as graded according to the Gardner and 

Schoolcraft scoring system [15]) was transferred freshly. No pregnancy ensued. Unfortunately, 

all other blastocysts were of insufficient developmental quality to be vitrified as surplus 

embryos. A second IVM cycle was performed in this patient using the same protocol with 4 

days of HP-hMG stimulation. Oocyte retrieval yielded 77 COCs; 37 oocytes reached MII stage 

after IVM, of which 22 were fertilized normally after ICSI. Seven embryos of good 

morphological quality were vitrified electively on day 3 after ICSI. In view of the poor embryo 

development beyond the cleavage stage in the previous IVM cycle, the embryos were not 

cultured to day 5. The patient went on to have HRT cycles for frozen embryo transfer (FET) 

when basal hormone levels were reached after the IVM cycle. Briefly, the endometrium was 

primed with transdermal Oestrogel® (two units administered three times a day). When an 

endometrial thickness of more than 6 mm was reached, luteal support was started using 

intravaginal micronized progesterone tablets (P, 200 mg three times a day; Utrogestan®, Besins 

Healthcare), and the embryo transfer was scheduled 5 days later. The transfer of day 3 vitrified 

embryos was performed 1 day after embryo warming. Administration of oestrogens and P was 

continued until a pregnancy test was performed and was continued until 7 weeks of gestation if 

the pregnancy test was positive, after which the dose was gradually reduced and discontinued 

1 week later. Because no pregnancy was achieved after three consecutive HRT cycles with 

single vitrified-warmed embryo transfer, a diagnostic hysteroscopy with endometrium biopsy 

was performed which showed normal histology and no signs of endometritis. Two embryos that 



had been vitrified on day 3 were transferred 1 day after warming in a further HRT cycle, which 

resulted in a pregnancy leading to a healthy singleton live birth at term.  

Patient 2 

A 30-year-old woman self-referred to our clinic with primary subfertility for 3 years based 

on PCOS-related anovulation. Previous first-line fertility treatment with her gynaecologist had 

involved five cycles of ovulation induction with clomiphene citrate and intrauterine 

insemination (IUI), which had not resulted in pregnancy. She had gone on to have conventional 

ovarian stimulation for IVF using a GnRH antagonist protocol. Because of an increased risk of 

OHSS, she had been prescribed 0.2 mg of GnRH agonist triptorelin (Decapeptyl, Ipsen®, 

Merelbeke, Belgium) for final oocyte maturation. Fifteen cumulus-oocyte complexes had been 

retrieved and one good-quality blastocyst had been vitrified electively. After oocyte retrieval, 

the patient had presented severe pelvic pain whilst in the recovery room, not responding to 

standard analgesia. Upon laparoscopic exploration, gross enlargement of both ovaries had been 

observed and the right ovary had shown livid discoloration. The torsed right ovary had been 

derotated laparoscopically. However, because of signs of septicaemia on the next day, the 

patient had been operated again by laparoscopy 48 h later and had undergone unilateral right 

adnexectomy because of gangrenous changes of the ovary. After self-referral to our clinic, 

patient 2 was diagnosed with PCOS phenotype D, based on the extended Rotterdam criteria. 

Her basal hormonal profile is presented in Table 1. Because of the history of ovarian torsion 

after OS using a GnRH antagonist protocol with GnRH agonist trigger, the patient declined 

further attempts of OS. In view of this, in vitro maturation (IVM) of oocytes was proposed, as 

described above. A short course of gonadotropins consisting of 225 IU HP-hMG (Menopur®) 

daily for three consecutive days was administered in patient 2. Transvaginal oocyte retrieval 

resulted in 30 COCs; 25 oocytes reached MII stage after IVM. All metaphase II oocytes were 

inseminated with ICSI, and 21 were fertilized normally. Embryos were cultured in individual 

25-μL droplets of sequential media (Quinn’s Advantage™Fertilisation, Fert™, Cleav™, 

Blast™medium, Origio). On day 5 after ICSI, seven blastocysts of good or top quality were 

vitrified electively. Endometrium preparation for the fresh embryo transfer consisted of 

administration of Oestrogel® at a dose of 2 mg, three times daily and started on the day before 

oocyte retrieval, and 200 mg three times daily of intravaginal micronized progesterone 

(Utrogestan®) starting on the first day after oocyte retrieval. One top-quality blastocyst 

(BL4AA, as graded according to the Gardner and Schoolcraft scoring system [15] was 

transferred freshly, which resulted in a healthy singleton live birth at term. 



V. Discussion 

 

1. Evaluation of oncofertility practices in Hungary 

This study is the first of its kind to provide a comprehensive overview of the current 

landscape of oncofertility treatment in Hungary. It was conducted by means of a questionnaire 

survey of oncologists working intensively in this field. Despite a heterogeneous spatial 

distribution of respondents, with a preponderance in the capital, no statistically significant 

differences between different regions of the country were found in the majority of responses. 

However, it is important to recognize that the majority of respondents work in national institutes 

or university hospitals, which limits insight into the knowledge and information practices of 

colleagues in smaller hospitals and specialist clinics. It is plausible that those who responded to 

the questionnaire may have a greater interest in fertility preservation, possibly representing a 

more optimistic scenario than the actual situation in Hungary. 

Apparently, the majority of the responding oncologists actively consider the possibility of 

fertility preservation for their young female and male cancer patients. In 77% of cases, 

respondents inquire whether patients under the age of 40 express a desire to have children in 

the future, while 79% systematically consider the gonadotoxic effects of treatment and discuss 

them with patients in 85% of cases. Compared with a similar national online survey of 102 

French oncologists, the level of knowledge among Hungarian oncologists is considered 

favourable [8]. In particular, a significant majority of Hungarian oncologists routinely discuss 

the fertility implications of cancer treatment with their patients, surpassing the commitment of 

only 46% of their French counterparts [8]. 

In reality, only a limited number of patients of childbearing age are actually referred. Almost 

half of the respondents (45%) said that they do not or rarely refer their patients to a fertility 

center, and 13% do not mention fertility preservation methods to patients undergoing 

oncological treatment. Notably, French oncologists refer an even smaller proportion of cancer 

patients to fertility centers for fertility preservation. Surprisingly, in the Hungarian system, 

which lacks a dedicated fertility preservation network, referral to a fertility preservation center 

is considered more successful according to the subjective assessment of treating physicians 

compared to France, which has an established fertility preservation network [8]. 

Our study shows that oncologists are aware of the importance of fertility preservation (FP) and 

actively consider this aspect in the care of patients of childbearing age. However, in practice, a 



significant number of patients are not referred for fertility preservation. Our findings suggest 

that this discrepancy may be due to the lack of a dedicated fertility preservation network, a poor 

patient referral system, a lack of collaboration with infertility specialists, and a lack of 

professional guidelines. The majority of oncologists are unsure about who is responsible for 

providing fertility preservation treatment, and a significant proportion do not know of any 

institution in Hungary that deals with this issue. These identified challenges are in line with 

international experience in this context [16]. 

There are currently no established professional guidelines for fertility preservation in Hungary. 

Although international guidelines exist, their use is not widespread. The data from our survey 

emphasize the need to inform and guide patients on the basis of established professional 

guidelines. Gynaecological and oncological professionals have a major responsibility in 

developing such guidelines, and their rapid establishment is crucial. 

In addition to the lack of professional guidelines, a notable challenge is the limited awareness 

among oncologists of the different fertility preservation techniques. Satisfaction with 

knowledge ranges from 5% to 25%, depending on the method, reflecting a similar situation in 

France (14%) [8]. A significant majority of Hungarian oncologists surveyed (60%) believe that 

it would be beneficial to provide patients with adequate information in this area. 

The current professional landscape is highlighted by the remarkable perception of half of the 

oncologists that embryo cryopreservation is not an available method, although it is one of the 

most commonly used assisted reproductive techniques. Embryo cryopreservation is the 

preferred method of fertility preservation for patients in a couple with sufficient time (2-3 

weeks) before starting oncological therapy.  

Fertility preservation methods are at the forefront of clinical practice, an area where there is 

currently a lack of training opportunities at both undergraduate and postgraduate level, 

indicating a need for additional training. However, it is important to emphasize that an in-depth 

understanding of fertility preservation techniques may not be essential for oncologists. 

Their primary role is to identify patients of reproductive age with a favourable prognosis and a 

significantly reduced likelihood of infertility following cancer treatment, and to refer them to 

specialist centers [9]. 

The current barriers in the patient pathway are highlighted by the survey results. Two thirds of 

Hungarian oncologists (65%) attribute the lack of referral of young cancer patients to poor 

collaboration between oncologists and infertility specialists. In addition, 54% cite the lack of a 



fertility preservation (FP) network and 55% cite a lack of up-to-date information. In contrast, 

in countries such as the UK, where the FP network has been established for several decades, 

the main factor influencing the oncologist's decision to refer a patient for FP is the patient's 

clinical condition. A 2013 online survey of 100 UK oncologists found that 93% based their 

decision on the patient's condition, 88% on the tumor’s severity and prognosis, and 72% on the 

tumor’s hormone receptor positivity [9]. 

The majority of Hungarian oncologists (56%) who responded stated that they do not refer 

patients for FP counselling because they prioritize cancer treatment over fertility preservation. 

While this perspective is understandable, in a well-functioning FP system counselling should 

not interfere with cancer treatment. It is also important for clinicians to raise awareness of FP 

options, as the majority of patients may find it difficult to think about anything other than their 

cancer [17]. 

The study highlights the importance of targeted training in fertility preservation methods. 

Oncologists who are better informed in this area are more likely to ask about fertility plans and 

refer patients to infertility centers. Collaboration between the FP network and both professions 

is essential to significantly improve the proportion of cancer patients undergoing fertility 

preservation.  

2. IVF Outcomes in Early-Stage Cervical Cancer 

To our knowledge, this is the largest retrospective study evaluating IVF outcomes in young, 

infertile cervical cancer survivors who had previously undergone FSS. This retrospective cohort 

study included all Hungarian patients who underwent FSS for early-stage cervical cancer, all 

performed by an experienced surgical team between 2004 and 2020, and followed by IVF 

treatment at 10 different fertility clinics between 2006 and 2022 in Hungary. 

The live birth rate following IVF treatment was almost five times higher in the non-radical 

group than in the radical group. This statistically significant difference underlines the major 

impact of the radicality of fertility-sparing surgery on reproductive outcomes. Both the 

pregnancy rate per embryo transfer (PR) and the cumulative live birth rate per oocyte retrieval 

(CLBR) were significantly higher in the non-radical group. 

In general, age is the primary factor affecting fertility, influencing both the quantity and quality 

of oocytes. Remarkably, in our study, the radical group had a lower mean age at the first oocyte 

retrieval but achieved a significantly lower CLBR following IVF treatment, therefore this 

difference have to be explained by other factors than age. 



Cervical stenosis is a well-known cause of infertility after fertility-sparing cervical procedures, 

with an incidence of approximately 4.7% to 8.1% [18,19]. In our series, 17% of patients 

required isthmic dilation, either because of haematometra or difficulties with IVF. Although 

one would expect higher rates of stenosis following more radical surgery, there was a similar 

incidence of stenosis in both surgical groups. Interestingly, in our study only one patient with a 

history of surgery for postoperative cervical stenosis achieved a successful pregnancy and she 

was operated on using a non-radical technique. These results suggest that it is not the cervical 

stenosis itself but the radicality of the surgical procedure that may be associated with reduced 

fertility. 

Reduced ovarian response to ovarian stimulation could affect live birth rates. Our results, as 

shown in Table 5, suggest that the radical group required a slightly higher total dose of FSH to 

obtain one mature oocyte, but the number of mature oocytes obtained was similar in both groups 

and there was no difference in fertilization rate. The existing literature on ovarian response after 

radical trachelectomy also shows conflicting results. In particular, a retrospective study by 

Tamauchi et al. suggests the possibility of a decreased response to ovarian stimulation (OS) 

after radical trachelectomy [20]. This may be related to a possible decrease in ovarian reserve 

due to reduced ovarian blood flow. On the other hand, a study by Muraji et al investigated the 

effect of inferior uterine artery branch ligation on ovarian reserve in patients undergoing open 

radical trachelectomy [21]. They found no statistically significant difference in anti-Müllerian 

hormone (AMH) levels between the study and control groups. According to our results, 

although higher doses of gonadotropins may be required, ovarian stimulation results and 

fertilization rates are similar in both radical and non-radical FSS groups.  

Infertility may also be due to factors such as cervical shortening and changes in cervical mucus 

characteristics [22]. In addition, recent research has shown that conization can affect the vaginal 

microbiota, potentially leading to an increased risk of preterm birth [23].  Furthermore, a 

dysbiotic microbiota profile in the female reproductive tract is associated with poor 

reproductive outcomes in patients undergoing assisted reproduction [24]. However, these 

factors cannot explain the significant difference in IVF outcome between non-radical and 

radical procedures found in this study. 

In addition to cervical changes, impaired uterine perfusion may contribute to the lower 

pregnancy rates observed in the radical group. It is hypothesized that patients who have 

undergone radical abdominal trachelectomy with extensive parametrectomy and ligation of the 

origin of the uterine arteries may have impaired uterine perfusion, which is essential to support 



pregnancy. Klemm et al conducted a study using Doppler sonography to measure uterine blood 

flow, which interestingly showed that uterine perfusion remained unchanged after radical 

trachelectomy [25]. In contrast, Smith et al used pulse oximetry and perfusion index (PI) 

measurements to assess uterine perfusion and viability. Their results showed that clamping the 

uterine vessels significantly reduced uterine O2Sat and PI, highlighting the significant 

contribution of both ovarian and uterine vessels to uterine perfusion [26]. Furthermore, data 

show that following uterine artery embolization (UAE), uterine myometrial and endometrial 

perfusion is reduced, leading to suboptimal embryo implantation [27-28]. 

 Our results showed a significantly reduced implantation rate in patients who underwent radical 

FSS; out of 148 transferred embryos, only 12 embryos implanted, resulting in a very low 

implantation rate of 8%. Therefore, the reduced implantation rate may be the key factor 

explaining the poorer IVF outcome in patients in whom the uterine arteries were sacrificed 

during FSS. Traditionally, our surgical team has used a hyper-radical technique corresponding 

to a C2 type parametrectomy according to the Querleu-Morrow classification. It is likely that 

the suboptimal CLBR (6%) is related to the increased radicality of the procedure, resulting in 

severe myometrial and endometrial ischaemia, leading to lower implantation rates. 

Several studies have analyzed pregnancy outcomes in patients undergoing FSS and reported 

variable success rates based on different surgical routes and approaches. A systematic review 

evaluating all routes of radical trachelectomy showed a post-trachelectomy pregnancy rate of 

23.9%, with the highest rate observed in the vaginal radical trachelectomy group [29]. Studies 

suggest that the abdominal approach may have a greater impact on reproductive function due 

to the complete separation of the uterine body from the vaginal wall, potentially leading to nerve 

and vessel disruption and pelvic adhesion [30]. Furthermore, in the context of early-stage 

cervical cancer, women who have undergone simple trachelectomy or conization have shown 

even better reproductive outcomes. A study by Plante et al showed that only 16% of patients 

had fertility problems after non-radical surgery [31]. Another systematic review supported these 

findings [18] and reported a significantly higher live birth rate (86.4±16.8%) after simple 

trachelectomy or conization compared to those who underwent radical vaginal trachelectomy 

(63.4±23.3%; p=0.04). Overall, these findings highlight the potential influence of surgical 

approach on fertility, which is influenced by multiple factors contributing to poor fertility 

outcomes.  

Another important aspect of fertility-sparing procedures is their impact on obstetric outcomes. 

Preterm delivery is the most common complication observed in pregnancies following these 



procedures. The aetiology of prematurity is multifactorial and is strongly associated with lack 

of mechanical support from the residual cervix and an increased risk of ascending infection and 

chorioamnionitis [25]. Preterm delivery after trachelectomy due to preterm premature rupture 

of membranes occurs in 8-77% with a mean of 27% compared to an incidence of 3-5% in the 

general population [25]. Our data show higher rates of prematurity and miscarriage in the 

radical group, although we were unable to perform statistical analysis due to limited sample 

size. An equally important finding was the difference in mean gestational age at delivery and 

fetal birth weight between the two groups. The rates of first-term miscarriage (30%) and 

second-term miscarriage (20%) were higher in the radical group than in the general population. 

Tumor size was larger in the radical FSS group; therefore, these procedures may be associated 

with a greater reduction in cervical length, which is an important determinant of late miscarriage 

and preterm birth, 

There is increasing evidence that conservative surgery is safe for patients with early, low-risk 

cervical cancer. The recently published prospective ConCerv trial shows that conservative 

surgery can be a viable option for this group of patients, without compromising optimal 

recurrence and survival rates [32]. The randomized SHAPE trial further validated these 

findings, suggesting that patients can expect fewer side effects and a potentially better quality 

of life when treated with simple hysterectomy [33]. 

The recently published FERTISS study provided retrospective data on oncological outcomes 

from a large multicentric cohort of early stage cervical cancer undergoing FSS [34].  This study 

showed that non-radical cervical procedure does not confer a higher risk of recurrence in 

patients with tumors smaller than 2 cm compared to radical FSS.  Parametrectomy has not been 

shown to improve prognosis in stage IB1 patients and may increase postoperative morbidity 

with worse perinatal outcomes [34]. 

In our study, we observed improved reproductive outcomes following IVF in patients who 

underwent non-radical fertility-sparing surgeries with the preservation of uterine arteries, 

compared to those in the radical surgery group. These findings demonstrate that assisted 

reproductive outcomes can be optimized without significantly compromising oncologic 

outcomes in a carefully selected group of patients.  

The strengths of the study  

The strengths of the study are its comprehensive coverage of patients, meticulous data 

collection, centralized patient management and long-term follow-up.  



First, we ensured comprehensive data collection by obtaining both IVF and surgical records for 

each patient from all centers. In addition, centralized patient management by a dedicated team 

of experienced clinicians is another notable strength. This approach not only ensures 

consistency in treatment procedures, but also minimizes variability in patient care. Long-term 

patient follow-up is also particularly important, as Hungary was among the first countries to 

introduce fertility sparing cervical cancer surgery. In addition, by focusing specifically on IVF 

patients, the study provides new insights and detailed IVF outcomes that have not been reported 

before.  

Limitations of the study 

A major limitation of this study is its retrospective design and the small sample size within the 

non-radical group. This limitation can be attributed to the recent trend towards less radical 

surgical approaches for low-risk cervical cancer, which has only gained popularity in the last 

10 years. To enhance the study's ability to detect differences in certain outcomes, a larger 

sample size would be required. However, in the light of the excellent spontaneous fertility rates 

following non-radical FSS, it would be time-consuming to increase the number of non-radical 

surgical cohort [18].  

Another limitation of the study is the significant difference in tumor stage distribution between 

the non-radical and radical groups. This difference is expected as non-radical surgery is 

primarily used for smaller tumors. 

The aim of this study was to compare the reproductive outcomes of IVF in patients who 

underwent non-radical and radical surgery. The main question is whether the stage of the tumor 

itself might influence the IVF success rate independently of the type of surgery. As all tumors 

were completely removed and no additional (adjuvant) therapies were given beyond surgery, it 

appears that the primary determinant of reproductive outcome was the type of surgery 

performed rather than the stage of the tumor itself.  

These limitations highlight the need for more extensive, prospective studies that can provide 

more definitive and representative results regarding the impact of radical and non-radical 

fertility-sparing procedures on reproductive and obstetric outcomes in cervical cancer 

survivors. 

 



3. Exploring Innovative Approaches in Fertility Preservation 

In our study, we were able to demonstrate the safe and successful use of IVM in patients at 

the most severe end of the spectrum of elevated functional ovarian reserve. Not only do these 

patients have an increased risk of OHSS, the most common adverse event related to ovarian 

stimulation, but we would like to raise awareness of other potentially severe complications of 

fertility treatment in predicted high responders. With this report, we would like to warn against 

a reduced level of vigilance when treating these patients with gonadotropins in the current era, 

now that the incidence of severe OHSS, the worst enemy of reproductive medicine 

professionals, has reached an all-time low. Ovarian torsion may even occur after ovulation 

induction using gonadotropins in high responders, as illustrated by the first case in this report, 

and the combination of a GnRH agonist trigger with a freeze only strategy prevented severe 

OHSS in the second case, but could not prevent ovarian torsion. 

 Adnexal torsion in the setting of fertility treatment has an incidence ranging from 0.08 to 0.2% 

and can lead to the loss of an ovary [35]. Its prevalence is probably underestimated, in view of 

typical under-reporting of poor results. Ovarian stimulation is a known risk factor for ovarian 

torsion due to ovarian enlargement. There is ample literature to recommend a conservative 

surgical approach when ovarian torsion occurs. Indeed, although population studies have 

indicated that unilateral oophorectomy does not lead to premature menopause, such a procedure 

may result in reduced success rates after fertility treatment in an IVF population [36]. 

Derotation of the ovary with or without oophoropexy has been advocated several decades ago 

and is considered the treatment of choice. Even when complete ischaemia has developed, 

detorsion of the ovary will often be successful in re-establishing reperfusion and normal ovarian 

function [37–39]. However, untimely diagnosis may lead to significant delay of surgical 

intervention, compromising the viability of the ovary. 

Patients with polycystic ovarian morphology (PCOM) and those with polycystic ovary 

syndrome (PCOS) are predicted high responders and are particularly at risk for OHSS after OS 

[40]. In spite of well-defined criteria for the diagnosis of PCOS and a revised threshold for 

PCOM of ≥20 antral follicles per ovary [41], PCOS is a heterogeneous condition and there is 

no single best approach that will fit all patients with PCOS. Women with PCOS who undergo 

OS will exhibit a continuum of ovarian response intensity, depending on intrinsic ovarian 

parameters, including antral follicle count (AFC) and AMH serum levels, and patient 

characteristics such as BMI. Although pre-stimulation AFC and AMH has been found to be 

reliable predictors for high ovarian response, their utility to predict OHSS is limited [42] and 



there are no available literature data with regard to the prediction of the extent of ovarian 

enlargement and the risk of ovarian torsion in high responders. As far as the two patients 

described here are concerned, baseline AMH levels had not been analyzed before the initial 

fertility treatment. However, because serum AMH levels were strongly elevated (24.5 ng/mL 

in patient 1; 12.3 ng/mL in patient 2) after oophorectomy, when the patients presented at our 

clinic, it is likely that these levels must have been even more elevated initially. Nevertheless, 

although a vast amount of literature has been produced with regard to ovarian response 

prediction, there is a lack of knowledge regarding the correlation between ovarian parameters, 

such as functional ovarian reserve and ovarian volume, and the risk of ovarian torsion. In a 

subset of high responders, OS may result in ovarian torsion even after moderate stimulation 

doses, such as in the setting of ovulation induction, as observed in patient1 in this report. 

We here illustrate the concept that for patients at the more severe side of the spectrum of 

functional ovarian reserve, IVM may be a safer alternative approach. Not only do these patients 

have an increased risk of side effects and adverse events related to ovarian stimulation, they 

also require intensified monitoring of ovarian stimulation, which may contribute to an increased 

level of stress during IVF treatment; on its turn, stress may lead to treatment termination before 

a successful pregnancy is achieved. In view of this and in spite of the existence of OHSS-free 

controlled ovarian stimulation protocols, a subset of high responders may be keen to embrace 

IVM as an alternative, lower-burden ART. To which extent these patients would accept a lower 

chance of pregnancy after IVM compared to standard IVF is currently unknown, although a 

recent survey among women with increase of OHSS has shown that about half of the patients 

are willing to accept a lower chance of pregnancy for a reduction of the OHSS rate [43].  

Compared to conventional ovarian stimulation (OS) protocols, where oocytes are retrieved 

from large pre-ovulatory follicles, IVM involves the aspiration of cumulus-oocyte complexes 

(COCs) from antral follicles [44]. Hence, a shorter course of gonadotropins is administered, 

although the role of exogenous FSH has been controversial [45,46] and FSH administration 

before oocyte retrieval has been omitted completely in some IVM clinics [47]. Nevertheless, 

even if gonadotropins are administered in an IVM cycle, very little monitoring is required. The 

cornerstone of an efficient IVM program is proper patient selection; women with elevated 

functional ovarian reserve parameters will yield sufficiently high numbers of immature oocytes 

to make up for the inherently lower efficiency of IVM compared to standard IVF [48–50]. 

Nevertheless, a specific AMH cut-off at which level the efficiency of IVM may approach or 

perhaps surpass that of OS followed by IVF/ICSI has not been established. Although IVM has 



initially been advocated as a method to eliminate OHSS, the development of OS strategies to 

dramatically reduce the risk of OHSS has mitigated the need for IVM as a strategy to avoid 

OHSS. Nevertheless, recent improvements to the IVM culture system [51] which may enhance 

the developmental potential of IVM embryos have refueled the interest in IVM as a more 

patient-friendly approach in high responders. Although in centers with sufficient expertise 

cumulative live birth rates per started IVM cycle in women with PCOS reach ≈40% [52–54] 

embryo yield and success rates are still lower as compared to standard OS protocols. 

More specifically, IVM results in a relatively lower rate of embryos progressing to the 

blastocyst stage, but IVM embryos that do reach the blastocyst stage appear to have similar 

implantation potential as compared to blastocysts after OS [55]. Although the role of IVM in 

ART practice continues to be questioned in the modern era of agonist triggering and freeze-all 

strategies, we here illustrate the potential of IVM in selected patients who may have an 

increased risk of potentially severe complications when they undergo conventional ART. 

Nevertheless, future studies are required to compare the safety of IVM and conventional 

IVF/ICSI in a large cohort of predicted high responders. Surprisingly, one case of ovarian 

torsion following IVM in a patient with PCOS has been reported [56]. However, in contrast 

with the patients presented here, the patient described by Giulini et al. had received a bolus of 

hCG before oocyte retrieval, which could have contributed to the development of this 

complication. In our opinion, and according to the recommendation by the International PCOS 

Network, IVM refers to the in vitro maturation of immature cumulus-oocyte complexes 

collected from antral follicles without the use of an hCG trigger [44]. 

  



VI. Conclusions 

 

1. Evaluation of oncofertility practices in Hungary: 

Our study is the first step in evaluating the essential measures to establish a national 

oncofertility network. The cornerstone of a successful oncofertility program is effective 

communication and close collaboration between treating oncologists and reproductive 

specialists involved in fertility preservation. As a first step, our aim was to assess the level of 

knowledge about fertility preservation among cancer specialists in Hungary, with a particular 

focus on factors that hinder young cancer patients' access to a fertility preservation program. 

Promisingly, the majority of responding oncologists are interested in fertility preservation. They 

take patients' preferences into account, discuss the adverse effects of cancer treatment on 

fertility, consider the gonadotoxicity of treatment, and refer patients to a fertility center for 

fertility preservation counselling when necessary. 

However, the survey results indicate that oncologists need to be educated and trained in this 

area. The development of common professional guidelines and the establishment of a national 

fertility preservation network are considered essential. This initiative aims to provide more 

accurate information to patients in order to increase the proportion of patients who have access 

to fertility preservation treatment before starting cancer treatment. 

 

2. IVF Outcomes in Early-Stage Cervical Cancer 

For women of reproductive age diagnosed with early-stage cervical cancer, fertility-sparing 

strategies have emerged as a vital component of treatment, offering hope for future motherhood. 

Fertility-sparing surgery (FSS) aims to attain oncologic outcomes similar to radical treatment 

while optimizing reproductive results. Given the significant patient morbidity associated with 

radical fertility-sparing procedures including adverse reproductive and obstetric outcomes, 

there has been recently a shift toward less radical surgical approaches for low-risk cervical 

cancer. Further studies are needed to strengthen the existing evidence showing both oncological 

safety and reduced morbidity of these approaches.  

Our study demonstrates that low-risk cervical cancer patients who undergo non-radical fertility-

sparing surgery experience improved in vitro fertilization outcomes compared to radical 

surgery. Radical procedures involving uterine artery ligation were associated with decreased 



implantation rate and cumulative live birth rate. These findings emphasize the importance of 

considering oncological safety and reproductive outcomes together when choosing FSS for 

early-stage cervical cancer patients, highlighting the reproductive benefit of performing less 

radical surgery with preservation of uterine arteries. They also highlight the need for 

comprehensive data to guide patient counseling and clinical recommendations. 

 

3. Exploring Innovative Approaches in Fertility Preservation. 

In a fertility preservation program, in vitro maturation (IVM) may be offered as an alternative 

approach when conventional ovarian stimulation is contraindicated or when there is insufficient 

time to delay the initiation of gonadotoxic treatment for ovarian stimulation. Due to its 

innovative nature, IVM as a fertility preservation technique requires specific expertise. [57]. 

Although centers with appropriate expertise have achieved cumulative live birth rates of around 

40% per IVM cycle in women with PCOS, embryo yield and success rates remain lower 

compared with standard OS protocols. However, women with increased functional ovarian 

reserve parameters can produce sufficient numbers of immature oocytes to compensate for the 

inherently lower efficiency of IVM compared to standard in vitro fertilization (IVF) protocols 

[58]. 

In vitro maturation (IVM) following ex vivo oocyte retrieval from ovarian specimens can be 

used to maximize the potential for fertility preservation in patients undergoing surgical removal 

of ovarian tissue. It is possible to retrieve immature oocytes from ovariectomy specimens during 

tissue processing for cryopreservation. This strategy is useful when ovariectomy is part of 

curative treatment, such as for ovarian cancer, or when ovarian tissue is processed for 

cryopreservation. However, it is important to note that IVM after ex vivo retrieval is considered 

an experimental procedure and requires approval from a medical research ethics committee 

[57]. 
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