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ANNOTATION

BACKGROUND: The annual increase in the number of oncology patients and improvements in their quality of life are among
the top priorities of modern medicine. Gonadotoxic treatments lead to premature ovarian insufficiency and infertility. To
address this issue, various assisted reproductive technologies (ART) have been developed. First-line approaches for fertility
preservation involve oocyte and embryo vitrification. Ovarian stimulation and in vitro maturation (IVM) of oocytes are used to
achieve this goal.

AIM: To assess the effectiveness of different ART methods for preserving reproductive material in oncology patients.
MATERIALS AND METHODS: A prospective study was conducted with 48 women of reproductive age diagnosed with
oncological diseases. In the first stage, fertility preservation potential was assessed. After stratifying the patients into groups,
ovarian stimulation followed by transvaginal oocyte retrieval was performed, or immature oocytes were obtained for in vitro
maturation. The collected material was then assessed by an embryologist, who carried out fertilization and vitrification.
RESULTS: The average age of the patients was 33.9+1.7 years, anti-Miillerian hormone levels ranged from 1.26 to 3.02 ng/mL,
and the number of antral follicles was approximately 10. In the first group, 256 oocyte-cumulus complexes were retrieved, with
73.0% of them being mature. In the second group, 149 complexes were obtained, with 38.9% suitable for vitrification. Structural
abnormalities were more commonly observed in the oocytes matured in vitro. The number of embryos obtained was 161 and
78 in the first and second groups, respectively.

CONCLUSION: Fertility preservation in oncology patients remains a critical challenge in modern healthcare. Ovarian stimulation
shows high efficiency in obtaining reproductive material. The in vitro maturation method should be used only as an alternative
to ovarian stimulation or in cases of high ovarian reserve.
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AHHOTALUA

06ocHoBaHue. ExxerofiHoe yBeiMueHMe KONMYECTBA OHKOOrMYecKUX 60MbHBIX 1 YNyULLEHWe KauecTBa WX KU3HU ABMIAOTCA
OJHWM U3 MPUOPUTETHBLIX HaMPaBAeHWA COBPEMEHHOW MeAMUMHBI. [OHa0TOKCUYHOE NleYeHWe MPUBOAMT K Pa3BUTUIO Mpe-
¥ [AEeBPEMEHHOI HeJ0CTaTOMHOCTH AMYHMKOB, a Takxke becnnogus. [ing npeofoneHus faHHoi npobneMbl paspabatbiBatoTcs
pa3nuyHble METOAbI BCMOMOraTesbHbIX PENPOAYKTUBHBIX TEXHONOMMIA. [TepBOM NMHMEN 1A COXpaHEHUS (epTUIIBHOCTM PeKo-
MEH/I0BaHO MCM0Jb30BaTh BUTPUGBMKALMIO 00LMTOB U IMOPUOHOB. [INs LOCTMMEHUS [AHHOM LN UCMOMb3YHOTCA 0Bapuasib-
Has CTUMYNALMA U MeTo[, 03pEBaHWSA 00LMTOB in Vitro.

Llenb. OueHntb 3hPeKTMBHOCTb PasnnuHbIX METOLMK BCOMOraTe/bHbIX PENPOAYKTUBHBIX TEXHONOMMIA AN COXpaHEHUs pe-
MPOAYKTUBHOIO MaTepuana y MauMeHTOK C OHKOJIOTMYECKUMM 3abosieBaHNAMM.

Martepuanbl u MeToabl. [poBeieHO MPOCNEKTUBHOE MCCEL0BaHME, B KOTOPOE BOLLIM 48 JKeHLIMH penpoayKTUBHOMO BO3-
pacTa C OHKOMOrMYeckUMM 3aboneBaHnamu. Ha nepBoM 3tane oLieHWMBaNM BO3MOXHOCTb COXpaHeHUsi hepTUibHOCTH, nocne
pacnpefeneHus NaLMeHTOK Ha rpynmbl MPOBOAWIM 0BapHUabHYI0 CTUMYNALMIO C NOCNELYIOLLEN TPAHCBArUHANbHON NYHKLMEN
UNW NONYYanu He3pesible 00LMThI C NOCELYIOLWMM X A03peBaHueM. 3aTeM aMbpuonor oLeHWBan BeCb NOJTy4EHHBIN MaTepu-
an, NpoBOAMI OMI0A0TBOPEHME U BUTPUGMKALMIO.

Pesynbtatbl. CpegHuii BO3pacT NaUMEHTOK, BOLIELWMX B UCCeAoBaHNe, cocTasun 33,9+1,7 roaa, ypoBeHb aHTMMIONIEPOBa
ropmoHa konebancs ot 1,26 go 3,02 Hr/mn, KonudecTBo aHTpanbHbix donnukynos — okono 10. B nepBoii rpynne 6bino
nosy4eHo 256 00LMT-KYMYMIOCHBIX KOMMJIEKCOB, U3 HUX 73,0% 3penbix ANLEKNETOK; Bo BTOPON rpynne — 149, u3 Hux 38,9%
NPUroAHbIX ANs BUTPUGMKaLmK. TakeKe Npu Jo3peBaHuM in vitro Haubonee YacTo HabNKAANM aHoOManuu CTPOEHUSA NOYYeH-
HbIX KeToK. IMbpuoHoB nonyyeHo 161 1 78 cooTBeTCTBEHHO.

3akniouenue. CoxpaHeHue $HepTUABLHOCTM Y NALMEHTOK C OHKOJIOTMYECKOW NaToNorven ABNSETCA aKTyasbHOW Npobnemoii
COBPEMEHHOr0 3apaBooxpaHeHus. OBapmanbHas CTUMYNALMSA LEMOHCTPUPYET BbICOKME NoKasaTenin adhdEeKTUBHOCTM nony-
YeHWs penpoayKTUBHOTO MaTepuana. Metog [,03peBaHWsa 0OLMTOB in Vitro CTOMT NPUMEHATb TONIBKO KaK anbTepHaTMBY 0Ba-
pyanbHoOM CTUMYNALMW UM NPY BICOKMX 3HAYEHUSIX 0BapUaNbHOMO pe3epBa.

KnioueBbie cnoBa: 0HKO¢EpTVIﬂbHOCTb; OBapuanbHaa CTUMYNALNA; IVM; BcnoMoratesbHble penpoayKTUBHbIE TEXHOJ10TUK;
OHKOMOrn4yeckme 3aboneBaHms.
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BACKGROUND

Improving the quality of life in patients with cancer is one
of the most pressing challenges which the society faces to-
day. The number of cancer cases is increasing every year,
with approximately 5% of all cases reported in women of
childbearing age. According to the Global Cancer Observato-
ry: Cancer Today (GLOBOCAN) statistics [1], 940,667 women
under the age of 40 years have cancer. Modern diagnostic
and treatment options are improving survival in this patient
population. However, treatment is often associated with
adverse effects that affect the quality of life, including the
development of premature ovarian failure and infertility [2].

Fertility preservation in patients with cancer is an im-
portant medical and social need. In recent years, research
has focused on developing management strategies for this
population in order to benefit from the reproductive poten-
tial of these women in the future. A new area of research,
oncofertility, has been developed to address this problem
by sharing information about the potential of assisted re-
productive technology (ART) in women with cancer [3, 4].
Various options for reproductive function preservation are
now available, including suppression of ovarian function
with gonadotropin-releasing hormone (GnRH) agonists, 0o-
cyte and embryo vitrification, ovarian tissue transplantation,
and ovarian transposition. Each of these options has its own
characteristics and effectiveness, and their use requires a
personalized approach [5].

Global clinical protocols recommend oocyte and embryo
vitrification as the first-line option for fertility preservation.
However, it is important to remember that the effectiveness
of ART decreases with age. For example, the pregnancy rate
after embryo transfer is 44% at the age of 31-35 years, 23%
at the age of 41-42 years, and only 4% at the age of over
43 years [6-8]. Ovarian stimulation and retrieval of imma-
ture oocytes for subsequent in vitro maturation (IVM) may be
used. Ovarian stimulation is not currently contraindicated in
patients with cancer. The clinical protocol for the treatment
of female infertility (2024) recommends the use of letrozole
at 5 mg/day from menstrual days 2-3 for the entire peri-
od until the final trigger of oocyte maturation, with possible
prolongation in case of high estradiol levels [9]. Any of the
ovarian stimulation protocols can be used for this technique.
However, Rodgers et al. demonstrated higher efficacy with
GnRH antagonists and recombinant human chorionic go-
nadotropin as the final trigger. The 2020 European Society
of Human Reproduction and Embryology (ESHRE) guidelines
for fertility preservation in patients with cancer [10, 11] also
provide these data.

IVM collects oocyte-cumulus complexes by transvaginal
puncture of all visible follicles. However, this technique does
not require hormonal stimulation or ovulation trigger [12].
The procedure takes only 48 hours and does not cause ovar-
ian hyperstimulation syndrome, which may affect the course
of cancer [13, 14]. Immature oocytes can be retrieved from
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ovarian tissue samples. However, insufficient data on the
use of IVM in women with cancer and the lack of consistent
management algorithms for these women require further
research into the efficacy and safety of VM.

Aim
The study aimed to evaluate the efficacy of different ARTs
in preserving reproductive material in patients with cancer.

METHODS

This prospective, randomized trial enrolled 48 women of
childbearing age with newly diagnosed cancer. The study also
included three patients who underwent oophorectomy with
immature oocytes retrieved from ovarian tissue.

The study was approved by the Local Ethics Committee
(Protocol No. 213, dated 13 December 2021).

In the first phase, after diagnosis, a tumor conference
was held to determine further treatment strategies and the
need to preserve the patient’s reproductive function. Certain
techniques were chosen based on the conclusion of a fertility
specialist. A key criterion for group assignment was the pos-
sibility to perform ovarian stimulation. In case of contraindi-
cations or insufficient time for ovarian stimulation, patients
were immediately assigned to the second group. The other
women were randomized. Figure 1 shows the study design.

Inclusion criteria: age 1842 years, adequate ovarian re-
serve (anti-Miillerian hormone >1.2 ng/mL, total antral fol-
licle count >5), and patient desire to preserve reproductive
material.

Exclusion criteria: a serious somatic disorder, stage IV
cancer, or ovarian cancer.

In the second phase, after further screening and ran-
domization, group 1 patients received stimulation protocols.
In most cases, a GnRH antagonist protocol was used. In
addition, letrozole was used. A transvaginal puncture was
then performed to obtain mature oocytes. Group 2 patients
did not receive any additional medication, but immediately
underwent transvaginal puncture of all visible follicles. All
obtained oocyte-cumulus complexes were transferred to an
embryologist to mature.

The third phase was an embryological one. An embryol-
ogist evaluated the retrieved oocytes. All immature oocytes
were placed in an IVM maturation medium. If a patient had a
sexual partner, IVF/ICSI was offered to fertilize the retrieved
material. The retrieved material (cocytes and embryos) was
then vitrified.

StatSoft STATISTICA 10 was used for statistical analysis
of the obtained data.

RESULTS

The study included 48 women of childbearing age with
cancer of different sites. Table 1 demonstrates that patients
in both groups are comparable in age and ovarian reserve.
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Fig. 1. Study design.

No statistically significant differences were found (p > 0.05).
Previous pregnancies were observed in <12% of cases, and
only 4% of pregnancies resulted in delivery. This confirms the
relevance of this area of research.

Breast cancer was the most common cancer (31 pa-
tients); 5 women had cervical cancer, 2 had endometrial
cancer, and 10 had hematologic cancer (Fig. 2). Gynecological
cancers were diagnosed at an early stage and organ-sparing
treatment was given to preserve reproductive function for
the future.

Ovarian reserve plays an important role in assessing the
potential for fertility preservation. In our study, most patients
had anti-Miillerian hormone levels <2.0 ng/mL and antral fol-
licle counts <10 in both ovaries. This may be related to the
age of the patients; the mean age was 33.2 + 2.4 years in
group 1 and 34.1 + 1.3 years in group 2.

Ovarian stimulation was performed to retrieve oocytes
in group 1. Initially, the procedure did not need to be linked
to menstrual function because of the use of a random start
protocol, i.e., ovarian stimulation was performed on any day
of the cycle. A GnRH antagonist, recombinant follicle stimu-
lating hormone, and human menopausal gonadotropin were
used. The average duration of stimulation ranged from 10 to
12 days. GnRH or recombinant human chorionic gonadotropin
was used to induce final oocyte maturation. Group 2 received
no medication, but underwent an immediate transvaginal
puncture (Fig. 3), so the average duration of this oncofertility
program was 1-2 days.
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The primary aim of our study was to evaluate the effi-
cacy of these techniques for the collection of reproductive
material. In group 1, 256 oocyte-cumulus complexes were
obtained, with 73.0% of mature oocytes suitable for fertil-
ization. Significantly less material was obtained in group 2:
149 oocyte-cumulus complexes, of which 38.9% were ma-
ture. In vitro matured oocytes were 5 times more likely to
degenerate than oocytes after ovarian stimulation (Table 2).
In addition, grading of the collected material showed that the
oocytes derived by IVM had more structural abnormalities
(Fig. 4).

The oocytes were then fertilized using IVF/ICSI techniques
to obtain embryos. Group 1 had the significantly higher per-
centage of fertilized oocytes (62.9% vs. 52.3%). However,
both groups showed comparable grade of blastocysts. The
obtained data may indicate a lower fertilization potential of
in vitro matured oocytes.

DISCUSSION

Current options for cancer diagnosis and treatment pro-
vide at least a 75% survival rate. However, in the future, the
treatment may negatively affect the patients’ quality of life
[15]. The phenomenon of postponed maternity, which often
leads to the development of cancer before reproduction,
should also be considered [16].

A variety of techniques are available for use in fertility
preservation programs, and the first-line technique should
be oocyte and embryo vitrification. Ovarian stimulation and
in vitro oocyte maturation can be used for this purpose [17].

0,
11% 2%
OBreast cancer
OHematological cancer

O Cervical cancer
21%

W Endometrial cancer

66%

Fig. 2. Structure of oncological pathology.

Table 1. Clinical and medical history characteristics of the studied groups

Criterion Group 1 Group 2
Age, years 33.2£2.4 34113
Anti-Miillerian hormone ng/mL 1.92 [1.32; 3.02] 1.64[1.26; 2.89]
Total number of antral follicles in both ovaries, n 7.8+2.7 8.2+2.9
Menstrual cycle duration, days 28.3+2.1 29.4+1.9
Pregnancies in medical history 3(12.5%) 2 (8.3%)
Deliveries in medical history 1 (4.2%) 0 (0.0%)

Note. No statistically significant differences were found (p > 0.05).
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Fig. 3. Ultrasound during transvaginal puncture (dashed line indi-
cates ultrasound guidance).

Initial ovarian reserve is a key factor in choosing a fer-
tility preservation technique. Our study showed low efficacy
of IVM due to low anti-Miillerian hormone levels and antral
follicle counts. Mostinckx et al., Seok et al. suggested that
anti-Miillerian hormone levels >8.5 ng/mL is required for
successful reproduction [18, 19]. Ovarian stimulation shows
better results even with low levels of anti-Miillerian hor-
mone, in our study it was <1.92 ng/mL.

The key point is to evaluate the amount of retrieved
material. IVM is an innovative technique for patients with
cancer. For example, Cohen et al. [20] obtained from 2 to
6 mature oocytes in this group of patients, and Krasnopol-
skaya et al. [6] obtained an average of 5.8 mature oocytes.
In our study, the average number of oocytes in metaphase Il
was 4.00 + 2.37. These differences may be due to the use of
different maturation media, as well as the use of an ovulation
trigger or minimal doses of hormonal stimulation before a
transvaginal puncture. Ovarian stimulation is more effective.
For example, we obtained an average of 6.71 + 1.92 fertil-
izable oocytes. Virant-Klun et al. reported this parameter to
be 11.0 + 9.0 [21]. This may be due to our use of letrozole,
which, according to some authors, may negatively affect oo-
genesis. However, there is insufficient data to support this

Vac Gran LPb Ser
'1A0t/£ 20, 2% 1% 29

Norm
92%

Group 1
Fig. 4. Oocyte dysmorphisms in the study groups.
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finding.

Creux et al. compared ICSI outcomes by evaluating ma-
ture oocytes obtained in vitro and in vivo. On average, 5 stim-
ulation embryos and 3 IVM embryos were cryopreserved [22].
We also observed a lower fertilization potential in oocytes
obtained by maturation (52.3% vs. 62.9%). Therefore, the
IVM technique showed lower efficacy compared with ovarian
stimulation for fertility preservation in patients with cancer.

CONCLUSION

Fertility preservation in patients with cancer is an ex-
tremely urgent medical issue that requires a multidisciplinary
approach involving oncologists and fertility specialists. When
cancer treatment is needed, a timely and informed decision
about preserving reproductive function is important. It can
significantly expand a patient’s future options, including the
potential for motherhood after treatment.

Ovarian stimulation is a well-established method of oo-
cyte retrieval with high success rates. However, it should be
noted that this procedure is time-consuming (at least 7 days)
and may have contraindications that limit its use in some
clinical situations. Therefore, in vitro oocyte maturation is
a promising alternative for the preservation of reproductive
material. However, the efficacy of IVM depends on adequate
ovarian reserve, which should be considered when choosing
a technique. For patients awaiting oophorectomy for any rea-
son, IVM is the only way to preserve reproductive material.

Table 2. Amount of material obtained in oncofertility programs

Criterion Group 1 Group 2
Oocyte-cumulus complexes 256 149*
(total number)

Blastocele stage 26 (10.1%) 30 (20.1%)
Metaphase | stage 35(13.6%) 38 (25.5%)
Metaphase Il stage 187 (73.0%) 58 (38.9%)
Degenerated 8 (3.1%) 23 (15.4%)
Embryos 161(62.9%) 78 (52.3%)*

* p < 0.05 compared to group 1.

Ser
Lpb 7%
Gran 7%
9%
Vac Norm
6% 65%
Atr
6%
Group 2
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Fig. 5. Evaluation of follicular fluid and presence of oocyte-cumulus complexes.

It is possible to perform several cycles of ovarian sti-
mulation or to combine techniques (e.g., IVM combined with
ovarian stimulation) to increase the effectiveness of AST. This
multidisciplinary approach not only optimizes outcomes, but
also significantly increases the chances of successful fertility
restoration after cancer treatment.

Therefore, a comprehensive approach to fertility pres-
ervation, including active collaboration between oncologists
and fertility specialists, is essential for patients to realize
their future reproductive potential, which is critical to their
quality of life and psychological well-being.
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[MccepTaLMoHHo pabotel AA. ManaxoBoi ¥ CornacoBaHo ¢ J1o-
KanbHbIM 3TUYECKM KOMWUTETOM POCCHICKOr0 HaLLMOHANBHOMO MC-
C/le[0BaTeNbCKOr0 MeAULIMHCKOr0 yHuBepcuTeTa uM. H.W. Tuporosa
(BbnMcka 13 npoTokona N2 213 ot 13 aekabps 2021 r.).

Cornacue Ha nybnmKaumio. Yu4acTH1KM 1cce0BaHKA NOANMCanU
MH(hOPMMPOBaHHOE COryacue Ha y4acTue B UCCef0BaHMM U nybnmn-
KaLmIio MeMLMHCKUX AaHHbIX.

WUcTouHuk dmHaHcupoBaHMA. ABTOpbI 3asBNAIOT 00 OTCYTCTBUM
BHELLUHEro (MHaHCMpOBaHUS NpY NPOBELEHUM UCCTIeA0BaHMA.
PackpbiTve uHTEpecoB. ABTOPLI [EKIAPMPYIOT OTCYTCTBUE ABHBIX
1 NOTEHUMANbHBIX KOHDIMKTOB MHTEPECOB, CBA3aHHLIX C Nyb/mKa-
LIeN HaCTOALLIEN CTaTby.
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