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|. 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.



[1. 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.



[11. 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 1Al 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:
BMEU/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.
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Figure 2. shows the distribution of participants by qualification, with the three most common

specialties being clinical oncology, radiotherapy and internal medicine.



Figure 2. Distribution of participants by qualification
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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 [p] = 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

Mentioning  the | Thinks the | Thinks the | Mention  the
method to the | method is | method is | method to the
patient experimental available patient

Sperm

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

(n)

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

Use of GnRH 0 0 0

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

Testicular  tissue 0 0

freezing (n) 58 % (54) 43 % (40)

Ovarian tissue

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

Ovarian 0 0

transposition B9 GelE) SN

Embryo

cryopreservation | 44 % (41) 46 % (43)

(n)

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.



Figure 3: Factors influencing referral for oncofertility treatment
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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.



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 58
treatment.
Cancer treatment is more important than fertility preservation. 55
The information | 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 35
fertility is high.
Ovarian stimulation is considered dangerous in hormone receptor-positive 32
gynaecological and breast cancers.
Short consultation time. 29
| don't think it's clear who has to tell the patient. 24
In the case of breast cancer, | am concerned about the oncological risk of 16
subsequent pregnancies.
The patient is frightened by the prospect of fertility treatment. 8
| 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
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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



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 Non-radical Radical P
patients group group value
Number of patients, n 36 6 30
Mean age at FSS, y (range) 31.7 (23- 31 (26-35) 30.2 (23-37)
37
Nulliparous, n (%) 31 (86?1%) 5 (83.3%) 26 (86.7%)
Stage distribution (FIGO 2018) <0.01
1AL, n (%) 4 (11.1%) 4 (66.7%) 0 (0%)
1A2, 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%)
Adenosguamous 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 | 30 (83.3%) 0 (0%) 30 (100%) | N/A
arteries, n (%)
ART with preservation of uterine 1 (2.8%) 1 (16.7%) 0 (0%)
arteries non-radical, n (%)
Simple trachelectomy non-radical, n 5 (13.9%) 5 (16.7%) 0 (0%)
%
E:e?vical 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 1B1 tumors (66.7 %). The
remainder had stage 1ALl (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 1A
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 (1A 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-Miillerian 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 1681 1864 1644 0.6938
oocyte retrieval, days
Mean age at the first oocyte retrieval, y 35.1 36.2 34.9 0.4703
BMI, mean (kg/m?) 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 2.4 1.7 2.7
cycles (per patient)
Mean number of retrieved oocytes in 7.1 8.3 6.8 0.4647
the first cycle
Fertilization rate 53% 55% 53% (274/518)

(311/585) (37/67)

Mean FSH dosage at the 1. cycle (1U) 1811 1800 1815 0.9597
OS response (mean FSH dosage per 282 243 303
matured oocyte at the 1. cycle) (IU)
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 | Radical group | P value
group

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

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 335 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 VM cycle outcome

Patient 1 Patient 2

Baseline patient characteristics™®

Age (vears) 25 30
BMI (kg/m”) 16.5 19.4
AMH (ng/mL) 24.5 12.3
AFC (W) 60 30
FSH (TU/L) <01 7.5
LH (ITIL) <01 8.8
Progesterone (nmolL) 1.34 0.64
E2 (ng/L) 320 28.0
VM cycle ouicome Cycle 1 Cycle 2

COC retrieved (N) 70 77 30
MIT oocytes (N) 35 37 25
2PN oocytes (N) 25 22 21
Cleavage-stage embryos (N) 17 7 20
Cryopreserved embryos (N/stage) 0 Tidh T(ds)
Fresh ET (N/stage) 1/BLABB (d5) 0 I/BLAAA (d5)*#*
eFET (N/stage)** N/A 4 N/A
eFET no. 1 1/8¢c gr2 (d4)

eFET no. 2 1/C2 grl (d4)

eFET no. 3 1/5¢ gr3 (d4)

eFET no. 4 2/BL1 g2, C2 gr2 (d4)*#*

Live birth 0 1 1

COC cumulus-oocyte complex, MIT metaphase I, 2PN two pronuclei, ET embryo transfer, SET single embryo
transfer, DET double embryo transfer, ¥ yes, N no

*Patient characteristics at intake (after unilateral cophorectomny)
**(leavage-stage embryos were vitrified on day 3; embryo transfer was performed 1 day after embryo warming
##4 Resultng in live birth

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

o

Endometrium = 2.8mm Uterus L = 52.3mm
Uterus D = 27.3mm Uterus W=29.1Tmm
Lt Ovary L = 66.9mm Lt Ovary D = 31.8mm

—— B 1 B =V

P 100 Mi1.2

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 1U
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-pm 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 mlU/mL HP-hMG (Menopur®), 100 mIU/mL hCG (Pregnyl®), and 10mg/mL human
serum albumin (Vitrolife, Géteborg, Sweden), followed by 32 h of group culture of 10 COCs
per well in 500 pL of IVM medium with an oil overlay (Ovoil, Vitrolife) at 37 °C under 6%CO2
and 20%02. 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-uL droplets of sequential media (Quinn’s Advantage™ Fertilisation,
Fert™, Cleav™, Blast™ medium, Origio) and in G-TL™ monophasic culture medium
(Vitrolife, Goteborg, 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 M| 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 (1UI), 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 1U 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 Il oocytes were
inseminated with ICSI, and 21 were fertilized normally. Embryos were cultured in individual
25-uL 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 IVVF 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-Miillerian
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 1B1 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 I\VF 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 patientl 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 VM 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].



V1. 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 VM after ex vivo retrieval is considered
an experimental procedure and requires approval from a medical research ethics committee
[57].
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A termékenység megOrzése
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Bevezetés A daganatellenes kezelések egy része gomadotoxikus hatisa, czért Jetrejott egy viszonylag 0, interdiszeipli-
naris teralet, mely a fiatal onkoldmai betegek termékenységének megiorzésével foglalkonk: ez a fernhtasprezervaad,
mas néven onkofertibitds. A nemzetkoz iranyelvek ellenére Magyaroeszagon jelenleg nines orszigos fertilitisprezer-
vaaos halozat, a betegek wanyitasa és tajckoztatasa nem szervezetten torténik.

Célkstaizés: Tanulmanyunk célja, hogy felménitk a lazinkban dolgozo onkoldgusok fertilitisprezerviaoval kapesola-
tos ismeretert, €s megismerjuk azokat a tényezdket, amelyek a fiatal daganatos betegek termékenvségmegdrzési prog-
ramhoz valo bozzaférését segithetnék.

Modszer: A Magyar Onkologus Tarsasig (MOT) tagjainak oaline kérddevet kaldtunk ki a fernlitdsprezervaad téma-
kircben 2020 novembercben. A felmérést 94 onkologus szakorvos toltotte ki teljes egészében, mapd a beérkezert
adatokat statsztika modszerekkel clemeztok.

Ercdmeényck: A vilaszold magyar onkolégusok tobbsége (77%) 2 daganatellenes kezelés fernlitasra gyakorolt hatasat
megbeszél a piciensével, tényvlegesen azonban csak kis szamban kenilnek beutalisra a termékeny korban lévé pacien-
sck. A vilaszolok fele myilatkozott agy, hogy betegert nem vagy csak ritkin irinyitja tovibb medddség centrumba;
ennek hitterében a fertibitisprezervacios hildzar, a megfeleld képrés €s a hazar irinyelvek nanyat jelolik meg. A va-
bszadok tobbsége (86%) vél ugy, hogy az onkoldgus & meddiség szakemberek szorosabb egyiittmikadésének
megszervezese szitkségszeni Magyarorszagon.

Kovetkezeetés: Tanulmanyunk egy nemzet: onkofertilitas-halozar letrchozasihoz szitkséges teendok felménésének elsd
kpése. Eredményeink szennt szokseges a betegeket kezels onkolégusok és a fertilitisprezervaadval foglalkozo rep-
roduktiv szakemberck kozotn megteleld egytittmukexdés kialakitisa, valamunt az onkolégus kollégik smeretemek
bdvitése ezen a szakteriileten.

Orv Henl. 2022; 163(6): 246-252.

Kulcsszavak: fertlitasprezervaad, onkofertilitas, onkoldgusok

Fertility preservation in cancer patients

Hungarian experiences and attitudes

Introduction: Fertility preservation or oncofertility s a relatively new interdisciplinary fickd dealing with the preserva-
non of female and male reproductive funchions before the admimistration of gonadotoxic therapy. Despite recom-
mendations from different mternational scienafic bodies, Hungary still does not have a national fertility preservation
network, patrent referral is unorganised.

Obrpeetire: As the finst step towards establishing 2 national fertility preservation program, a study was designed to
evaluate the Hunganan oncologists’ knowledge, attitudes and practice in the ficld of oncofertaliey.

Method: A national online survey was sent to the phyvsiaan members of the Hunganan Soacty of Clnical Oncology
between November 2020 and  February 2021, The survey was completed by 94 physicians and the results were ana-
hvsed statisncally.

Results: The majonty of the oncologists { 77%) discusses reproductive health ssues before starting gonadotoxic ther-
apy. However, almaost half of these physicrans do not refer patents for ferulity preservation consultation or treatment.

DON: 10.1558650 202232375 = © SewrzB(K) m 2022 = 163, violyam, 6, szdm = 206-252.
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Physicians report lack of organised fertility preservation network, lack of knowledge and climcal pracnce gusdelines
as major barriers in refernng thewr patients for fertlity preservation. The majority (86%) proposes that a better cal-
bboraton between cancer and ferulity centers needs to be ongamzed in Hungary.

Conclusion: This study s the finst naticawide survey to assess oncologists” artitude, knowledge and practice i the
field of oncofertility in Hungary. It highlights the need for more education and mxcreased collaboration between
oncologists and reproductive speciabists. This is an important step towards the establishment of 2 national fernlity

preservation network which is our ultimate goal.

Keywords: ferulity preservanon, oncotertility, oncologists, Hungary

Vesztergom D, Téglis Gy, Nanassy L, Matrar Z, Novik Z. [Ferulity preservation in cancer patients. Hunganan ex-
periences and attitudes]. Orv Henl. 2022; 163(6): 246-252.

(Beérkezett: 2021, augusztus 6.; elfogadva: 2021 augusztus 31.)

Rividitések

ECOG = (Eastern Cooperative Oncology Group ) Keleti Koo-
perativ Onkologiai Csoport; OTC = (ovanan tissue cryopreser-
vation) petefeszekszinet fagvasztasa; OTT = (ovanan tssuc
transplantation) petefészekszovet transzplantaciog

A daganaros megbetegedések incidencidja az életkorral
n6. Mivel a csalidalapitis ideje egyre jobban kitolodik,
folyamarosan né azon daganatos beregek szima, akiknél
az onkologiai kezelések rermékenységre gyakorolt hardsa
komoly jelentiséggel birhat. Az elmilt évtizedben az
onkoterdpids kezelések utini éler mindsége is felértéke-
I6dorr a kezelések harékonysigiban bekoverkezert jelen-
tés javulisnak kdszonherden. A ferrilitis elveszrésének
Ichetdsége egy fiatal né szimira majdnem akkora lelki
megterheléssel jir, mint megkitzdeni magival a dagana-
tos beregséggel [1].

Magvarorszigon 2016-ban a Nemzet Rikregiszier
adarai alapjin a 40 év alar, fertilis korth ndknel 1574
rosszindulani daganaros megbetegedést diagnoszrizdl-
rak. Azon megbetegedésck arinya, amelyek kezelése to-
sikus a petefészkekre és/vagy a herékre (a rovibbiakban:
gonddok), vagy sugirterdpidt igényel, é nagy valoszind-
séggel csokkenti a késGbbi sikeres fogantards és kihor-
dort rerhesség esélveit, az dsszes daganatos megbere-
gedés mintegy kétharmada. Az emlé rosszindulard
daganarit 531, ndgyogyiszati crederli rosszindular
daganarot 384, vérképzé szervi daganator 127 esctben
illapirorrak meg.

A ferrilis kort, emlérikkal diagnoszrizilt néknél gyak-
rabban fordul ¢l6 olyan agresszivebb molekulins-generi-
kai szubripusti daganar, amely gonadoroxikus kemoteri-
pidr igényel; ez a nék 38%-inak okoz termékenység
problémir a kezelést kéverden [2]. A gvermekszilés esé-
Iye tovibb csokken, ha szilkséges az onkoreripids kezelés
Kiegészitése endokrin reripidval, mely tovibbi 5-10 év-
vel kitolharja a gyvermekvillalis idejér. A fiaral leukémids
picienseknél ugyancsak rendkivill fontos a rermékenység
megdrzése, hiszen a mycloablariv kondicionilis kover-
keztében, az Gssejt-rranszplanticion koverden a korai pe-

tefészek-kimerillés  kockizara rendkivill magas (80—
100%). A ndgydgviszan erederd daganatok esetén a ndi
reproduktiv szervek miténi & sugirreripids kezelése
jelenti a legjelentdsebb kockizaror a késdbbi rermékeny-
ségre. A bdrriknak, a pajzsmingy rosszindulang dagana-
rinak, illerve a vastaghél és a végbél rosszindulard
daganatinak kezelésében alkalmazorr onkoteripia a ter-
mékenységer kisebb mérrékben csokkent. A korai pere-
fészek-kimertilés kialakulisinak veszélve filgg a paciens
élerkordrol, a kezelés jellegérdl, irradidcio eserén a kumu-
lativ dozistol és a besugdrzis helyérdl. A méh radioteri-
pidja nem csupin az embrié sikeres implanticiojinak esé-
Ivér csokkenti, hanem a viranddéssig alanr cléforduld
szovedménveket is noveli, példiul a koraszulések gyako-
risigdris [3].

A korszer(i és eredményes multidiszcipliniris onkolo-
giai kezelésck kdverkezményeként tehir a paciensek esé-
Ive a gvermekszitlésre nagymérrékben cstkkenher, ezért
fontos a termékenység megdrzése [4]. Eurdpai és amen-
kai, evidenciikon alapuléd szakmai irinyvelvek alapjin,
amennyiben az onkoteripids kezelés koverkezrében ki-
alakuléd medddség kockizara kdzepes vagy magas foki,
minden ferrlis kori n6 szimira termékenységmegGraési
cljirdst szitkséges felajanlani {5, 6].

Az érvényes nemzetktizi szakmai irdnyvelvek alapjin az
onkologiai konzulticiGkon a bereggel ismerterni kell a
daganatellenes kezelés rermékenységer énintd kdros ko-
vertkezményeir, figgetlenol a daganat prognozisitol, a
piciens életkoridrdl, a paciens csalidi dllapotitol. Ameny-
nviben a gvermekvillalis szindék még nem zirulr le, a
kezelés elér a picienst minden esetben onkoferrilitisban
jirras assziszrilr reprodukcits szakemberhez szilkséges
irinyitani. A betegek rajékoznatisa, medddségi centrum-
ba irinyitisa é a rermékenység megdrzésér célzo cljiri-
sok felajinlisa nagymérrékben javitja a piciensck élermi-
ndségér, & csokkenti a gvermekvillalissal kapesolatos
szorongisukar. Az Amerikai Klinikai Onkolégiai Tirsa-
sdg (American Society of Clinical Oncology, ASCO) 4l-
lasfoglalisa alapjin az onkologiai diagnézis idGpontjiban
a noberegek felér érdekli a kezelés ferrilitisra gvakorolt
hardsa, azonban csak nagyon kevesen kapnak érdemi i-
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jékoztatist a rermékenység meglrzésér célzd leherdsé-
gekrdl [7].

A nemzetkdzi gyakorlathoz igazodé, jol mikéds ma-
gyarorszigi onkoferrlitisi hilozar kialakitisihoz clen-
gedheretlen azoknak a tényezdknek a feltirisa, amelyek
miatt a piciensek jelenleg nem kertilnek szakmai beura-
lisra a fertilitismegdrzésben jirtas szakemberekhez, és
igy nem kapnak idében megfeleld uijékozrarist sem.
A jelen ranulminy célja a magyar onkologusok szakisme-
reteinek, a fertlitismegdrzési technolégiikrdl valé rijé-
kozratisi szokdsainak felmérése a piciensck hatékonyabb
informilisa érdckében.

Moédszerek

Irodalmi adarok alapjin [8-10] clkészitetriink egy kér-
délver a rermékenységmegorzés témakorében, amely a
Magyar Onkologus Tirsasig clndkségének segitségével a
rirsasig ragjainak 2 alkalommal keriilr kikiilldésre online
kérddiv (SurveyMonkey) formiban. A felmérést 154,
onkologidval foglalkozd szakember kezdre el, kozilik
94 orvos teljesen kitoltotre a kérddiver. Az eredménye-
kera reljesen kirdlrorr 94 kérdéiv alapiin érrékelruk. Egy
ember csak egy kérdaiver rolthetett ki A kirGliés dnkén-
tes volr.

Az adarokar az R starisztikai program (4.1.0. verzio)
segitségével elemezrilk. Szignifikinsnak a p<0.,05 értéker
rekinterriik. A leird stariszrikinil az egyes jellemzdk rela-
tiv eléfordulisi gyakorisigir a reljes populicichoz viszo-
nyitva szizalékban adruk meg.

Eredmények

A kitolts orvosok tobb mint fele (55%) fédfi volt, 96%-uk
rendelkezetr szakvizsgival. A vilaszadok minregy kéthar-
mada orszigos intézményben vagy egyetemi kézpont-
ban dolgozd orvos, tilnyomé wibbséguk a tovirosban
(72%) dolgozotr, és mir 15-25 év gyakorlarral (30%)
rendelkezert. A kurarisban részr vevd onkologusok de-
mogrifiai & szakmai jellemzGit az 1. dbra murtatja be.

A részvevik szakvizsgik szerinti megoszlisa a 2. sb-
ran lithatd. A hirom leggyakoribb szakreriiler a Klinikai
onkolégia, a sugirteripia és a belgyvogyiszar volt. A
részvevok tobbsége (75%) agy nyilatkozotr, hogy a su-
gir- és kemoteripids kezelések gonadoroxikus hatisirdl
kizepes mérrékben vagy nagymértékben rendelkeznck
informicioval, viszont csak 9 vilaszold (9,5%) érzi agy,
hogy a legfrisscbb onkoferrilivisi cljirisokro! kozepes
mérrékben vagy akir nagymértékben informdlr. A szak-
mai tapaszaalat fuggvényében gy riinik, hogy minél
10bb éve foglalkozik egy orvos onkolégiival, anndl in-
kibb risztiban van a kezelések gonadotoxikus hacisival
(Spearman-féle r6 [p] = 04214, p<0,05). A szakembe-
rek kizel felének (48%) van rudomdsa olyan magyaror-
szigl intézewdl, ahol onkoferrilitissal foglalkoznak, 40
vilaszolé bizonyvralan (42%), mig 9 vilaszolé (9,5%)
cgyiltalin nem ismer olyan ellitohelyer, ahol az dlrala

EREDETI KOZLEMENY

kezelr piciensek termékenységmegdrzésével foglalkoz-
ndnak. A vilaszadok wobbségére jellemzd, hogy megkér-
dezik 40 év alarn pacienscikedl, szeretnének-¢ még gyer-
meket (77%), gvakran mérlegelik a kezelés gonadoroxici-
risdr ferrilis kort pacienscknél (79%), és dlaliban meg is
beszélik ezt a paciensckkel {85%).

Ennck cllenére a vilaszadok majdnem fele (45%) nyi-
latkozort dgy, hogy betegeir nem vagy csak ritkin iri-
nyitja tovibb medddségi kozpontba, 13%-uk pedig sem-
mifyen rermékenységmegdrzd modszert nem emlit meg
az onkologiai kezelésben részt vevd pdciensnck.

A felvizolr fertilitisprezerviciés maodszerck kozil a
legismertebb és leggvakrabban javasolr eljiris a sper-
mium- & perescjtfagvaszrds, mig a legkevésbé ismerr és
legkevésbé javasolr az embridfagyaszris. A killonbozé
maodszercker & az onkologusok ezekrd! alkotort vélemé-
nyét, szokidsair részletesen ismerteri az . rdbldzar

A piciensck onkoferrilitdsi kezelésre irinvitisiban a
legrobb vilaszolé (86%) megjeldlre, hogy segitséger je-
lentence egy onkofertilicisrdl sz616 irdnyelv, emelletr pe-
dig a felsorolt vilaszleherdségek kozill a tébbség szerint
a célirinyos okrards, onkoferrilitisi hdlozar é kapesolar-
tared elérherGség voltak azok a tényezdk, amelyek eldse-
gitenék a betegek rermékenységmeg6rzé kezelésre valo
beuralisit. Az egyes vilaszleherGségek megjeldlésénck
gvakonsigir a 3. abra munara be.
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Kérddivet kitdltd s2akorvosok szakvizsgai (db)

Klinikai onkolégia
Belgyogyaszat
Sugarterapia
Hematologia
Gyermekgydgyaszat
Sebészet
Gyermek-hematoonkoldgia
Pulmanolégia
Négydgyaszat
Blrgydgyaszat

Radiologia
infektologia

Endokrinolégia
Mellkassebdszet

Egyéd

=
B
8
&
8
3

2 ibra | A Rérddtvet kitcltd cevanol seakviegs

Milyen tényezlk jelentenének segitséget a paciensek termékenységrmegdrzd
eljarasra vald irdnyitasaban?
{a valaszok szama, db)

Ha lenne errdl irdnyel

Ha oktatasban részesilnék a lehetdségekrl

Ha egyszerien elérhetd teleforszam vagy e-mail
4lina rendelkezrésemre

Ha lenne egyértelmi szakmai elv, hogy kinek a feladata
a pacienst termékenységmegdr2d konzultdcidra irdnyitani

Amennyiben a fertilitasprezervacd is szoba keriilne

——
Ha lenne erre dedikalt hakdeat/kizpont
I
/
E—
a multidiszciplinéris onkoteam-megbeszéléseken

| E—

Ha a padensek kérnék
Egyed  Jj
o 20 0 ) #0 100
3.ibes | Az ankofertditii keackisre 26 betegirimitivh pet jilsad sényeasi

A legfontosabb szempontok, amelyek miatt nem kiil- | reripia — mind a bereg, mind az orvos részérdl valo — el-
dik a beregeker termékenységmegdrzd cljirisra, a kover- | sddlegessége, a hidnyos informiciok, valamine a ferrili-
kezdk voltak: a nem megfeleld egytttmdkodés a szakem- | tisprezervicios hilozar hidnya. Az egyes vilaszicherdsé-
berek kézorr, a daganat strgds kezelése, az onkologiai | gek megjeldlésének ardnyir a 2. rdbldzar mutatja be.
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L tiblizr | Toméomégmepins miduork &1 kéndGives kisoluik cackedl alotont éleméane

Legalibb ksmérrékben rendelkenk  Ugy goandol, & madszer  Elérherdnek rarja Megemliti & médszer
Infoendcsdval 4 modszendl kiséden [clegd & mddszert 4 betegnek
Spermiumfagyaszeis (n) S8% (82) 3%(3) 90% (85) 77%(72)
Peresepfagyaseris (a) S0% (74) 11%(10) 77%(72) 61% (57
GnRH analdgok haszndlata (n)  65% (60) 5% (5) S1% (48} 3 '
Hereszinet-fagvaszeis (n) 58% (54) 43% (40) 25% (23
Perefésxcksziwer fagyasamis {n)  55%(51) 37X (35)
Petefészek manszpozicié (n) 46% (43) 39% (37)
Embridfagyasctis (n) 44% (41) 46% (43)

GnRH = gonadotropin-felszabaditd harmea

Az urobbi kérdénél a2 megkérdezerteknek Icherdsé-
gik volt szabadszavas vilaszt is adni; ilyen vilaszkénr a
felsoroltakon kivill a kéverkezd megjegvzések érkezrek:
- 18 ¢év alami beregeker nem fogadnak a medddségi

centrumok, és a spermafagyaszeison kivil semmilyen

modszer nem dll rendelkezésre ezen piciensek fernli-
tismegirzésére;

- idonkénr maga a bereg urasita el a rermékenység
megdrzését célzo kezelése,

— az orvos bizonvos csctekben nem rarga helvesnek a
termékenység megdrzésér.

2 bkt | Témeadh, smelick mistt 12 oskoligusok nom irinvirak 2 bete-
Bt ermdkenpdpneglend cljirora

Vilasz Megjelslés (db)
Nem megfekdd az onkoldgus és a medddség od
szakemberek egyarmmdkodése.
A daganat sOrgls kezelist igényel, emiate nincs idS 58
a rermékenyséy megdezésére.
A beteg szimuira 2 daganatkezelés sakkal fontosabb, 55
mint rermékenvségénck meglrzése,
A rermékenység megdezésével kapesolatban nem 54
naprakészek az mfoemdciéam.
A rermékenységmegdrzés hildear hxinya 53
A betegek nem mudnak arrdld, hogy a daganar 51
kezelése &s 3 rermékenvsé g megdrzése pirhozamo
san is folvhar.
A daganat felfedezésekor a bereg szimin komoly 35
pazachés resher jelent a rermékenység elvesziésével
foglalkoami.
Hormonreceptor pozitly ndgyogyiszan és emldrik 32
eserén a petefészek-sumulicion veszélyesnek tarrom.
A konzulticids idS rivadsége. 29
Nem teljesen viligos szimomea, hogy kinek 2 24
feladata a beteg tikkoztarisa a ferrilmis megdezésé-
vel kapesolatban.
Em¥icik én tartok 2 késSbbi verhességek 16
onkoldgiai kockazarindl.
A beteg szimdra ijesztd 2 lombikkezelés leherdsége. 8

Az sl reprodukads eljirisok sikeressé gét
alacsommak tartom.

Egyéd

[ =]

~

A fovirosban az assziszeilt reprodukciés intézetek szi-
ma a vidékhez képest tellilreprezentilr, igy valészintleg
a tirsszakmik kozori szakmai kapesolarok is gazdagab-
bak, mint vidéken. A fdvirosi orvosok tibb minr felénck
{55%) van rudomisa ofyan intézményrél, ahol fertilitis-
prezervicios kezelést végeznek, mig ¢z az ariny a vidéki
orvosok kozor csak 39%.

Megbeszélés

A jelen felmérés tudomasunk szerint az elsé, amely a ma-
gvarorszigi onkoferrilitis helyzerének felririsival toglal-
kozik, a kérdésben leginkibb érintetr onkologidval fog-

lalkozé orvosok kérdGives megkérdezése alapjin. Bir a
vilaszadok tertileri closzlisa cgvenctlen (fvirosi wal-
stly), a vilaszok tobbségében nem ralilrunk staviszeikai
killdnbségeker az orszig killénbozd régidi kozotr. Mivel
a kiroltok tobbsége orszigos intézetben vagy egveremi
klinikin dolgozik, nincs elég informicio a kisebb korhi-
zakban, szakrendelGkben dolgozd kollégik ismereteirdl,
tijékozratisi szokisairdl. Valdszintinek rartjuk, hogy a
kérddiver kitdlrd koliégik érdekloddbbek a rermékeny-
ség meglrzésénck kérdéskdrében, ezéer a valodi magyar
helyzer a kérdGives vilaszokbol kirajzolodé képnél ked-
vezdtlenebb leher.

Viligosan lirszik, hogy a vilaszr adé onkologusok
ribbsége gondol a fiatal ndi és férfi daganaros piciensci
rermékenységmegdrzésénck Ieherdségére. A vilaszadék
77%-a az eserek tobbségében megkérdezi a 40 év alari
pacicnsekiol, hogy szeremének-¢ még gyermeket, 79%-
uk mérlegeli a kezelés gonadotoxicitisir, & 85%-uk meg
is beszéli ezt a piciensckkel. Egy hasonld, nemzeri, 102
onkologus bevondsival készulr online francia vizsgilar
credményeivel dsszevetve a magyar onkologusok tijéko-
zorrsdga jonak rekinthetd. A magvar onkologusok tobb-
sége a daganarellencs kezelés fertilivisra vonatkozd ko-
vetkezményeit megbeszéli a piciensével, miktzben ez az
ariny a francia onkoldgusoknil mindossze 46% volr [8].

Ténvlegesen azonban csak kis szimban keriilnek be-
utalisra a termékeny korban lévd picensek, ugyanis a
vilaszolok kozel fele nyilatkozott gy, hogy beregeir
nem vagy csak ritkin irinyitia rovibb medddségi cent-
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= IVF outcomes were analyzed in cervical cancer su
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*» Radical fertility sparing procedures were assoclated with lower cumulative live birth rates.

= Reduced implantation rate may be the key factar
= Decreasad radicality and uterine artery sparing is

explaining worse IVF outcome in patients with uterine artery ligation.
advocated to optimize reproductive outcomes.
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Objective. Fertility-sparing surgery { FSS) aims to achieve oncological outcomes that are non-infertor to radical
reatment while preserving fertility and opeimizing reproductive results. This study assesses in vitro fertilization
(IVF) outcomes in early-stage cervical cancer susvivors following FSS, comparing radical and non-radical
approaches.

Merhods. This retrospective analysis used data from Hungary's National Health Insurance Fund (2004-2022)
an patients who underwent IVF treatment following FSS for early-stage cervical cancer at ten Hunganan fertility
clinics. Patlents were classified into radical and non-radical surgical groups, with the uterine arteries being spared
in the non-radical procedures. RStudio (R software version: 4.2.2) was used for statistical analysis. Student’s t-test
was used to compare group means, and Fisher's exact test was applied 1o assess independence and distributions
berween categorical variables, and to estimate odds.

Results. The study analyzed data from 122 IVF treatment cycles inwolving 36 patients. The non-radscal group
had a significantly higher live birth rate (83X 5,6 compared to the radical group (17X, 5/30). Additionally, the
non-radical group had a significantly higher implantation rate and cumulative live birth rate per oocyte retrieval
(37%, 7/19 and 55%, 6/11 respectively) compared to the radical group (8%, 12/148 and 6%, 5/80 respectively).

Hunganan National Institute of Oncology, Rith Cyargy u 7.9, Budapest 1122, Hungary.
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Conciusion. This i the largest study to evaliate IVF outcomes in young cervical cancer survivors who have un-
dergone F5S. The findings suggest that less radscal procedures are associated with significantly better IVF out-
comes. These results emphasize the importance of considering oncological safety and reproductive outcomes
together when choosing FSS for early-stage cervical cancer patients. It also highlights the reproductive benefits
of performing less radical surgery.

© 2024 Published by Elsevser Inc.

1. Introduction

Cervical cancer is the fourth most common cancer in women
worldwide. Despite successful screening programs in high-resource
countries, the impact of cervical cancer remains significant, particu-
larly in women aged 35 to 49, with 40% of cases diagnosed during re-
productive years [1].

Conventional treatment for early-stage cervical cancer involves
radical hysterectomy with pelvic lymphadenectomy, which results
in immediate fertility loss [2]. Fertility-sparing surgery (FSS)
aims to achieve oncological outcomes that are non-inferior to radi-
cal hysterectomy while optimizing reproductive outcomes, includ-
ing fertility preservation and minimizing the risk of preterm
birth [2].

In a radical trachelectomy, the cervix, vaginal vault, and supporting
ligaments are removed, leaving the uterine corpus intact |3]. Radical
trachelectomy is associated with excellent oncological outcomes and a
low recurrence rate. However, it is also associated with significant pa-
tient morbidity, including adverse reproductive outcomes such as re-
duced fertility [4] and increased rates of first- and second-trimester
miscarriage and preterm birth |5].

There is a growing body of evidence supporting the safety of non-
radical surgery in patients with early-stage, low-risk cervical cancer.
The recently published prospective ConCerv trial demonstrated that
conservative surgery, like cervical conization can be a viable option
for this patient population, maintaining optimal recurrence and sur-
vival rates without compromise |6}.The randomized SHAPE trial fur-
ther validated these findings. It suggests that selected low-risk
cervical cancer patients can expect fewer side effects and a poten-
tially better quality of life when treated with simple hysterectomy in-
stead of radical hysterectomy with non-inferior oncological
outcomes |7

Studies evaluating fertility outcomes in patients following FSS have
reported variable success rates. Recent data from a systematic review
showed a moderate clinical pregnancy rate (53.2%) among patients
attempting to conceive after fertility-sparing surgery (FSS) [8]. The
mode of conception was predominantly spontaneous (79%), with a
smaller proportion using assisted reproductive technology (ART). The
same study reported a higher live birth rate in patients who underwent
simple trachelectomy or conization compared to those who underwent
radical trachelectomy [8). Another review suggests that infertility treat-
ment is required for the majority of pregnancies following radical ab-
dominal trachelectomy [9].

Although infertility treatment is not infrequent in this population,
there is limited knowledge about the effectiveness of ART treatment in
women undergoing FSS. Obtaining comprehensive information on
in vitro fertilization (IVF) outcomes is essential to provide patients
with accurate data for informed decision-making regarding their post-
cancer pregnancy options. The aim of our study was to assess IVF out-
comes in patients with early-stage cervical cancer who underwent
fertility-sparing procedure and to compare the results between radical
and non-radical procedures.

2. Materials and methods
2.1. Study design and setting

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 epi-
thelial tumors; had stage 1A1 to IB3 disease according to the Interna-
tional Federation of Gynecology and Obstetrics (FIGO) 2018 revised
staging of cervical cancer |11}

The exclusion criteria were previous neoadjuvant 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 con-
tributing 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 exten-
sive experience spanning two decades of performing FSS in patients
diagnosed with early-stage cervical cancer. Patients were catego-
rized into radical and non-radical surgical groups based on the
type of their FSS procedure. Non-radical surgical procedures consis-
tently preserved the uterine arteries. Patients in the non-radical
group underwent simple trachelectomy or modified radical trache-
lectomy with preservation of the uterine arteries | 12]. In contrast,
the radical group included patients who underwent classic abdom-
inal radical trachelectomy with bilateral ligation of the uterine ar-
teries. The latter procedure was previously detailed in the
publication by Ungar et al. [ 13]. Non-radical surgery was introduced
after 2015, earlier almost all patients were operated by a radical
procedure.

Patients who underwent FSS and required fertility treatment
were referred to assisted reproductive technology {ART) centres.
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 Hungar-
ian fertility clinics actively participated in this study, providing
comprehensive data concerning patient characteristics and IVF
outcomes. Patients were contacted and surgical/pathological re-
ports were obtained to provide detailed clinical data. The National
Central Ethical Committee approved the study: BMEU/,2366-1 /
2022/EKU.

22. Outcome measures

The primary outcome of this study was live birth among women
who underwent fertility treatment. This indicator was chosen to
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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 re-
trieval, ovarian stimulation (0S) response, number of retrieved oo-
cytes 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.

2.3. Statistical analysis

For most variables, we calculated simple means, medians, or fre-
quency values to describe the characteristics of the groups. The statisti-
cal 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 distribu-
tions between categorical variables, and to estimate odds.

3. Results

In the initial data retrieval process, we identified 148,155 in vitro fer-
tilization treatment cycles performed between 2006 and 2022 in the da-
tabase of the National Health Insurance Fund of Hungary {NEAK).
(Fig. 1). Of these cycles, 132 were performed in 40 patients who had
previously undergone FSS for early-stage cervical cancer. After exclu-
sion of four patients (with 10 cycles) - two due to 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 repre-
senting 122 cycles. These cycles comprised 91 ovarian stimulation cy-
cles and 31 frozen embryo transfer ( FET) cycles. Out of the 91 ovarian
stimulation cycles, 11 and 80 occurred in the non-radical group and rad-
ical group, respectively.

An overview of the study course is presented in Fig. 1.

Natioews! Health dasuranco Fued of Hurgsy
INEAK) chasbae:

143 185 oyches

132 treatrmenn cyeles associaned with §55

10 eyclon enclmbed:

T cyoks of 2 potwmts due to age | 2400
1 eaede of | pusices fir Reniliy
peesenyation
2 cpeks of | paticel for coding Strony

122 eydes:
O owr s imution ey
31 o n embeps trasslir (FET) opdes

Neorradial groop
11 evarias stimubation spsdes

Radwal growp
B0 cverin wWerelation oydes

Fig. 1. Overview of the study course,
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A total of 36 patients were included in the study, with 6 in the non-
radical group and 30 in the radical group. Table 1 summarizes patient
and tumor characteristics.

Patient characteristics were generally similar and are shown in
Table 1. 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, respec-
tively. Most patients were nulliparous (86%), while 14% had one previ-
ous child prior to the trachelectomy procedure. Most patients had
FIGO stage 1B1 tumors (66.7%). The remainder had stage IA1 (11.1%),
1A2 (8.3%), IB2 (8.3%), or IB3 (5.6%). All patients with tumors>2 cm un-
derwent abdominal radical trachelectomy with bilateral ligation of uter-
ine arteries. Patients were categorized into radical and non-radical
surgical groups according to the type of their FSS procedure. The major-
ity of the patients with stage IB1 tumors (95.8%) underwent radical sur-
gery: only one patient underwent modified abdominal radical
trachelectomy with preservation of the uterine arteries. 71.4% of the pa-
tients with stage [A 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 pa-
tients in our study, we cannot comment in detail on oncological safety.

3.1. Reproductive outcomes

Regarding ovulation stimulation outcomes, 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-Mullerian Hormone {(AMH) levels (2.5 ng/mil}
{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 (1U) 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 3 summarizes the IVF outcomes. Live births occurred in 10 pa-
tients (28%), with one woman having two deliveries, resulting in 11
babies. No multiple births were recorded. The live birth rate after fertil-
ity 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 dinical
pregnancy rate per embryo transfer (CPR) and the CLBR per cocyte re-
trieval 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.
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Table 1
Patient and tumor characteristics.
Group
All patients Non-radical group Radical group Pvalue
Number of pateents, n 36 6 0
Mean age at FSS, y (range) 31.7 (23.37) 31(26-35) 30.2(23-37)
Nulliparows, n (X) 31(86.1%) 5(833%) 26 {86.7%)
Stage distnbution (FICO 2018) <0.01
Al n(Z) 4(11.1%) 4(66.7%) 0(0x)
IA2 n{Z) 3(83x) 1(16.7%) 2(67%)
181, n(X) 24 (66.7%) 1(16.7%) 22({76.7%)
B2, n(X) 3(83%) 0(ax) 3(10%)
B3, n(%) 2 (56%) 0(0x) 2(67%)
Hystology
Squamous cell carcinoma 20 (55.6%) 3 (50%) 17 (56.7%)
Adenocarcinoma 12(333%) 1(16.7%) 11 {36.7%)
Adennsgquamous carcinoma 2(56%) 2(333) 0(0%)
Other epithelial tumars 2{563%) 0(0%) 2(6.7%)
Type of FSS
ART with bilateral ligation of uterine arteries, n (%) 30(82.3%) 0(0%) 30 {100%) N/A
ART with preservation of utenine arteries non radical, n (2} 1{28%) 1(16.7%) 0(0x)
Simple trachelectomy non radical, n () 5{139%) 5{167%) 0(0x)
Cervical stemosis, n () 6{16.7%) 1(16.7%) 5(167%) 1
Median follow-up, ¥ 136 164 132

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

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 1 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 signif-
icantly higher in the non-radical group, with 37% compared to only 8%
in the radical group (Fisher-test, p = 0.0017).

The non-radical group had an average gestational age at birth of
355 weeks. In contrast, the group that received radical treatment had
a lower average gestational age at birth of 31 weeks, indicating a higher
indidence of prematurity in these patients. Within the radical treatment
group, 40% of patients (2/5) delivered with significant prematurity {be-
fore 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 g and 1473 g in
the non-radical and radical groups, respectively.

4. Discussion

To our knowledge, this is the largest retrospective study evaluating
IVF outcomes in young, infertile cervical cancer survivors who had pre-
viously 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 be-
tween 2006 and 2022 in Hungary.

The live birth rate per patient following IVF treatments was at least
19 folds higher in the non-radical group compared to the radical
group. This statistically significant difference underscores the major im-
pact of the radicality of fertility-sparing surgery on reproductive out-
comes. In the non-radical group, both the pregnancy rate per embryo
transfer {PR) and the cumuiative live birth rate per oocyte retrieval
(CLBR) were considerably higher.

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 CLER following IVF treatment, therefore
this difference have to be explained by other factors than age.

Impaired uterine perfusion may contribute to the lower pregnancy
rates observed in the radical group. It is hypothesized that patients
who have undergone abdominal radical trachelectomy involving

extensive parametrectomy and the ligation of the origin of uterine ar-
teries may experience compromised uterine blood flow, which is essen-
tial for supporting pregnancy. Klemm et al. conducted a study using
Doppler sonography to measure uterine blood supply, which interest-
ingly showed that uterine perfusion remained unchanged after radical
trachelectomy [15]. In addition, the results of the study by Escobar
et al,, based on real-time intraoperative angiographic observations, sug-
gest that preservation of the uterine artery during radical trachelectomy
is not necessary to maintain uterine viability. [16]. In contrast, data
show that following uterine artery embolization (UAE) the uterine
myometrial and endometrial perfusion is reduced, leading to subopti-
mal embryo implantation | 17,18]. Our results showed significantly de-
creased implantation rate in patients undergoing radical FSS; out of
148 transferred embryos only 12 embryos implanted, resulting a very
low, 8% implantation rate. Therefore, reduced implantation rate may
be the key factor explaining worse IVF outcome in patients where uter-
ine arteries were sacrificed during the FSS. Traditionally our surgical
team used a hyperradical technique, which corresponds to a C2 type
parametrectomy according to the Querleu-Morrow classification. Prob-
ably the suboptimal CLER (6%) may be associated with the increased
radicality of the procedure resulting severe myometrial and endome-
trial ischemia leading to decreased implantation rates.

Various studies analyzed pregnancy outcomes in patients who un-
derwent FSS and have reported diverse success rates based on different
surgical routes and approaches. A systematic review assessing all routes
of radical trachelectomy revealed a post-trachelectomy pregnancy rate
of 23.9%, with the highest rate observed in the vaginal radical trachelec-
tomy group [19]. The 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 disruptions of nerves and vessels, as well as pelvic adhesion [20].
Moreover, in the context of early-stage cervical cancer, women under-
going simple trachelectomy or conization have shown even better re-
productive outcomes. A study by Plante et al. demonstrated that only
16% of patients experienced fertility problems after non-radical surgery
[4]. Another systematic review supported these findings, |8] reporting a
significantly higher live birth rate (86.4 + 16.8%) following simple
trachelectomy or conization when compared to those who underwent
vaginal radical trachelectomy (63.4 + 233%; p = 0.04). In the same sys-
tematic review, the radical abdominal trachelectomy group had a low
pregnancy rate of 18%, with 45% achieving pregnancy through ART
(IVF and IUI). Conversely, the cold-knife conisation and simple



D. Vi C. Téglés, K. Bohrek detal

Cymecologic Oncology 186 (2024) 35-41

Table 2
Ovarian stimulation outcomes, and patient characteristics.
Group
All patients Noo.radxal Radical Pvale
Mean time interval from FSS to first oocyte retrieval, days 1681 1864 1644 06538
Mean age at the first oocyte retrieval, y 5 362 348 04703
BMI, mean (kg/m®) 29 243 227 02264
Amh, mean (ng/mi) 25 41 23 025878
Male mfectility 4(11.1%) 0{0%) 4{133%)
Other cawses of infertility in women 12{33.32) 2(333%) 10(33.3%)
Stimulation cycles 91 n S0
Mean ber of cycles {per patient) 24 1.7 27
Mean number of retrieved occytes in the first cycle 71 83 638 04647
Fertilization rate 53¢ (311)585) 55% (37/67) 53% (274/518)
Mean FSH dosage at the 1. cycle (1U) 1811 1800 1815 09597
05 response (mean FSH dosage per matured cocyte at the 1. cycle) (R1) w2 243 303

Note: 08 = Ovarian stimulaticn; PSS=Fertility-sparing surgery.

trachelectomy group had a higher pregnancy rate of 46%, with only 6%
achieving pregnancy with the help of ART [8].

A reduced ovarian response to ovarian stimulation may affect live
birth rates. However, according to the study findings presented in
Table 2, the type of fertility-sparing surgery (FSS) did not affect ovarian
response. Specifically, there were no significant differences in anti-
Mullerian hormone (AMH) levels, ovanian stimulation outcomes, or
fertilization rates between radical and non-radical FSS groups. The liter-
ature on ovarian response after radical trachelectomy has conflicting re-
sults. Tamauchi et al. conducted a retrospective study that suggests a
possible decrease in ovarian reserve due to reduced ovarian blood
flow, which may result in a diminished response to ovarian stimulation
(0S) after radical trachelectomy | 21]. However, Muraji et al. conducted
a study on the effect of inferior uterine artery branch ligation on ovarian
reserve in patients who underwent open radical trachelectomy [22].
The study found no statistically significant difference in AMH levels be-
tween the study and control groups. Overall, these findings underscore
the potential influence of the surgical approach on fertility, shaped by
various factors contributing to poor fertility outcomes.

Cervical stenosis is a well-known cause of infertility following fertil-
ity sparing cervical procedures, with an incidence ranging from approx-
imately 4.7% to 8.1% |8,23]. In our series, 17% of the patients required
isthmic dilatation due to either haematometra or difficulties performing
IVF. Although one would expect higher rates of stenosis following more
radical surgery, there was a similar incidence of stenosis in both surgical
groups. In our study, only one patient with a history of surgery for post-
operative cervical stenosis achieved a successful pregnancy and, impor-
tantly, this individual underwent a non-radical procedure. These

findings suggest that reduced fertility may not be solely due to the cer-
vical stenosis itself, but may be related to the radical nature of the surgi-
cal procedure. It is important to acknowledge that it is not possible to
draw definitive conclusions about the relationship between cervical ste-
nosis and reduced fertility due to the limited number of successful preg-
nancies, making it difficult to infer whether it was the radicality or the
stenosis that played a predominant role.

Infertility may also be attributed to factors such as cervical shorten-
ing and alterations in cervical mucus characteristics [24). Moreover, re-
cent research has shown that conization can affect the vaginal
microbiota, potentially leading to a higher risk of preterm birth [25].
Furthermore, a dysbiotic microbiota profile in the female reproductive
tract is associated with poor reproductive outcomes in patients under-
going assisted reproduction [26]. However, it is important to note that
we did not test the vaginal microbiome of the participants in our
study. Testing the impact of microbiota on reproductive outcomes in
both study arms would be a valuable initiative for future studies.

Another significant aspect of fertility-sparing procedures is their im-
pact on obstetric outcomes. Preterm delivery is the most common com-
plication observed in pregnancies following these procedures. The
etiology of prematurity is multifactorial and strongly associated with
the lack of mechanical support by the residual cervix and an elevated
risk of ascending infection and chorioamnionitis. | 15). Premature deliv-
ery following trachelectomy due to preterm premature rupture of
membranes occurs in 8-77% with a mean of 27% compared to an ina-
dence rate of 3-5% in the average population |15]. Our data shows
higher rates of prematurity and miscarriages in the radical group, al-
though we could not perform statistical analysis due to limited sample

Table 3
Cutcomes of in vitro fertilization after fertility-sparing surgery in the nonradical compared to the radical group.
Group
All patients Non-radical group Radical group Pwlue

Patients, n 36 6 0
Stimulation cycles, n 91 1 80
Embryos, n in 37 274
Embryo transfers. n a5 n 84
Pregnancies, n 17 7 10
Miscarriage, n (%) 5% 617 17%(17) 0% (510) 03043

1 st trimester miscarnage, n 4 1 3

2 st trimester miscarnage, n 2 ] 2
Implantation rate, £ 1% (19/167) 37%(719) 8% (12/148) 0007
CLER per oocyte retrieval, £ 122 (1191) S5%(6/11) 6% (5/80) 0.0002
Clinical PR per embryo transfer, £ 18% (17/95) 64x(7/11) 12%(10/84) 0.0004
Women with live burth, X 28% (10/36) 83%(56) 172(5730) 0.0035
Preterm birth <37 weeks of pregnancy, n (%) 636%(7/11) 0% (36) 100% (5/5) 01818

24.32 weeks 143%(177) a2 (03} 40% (25)

32-37 weeks 85.7%(6/7) 100% (3/3) B0% (3/5)
Average gestational age at birth, w 3315 355 3| 00758
Average fetal birth weight, g 2203 2787 1473 00515

Note: CLER = cumulative live barth rate; FSS = Fertility-spaning surgery: PR = peegnancy rate,
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size. An equally important finding was the difference between the two
groups’ average gestational week of delivery and fetal birth weight.
First-term miscarriages { 30%) and second-term miscarriages (20%) in
the radical group were higher than those observed in the general popu-
lation. Tumor size was bigger in the radical FSS group; therefore, these
procedures may be associated with a more important reduction of the
cervical length, which is a major determinant of late miscarriage and
premature delivery.

An increasing body of evidence has emerged about the safety of con-
servative surgery for early-stage, low-risk cervical cancer patients. The
recently published FERTISS study provided retrospective data on onco-
logical outcomes from a large multicentric cohort of early stage cervical
cancer undergoing FSS [27]. 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
[27}.

In our study, we observed improved reproductive outcomes follow-
ing IVF in patients who underwent non-radical fertility-sparing surger-
ies with the preservation of uterine arteries, compared to those in the
radical surgery group. These findings demonstrate that assisted repro-
ductive outcomes can be optimized without significantly compromising
oncologic outcomes in a carefully selected group of patients,

4.1. The strenghts of the study

The strengths of the study are its comprehensive coverage of pa-
tients, meticulous data collection, centralised 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 centres. In addition,
centralised patient management by a dedicated team of experienced cli-
nicians is another notable strength. This approach not only ensures con-
sistency in treatment procedures, but also minimises 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 pa-
tients, the study provides new insights and detailed IVF outcomes that
have not been reported before.

4.2. 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 toward 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 cer-
tain 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 [8].

Another limitation of the study is the significant difference in tumor
stage distribution between the non-radical and radical groups. This dif-
ference is expected as non-radical surgery is primarily used for smaller
tumors.

The aim of this study was to compare the reproductive outcomes of
IVFin 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 repro-
ductive 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
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regarding the impact of radical and non-radical fertility-sparing proce-
dures on reproductive and obstetric outcomes in cervical cancer survi-
vors.

5. Conclusions

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 sur-
gery (FSS) aims to attain oncologic outcomes similar to radical treat-
ment while optimizing reproductive results. Given the significant
patient morbidity assocated 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 morbid-
ity 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 pro-
cedures involving uterine artery ligation were associated with de-
creased 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 dinical recommendations.
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Abstract

Purpose To report the first successful application of in vitro maturation (IVM) of oocytes resulting in live births in two
anovulatory women who had suffered oophorectomy following ovarian torsion after stimulation with gonadotropins.

Methods Data abstraction was performed from medical records of two subfertile women with excessive functional ovarian
reserve. Both women had previously received gonadotropins for ovulation induction or ovarian stimulation, resulting in
ovanan torsion. They were offered IVM of oocytes retrieved from antral follicles after mild ovanan stimulation, insem-
ination of mature oocytes using ICSL and embryo transfer. OQutcome measures were the incidence of complications and
live birth after fertility treatment.

Results Transvaginal retrieval of cumulus-oocyte complexes from a unique ovary was conducted. One patient had a singleton
live birth after vitrified-warmed embryo transfer in the second IVM cycle. The other patient had a singleton live birth after
transfer of a fresh blastocyst in her first IVM cycle.

Condusions Although approaches have been developed to prevent ovarian hyperstimulation syndrome (OHSS) and to increase
the safety profile of fertility treatment in predicted high responders. women with an excessive functional ovarian reserve may
have a non-negligible risk of ovarian torsion. For these patients, IVM should be considered as a safer alternative approach.

Keywords IVF - IVM - Ovarian stimulation - Ovanan torsion - High responder

Introduction

Ovanan stimulation (OS) with gonadotropins is the comer-
stone of assisted reproductive technologies. Whilst women
who have an elevated functional ovarian reserve are at
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increased risk of ovarian hyperstimulation syndrome
(OHSS) after OS. the emergence of OS protocols using
GnRH agonists triggening final oocyte maturation and elective
embryo vitrification has changed the landscape of modem
reproductive medicine. Indeed. avoidance of severe OHSS is
now a reality in high responders, and “freeze-only” strategies
after GnRH agonist triggering can combine avoidance of se-
vere OHSS with optimal cumulative live birth rates [1, 2].
Although OS in high responders generally results in increased
cumnulative live birth rates (CLBRs) compared to normal re-
sponders [3]. ovanan enlargement in a proportion of these
women may result in significant abdominal discomfort. or
can even lead to ovarian torsion [4]. Ovarian stimulation with
gonadotropins is also commonly used for ovulation induction
in women with WHO I and 11 anovulation, including PCOS.
We here present two anovulatory patients with elevated
functional ovarian reserve who had previously suffered ovar-
tan torsion after OS with gonadotropins. Despite the general
recommendation of conservative surgical management of
ovarian torsion, both patients had undergone unilateral
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oophorectomy. Afier self-referral to our centre, they were of-
fered in vitro maturation (IVM) of oocytes as a mild-approach
altemnative, which resulted in a live birth in both patients.

Methods

Data were obtained from chart review and reported without
any patient identifiers. Patients signed informed consent re-
garding publishing their data. Publication of this case series
was approved by the local ethical committee (no.
B1432020000125).

Results
Patient 1

Patient | self-referred to our clinic with a history of primary
subfertility for 2 years. She had experienced secondary amen-
orthea 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 AJS,
Copenhagen, Denmark) at a daily dose of 75 IU, resulting in the
recruitment of a single dominant follick. 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 depart-
ment with increasingly severe and persistent lower abdominal
pain and nausea, 2 days after hCG admmistration. An explor-
ative laparoscopy had been performed, which revealed two
enlarged and rotated ovaries with a diameter of 12 emand
10.5 cm. Because the right ovary and fallopian tube had shown
persistent dark discolouration and complete absence of blood
flow in the ovarian vessels afier derotation. the gynaecologist
had decided to perform a unilateral adnexectomy. The contra-
lateral 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 analy-
sis was performed which was compatible with functional hy-
pothalamic amenorrhea (WHO [ anovulation, Table ).
Transvaginal ultrasound showed an antral follicle count
(AFC) of 60 in the unique left ovary, a thin endometrium, and
no ovarian cysts (Fig. 1). The BMI was 16.5 kg/m” 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 [5]. Briefly,
ovarian stimulation involved administration of 225 IU HP-
hMG (Menopur®) for four consecutive days. Transvaginal
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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 gen-
¢ral 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 [U/mL.
Heparin Leo, Leo Pharma, Belgium: final heparin concentra-
tion 20 [U/mL) and filtered through a cell strainer (Falcon®,
70-um mesh size, BD Biosciences, CA. USA). In total, 70
cumulus-cocyte complexes (COCs) were harvested. After col-
lection, 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 mlU/mL HP-hMG (Menopur®), 100 mIU/mL hCG
{Pregny¥®), and 10mg/mL human serum albumin (Vitrolife,
Goteborg, Sweden). followed by 32 h of group culture of 10
COCs per well in 500 pL of IVM medium with an oil overlay
(Ovoil, Vitrolife) at 37 °C under 6% CO and 20% O.. In total,
35 oocytes reached MII stage after IVM. Matured oocytes
were nseminated using ICSI with partner sperm. and 25 oo-
cytes fertilized normally. Embryos were cultured in individual
25-uL. droplets of sequential media (Quinn’s Advantage™
Fertilisation, Fert™, Cleav™, Blast™ medium. Origio) and
in G-TL™ monophasic culture medium (Vitrolife, Goteborg,
Sweden) in the second cycle. Seventeen cleavage-stage embry-
os 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 vagmal micronized pro-
gesterone (Utrogestan®, Besins Healtheare, 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 Schooleraft scoring system [6]) was trans-
ferred freshly. No pregnancy ensued. Unfortunately. all other
blastocysts were of msufficient 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.
Qocyte retrieval yielded 77 COCs; 37 oocytes reached MII
stage after IVM, of which 22 were fertilized normally after
ICSL Seven embryos of good morphological quality were
vitrified electively on day 3 after ICSL In view of the poor
embryo development beyond the cleavage stage in the previ-
ous 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 afier the IVM
cycle. Briefly, the endometrium was primed with transdermal
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Table 1 Baseline patient

characteristics and IVM cycle Patient 1 Patient 2
outcome
Baseline patient charactenistics™®
Age (years) 25 30
BMI (kg/m”) 16.5 19.
AMH (ng/'mlL) 24.5 123
AFC (N) 60 30
FSH (1U/L) <O.1 735
LH (IU/L) <0.1 88
Progesterone (nmol/L) 134 0.64
E2 (ng/L) 320 280
IVM cycle outcome Cycle 1 Cycle 2
COC retrieved (N) 70 n 30
MII oocytes (V) 35 37 25
2PN occytes (N) 25 22 21
Cleavage-stage embryos (V) 17 7 20
Cryopreserved embryos (Vstage) 0 7d3) 7 (dS)
Fresh ET (Nistage) I/BLABB (d$) 0 I/BLAAA (d5)***

eFET (N/stagey**
¢FET no. |
¢FET no. 2
eFET no. 3
¢FET no. 4
Live bisth

N/A 1 N/A
/8¢ gr2 (d4)
1/C2 grl (d4)
1/5¢ gr3 (d4)
YBL1 gr2. C2 gr2 (d4)***
0 1 |

COC cumulus-oocyte complex, M metaphase 11, 2PN two pronuclel, £T embeyo transfer, SET single embryo
ransfer, DET double embryo transfer, ¥ yes. N no

*Patient characteristics at intake (after unilateral oophorectomy)

**(leavage-stage embryos were vitrified on day 3; embryo transfer was performed 1 day after embryo wanming

**¥Resulting m live birth

Oestrogel® (two units administered three tmes a day). When
an endometrial thickness of more than 6 mm was reached,
luteal support was started using intravaginal micronized

Fig. 1 Baselmne transvaginal ultrasound scan in patient 1 showing an
AFC of 60 in the unique left ovary

progesterone tablets (P, 200 mg three times a day:
Utrogestan®, Besins Healthcare), and the embryo transfer
was scheduled S days later. The transfer of day 3 vitnified
embryos was performed | 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 vitnfied-warmed embryo
transfer, a diagnostic hysteroscopy with endometrium biopsy
was performed which showed normal histology and no signs
of endometnitis. Two embryas that had been vitrified on day 3
were transferred | 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 chinic with primary

subfertility for 3 years based on PCOS-related anovulation.
Previous first-line fertility treatment with her gynaecologist
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had involved five cycles of ovulation induction with clomi-
phene citrate and intrauterine insemination (IUT), which had
not resulted in pregnancy. She had gone on to have conven-
tional ovarian stimulation for IVF using a GnRH antagonist
protocol. Because of an increased nisk 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 vocyte 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 discolouration. 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 ova-
ry. 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 de-
scribed above. A short course of gonadotropins consisting of
225 TU HP-hMG (Menopur®) daily for three consecutive
days was administered in patient 2. Transvaginal oocyte re-
trieval resulted in 30 COCs: 25 oocytes reached MII stage
after IVM. All metaphase 11 oocytes were inseminated with
ICSI and 21 were fertilised normally. Embryos were cultured
in individual 25-pL droplets of sequential media (Quinn's
Advantage™ Fertilisation, Fert™, Cleav™, Blast™ medium,
Ongio). 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 [6]) was transferred freshly. which
resulted in a healthy singleton live birth at term.

Discussion

We here illustrate the safe and successful use of IVM in patients
at the severest side of the spectrum of elevated functional ovar-
ian 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 po-
tentially severe complications of fertility treatment in predicted
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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 pro-
fessionals, 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 [7]. Its prevalence is probably underestimated, in
view of typical under-reporting of poor results. Ovarian stim-
ulation is a known risk factor for ovanan torsion due to ovar-
ian enlargement. There is ample literature to recommend a
conservative surgical approach when ovarian torsion occurs.
Indeed, although population studies have indicated that uni-
lateral oophorectomy does not lead to premature menopause.
such a procedure may result in reduced success rates after
fertility treatment in an IVF population [8]. Derotation of the
ovary with or without cophoropexy has been advocated sev-
eral 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 reperfu-
sion and normal ovaran function [9-11]. However. untimely
diagnosis may lead to significant delay of surgical interven-
tion, 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 afier OS
[12]. In spite of well-defined criteria for the diagnosis of
PCOS and a revised threshold for PCOM of 220 antral folli-
cles per ovary [13], PCOS is a heterogencous 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 intrin-
sic 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 [14] and there are no avail-
able literature data with regard to the prediction of the extent
of ovanan enlargement and the risk of ovarian torsion in high
responders. As far as the two patients desenibed here are con-
cemed, baseline AMH levels had not been analysed 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
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regarding the correlation between ovarian parameters, such as
functional ovarian reserve and ovanan 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 patient
1 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 tumn, 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 sur-
vey 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 [15].

Compared to conventional ovarian stimulation (OS) pro-
tocols. where oocytes are retrieved from large pre-ovulatory
follicles, IVM involves the aspiration of cumulus-oocyte
complexes (COCs) from antral follicles [16]. Hence, a shorter
course of gonadotropins is administered, although the role of
exogenous FSH has been controversial [17, 18] and FSH
administration before oocyte retrieval has been omitted
completely in some IVM clinics [19]. Nevertheless, even if
gonadotropins are administered in an IVM eycle, very little
monitoring is required. The comerstone 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 inher-
ently lower efficiency of IVM compared to standard IVF
[20-22]. 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 dramat-
ically reduce the risk of OHSS has mitigated the need for
IVM as a strategy to avoid OHSS. Nevertheless, recent im-
provements to the IVM culture system [23] which may en-
hance the developmental potential of IVM embryos have
refuelled the interest in IVM as a more patient-friendly ap-
proach in high responders. Although in centres with sufficient
expertise cumulative live birth rates per started IVM cycle in
women with PCOS reach =40% [24-26). embryo yield and
success rates are still lower as compared to standard OS pro-
tocols. 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 [27]. Although the role of IVM in ART practice continues
to be questioned in the modem 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 poten-
tially 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 [28]. 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 recom-
mendation by the International PCOS Network, IVM refers to
the in vitro maturation of immature cumulus-oocyte com-
plexes collected from antral follicles without the use of a
hCG tngger [16].

Conclusion

Even though ovarian torsion is an infrequent complication
of fertility treatment, with this report we would like to raise
awareness of the risk of ovarian torsion after reproductive
treatment in a subset of high responders to ovarian stimu-
lation. We advocate that IVM should be considered as a
safe and promising alternative ART in patients with
strongly elevated markers of a high functional ovarian re-
serve, who are prone to develop adverse effects of gonad-
otropin stimulation. Moreover, ovarian stimulation in
women with very high levels of AMH may also be cum-
bersome because of the non-linear dose-response curve.
Further research should result in the identification of a
specific category of high responders who have an elevated
risk of ovarian torsion. As ovaran enlargement is more
pronounced in women with high antral follicle counts, re-
search efforts could be directed towards the establishment
of a cut-off for AFC and AMH above which conventional
ovarian stimulation may be too hazardous. In this category
of patients, IVM may be considered as a safer option.
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