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BausaHue xumuorepanuu Ha MOPPOoPyHKIINOHAJIBHOE COCTOSIHHUE
ANYHUKOB U MOJAXO0/AbI K COXpaHEeHUI0 PePTUIbHOCTH
(0630p UTEPATYpPHI)

A.A. AbpamkuHa, 1.10. Makapos, 9.9. AbpamkuH, H.B. MeHbinkoBa

@I'BOY BO «Amypckas eocydapcmeenHHas meduyunckas akademus» Munadpasa Poccuu, baazogeujenck, Poccus

AHHOTAIINA

Ha coBpeMeHHOM 3Tale B MEJUIIMHCKON MPAKTHKE 3HAUYUTEIBHOE MECTO OTBOJIUTCS PAHHEMY BBISIBJIEHUIO OITyXOJIEH.
IIporpecc B KauecTBe IMATHOCTUKY U JIEYEHUST OHKOTIAIMEHTOB IIPUBEJI K YBEJIUUEHHUIO CPEJIN HUX JIOJIH JIUI] MOJIOZIOTO
BO3pacTa U MPOOJLKUTETHHOCTH JKU3HU TIOCIIe Tepanuu. [IoMIUMO MpoUrX Mo60YHbIX 3 GEKTOB, XUMHUOTEPATIHs OKa-
3bIBAET HETATHBHOE BO3/IEHCTBUE HA PENPOIYKTUBHYIO CUCTEMY, YTO OCOOEHHO aKTYaJIbHO /IS MAIlIEHTOK JAETOPOJHOTO
Bo3dpacra. Kpome Toro, Haboawmascs B mocjaeHee BpeMsl TeHJIEHIUs K 0oJiee MO3HEMY BO3PAcTy MaTEpPHUHCTBA
JleJIaeT BONPOC (epTUIBHOCTH aKTyaJbHBIM 71 0oJjiee IIMPOKOTO Kpyra JIuIl ¢ HOBooOpasoBaHuAMHU. [loHMMaHUE
PHCKOB IIOMOTAET CIIEIUAINCTaM BbIOPATh ONTHUMAIBHYIO TAKTUKY BEJI€HUS MOJIO/IBIX TIAIIHEHTOK C OHKOT€MaTOJIOTHYe-
CKOW MMaTOJIOTHEN, YBEJIMIUBAET MIAHCHI HA COXPAHEHHE X PEIPOIyKTUBHOTO MOTeHI[haa. TakKke U3ydyeHre MeXaHu3-
MOB BJIUSHUS XUMHOTEPANIUUA HA PEMPOAYKTHUBHYIO (DYHKIIHIO IO3BOJIAET pa3pabaThiBaTh U BHEAPATh B MPAKTUKY
METO/IbI, ClIOCOOHBIE CHUKATh TOHA/IOTOKCHYECKHUH 3 (PEeKT IPOTUBOOIYX0JIeBOH Tepanuu 6e3 yiepba ais ee abdek-
THUBHOCTH.

Knaouesnle croea: xumuorepanus, GepTUIbHOCTb, AMIHUKH, BCIIOMOTaTeJIbHbIE PEITPO/IYKTHBHBIE TEXHOJIOTHH, OBAPH-
JIBHBIN Pe3€epB.
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The impact of chemotherapy on the morphofunctional state
of the ovaries and approaches to fertility preservation
(literature review)

A.A. Abramkina, I.Yu. Makarov, E.E. Abramkin, N.V. Menshchikova

Amur State Medical Academy, Blagoveshchensk, Russia

ABSTRACT

Early detection of tumors is a significant priority in modern medical practice. Advances in diagnostics and treatment of
cancer patients have led to an increase in the proportion of younger patients and in life expectancy after treatment. In addi-
tion to other side effects, chemotherapy has a negative impact on the reproductive system, which is especially relevant for
women of childbearing age. Furthermore, the recent trend toward later motherhood makes the issue of fertility relevant for
a wider range of cancer patients. Understanding the risks helps health professionals choose the optimal treatment strategy
for young oncohematologic female patients and increases the chances of their fertility preservation. Also, the study of
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mechanisms by which chemotherapy affects reproductive function allows for the development and implementation of
methods that can reduce the gonadotoxic effect of anticancer therapy without compromising its effectiveness.
Keywords: chemotherapy, fertility, ovaries, assisted reproductive technologies, ovarian reserve.

Citation example: Abramkina A.A., Makarov I.Yu., Abramkin E.E., Menshchikova N.V. The impact of che-
motherapy on the morphofunctional state of the ovaries and approaches to fertility preservation (literature review).
Journal of Siberian Medical Sciences. 2026;10(2):130-146. DOI: 10.31549/2542-1174-2026-10-2-130-145

BBEJAEHHNE

CorsiacHO JaHHBIM MOCKOBCKOTO Hay4YHO-HCCIIe-
JTOBATEJILCKOTO OHKOJIOTUYECKOTO WHCTUTYTa UMEHHU
I1.A. TeprieHa, B 2024 1. B Poccuiickoir ®eneparun
BIIEPBBIE BBIABJIIEHBI 698 693 ciIy4as 3JI0Ka4ecTBEeH-
HBIX HOBOOOpazoBaHW# (322 198 y MyXuWH U
376 495 vy xkeHmuH). [Tokazareyb pacupocTpaHeH-
HOCTH 3JI0KaueCTBEHHBIX HOBOOOpaszoBaHuUii B Poc-
CHU B 2024 T. COCTaBUJI 2 948,6 Ha 100 ThIC. Hacese-
HUSI, YTO BBIIIE YPOBHA 2014 T. (2 252,4) Ha 30,9 %.
Poct manHOro mokasaresis OOYC/IOBJIEH yBeIude-
HHEM KaK 3a00J1€Ba€MOCTH U BBISIBJIIEMOCTH, TaK U
BBIXKMBAE€MOCTH OHKOJIOTHYECKHUX OOJIBHBIX [1].

Yike J0KazaHa BO3MOXKHOCTb W3JIEUEHUS Pl
3JI0Ka4eCTBEHHBIX HOBOOOpa30BaHUM MyTeM
HCIIOJIb30BAHUS IIPOTHUBOOIYXOJIEBBIX CXEM Jiede-
HHSA, BKJIIOYAIONIUX COYETAHHE IPENapaToB ¢ pas-
JIMYHBIM TOKCHUYECKUM 3(PDEKTOM M MeXaHU3MOM
JIEUCTBUS: CTEPOUIHBIE TOPMOHBI, AHTUMETA0O0-
JIUTBI, IPOTHUBOOITYX0JIEBbIE aHTUOMOTUKHU, ITUTOCTA-
TUKH, TapreTHbIe Mpenaparsl u Jip. IIpopbIB, Mpou-
30IIE/IINE B KayeCcTBE JHATHOCTUKH W JIEUEHUs
3JI0KAYECTBEHHBIX HOBOOOpA30BaHUM, TPUBET K
HavaJIy Tepalvi Ha paHHUX CPOKaX, a TAKXKe K CHU-
JKEHUI0 YPOBHSI CMEPTHOCTH OT OHKOJIOTHYECKHX
3ab0JIeBaHUI.

I'emaTosiornyecKkue HOBOOOpA3OBaHUS HE SIBJIS-
IOTCSA PEJIKUMHU U COCTaBJISIOT 7—9 % B CTPYKType
3JI0KAYECTBEHHBIX HOBOOODPA30BAaHUU CpelH KeH-
ckoro HaceseHusa. Haunbosee pacmpocTpaHeHHBIMH
(dopmMaMu TeMaTOJOTUYECKUX 3JIOKAUECTBEHHBIX
HOBOOOpa30BaHUI, KOTOPBIE BCTPEYAIOTCS Y JIEBO-
YeK MpenyOoepTaTHOTO BO3pacTa W MOJIOJBIX JKEH-
IUH, SABJISIOTCA OCTPBIN JMMQOOIACTHBIN JIEHKO3,
OCTPBIA MUEJIOUJHBIA JIEHKO3, HEXOMKKUHCKas
auMmdoma u mumdpoma Xokkruaa. CorsiacHO CTaTh-
CTHUKE, YPOBEHD 00IIIEN BBIKUBAEMOCTH OHKOT'€MAaTO-
JIOTUYECKUX ITaIlMeHTOK cocTasideT 86 % [2].

HecMoTpst Ha XOpoIlie pe3ysIbTaThl JIEUeHUs B
[IeJIOM, XWUMHOTEpPANHUs BbI3BIBAET JOCTATOYHOE
KOJINYECTBO OOOUHBIX 3 (PEKTOB, KOTOPbIE UMEIOT
KaK KpPaTKOCPOYHBIM, TaK U OTCPOUEHHBIN U JlaKe
HeoOpaTHUMbIH XapaKTep W OKa3bIBAIOT HETaTUBHOE

INTRODUCTION

According to the data from P. Hertsen Moscow
Oncology Research Institute, 698 693 cases of malig-
nant neoplasms were newly diagnosed in the Rus-
sian Federation in 2024 (322 198 in men and 376 495
in women). The prevalence of malignant neoplasms
in Russia in 2024 was 2 948,6 per 100 000, which is
30,9% higher than in 2014 (2 252,4). The increase in
this indicator is due to the growth of both the inci-
dence and detection rate, as well as the survival rate
in cancer patients [1].

The potential for curing a number of malignant
neoplasms has already been proven through the use
of antitumor treatment regimens that include a com-
bination of drugs with varying toxic effects and
mechanisms of action: steroid hormones, antime-
tabolites, antitumor antibiotics, cytostatics, targeted
agents, etc. Breakthrough in the diagnostics and
treatment of malignant neoplasms have led to the
initiation of therapy at earlier stages and a reduction
in cancer mortality.

Hematological neoplasms are not uncommon,
accounting for 7-9% of malignant neoplasms in the
female population. The most common forms of hema-
tological malignancies in prepubertal girls and young
women are acute lymphoblastic leukemia, acute
myeloid leukemia, non-Hodgkin’s and Hodgkin’s lym-
phomas. According to statistics, the overall survival
rate for oncohematological female patients is 86% [2].

Despite favorable treatment outcomes in general,
chemotherapy causes a number of side effects,
including short-term, delayed, and even irreversible
events, which negatively impact ovarian tissue. It is
estimated that 70—75% of female cancer survivors
desire to have children, and 80% of them experience
decreased fertility. Despite understanding the impor-
tance of fertility preservation, the proportion of
patients who receive detailed counseling on this mat-
ter ranges from 51 to 95%, with the proportion of
patients using fertility preservation techniques being
even lower [3].

Potential infertility due to cancer treatment leads
to high level of psychological stress in young women
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BJIUSHYUE B TOM YHCJIe U HA TKaHb AUYHUKOB. [1o
MMEIINMCS OIeHKaM, 70—75 % KeHIIUH, IepeHec-
IIUX pakK, XOTAT UMeTh JieTel, a y 80 % U3 HUX
HabmomaeTcs cHIbKeHNe gepTmibHOCTH. HecmoTps
Ha TIOHUMAaHNe BOKHOCTH COXPAHEHUs JETOPOIHOM
byHKIIMH, 101 TAIUEHTOB, IMOIYYAOIIUX T0Ap06-
HYI0 KOHCYJIBTAIIUIO II0 5TOMY IIOBOJY, COCTaBJIsIET
OT 51 710 95 %, IIPHU 9TOM [10J151 TAIIUEHTOB, IIpubera-
IOIUX K METOZaM COXpaHeHUs (PepPTHILHOCTH, eIre
Hike [3].

[ToTtennuanbHOe OeCIUIONNE BCJIEICTBUE Jieue-
HUS paKa MPUBOJUT K BHICOKOMY YPOBHIO IICHXOJIO-
THYECKOTO CTPeCcca y MOJIOABIX JKEHIIVH C BbIABJIEH-
HBIM 3JIOKAaUeCTBEHHBIM HOBOOOpa3oBaHUEM U
HepeaKO BOCIIPUHUMAETCS Tak:Ke 0O0JIe3HEHHO, KaK
U caM JIUarHO3, IIOCKOJIBKY Ha MOMEHT ero IocTa-
HOBKHU MHOTHE U3 HUX ellle He HauaJIu UJIN He 3aBep-
UM~ PEeUIN3AIUI0 CBOETO  PEMPOIYKTHBHOTO
MIOTeHITHaIA.

Kpome Toro, mcciemoBanue ¢ ydactueMm OoJiee
3500 MOJIOZBIX XKEHIINH, Y KOTOPBIX B JIETCTBE JIHa-
THOCTHPOBaHA 3JI0KAYEeCTBEHHAS OIyXOJb (Jeiike-
MU, OIYXOJb IIEHTPAJIbHOW HEPBHON CHCTEMBI,
auMmdoma XO/KKMHA, HEXOKKUHCKas JmMdoma,
omnyxosb BuibMmca, HelipobacToma, capkoMa MST-
KUX TKaHeH, OIyXOoJib KOCTel), IOKa3ajo 3Hadu-
TeJIbHOE YyBeJHMYeHUe pHCKa Oecriofus B 3TOH
T'PYIIIIE IO CPABHEHHUIO C KOHTPOJIBHOU I'PYIIIOHN, UTO
CBUJIETEIBCTBYET O TOM, UTO H B IIPemyOepTaTHOM
[epruo/ie OHKOJIOTUYECKOe JIeUeHUEe OKa3bIBAEeT
HeraTUBHOE BJIUSHUE Ha PEIPOAYKTUBHYIO CHCTEMY
JKEHIIUHBI, XOTS PaHee CUUTAIOCh MHaAYe [4].

C 2006 T. UCIIOIB3YeTCA TEPMUH «OHKODEPTUIIb-
HOCTBH», 0003HAYAIOIINH BO3MOKHOCTD IAIIEHTOK
MMeTh JIeTel IOoCjie Tepaluu OHK03aboeBaHUM U
MTOYEPKUBAIOIIUNA BaKHOCTh U OCOOBIM XapakTep
9TON MPOOJIEMBI, pElleHue KOTOPOU IpeIoaraeT
oObeIMHEHNE YCUIUH CITENUATNCTOB pa3HbIX 00J1a-
CTel, B IIEPBYIO OUepeZb OHKOJIOTOB U PEIPOAYKTO-
JIOTOB, JUUIs TIOMOIIM B COXPaHEHHUU JIeTOPOJHOU
(GyHKIHMH, CTONb YA3BHMOM K XHMHO- U JIy4eBOU
Tepanuu [5].

Jl7151 omipesiesieHus MPOTHO3a U TAKTUKU COXPaHe-
HUsS QEepTUIIBHOCTH GOJIBIIIOE 3HAUEHNE UMEIOT BO3-
pacT manueHTa, IPOTOKOJI JIEUeHUs, TUIl U CT/IH
3JI0KAYECTBEHHOTO HOBOOOPA30BaHMUA, 30HA XUPYP-
THYECKOTO BMeEIIATeJbCTBA U JIYYEBOTO BO3ZEH-
CTBUsI, €CJTU TAKOBbIE IPUMEHSIOTCS. YUeT 3TuX ¢ak-
TOPOB Yy JKEHIINH PENPOAYKTUBHOTO BO3pacTa yBe-
JIMYUBAET  IIAHCHl NPUHATHAS  ONTUMAaJIbHOTO
peleHys 0 COXPAHEHHUIO U PeATU3alNH UX PEIPO-
IYKTHUBHOTO IIOTeHIHasa 6e3 CyIecTBeHHOTO BIIHSA-
HUS Ha IIPOTHO3 OHKOJIOTMYECKOT0 3a00/IeBaHUs U C
MUHUMTHHBIMU 33JI€PKKAMU B JIEUEHUH.

with diagnosed malignancies and is often perceived
as painful as the diagnosis itself, since at the time of
its diagnosis, many of them have not yet begun or
completed the realization of their reproductive
potential.

Furthermore, a study among women who were
diagnosed with a malignant tumor in childhood (leu-
kemia, central nervous system tumor, Hodgkin’s and
non-Hodgkin’s lymphomas, Wilms’ tumor, neuro-
blastoma, soft tissue sarcoma, bone tumor) showed a
significant increase in the risk of infertility, suggest-
ing that cancer treatment also has a negative impact
on the female reproductive system during the prepu-
bertal period, although this was previously believed
to be the case [4].

Since 2006, the term “oncofertility” has been
used, denoting the ability of patients to have children
after cancer treatment and emphasizing the impor-
tance and special nature of this problem, the solution
of which involves combining the efforts of specialists
from in the different fields, primarily oncologists and
fertility specialists, to help preserve fertility, which is
so vulnerable to chemotherapy and radiation the-
rapy [5].

The patient’s age, treatment regimen, tumor type
and stage, the site of surgical intervention and radia-
tion exposure, if any, are of great importance in
determining the prognosis and tactics for fertility
preservation. Taking these factors into account in
reproductive-aged women increases the chances of
making an appropriate decision to preserve and real-
ize the reproductive potential of patients without sig-
nificantly affecting cancer prognosis and with mini-
mal delays in treatment.

One of the key criteria for assessment of repro-
ductive status is ovarian reserve (OR).

OR is the functional reserve of the ovaries that
determines their ability to develop a healthy follicle
containing a viable ovum and is assessed by the
antral follicle count (AFC) (based on ultrasound
imaging) and the level of anti-Miillerian hormone
(AMH). OR reflects the number of follicles in the
ovaries and depends on both physiological and path-
ological factors.

Physiological factors that determine OR primar-
ily include the number of primordial follicle count
in girl’s ovaries at the onset of menstrual function.
Naturally, this number ranges from 270 000 to 470
000 follicles, most of which are dormant. During
each menstrual cycle, several follicles enter the
maturation phase, but in the normal condition only
one follicle reaches ovulation, while the rest acti-
vated follicles undergo atresia. Over the course of a
woman’s life, approximately 400-500 follicles
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OpHUM U3 KJIIOYEBBIX KDUTEPUEB OIIEHKU COCTO-
STHUSL PENPOJYKTUBHOUN CHCTEMBI SIBJISETCS OBapH-
anpHbIH peseps (OP).

OP — 5T0 QYyHKIIMOHAJIBHBINA pe3epB ANYHUKOB,
KOTOPBIH OIpeessieT CIOCOOHOCTh IOCTETHUX K
Pa3BUTHIO 3/I0POBOTO (HOJUIMKYJIA C TOJTHOIIEHHON
SUNEKJIETKON ¢ OIEHWBAETCA II0 KOJIMYECTBY
a"TpanbHBIX (posutukyaoB (KAD) (110 JaHHBIM YIb-
TpasBykoBoro wuccienoanus (Y3U)) u  ypoBHIO
a"HTUMIOJIIeEpoBa ropmoHa (AMI). OP ortpaxkaer
KOJIMYECTBO HAXOJANIUXCA B SAUYHHUKAX (POJUIHKY-
JIOB W 3aBUCUT KaK OT (HU3UOJIOTUUECKHUX, TaK U OT
MaTOJIOTUYECKUX (PAKTOPOB.

K dusuonornueckum dakropam, Ompesessio-
muM OP, oTHOcUTCA B IEPBYIO 0O4Yepeb KOJTUUECTBO
MIPUMOPAUATBHBIX (POJUTUKYJIOB, HAXOJSIIIUXCA B
SIMYHUKAX JIEBOYKH K CTAHOBJIEHUIO MEHCTPYJTbHOU
¢yuknuu. B HOpMe 0HO cocTaBisieT 270 000—470
000 GOJIIUKYJIOB, OOJIbIIAS YaCTh KOTOPBIX HAaXO-
JIUTCS B «JIPEMJIIOIIEM» COCTOSHHUU. IIpH KaxKaom
MEHCTPYaJIbHOM LHKJIE B (a3y co3peBaHUS BCTY-
MMal0T HECKOJIbKO (DPOJUIMKYJIOB, IPU 3TOM B HOPME
TOJIBKO OAWH (POJUTUKYJT JOXOJUT JO OBYJIAIUH, a
OCTaJIbHBIE AaKTUBUPOBAaHHbBIE (DOJUIMKYJIBI TTOABEP-
raTcs arpe3un. Ha MpOTSKEHWW JKU3HU Y KEH-
[UHBI 10 OBYJISINH JIOXOMSIT OKOJIO 400—500 ¢oJI-
suKynoB. CaM ke (POJUTHKYJIOTeHe3 COCTOUT U3 TPEX
TIEPUO/IOB.

[lepBbIil ABJIsIETCS TOPMOH-HE3aBUCUMBIM — B
TeueHHe 3TOT0 Iepuoza GOJUTUKYIIBI PACTyT 0 CTa-
JIN BTOPUYHBIX. JTA CTA/IUsI POCTA IIPOXOIUT B aBa-
CKYJIIPHOU 30HE U B YCJIOBUAX OTCYTCTBUS THIIODU-
3apHBIX TOHAZOTPONIMHOB. K HacToAIeMy MOMEHTY
He CYIIECTBYET JOCTOBEPHBIX MapKEPOB, OTPAKAIO-
[UX ITOKA3aTeJu 3TON (assbl.

BTopoii mepuos;i — PpOCT OT CTaAUU BTOPUIHOTO
JI0 CcTaguu OOJIBIIIOTO AHTPAIBHOTO (POJUTHKYIIA
(1-2 MM B jmamerpe). DTOT IEpPUOJ, HEIOCPE]-
CTBEHHO 3aBHUCHUT OT YPOBHS TMIIO(PU3apHBIX MOHA-
JIOTPOITMHOB, B TIEPBYIO Oouepeab (HOJIHKYIIOCTUMY-
supympoiero ropmona (@CIY). dToT nmepuoa AJTUTCA
OKOJIO 100—120 JTHeH (3—4 MEHCTPYaJIbHBIX I[UKJIA)
W Ha3bIBA€TCS TOPMOH-UYBCTBUTEJIbHBIM. PakTo-
POM, OTpa’karol[uM COCTOSTHHE 3TOU (hasbl, sIBJISA-
ercss AMI. Kak ObLIO CKa3aHO BBIIIE, 3TO OAUH U3
OCHOBHBIX IOKa3aresiell (PyHKINOHAIBHOTO COCTOS-
HUA AUIHUKOB. HecmoTps Ha To, yTo AMI siBsieTcst
JIUIIb KOCBEHHBIM MapKepOM, TaK KakK OTpakaer
KOJIMYECTBO PACTYIIUX TPUMOPAUATBHBIX (POIITUKY-
JIOB HAUMHAs C MPEaHTPaJbHOU CTaINU JIO CTaJuU
OOJIBIIINX AHTPAIBHBIX (OJUTUKYJIOB, B HACTOSIIIHI
BpeMsI He CYII[ECTBYET JIPYTOT'O CBIBOPOTOYHOTO Map-
Kepa, HAIPSIMYI0 OTPAKAIIIET0 KOJIMYECTBO IPH-
MOpAUIBHBIX (osutnkynoB. AMI' cunTe3upyercs

reach ovulation. Folliculogenesis itself consists of
three periods.

The first is hormone-independent: during this
period, follicles grow to the secondary stage. This
stage occurs in the avascular zone and in the absence
of pituitary gonadotropins. Currently, there are no
reliable markers for assessment of this phase.

The second period is growth from the secondary
follicle to the large antral follicle (1—2 mm in diame-
ter). This period is directly dependent on the level of
pituitary gonadotropins, primarily follicle-stimulat-
ing hormone (FSH). This period lasts approximately
100—120 days (3—4 menstrual cycles) and is called
the hormone-sensitive period. AMH is a factor
reflecting the state of this phase. As mentioned
above, it is one of the main indicators of ovarian
function. Although AMH is only an indirect marker,
as it reflects the number of growing primordial folli-
cles from the preantral stage to the large antral folli-
cle stage, there is currently no other serum marker
that directly reflects the primordial follicle count.
AMH is synthesized by granulosa cells before the
growth of antral follicles up to 8 mm in diameter.
After the follicle becomes larger than 8 mm, the level
of AMH decreases sharply, and aromatase and estro-
gen activity rises. In girl’s ovaries, the first signs of
AMH production appear during the prenatal period
(32—36 weeks of pregnancy), and its blood levels
slowly increase with age, peaking at 20—30 years of
age. Afterward, the level of AMH gradually declines,
reaching zero by menopause.

The third, hormone-dependent period begins at
the end of the luteal phase of the menstrual cycle,
when a group of antral follicles is formed. After
regression of the corpus luteum and a decrease in
estradiol, progesterone, and inhibin A levels, FSH
production by the pituitary gland increases accord-
ing to the feedback principle. Under its influence,
antral follicles grow. Simultaneously, the granulosa
cells of the antral follicles begin to produce inhibin B,
which, in turn, suppresses FSH synthesis, that is nec-
essary to prevent the simultaneous development of
an excessive number of follicles. At the same time,
the changing level of FSH also reduces inhibin B pro-
duction. A complex but also balanced relationship
between these hormones regulates the course of the
hormone-dependent stage. Markers of this phase are
FSH, estradiol, luteinizing hormone, as well as antral
follicle count and ovarian volume, assessed by ultra-
sound imaging [6].

Thus, OR is determined by a woman’s physiologi-
cal characteristics and decreases with age. However,
primordial follicle count can decrease more rapidly
under the influence of exogenous factors, one of which
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KJIETKaMU TPaHyJIE3bl 10 STara pocTa aHTPaJIbHBIX
donnukynos — 1o 8 MM B iuamertpe. I1ocse Toro kak
(onnuxyn craHoBuUTCA OoJIblle 8 MM, ypoBeHb AMIT
Pe3KO IajiaeT U BO3pacTaeT aKTUBHOCTh apOMaTa3bl
U 3CTPOTEHOB. B SMYHUKAX JE€BOYKH IEPBBIE MPH-
3HaKH npoAyKiuu AMI' mosIBIAIOTCA B IpPEHATAIb-
HBIH ITepuo/t (32—36 Hep 6epeMEeHHOCTH), U eT0 YpO-
BEHb B KPOBHU MEJIJIEHHO ITOBBIIIAETCS ¢ BO3PACTOM,
JIOCTUTasA MaKCUMaJIbHOTO B BO3pacre 20—30 JIET,
I0cJIe Yero IOCTEeIeHHO CHUXKAETCA U K COCTOSHUIO
MEHOTIay3bl JIOCTUTAET HYJIA.

TpeTuii, TOpPMOHO3aBHUCHUMBIN II€PUOJ] HAUHHA-
eTcsl B KOHIIE JIIOTEMHOBOU (ha3kl MUKJIIA, KoTyia Ghop-
MUPYETCS IPYIIIa aHTPaJIbHBIX (HOJUTUKYJIOB. [Tocie
perpecca »eJITOTO TeJia U Ma/IeH!s YPOBHSA 3CTPau-
oJla, TIporecTepoHa W WHTHOWHA A, Habso/1aeTcs
yBesmuenue npoaykiuu ®CI runogusom 1o npuH-
nuiy obpatHoi csasu. 1oz ero Bo3eicTBUEM IIPO-
HUCXOJUT POCT aHTpPaJbHBIX (osutukysnoB. ITapas-
JIEJTBHO € STUM IIPOIECCOM KJIETKH T'PaHyJIE3BI
AHTPAJIBHBIX (POJUTMKYJIOB HAYUHAIOT IPOAYIIUPO-
BaTh UHTUOWH B, KOTOPBIH, B CBOIO OYepenp, Moza-
Bisier cuHTe3 OCT, 4TO HEOOXOUMO I MPENOT-
BpallleHUsI OJHOBPEMEHHOTO PAa3BUTHUSA CJIMIIKOM
60J1BIIIOr0 KOJTYecTBa (GOJUINKYJIOB. B TO ke Bpems
MeHsonuics ypoBeHb ®CI' Takke CHUIKAeT ypo-
BeHb BbIpaboTku nHrHbOMHA B. C10KHOE U BMecTe C
TeM cOaJIaHCHUPOBAHHOE COOTHOIIIEHHE 3TUX TOPMO-
HOB PETyJIUpPYyeT TeueHHe TOPMOHO3aBHUCHUMOU CTa-
nuu. Mapkepamu 5Toi assl saisiores: @CT, actpa-
JIUOJI, JIIOTEMHUBUPYIOIIUI TOPMOH, a TaKXKe YUCJIO
aHTPAJIBHBIX (DOJUTUKYJIOB W OOBEM SIUYHUKOB,
oTpejiesisieMble 0 peaysabratam Y3U [6].

Takum o6pazom, OP omnpepesisiercss pu3HoIOTHYE-
CKUMH 0COOEHHOCTSIMU >KEHIIUHBI U CHIKAETCS C BO3-
pacrom. Bmecre ¢ TeM yMeHbIIIEHHE YHCIIa TIPUMOP/IH-
TBHBIX (POJUIMKYJIOB MOMKET IIPOUCXOAUTH ObICTpee
IO/l JIEUCTBHEM SK30TeHHBIX (DaKTOPOB, OJHUM U3
KOTOPBIX SIBJIAETCSA IPOTHUBOOITYXOJIEBAs TEPAIHAL.
Oco0eHHO YyBCTBUTEIPHBIMU TOKA3aTEJIIMI TOHAZIO-
TokcuuHoCTH sABIsII0TCsT OCI', AMI 1 KAD [7].

ITPOBJIEMA COXPAHEHUA
OEPTNJIbHOCTH Y ITAITMEHTOK
OHKOI'EMATOJIOTUYECKOI'O ITPO®PNJIA

S. Lie Fong et al. mpoananu3upoBaiu mokasa-
Tesiu AMI' B ChIBOPOTKE KPOBU y 25 MAIUEHTOK C
OHKOTE€MATOJIOTUYECKUMH 3a00JIeBaHUAMHU 710 U
mocjie XuMHuOTEPaIInu. YCTaHOB.TIeHO, YTO YPOBEHDb
AMT y HUX 3HAYUTEIBHO CHUKAJICS T10 CPABHEHUIO C
TAKOBBIM B KOHTPOJIBHOH Tpymme. Y 13 MalUeHTOK
IIocJjie IIOJIMXUMHUOTEPAIIn, HECMOTPsA Ha BOCCTa-
HOBJIEHHE MEHCTPYaJIbHOTO ITUKJIA, YypoBeHbh AMI

is anticancer therapy. FSH, AMH, and AFC are par-
ticularly reliable markers of gonadotoxicity [7].

THE PROBLEM OF FERTILITY PRESER-
VATION IN ONCOHEMATOLOGICAL
FEMALE PATIENTS

Lie Fong et al. analyzed serum AMH in 25 patients
with hematologic malignancies prior to and after
chemotherapy. They found that AMH concentrations
in these patients decreased significantly compared to
those in the control group. In 13 patients, after multi-
drug chemotherapy, despite the restoration of men-
strual cyclicity, AMH levels were lower than in the
control group, indicating a decrease in primordial
follicle count [8].

Most chemotherapeutic drugs have a systemic,
non-selective effect on cells with high mitotic activ-
ity, so their targets are both tumor tissue and healthy
structures of the body, and in particular cells of the
bone marrow, mucous membranes, hair follicles and
the reproductive system.

Cytotoxic therapy causes atresia of primordial
follicles, suppressing secretion of estradiol and
inhibin B. This, in turn, contributes to increased FSH
concentrations due to negative feedback. Elevated
FSH levels cause excessive follicle recruitment and,
consequently, increased drug-induced follicle apop-
tosis. Furthermore, the preservation of menstrual
function after chemotherapy does not exclude the
fact of ovarian damage. Partial loss of the primordial
follicle reserve can lead to premature or early meno-
pause. The number of oocytes determines both wom-
an’s fertility and ovary function. In the case of pre-
mature ovarian failure, typical menopausal symp-
toms may be presented in patients even before the
onset of menstrual irregularities. A close relationship
has been established between female sex hormone
deficiency and vasomotor symptoms (hot flashes,
sweating, chills), sleep disturbances and insomnia,
vaginal dryness and burning, dyspareunia, dysuria,
mood lability, depression, cognitive impairment, and
decreased bone mineral density. There is also evi-
dence of an increased risk of cardiovascular disease
and visceral obesity. All of these factors negatively
impact woman’s health, psychoemotional state, and
performance, demonstrating the significant influ-
ence of the ovaries on the female body as a whole,
and not just on reproductive function [9].

In addition to the toxic effects on follicles, gonado-
toxic therapy has also been shown to have negative
impact on the ovarian stroma. In recent years,
increasing research has demonstrated that the ovar-
ian microenvironment largely determines their func-
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OBLT HUJKE, UeEM B KOHTPOJIBHOH TPYIIIIe, YTO CBU7E-
TEJICTBYET O CHIDKEHUH ITyJia MPUMOPIUATIHHBIX
dostukysos [8].

BoJIBIIMHCTBO XUMHUOTEPATIEBTUYECKUX IIpera-
PaTOB OKa3bIBAIOT CHCTEMHOE HeCeJIEKTUBHOE JIel-
CTBHE HAa KJIETKH C BHICOKOM MUTOTHYECKOH aKTUB-
HOCTBIO, I03TOMY MIX MUIIIEHBIO ABJISIOTCSA KaK TKAHb
OIYXOJIU, TAK U 3/TOPOBBIE CTPYKTYPhI OpraHU3Ma, |
B OCOOEHHOCTH KJIETKH KOCTHOTO MO3Ta, CJIM3KUCTBIX
000JI09€K, BOJIOCSHBIX (POJUITUKYJIOB U PEMpPOYK-
THBHOU CHCTEMBI.

[Ip¥ IUTOTOKCHYECKOW TEepPalUU IIPOUCXOIUT
aTpes3us MePBUYHBIX (DOJUTUKYJIOB, UTO BEJIET K CHU-
JKEHUIO CEKPEITUH 3CTPanosia U nHruouHa B. to, B
CBOIO OUY€peib, CIIOCOOCTBYET MOBBIIIIEHUIO KOHIEH-
tparuu OCI' Beste/icTBYUE OTPUIIATEIBHOU 00paTHOH
cBa3u. IlopbrmeHHbIH ypoBeHb @OCIT BbI3BIBaET
U30BITOYHBIN PEKPYTUHT (DOJUITUKYJIOB U COOTBET-
CTBEHHO UX YCUJIEHHYIO THO€JIb IO/ IECTBHEM TIpe-
mapaToB. Bojiee Toro, coxpaHeHHEe MEHCTPYaJIbHOU
(byHKITUY TTOCITIE XUMUOTEPATIUY He OTPHUIAeT dhaKTa
MOBPEXKIEHUS AWYHUKOB. YacTU4YHAs TMOTEPs
pesepBa TPUMOP/IHATIBHBIX (DOJUTUKYJIOB MOMKET
MIPUBECTU K IPEXKIeBPEMEHHON WX PaHHEH MeHO-
mayse. OT KOJIUYECTBA OOIUTOB 3aBHUCUT HE TOJIBKO
¢epTUIBbHOCTH JKEHIIUHBI, HO U (PYHKI[MOHAJIBHOE
COCTOSIHUE SIMYHUKOB. IIpU pa3BUTHU NpeKIeBpe-
MEHHOH HEeJOCTATOYHOCTH SHUYHHUKOB THIIMYHBIE
CHMIITOMBI MEHOTIAY3bl MOTYT HAOJII0JIaThCs y TIAIH-
€HTOK ellle /0 Hayajia HapylIeHu MeHCTPYaJIbHOTO
[MKJIa. YCTAaHOBJIEHA TeCHAas B3aMMOCBS3h MEXKIY
JIeUITUTOM >KEHCKUX IT0JIOBBIX TOPMOHOB U Ba30-
MOTOPHBIMH CUMIOTOMAaMU (IIPUJIUBBI JKapa, MOTIU-
BOCTB, 03HOOBI), HAPYIIIEHUAMU CHA U OECCOHHUTIEH,
CYXOCTBIO W JK)KEHHEM BO BJIATAJIHIIE, JUCIIApeEY-
HUeH, u3ypuel, JaOWIbHOCTBIO HACTPOEHUS,
JleTipeccrel, paccTpoiicTBaMU KOTHUTHUBHOU (PyHK-
MY ¥ CHUKEHNEM MHHEPAJIbHOHN IIJIOTHOCTH KOCT-
HOM TKaHu. Taxyke MMEIOTCA JJAHHBIE O MOBBIIIEH-
HOM DPHCKE CEPAEUHO-COCY/IHCTBIX 3a00JIeBaHUN H
BUCIIEPAJIBHOTO OKUpPeHUsi. Bece ot hakTophI Hera-
TUBHO OTPAKAIOTCS KaK Ha 3/TOPOBbE JKEHIIUHBI, TaK
U Ha ee IICUX03MOIIOHAIIbHOM COCTOSTHUU U PaboTO-
CITIOCOOHOCTH, YTO CBHJIETEJILCTBYET O CYIIECTBEH-
HOM BJINSTHUHU SUYHUKOB Ha KEHCKHH OPraHU3M B
[IeJIOM, a He TOJIbKO Ha PEeNpOAYKTHUBHYIO (DYHK-
uo [9].

I[ToMuMO TOKCHUYECKOTO BO3AEUCTBUSA Ha (PosIH-
KYJIbl, TAK;Ke BBISIBJIEHO HETATUBHOE BJIMSTHUE FOHA-
JIOTOKCUYHOU Tepaluyd Ha CTPOMY SIHYHUKOB.
B nocsienHMe roanl Bee OOIbIIIE UCCIeOBAHUN CBU-
JIETEJIbCTBYIOT O TOM, YTO MUKPOOKPYKEHHE TUUHU-
KOB BO MHOTOM OIIpeJiesisAeT UX (PYHKIIHMOHATbHBIN
MIOTEeHIHA. BHEKIETOUHBIN MaTPUKC 0OeCIieurBaeT

tional reserve. The extracellular matrix (ECM) pro-
motes follicle development and triggers intracellular
signaling pathways involved in the maintenance of
homeostasis and regulation of follicle formation,
growth, and ovulation. The ECM contains approxi-
mately 46 major matrix proteins and 39 proteins
involved in stromal rearrangement and regulation.
Ovarian stromal cells belong to various cell subpopu-
lations, the main ones being fibroblast-like cells,
which make up the majority of stromal cells, epithe-
lial-like cells, and neuron-like cells. As follicles
develop, some cells from the fibroblast subpopula-
tion transform into theca cells and myofibroblasts.
The former maintain the integrity of the follicular
structure, synthesize androgens, and regulate the
proliferation and apoptosis of granulosa cells. The
latter produce the ECM and participate in the forma-
tion of capillaries. In addition, ovarian stromal cells
synthesize cytokines. Stromal cell-derived factor-1
(SDF-1/CXCL12) and its receptor, CXCR4, have been
detected in the ovarian stroma and follicles. Mice
with a mutation in SDF-1 exhibited delayed migra-
tion and decreased primordial follicle count [10]. In
the follicular fluid of women undergoing in vitro fer-
tilization, the oocyte recovery rates showed a direct
correlation with the concentration of SDF-1[11]. The
results of these studies indicate the significant role of
SDF-1 in ovulation and follicle maturation.

Microenvironmental cells also synthesize bone
morphogenetic proteins 4 and 7, which play a key
role in stimulation of follicular growth and survival.
Also, they influence granulosa cells, specifically by
regulating estradiol and progesterone production
and suppressing apoptosis by inhibiting DNase
release [12].

It was found that ovarian stromal cells produce
leukemia inhibitory factor (LIF), which affects both
folliculogenesis and ovulation and embryo implanta-
tion. Vagnini et al. showed that LIF concentration is
reduced in patients with polycystic ovary syndrome,
and the frequency of mutations in LIF gene in women
with infertility is significantly higher than in fertile
women [13]. Mass spectrometry of human follicular
fluid-derived stromal cells revealed 97 proteins asso-
ciated with the stress response, regulation of apopto-
sis, and embryo implantation [14].

The blood and lymphatic vessels are another
important component of the ovarian stroma. Main-
taining the follicular vascular network and ensuring
appropriate blood supply is essential for follicular
dominance, ovulation, and corpus luteum formation.
Damage to vascular endothelial cells or inappropri-
ate capillary network formation leads to atresia or
apoptosis of follicular cells.
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pasButHe GOJUIHKYJIOB U 3aITyCKAeT BHYTPUKIIETOU-
HbIe CUTHAJIbHBIE IIyTH, BOBJIEUEHHBIE B IO/IZIEPKa-
HUe TOMeOCTas3a, PeryJsanuio GOpMUPOBAHUs, POCTA
¥ OBYJISIIUA (DOJITUKYJIOB. BHEKJIETOUHBITT MaTPUKC
HACUYUTBHIBAET TOPs/IKA 46 OCHOBHBIX MATPUKCHBIX
6eJIKOB U 39 O6€JIKOB, YUACTBYIOIIUX B IIEPECTPOMKE U
perysisinun ctpoMbl. CTpOMabHbIE KIETKU SHIHU-
KOB TNPHUHAJJIEXKAT K Pa3JIUYHBIM IOMYJIAIUAM,
OCHOBHbI€ U3 HUX — pubpobiacTonogo0HbIe, COCTAB-
JISIONIE OCHOBHYIO YacTh CTPOMAUIBHBIX KJIETOK,
SIUTETUATBHOTIONIOOHBIE W HelporoaobHble. I1o
Mepe pasBUTHSA (GOJUIMKYJIOB YacTh KJIETOK U3
cemerictBa (uOpobIACTOB TpaHChHOPMUPYETCS B
TeKa-KJIeTKu 1 Muopubpobractsl. [IepBrie mosiep-
JKUBAIOT IIEJIOCTHOCTH CTPYKTYPHI DOJUTUKYIA, CUH-
Te3UPYIOT aHJIPOTEHHI, PETYJIUPYIOT IMPOIUdEPAIUIO
U amlonTo3 KJIETOK TpaHyJIé3bl. BTopble mpoaymu-
PYIOT BHEKJIETOUHBIM MAaTPUKC U YUACTBYIOT B (pop-
MUPOBAaHUHU KaMWLIAPOB. [IoMHUMO 3TOTO, KJIETKH
CTPOMBI ~ SIMYHUKOB CHUHTE3UPYIOT ITUTOKUHBIL.
B crpoMe u GbosUTHKySIaX SUYHUKOB OOHApPY:KeH
cTpoMasibHBIA akTop pocta-1 (SDF-1/CXCL12) u
ero pernentop — CXCR4. Y wblmei ¢ myranued
SDF-1 Habstro/1ayiach 3a/iep:KKa MUTPAIAUA U YMEHb-
IIeHYe MyJ1a IPUMOPANATIbHBIX GOJUTHKYJIOB [10]. B
(poIITUKYIAPHON KUAKOCTH KEHIIUH B XOZI€ IIPOITe-
ZIyPBl 9KCTPAKOPIIOPAIHHOTO OILJIOJIOTBOPEHUS CKO-
POCTB U3BJIEUEHUSI OOIINTOB ITOKA3aJIa MPSIMYIO KOp-
pessinpio ¢ koHIeHTparue SDF-1 [11]. PesybraTht
JTAHHBIX HCCJIEJIOBAaHUM CBUETEJILCTBYIOT O 0OJIb-
mom 3HaueHuun SDF-1 n14 mporecca oByadAnuu u
pa3BUTHA POJITUKYJIOB.

Taxke KJIeTKAMU MUKPOOKDPYKEHUS CUHTE3UPY-
IOTCSI KOCTHBIE MOp(oreHeTHUecKue OeJKu 4 U 7,
KOTOPBIE UTPAIOT BAXKHYIO POJIb B CTUMYJIALINHI POCTA
(oJTUKYI0B U UX BBDKUBaeMOCTH. [IoMUMO 3TOTO,
OHU BJIUSIOT HAa KJIETKU IPAHY/E3HI, a HMEHHO Pery-
JIUPYIOT BBIPAOOTKY 3CTPAfMOJa M IIPOTeCTEPOHA,
MIO/IABJISAIOT AIlONTO3 3a CUYEeT TOPMOXKEHUS BBICBO-
ooxmenus JJHKaser [12].

YceTaHOBIIEHO, UYTO CTPOMAJIbHBIE KJIETKU SUIHU-
KOB BBIPA0ATHIBAIOT JIEHKEMUSI-UHTHOUPYIOIIHI
daxrop (LIF), KOTOPHIH BiIHsAET KaK Ha (HOJUTHKYJIO-
reHes, TAaK U HAa OBYJIAIUIO U UMILIAHTAIUIO SMOPH-
ona. L.D. Vagnini et al. mokazasu, 4To KOHIEHTpa-
nusa LIF cHukeHa y MallieHTOK ¢ CHHAPOMOM I10JIN-
KHCTO3HBIX SMYHUKOB, & YacToTa MyTamui resa LIF
V KEHIITUH ¢ 6eCIUIOANEM 3HAUUTEIHHO BBIIIIE, YEM Y
JKeHIMUH 6e3 Takoro auarHosa [13]. IIpu mace-
CIEKTPOMETPUUECKUX HCCIIEZIOBAHUAX CTPOMAJIb-
HBIX KJIETOK (POJUTUKYJIAPHOU JKUAKOCTU UdesIOBeKa
BBISIBJIEHO Q7 OEJIKOB, CBSI3aHHBIX C peakIueld Ha
CTpece, C peryJsihued amonTo3a W UMIUIaHTaI[uer
smbpuoHa [14].

To date, the function of the lymphatic system in
the ovaries has not been definitively determined, but
it appears to play a key role in maintaining the fluid
balance and facilitating hormone transport. The pri-
mary mechanism of lymphangiogenesis regulation is
the VEGFC/VEGFR3 signaling pathway, where vas-
cular endothelial growth factor type C (VEGF-C)
binds to its receptor (VEGFR3). A mouse model has
demonstrated that VEGFR3 antagonists effectively
prevent lymphangiogenesis of mature ovarian folli-
cles. Impaired lymphatic system formation in ovar-
ian tissue during the experiment resulted in a
decrease in the number of secondary follicles, a
decrease in pregnancy rates, a slowdown in fetal
growth, and an increase in the number of miscar-
riages [15].

According to the literature, fibrosis is one of the
main common effects of chemotherapy on the ovar-
ian stroma. Under the influence of chemotherapeu-
tics, stromal cells proliferate and differentiate into
myofibroblasts, which begin to excessively synthe-
size extracellular matrix components, collagen types
I and III, fibronectin, CTGF, a-SMA, etc. Ovarian
fibrosis leads to changes in its mechanical proper-
ties, thereby impairing the conditions for normal fol-
licular development. Among other things, chemo-
therapy leads to a decrease in vascular density, an
increase in the level of proinflammatory cytokines,
immune cell infiltration, and excessive production of
reactive oxygen species (ROS), which also contrib-
utes to ovarian degeneration and atrophy. Oxidative
stress is characterized by ROS hyperproduction and/
or weakening of antioxidant defense. On the one
hand, ROS operate as signaling molecules that pro-
mote follicle growth, ovulation, and corpus luteum
formation; on the other hand, in the case of imbal-
ance between free radicals and antioxidants, oxida-
tive stress develops, which leads to follicular atresia
and a decrease in the number and quality of oocytes.

Another side effect of anticancer drugs is acceler-
ated cellular senescence, including in ovarian tissue.
Senescent cells begin to produce numerous pro-
inflammatory factors, chemokines, and growth fac-
tors. The accumulation of senescent cells leads to cell
cycle arrest, creates a pro-inflammatory environ-
ment, and limits regenerative capacity [16, 17].

The antiangiogenic effects of chemotherapy con-
tribute to inadequate nutrition and damage to the
cells of microenvironment, which ultimately leads to
apoptosis and degeneration of some of them.

Drugs with high gonadotoxicity include: alkylat-
ing agents, nitrogen isothiocyanates, cyclophospha-
mide, melphalan, chlorambucil, nitrosourea deriva-
tives, disulfonic acid esters, methylhydrazine deriva-
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JpyruM BaKHBIM KOMIIOHEHTOM CTPOMBI SHIHU-
KOB SABJISIIOTCA KPOBEHOCHBIE M JIMMGATHUYECKUE
cocynpl. Iloanep:xanue GOTUKYIAPHON COCYIU-
CTOU ceTH U obecIieueHne JOCTATOYHOT'O KPOBOCHA0-
JKeHHUsA HeOOXOZUMO JIJIsI YCTAHOBJIEHUs (OJUIHKY-
JIIDHOTO JOMHUHHPOBAHMA, IIpollecca OBYJIALUU U
¢opmupoBanus xenroro Tesa. Ilpu nmoBpexaeHUN
9H/IOTEJTUATBHBIX KJIETOK COCY/I0B WJIU IIPH HETOCTA-
TOYHOM (POPMHUPOBAHUHU KAIMJIIAPHOU CeTU IIPOKC-
XOJIUT aTpe3us Win rubesb GOJUTIKYIOB.

K Hacrosmemy BpemeHnu GyHKIUA JuMbaTnde-
CKOU CHCTEMBI B IMUHUKAX OKOHYATEJIbHO HE OIIpe-
JleJieHa, HO, II0 BCeWl BUAVMMOCTH, OHA UTPAET BEIY-
IIYI0 POJIb B TOAJEpPKaHUU OasaHca JKUAKOCTU U
CII0COOCTBYET TPAHCIOPTUPOBKE TOPMOHOB. OCHOB-
HBIM MEXaHH3MOM, PETYJIUPYIONUM JUMpaHTHOTe-
He3, siByisieTcs curHanbHbli myTh VEGFC/VEGFRS,
B KOTOPOM (paKTOp pocTa 9HI0Teu cocy1oB Tuna C
(VEGF-C) cBsBbIBaeTcs €O CBOMM PENENTOPOM
(VEGFR3). Ha mojiesii MblIIel OKa3aHo, YTO aHTa-
rouuctsl VEGFR3 sddekTnBHO TpeoTBpaIiaoT
auMdaHTuoTreHe3 3pesbiX GOJUINKYJIOB B IMUHUKAX.
Hapymienne  ¢opMupoBaHus  JUM@aTHIECKON
CUCTEMBI B TKAaHU SUYHUKOB B HKCIIEpUMEHTE IpU-
BeJIO K YMEHBIIIEHUIO KOJTNYeCTBa BTOPUYHBIX (POJI-
JINKYJIOB, CHWJKEHHUIO YaCTOThl HACTYIUIEHUs Oepe-
MEHHOCTH, 3aMe/JIEHHI0 PocTa IUIOZAa W yBesmde-
HUIO Yucsa abopTos [15].

I[lo maHHBIM JUTEpaTyphl, (GUOPO3 ABIAETCA
OJIHUM U3 OCHOBHBIX pacIpocTpaHeHHbIX 3 (eKTOoB
XUMHUOTEpANy, OKa3bIBAEMBIX HA CTPOMY SHYIHU-
koB. IToz Bo3zeficTBEM XUMHUOIPENAPATOB KJIETKU
cTpoMbl nposiudepupyioT U AuddepeHuupyoTcsa B
MHOHUOPOOIACTDI, KOTOPhIE HAUMHAIOT YPE3MEPHO
CUHTE3UPOBAaTh  KOMIIOHEHTHl  BHEKJIETOUYHOTO
Matpukca, kosutareH I u III Tunos, puOpOHEKTHH,
CTGF, a-SMA wu j5p. ®ubpo3upoBaHue SUYHHUKA
MIPUBOJIUT K UBMEHEHUIO €70 MEXaHUYECKUX CBOMCTB,
Hapylas TeM CaMbIM YCJIOBUA JJjI1 HOPMaJIbHOTO
pasBuTHA GOITUKYIIOB. [IoMIMO IPOYETO XUMHIOTE-
panus NPUBOAUT K CHIDKEHUIO TJIOTHOCTH COCY/IOB,
MOBBIIIEHUIO YPOBHSA IPOBOCIAINTEIBHBIX ITUTOKHU-
HOB, WHQWIBTPAINN HMMYHHBIMH KJIeTKAMU U
M30BITOYHON BHIPAOOTKE AKTHUBHBIX (HDOPM KHCJIO-
pona (A®K), 4To Tak:Ke CIIOCOOCTBYET JieTeHepaIuu
u atpoduu SUIHUKOB. OKHCIUTEIBHBIA CTpecc
xapakrepuayercs runepupoayknueii AOK u/umu
VXy/IIIIEHUEM aHTHOKCHUAAHTHOU 3amuThl. C OHOMT
ctopoHbl, AOK (yHKIMOHUPYIOT KaK CUTHAIbHbIE
MOJIEKYJIBI, CIIOCOOCTBYIOIIME POCTy (hOJUIMKYJIOB,
OBYJIAIIUN U (GOPMUPOBAHUIO KEJITOTO TeJia; C APY-
TOU — IIPU HapYIIIEHUH Oas1aHCca MEXKY CBOOOTHBIMHU
paJluKaJlaMi W aHTUOKCHAAHTAMH pPa3BUBAETCA
OKUCJINTEIBHBIN CTPece, KOTOPBII IPUBOJUT K aTpe-

tives, triazine; with moderate gonadotoxicity:
platinum complexes (cisplatin, carboplatin), anthra-
cycline antibiotics (doxorubicin); with low gonado-
toxicity: folic acid antagonists (methotrexate),
pyrimidine antagonists, actinomycins (vincristine).

One of the common treatment regimens for lym-
phomas is CHOP and its modification R-CHOP,
including doxorubicin, cyclophosphamide, vincris-
tine, prednisolone, and all of the above plus ritux-
imab, respectively.

Below, the drugs used in the CHOP and R-CHOP
regimens are examined more thoroughly.

Cyclophosphamide (CP) is a drug with signifi-
cant gonadotoxicity, used in many treatment regi-
mens. As an alkylating agent, CP does not affect the
cell cycle, leading to the development of oxidative
stress in all tissues. In the ovaries, CP can destruct the
follicular subpopulation, causing primary ovarian
insufficiency (POI), which is closely associated with
the development of the CP-induced ferroptosis in
granulosa cells, and fibrosis of the ovarian cortex [18].

Ferroptosis is a form of programmed cell death in
which essentials are excessive accumulation of free
iron molecules and the associated process of reactive
oxygen production, which damages the cellular pro-
teins and lipids, triggering apoptosis, since the cell
cannot utilize iron and oxygen.

Doxorubicin belongs to a group of antitumor
antibiotics called anthracyclines. It induces cellular
senescence in ovarian tissue, as evidenced by DNA
damage, hyperactivation of primordial follicles,
increased apoptosis, and oxidative stress.

Administration of a clinically significant dose of
doxorubicin (10 mg/kg) to 8-week-old mice resulted
in decreased body weight, ovarian weight, and the
ratio of ovarian weight to body weight. Irregular
menstrual cycles were observed compared to the
control group receiving saline. Mice from the doxo-
rubicin group also demonstrated significantly
decreased AMH and estrogen levels, while serum
FSH levels, on the contrary, were increased which,
taken together, indicate the decline in ovarian
reserve. These findings are confirmed by a reduction
in the number of primordial, primary, secondary,
and antral follicles, along with a simultaneous
increase in the number of interstitial glands, as
observed during morphological study.

To assess doxorubicin-induced cellular senes-
cence, expression of the enzyme SA-beta-gal (senes-
cence-associated B-galactosidase) was analyzed. The
reaction to SA-B-gal was positive. Immunohisto-
chemical staining of cyclin-dependent kinase inhibi-
tors p16 and p21 also showed results suggesting cel-
lular senescence [19].
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3un (HOJUTHKYJIOB, CHIKEHHUIO KOJIMYECTBA U Kade-
CTBA OOITUTOB.

JpyruMm mo60YHBIM 3(PHEKTOM MPOTHBOOIYXO-
JIEBBIX TIPENApPATOB SIBJISIETCSI YCKOPEHHOE KJIETOY-
HOE CTapeHHe, B TOM YHCJIe U B TKAaHU SUYHUKOB.
Craperoliiye KJIETKH HAUMHAIOT BhIPAOaThIBATh MHO-
JKeCTBO IIPOBOCHAIUTETBHBIX (PAKTOPOB, XeMOKHUHOB
u ¢paxkTopoB pocTa. HakorieHne cTapelonux KJIeTOK
MIPUBOIUT K OCTAHOBKE KJIETOYHOTO ITMKJIA, CO3/IAET
MIPOBOCIIAJIUTEIbHYIO CPEZly U OTPAHUYUBAET pere-
HEPATOPHYIO CIIOCOOHOCTH [16, 17].

AnTHaHTHOTeHHble 3G@EKThl XUMHUOTEPAITUHI
CIOCOOCTBYIOT ~ HEIOCTATOYHOMY  IHUTAHUIO U
MOBPEXK/IEHUIO KJIETOK MUKPOOKPYKEHUs, UYTO B
WUTOTEe IPUBOJUT K AIOITO3y U JIeTeHePaIiy YacTH
13 HUX.

K mpemaparam ¢ BbICOKOU TOHAJOTOKCUIHOCTBIO
OTHOCAT: IKWJINPYIOIE areHThbI, a30TUCThIE U30-
THOIMAHATRI, HUKI0pochamua, MmendanaH, XJ0-
paMOyII, IpPOU3BOAHBIE  HHUTPO30MOYEBUHBI,
3¢ups! AUCYIHGOHOBBIX KHUCJIOT, IepPUBATHl METHII-
TUpa3uHa, TPUA3WH; CO CpeHEN TOHAIOTOKCUYHO-
CTBIO:  KOMILJIEKCHBIE  COEIMHEHUS  IJIATHHBI
(rmucriaTuH, KapOOIUIATHH), AaHTPAIUKIHHOBBIE
aHTAOWOTHKY (OKCOPYOUITMH); ¢ HU3KOU TOHAJO-
TOKCUYHOCTBIO: AHTArOHUCTHI (OJMEBON KUCIIOTHI
(MeToTpeKkcaT), aHTArOHUCTHI MHUPUMUJIUHA, AKTH-
HOMUITUHBI (BUHKPUCTUH).

OnHOU W3 PaCHpPOCTPAHEHHBIX CXEM JIEeUeHUS
mumbom saBasgercs CHOP u ee wmommdukanusa
R-CHOP, sBwiouamomue B cebs JTOKCOPYOUIIVH,
nukogochamMul, BAHKPUCTUH, IIPETHU30JIOH U BCE
BBIIIIENIEPEUNCIIEHHOE TUTIOC PUTYKCUMAab COOTBET-
CTBEHHO.

Paccmotpum npemnapatst cxem CHOP u R-CHOP
60J1ee OAPOOHO.

IMuxiaodochamvun (L[P) sBiaseTcs OTHUM U3
[IperapaToB € BBHIPAKEHHON TOHA/O0TOKCHYIHOCTHIO,
KOTOPBI HCIOJIB3YeTCsI BO MHOTHX IIPOTOKOJIAX
JedyeHusd. byayun ankunupyromum areaToM, O He
OKa3bIBaeT BIUAHUA HA KJIETOUHBIH IIUKJI, UYTO IPH-
BOJUT K PAa3BUTUIO OKUCTUTETHFHOTO CTPECCA BO BCEX
TKaHAX. B smynnkax [1® moxker paspymars GoJItu-
KYJIIDHBIN ITyJI, BBI3BIBASA IIEPBUYHYIO HEAOCTATOU-
HocTh simuHuKoB (ITHS), uTto TecHO cBsA3aHO C pas-
BUTHEM TIPOIECCOB (ePpOITOo3a B TPaHYJIE3HBIX
KJIeTKax U GuOpo3a KOPTUKAIBHOTO CJIOS SUYHU-
KOB, 3aIlyCKaeMbIX TaHHBIM IpemnapaTom [18].

®epponTo3 — 310 ¢dopmMa IporpamMMUpyeMOH
rubesy KJIETOK, B KOTOPOU KJIIOUEBYIO POJIb UTPAET
M30BITOYHOE HAKOIUIEHWE MOJIEKYJ CBOOOHOTO
JKejle3a U CBA3AHHBIA ¢ HUM IIPOIECC BBIPAOOTKHU
aKTHBHOTO KUCJIOPOa, KOTOPBIN IIOBPEKIAET OETKH
U JINTU/IBI KJIETKU, YTO W IPUBOJUT K 3aIYCKY IIPO-

Vincristine is an alkaloid of Catharanthus
roseus, former Vinca rosea, belonging to cytostatic
chemotherapeutic agents.

An experimental model of vincristine exposure in
vitro and in vivo in mice confirmed the presence of
negative effects of this drug, namely: in vitro experi-
ments showed impaired oocyte maturation, spindle
assembly defects, SAC activation, oxidative stress,
mitochondrial dysfunction, and early apoptosis. In
vivo, vincristine caused aneuploidy, led to a decrease
in the ability of oocytes to bind to spermatozoa, and
also contributed to a decrease in the number of corti-
cal granules in the cortical layer of mouse oocytes,
which indicates both meiotic arrest and a decrease in
oocyte quality [20].

Rituximab is an antitumor agent belonging to
the monoclonal antibody family. It is a synthetic
(genetically engineered) chimeric mouse/human
monoclonal antibody that specifically binds to the
CD20 antigen, located on the surface of normal and
malignant B lymphocytes. Animal studies have
shown no effects of rituximab on the reproductive
system.

There are a number of methods for fertility
preservation that have proven their effectiveness
and offer a chance to preserve the fertility of can-
cer patients. However, not all of them are able to
stop accelerated menopause and have a number of
limitations. The main approaches to fertility pres-
ervation in cancer patients are pharmacological
ovarian protection and assisted reproductive tech-
nologies.

Pharmacological strategies for ovarian
protection:

1. Oral contraceptives (OC).

A study of the use of oral contraceptives during
chemotherapy showed both the absence of a protec-
tive effect on ovarian tissue and an increased risk of
thromboembolic complications.

A study by Longhi et al. analyzed the data from
two groups of patients receiving high-dose chemo-
therapy. The first group (31 female patients) had oral
contraceptives included in their treatment regimen.
The second group (90 female patients) received che-
motherapy without OC. Early menopause caused by
chemotherapy occurred in 3 of 19 postpubertal
patients receiving OC and in 3 of 71 postpubertal
patients in the group without OC. In the OC group,
2 cases of thrombophlebitis were recorded [21].

2. Gonadotropin-releasing hormone agonists
(GnRH-a).

It was found that during prepubertal period the
ovaries are more resistant to cytostatic drugs com-
pared to the ovaries of adult women. For this reason,
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rPaMMBbI THOEJIH, IOCKOJIBKY KJIETKA HE MOKET YTH-
JIN3UPOBATH KEJIE30 U KUCTIOPO/I.

JTOKCOPYOUITMH OTHOCUTCS K TPYIIIE IPOTUBO-
OIIYXOJIEBBIX AHTUOMOTHUKOB AHTPAIMKIMHOBOTO
psAna. Bri3biBaeT crapeHUe KJIETOK B TKAHU SUYHU-
KOB, O UeM CBUJIETEICTBYIOT BBISIBJIEHHBIE B XOI€
uccnenoBanun noBpexxaenus [[HK, upesmepnas
aKTUBALVS IPUMOPAUAIBHBIX (QOJUTUKYJIOB, YCUIIe-
HUe alloNTo3a U OKUCJIUTEIBHOTO CTpecca.

[Tpu BBe/leHNN 8-HeEeTbHBIM MBIIIAM KIUHUYE-
CKM 3HAYUMOU JI03BI JOKcOpyOummHa (10 MTr/KT)
3a(pUKCUPOBAHO CHUKEHUE MACChI TeJIa, MACChI STUY-
HUKOB U OTHOIIIEHUS MacChl AMYHUKOB K Macce TeJa.
PerucrpupoBasicsi HEPETYJISAPHBIA MEHCTPYaJTbHBIA
IIMKJI [T0 CPAaBHEHUIO C KOHTPOJIBHOU TPYIIIOH, TOJTy-
yaBmienn (HU3HUOJIOTUUECKUN pacTBOp. Takke y
TPYIIIBI, MOJy4YaBIIed HHBEKIUH JOKCOPYOHIMHA,
3HAYUTEIbHO CHUBWICS ypoBeHb AMI 1 scTporeHa,
a ypoBenb ®CI' B CBIBOPOTKE KpOBH, HA00OPOT,
BBIPOC, UYTO B COBOKYITHOCTU CBH/IETEJIHCTBYET O CHU-
JKEHUU OBapHAJIbHOTO pesepBa. IloaTBepikaeHHEM
aTOTO (PaKTa CITY:KUT OOHAPY:KEHHOE TTPU MOPGOJI0-
THYECKOM HCCJIEJOBAHUM COKpAIlleHHe YHCJIa IPU-
MOPANATbHBIX, IEPBUYHBIX, BTOPUUHBIX U aHTPAJIb-
HBIX (POJUTUKYJIOB C OTHOBPEMEHHBIM YBEJINUYEHUEM
KOJINUECTBA aTPETUUECKUX TeJl.

JI7isl OlleHKU KJIETOYHOTO CTapeHus, 00yciaoB-
JIEHHOTO JOKCOPYOUITMHOM, aHAJIU3UPOBATIU JKC-
npeccuio dpepmenta SA-B-gal (acconmmupoBaHHAS
co crapeHweM [-rajakTos3uzasa). Peakius Ha
SA-B-gal ObuLTa MOJIOKUTENBHOM. VIMMyHOTHC-
TOXUMHUYECKOE  OKpallUuBaHHE  HUHTUOHUTOPOB
IUKJINH3aBUCUMBIX KUHA3 P16 U P21 TaK¥Ke MOKa-
3aJI0 pe3yJIbTaThl, CBUJETEIHCTBYIOIINE O KIETOU-
HOM CTapeHuu [19].

BUHKPUCTHH — aJKayion] 6apBUHKA PO30BOTO,
OTHOCUTCS K ITUTOCTATUIECKUM XUMHUOTEPATIEBTHYE-
CKHM CPEZICTBAM.

JKcIlepUMeHTaIbHAsA MO/IEIb BO3/IEICTBUS BUH-
KPHCTHHA N Vitro 1 in vivo y MbIIIEN MOTBEP/IAIA
HaJIn4yue HeraTUBHBIX 3(h@EKTOB JIAHHOTO Mpelra-
para, a UMEHHO: In Vitro BBIABJIEHBI HapylIeHHE
CO3PEBAHUS OOILUTOB, eeKThl B cOOpKe BepeTeHa
neyenus, aktuBanus SAC, OKHCIIUTEbHBIA CTpece,
MUTOXOHAPHUATbHAs AUCPYHKIUA U PAHHHUH aroI-
T03. In VIVO BUHKPUCTUH BHI3BIBAJI AHEYIUIOUIUIO,
IIPUBOAWI K CHIDKEHUIO CIIOCOOHOCTH OOIIUTOB K
CBS3BIBAHUIO CO CIEPMATO30UIAMU, & TAKXKE CIIO-
COOCTBOBAJI YMEHBIIIEHUIO KOJUYECTBA KOPTUKAIIb-
HBIX IPaHyJI B KOPTUKAJIBHOM CJIOE OOITUTOB MBIIIEH,
YTO CBUJIETEIHCTBYET KaK 00 OCTAHOBKE MeH03a, TaK
¥ O CHHIKEHHH KayecTBa OOIMTOB [20].

Purykcumal® — IPOTUBOOIYXOJIEBOE CPEJNICTBO
U3 TPYIIbBl MOHOKJIOHAJIBHBIX aHTHTeJ. IIpemcraB-

a number of experiments have been aimed at model-
ing the state of the female reproductive system before
menarche.

The main purpose of including GnRH-a in che-
motherapy regimens is temporary drug-induced
ovarian suppression.

When this hormone is used, hypoestrogenism is
observed, which contributes to reduced blood flow in
the ovarian tissue. Increased perfusion, in turn,
reduces the penetration of chemotherapeutics into
the ovaries. Furthermore, GnRH-a reduces FSH lev-
els, thereby preventing the chemotherapy-induced
enhanced recruitment of follicles [22].

A direct effect of GnRH-a on the ovaries in the
form of suppression of apoptosis is also suggested.
Female gonads contain GnRH receptors, the activa-
tion of which inhibits apoptosis [23].

Three major phase III randomized controlled tri-
als (POEMS-SWOG/S0230, PROMISE-GIM6, and
OPTION) demonstrated a statistically significant
decrease in the incidence of premature ovar-
ian insufficiency and a significant increase in preg-
nancy rates in the GnRH-a-treated groups [24—26].

Available data indicate a significant advantage for
patients receiving GnRH-a in terms of ovarian func-
tion and fertility preservation. However, the use of
this hormone does not completely exclude the devel-
opment of gonadotoxic chemotherapy-induced
infertility and the need for assisted reproductive
technologies [27].

3. GnRH antagonists (GnRH-an).

There are very few studies evaluating the protec-
tive effect of these drugs. It is assumed that the com-
bination of these drugs with GnRH-a provides a
more reliable and prolonged reduction in gonadotro-
pin production [28].

The use of GnRH-an also facilitates ovarian
desensitization prior to gonadotoxic therapy. Since
protocols for the management of these patients often
include preliminary gamete/embryo cryopreserva-
tion, ovarian stimulation is used to increase the
number of oocytes harvested, making them more
sensitive to toxic effects. Administration of GnRH-an
for 3—4 days from the time of ovarian puncture facil-
itated rapid resolution of ovarian hyperstimulation
syndrome [29].

It should be noted that there is currently insuffi-
cient data on the effect of GnRH-an on the fertility of
cancer patients.

ASSISTED REPRODUCTIVE
TECHNOLOGIES

Currently, the most common method of fertility
preservation in the treatment of oncological diseases
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JasieT cobol cuHTeTUUecKre (reHHO-UHKeHEpPHbIE)
XUMepHble MOHOKJIOHAJIbHBIE AHTHUTENIAa MBIIIN/
YeJIOBEKA, KOTOPBIE CIIENU(pUUECKU CBA3BIBAIOTCA C
agTuresoM CD20, KOTOpBIM HaXOAUTCA HA IOBEPX-
HOCTH HOPMQIBHBIX U  MUINTHU3UPOBAHHBIX
B-nmumdonuToB. MccenemoBanusa Ha JKUBOTHBIX HeE
BBISIBIJIN BJIUSTHUSI PUTYKCHMaba Ha OPTaHbl Perpo-
JIYKTUBHOU CHCTEMBI.

CymecTByeT psAJ METOJOB COXPAaHEHHS PEeIpo-
JIYKTUBHON (YHKIHNHU, KOTOpbIE JOKa3aJIH CBOIO
53¢ GEKTUBHOCT U JIAIOT IIAHC COXPAHUTH (PEPTUITD-
HOCTH OHKOIIAI[MEHTOK. B TO 3Ke BpeMs He BCe OHU
CIIOCOOHBI OCTAaHOBUTH YCKOPEHHYIO MEHOMAy3y U
UMeIOT psf orpaHndeHuil. OCHOBHBIMU HAIIpaBJe-
HUAMU TIO/AJIEp>KaHUSA OHKO(EPTUIIBHOCTU SABJIA-
oTcd (papMakosoruyeckas 3aluTa SAUYHUKOB U
BCIIOMOTAaTEIbHbIE PEITPOYKTUBHBIE TEXHOJIOTHU.

dapMaKoJOTHUYECKas 3al[UTa ANUYHUKOB:

1. OpasbHble KoHTparenTuBsl (OK).

Nzyuenue npumenenust OK mpu xuMuorepanuei
II0Ka3aJI0 He TOJIPKO OTCYTCTBHUE IPOTEKTHBHOTO
BJIMAHUA Ha TKaHb SAWYHUKOB, HO U yBeJIMYeHUe
PHUCKOB TPOMOOIMOOTNYECKUX OCTTOKHEHUH.

B uccnenosanuu A. Longhi et al. mpoananusupo-
BaHBI JJAHHBIE JIBYX I'PYIII MMAIIUEHTOK, MOJIyYaBIINX
BBICOKO/IO3HYIO XUMHUoTepanuio. IlepBoil rpymnme
(31 marueHTKa) B CXEMYy JIeUEHUsI BKJIIOUUIIU IPUEM
OK. Bropas rpymia (90 marueHToK) mmojiydaia XuMu-
orepanuio 0e3 OK. PanHsia MeHomay3a, BhI3BaHHAs
XUMUOTEPANUen, HaCTynua y 3 U3 19 MalueHTOK B
mocTybepTaTHOM mepuosie, nosydabmux OK, my 3
13 71 MaOUeHTKH B IOCTIyOepTaTHOM IIepHoJie U3
rpynns! 6e3 OK. B rpynme ¢ npuemom OK 3aperu-
CTPUPOBAHO 2 cirydasi TpoMmbodsiebura [21].

2. ATOHHCTBI TOHAJIOTPOINH-PUIN3UHT TOPMOHA
(a-TaPD).

BbIsIBJIEHO, YTO SIMYHUKHA B MpernybepTaTHOM
Bo3pacte 60siee YCTOUYHUBBI K JEACTBUIO ITUTOCTATH-
YeCKUX IPEINapaToB IO CPABHEHUIO C SIMYHUKAMHU
B3POCJIBIX KeHIIUH. [Io 5TOM NmpuumHe psAf dKcIe-
pUMeHTOB OB HampaBjeH Ha MOJEJINpOBaHUe
COCTOSIHUS KEHCKOH PENpPOAYKTUBHOU CHCTEMBI
IepeJi MeHapxe.

OcHoBHas 11es1b BrIOUeHusa a-I'uPI’ B cxeMmbl
XUMHOTEPAINU 3aKJII0YAETCS BO BpEMEHHOU Meau-
KaMEeHTO3HOU CyIpeccuy SUYHUKOB.

[Tpy nmpuMeHEHUU TaHHOTO TOpMOHA HabJII0/a-
€TCsI TUIIOACTPOTEHMUSI, CITIOCOOCTBYIOMIAsI CHIKEHHIO
KPOBOTOKA B TKaHAX ANYHUKOB. CHM>KeHUe nepdy-
3UHU, B CBOIO OYepe/lb, YMEHbIIAeT IPOHUKHOBEHIE
XUMHOIIpenaparos B AndyHukU. Kpome Toro, a-I'aPT’
cHKawT ypoBeHb OCT', ipeoTBpaias TeM caMbIM
VCHJIEHHBIH PEeKPYTUHT (OJUIHUKYJIOB, DPa3BUBAIO-
IIUHCSA IO/ IeHCTBUEM XUMUOIIpenapaTos [22].

is cryopreservation — freezing at low temperatures:
a) embryos after in vitro fertilization; b) oocytes;
¢) ovarian tissue [30].

1. Embryo cryopreservation prior to gonadotoxic
antitumor treatment has shown the best results in
preserving genetic material, as evidenced by the high
survival rate of embryos after thawing, amounting to
>95%, using the method of vitrification [31]. How-
ever, this method is not widely accessible due to fol-
lowing reasons: the need to delay chemotherapy for
the procedure; hormone-dependent tumor, in which
hormonal stimulation can lead to progression of
tumor growth; immaturity of the reproductive sys-
tem; absence of a partner and unwillingness to use
donor sperm.

2. Oocyte cryopreservation may be the only feasi-
ble method for the preservation of genetic material
in women who are unpartnered at the time of cancer
diagnosis. This technique was experimental for a
long time, but technological advances and experi-
ence have reduced the loss of material during thaw-
ing, making it possible to move this procedure into
clinical routine. There are reports of over 900 chil-
dren born after oocyte cryopreservation. No signifi-
cant differences in health have been reported
between these children and children conceived natu-
rally. However, this fertility preservation technique
has a significant drawback: a low pregnancy rate [32].

3. Ovarian tissue cryopreservation and transplan-
tation. In 2019, the American Society for Reproduc-
tive Medicine moved this method from experimental
due to accumulating data on the safety of obtaining,
freezing, and subsequent orthotopic ovarian tissue
transplantation.

The procedure involves laparoscopic or laparo-
tomic extraction of ovarian cortical tissue before the
administration of gonadotoxic drugs. Experts from
the PanCareLIFE and the International Guideline
Harmonization Group agree that the technical risks
associated with ovarian tissue resection are minimal
and similar to those associated with any laparoscopic
procedure. Furthermore, this procedure can be per-
formed simultaneously with other surgical proce-
dures. The obtained ovarian tissue is minced and
cryopreserved using one of two methods: slow freez-
ing or vitrification. The first method has become
more wide-spread and has demonstrated the best
results in terms of live birth rates. However, there
are a number of challenges in implementing this pro-
cedure into standard protocols. When using this
method, approximately two-thirds of immature fol-
licles survive, most of which retain their normal mor-
phology. However, electron microscopy reveals dam-
age to mitochondria, cell membranes, and the for-
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Taxke mpejrnosiaraercss U MpsAMoe BO3/eHCTBUE
a-I'uPI" Ha ANYHUKU B BUJie yTHETEHUA aIloNTo3a. B
JKEHCKUX FOHa/lax uMetores penentops! I'HPT, akTu-
BaIUsl KOTOPBIX TOPMO3HUT anonTos [23].

Tpu KpPYIHBIX PAaHIOMU3UPOBAHHBIX KOHTPOJIU-
pyembix uccienosanus 111 ¢passr (POEMS-SWOG/
S0230, PROMISE-GIM6 u OPTION) mpomemoH-
CTPUPOBAJIM CTATUCTUYECKH 3HAUNMOE CHIDKEHHE
YaCTOTHI MIPEK/IEBPEMEHHON HEOCTATOYHOCTH AU~
HUKOB U 3HAYUTEJIbHOE YBeJIMUeHNe YaCTOThI HACTY-
IUIeHUs1 OepeMEeHHOCTH B TPYNIaX, IOJIyYaBIINX
a-TuPT [24—26].

Nwmeronuecs JaHHbIE CBU/IETEIHCTBYIOT O 3HAUH-
TeJIbHOM IIPEUMYIIEeCTBE NAIMEHTOK, ITOJIyJIaBIINX
a-I'uPl’, nna GyHKIUM SUYHUKOB U COXPaHEHUS
¢eprunbHOCTU. B TO 2Ke BpeMs IpHUMeHeHHe JlaH-
HOTO TOPMOHA TIOJIHOCTBIO HE HCKJIIOYAET BO3MOXK-
HOCTh pa3BUTHUS OeCIUIONMsS BCJIEACTBHE IpHUeMa
TOHAJIOTOKCUYHBIX XUMHUOIPENapaToB, KaK U He00-
XOZUMOCTH  WCIIOJIb30BAHUU  BCIIOMOTATEJIbHBIX
PENPOAYKTUBHBIX TEXHOJIOTUH [27].

3. Aurarouuctel I'ul'P (au-I'ul'P).

PaboT, B KOTOPBIX OIIEHUBAETCS 3aIUTHOE JIeH-
CTBUE 3THX IpernapaToB, KpaiiHe maso. [Ipeamnosa-
raeTcs, YTo KOMOWHAIUSA STUX IpenapaTos ¢ a-I'aPT
obecrieurBaeT 0oJiee HA/IEKHOE U ITPOJIOHTHPOBAH-
HOe CHIDKEHUe MPOAYKIIUY TOHAIOTponnHa [28].

[MIpumenenue au-T'ul'P Takike cmocoOGCTByeT
JIECEHCUTH3AIUN SUYHUKOB IIepe7] IIPOBEIEHUEM
TOHAJIOTOKCUYHOH Tepanuu. Tak Kak HepeJKO Mpo-
TOKOJIBI BeJIeHUs NAallMeHTOK BKJIIOYAIOT IIpeJiBapu-
TeJIbHOE COXpaHEHHEe raMeT/3MOPUOHOB, JIJIS YBETU-
YeHUs KOJIMUECTBA IMOZJIeKAIIuX 3a00py OOIUTOB
HCIIOJIB3YIOT CTUMYJIALINIO SIUYHUKOB, YTO JIesIaeT UX
0oJiee YYBCTBUTEJIBHBIMHU K TOKCHYECKUM 3(deK-
taM. BBenenue an-I'uPI' ¢ MOMeHTa MyHKIUU SWY-
HUKOB B TedeHHEe 3—4 MOHEH CII0cOOCTBOBAIIO
OBICTPOMY KYNIMPOBAHHUIO CHHAPOMA TUIIEPCTUMYJIS-
UK SUYHUKOB [29].

CrnenyeT OTMETUTH, YTO B HaCToOsAllee BpeM:d
HEI0CTAaTOYHO JJAHHBIX 0 BiausHum aH-I'aPT" Ha dep-
THJIBHOCTh OHKOTIAIIUEHTOK.

BCITOMOT'ATE/JIBHBIE PEITPOAYK-
THUBHDBIE TEXHOJ/JIOI'IN

B Hacrosiiee BpeMsi HanboJiee pacopocTpaHeH-
HBIM METOJZIOM COXpaHeHHs (EPTHUIBHOCTH IIPHU
JIEUEeHUN OHKOJIOTMYECKHX 3a00JIeBaHUI SABJISETCSA
KPHOKOHCEPBAIUA — 3aMOPO3Ka IMPU HU3KHUX TeMIIe-
parypax: a) 5MOPHOHOB IIOCJIE 3KCTPAKOPIOPAJIb-
HOT'O OIUIOJIOTBOPEHUS; 0) OOIUTOB; B) TKAHU SHY-
HHUKOB [30].

1. KpuokoHcepBaiysi 5SMOPHUOHOB JI0 IPOBEIEHUS
TOHAJIOTOKCUYECKOTO ITPOTUBOOILYXOJIEBOTO JIeue-

mation of cytoplasmic vacuoles in these follicles,
which indicates the imperfection of existing methods
and the need for their further optimization. The sec-
ond method involves the use of high concentrations
of cryoprotectants for ultra-rapid freezing, which, in
turn, prevents the formation of ice crystals, reducing
the risk of mechanical damage to cells. Shi et al. per-
formed a meta-analysis to compare the effectiveness
of vitrification and slow freezing. Both methods dem-
onstrated comparable results in terms of the density
and morphology of primordial follicles. However,
vitrification showed superior results in terms of pre-
serving the integrity of ovarian DNA and stroma. At
the same time, the wide-spread implementation of
this method is hampered by the need to use high con-
centrations of cryoprotectants, which necessitates
the search for a precisely calculated short exposure
time to avoid detrimental effects on the cells. To date,
no generally accepted protocol for vitrification of
ovarian tissue has been developed [33].

Also, autotransplantation of ovarian tissue in
cancer patients, despite its potential, gives serious
causes for concern among specialists due to the pos-
sibility of ovarian tissue contamination by malignant
cells in the case of ovarian carcinomas or malignant
neoplasms that can metastasize to the ovaries (stom-
ach, breast, and colon cancer). According to several
studies, meta-analyses, and systematic reviews, all
types of ovarian cancer and leukemias are absolute
contraindications to this procedure due to the high
risk of tumor recurrence. In malignant neoplasms
that can metastasize to the ovaries, autotransplanta-
tion of ovarian tissue has a moderate risk and is
debatable [34].

CONCLUSION

The relevance of studying oncofertility is growing
as the quality of diagnosis and treatment of cancer
female patients improves. This is due to the rising pro-
portion of female patients with tumors detected at an
earlier age and an increased life expectancy after anti-
cancer therapy. Simultaneously, modern lifestyles are
forcing many women to postpone having children.
Currently, no methods have been found to protect fol-
licles from effects of gonadotoxic chemotherapy, and
fertility preservation in cancer female patients is
largely achieved through assisted reproductive tech-
nologies, which are quite advanced, although they
have a number of limitations. This indicates the need
to search for possible methods of protecting the repro-
ductive system during chemotherapy.
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HUS TOKa3aja JIydlliie pe3yJIbTaThl B COXpPaHEHUH
TeHEeTHYEeCKOT0 MaTepuayia, uYTO IIOJTBEPIKAAETCS
BBICOKUM YyPOBHEM BBIKHBAEMOCTH 35MOPHUOHOB
[OCJIe OTTAWBAHUA, COCTABJIAIOIIUM >95 %, TpHU
WCIIOJIb30BAaHUKM MeTojla  BUTpuduramuu  [31].
OnHAaKO 3TOT METOJ JOCTYIIEH He BCEM IO CJIEAYIO-
UM IPUYHHAM: HEOOXOIUMOCTh OTCPOYUTE XUMHU-
oTepanuio JUis INPOBEJEHUs INPOIEAYPHI; TOPMO-
HO3aBUCUMBIA THIl OIYXOJIA, HIPU KOTOPOM CTH-
MyJIAIUS ~ TOPMOHAMM  MOXKET IIPUBECTH K
IIPOTPECCUPOBAHUIO OIYXOJIEBOTO pPOCTAa; He3pe-
JIOCTh PENPOAYKTUBHOU CHUCTEMBI; OTCYTCTBHE Iap-
THepa, a TaKKe HeXKeJaHUe HUCIOJIb30BaTh JIOHOP-
CKYIO CIIEpMY.

2. KprokoHcepBaIys OOI[UTOB MOKET OKa3aThCs
€IMHCTBEHHBIM BO3MOKHBIM METOZOM COXPAHEHUS
TeHEeTHYeCKOT0 MaTepuasia y )KeHIINH, He NMEIOIIIX
ImapTHepa Ha MOMEHT ITOCTAHOBKH JMArHO3a OHKO-
JIoTHYecKoro 3abosieBanus. /[yiuTesbHOE BpeMs Ta
METOJIUKa ObLIa HSKCIEPUMEHTAIBHOH, OHAKO
COBEpIIIEHCTBOBAHUE TEXHOJIOTHU U HAKOIUIEHHE
OTIBITA CIIOCOOCTBOBAJIO YMEHBITIEHUIO IIOTEPU MaTe-
puasa mpu pasMOpPaKUBAHUU U II03BOJIUIIO ITepeBe-
CTH 3Ty HPOLEAYPY B Pa3ps] KIUHUYECKHX. ECTh
OTUYEeTHI O POXKIEHUU OoJiee Q00 JIeTel MOcIe KpUo-
KOHcepBanuu oonuToB. IIpuueM y Takux zeTedl u
JleTel, 3aYaThIX €CTeCTBEHHBIM IIyTEM, HE 3aperu-
CTPUPOBAHO CYIIECTBEHHBIX PA3JIUYUN B COCTOSTHUH
370pOBBA. B TO ke BpeMs y JaHHOH METOAUKH
coxpaHeHus (GEPTUILHOCTU HMMEETCs CYIeCTBEeH-
HBIA HEOCTAaTOK — HU3Kas YacTOTa HACTYIUIEHUS
OGepemeHHOCTH [32].

3. KpuokoHcepBaius U TpaHCIUIAHTAIUs TKAHU
SAUYHUKOB. B 2019 T. AMepUKaHCKOe OOIIECTBO
PeIpolyKTUBHON MEeIUIMHEI IEPEHEeCsIO 3TOT METO/
13 paspsia SKCIePUMEHTAIbHBIX B CBA3H C HAKO-
IUIEHWEeM JJaHHBIX O 0e30IacHOCTU TOJIyYeHUs,
3aMOPaKUBAHUA U IOCTEAYIOIIEr0 IIPOBEZEHUs
OPTOTOIIMYECKOH TPAHCIUIAHTAIMK TKAHU SUY-
HUKOB.

[Tpouenypa mpeanosaraeT JanapacKolvecKoe
WIA JIAaIADOTOMUYECKOE W3BJIEUeHHEe KOPTUKAJIb-
HOH TKaHU SIMYHUKOB IepPe]] BBeJ[eHNEeM r'OHATOTOK-
CUUHBIX IIpernaparoB. JKcnepTsl npoekra PanCare-
LIFE u International Guideline Harmonization
Group cxomsATCsi BO MHEHHH, UYTO TEXHHUYECKHE
PHCKH, CBA3aHHBIE C pe3eKlyell TKaHU SUYHUKOB,
MUHUMAaIBHBI ¥ aHAJIOTUYHBI PUCKAM, CBSI3aHHBIM C
JI000#  JTamapockonmuyeckoi mporenypou. Kpome
TOTO, JAHHYIO IIPOIEyPy MOKHO ITPOBECTU Iapaji-
JIEJIBHO C IPYTON XUPYyprudeckou oneparuei. ITocie
MIOJTyYeHUsA TKaHb SIMYHUKOB WU3MEJIbYAIOT U TIOA-
BepraioT KpHOKOHCEPBAIIUN OJTHUM U3 JIBYX CIIOCO-
60B: IyTeM MeJIJIEHHOW 3aMOPO3KHU WJIU BUTPHUGU-

kanuu. [lepBblii crocob mosy4dus 6oJiee IIHUPOKOE
pacmpocTpaHeHUe U MOKa3al HAWIYUIINE Pe3yJib-
TaThl B IUIAaHE KOJIMYECTBA JKUBOPOXKAeHUU. OJIHO-
BpPEMEHHO C 9TUM HUMeeTcA PAJA CI0KHOCTEH JJid
BHEJIPEHUsI 3TOH IPOIEAYPHI B CTAH/IAPTHBIE IPOTO-
KoJibl. IIpM MCHOJIP30BAHUM 3TOTO METO/AA BBIKH-
BaeT IPUMEPHO 2/3 He3pesbIX (POJUTUKYIOB, 6OIb-
IIMHCTBO U3 KOTOPBIX COXPAHAIOT CBOE HOPMAJIBHOE
Mmopdosiornueckoe crpoenue. Tem He MeHee Npu
BJIEKTPOHHOM MHUKPOCKOIUU B 3THUX (OJIIUKYJIAX
BBISBJIAIOTCS TIOBPEXKEHUS MUTOXOH/IPUH, KIIETOU-
HBIX MeMOpaH M 00pa3oBaHUE IUTOIJIa3MaTHYe-
CKUX BaKyoOJIed, YTO CBUJIETEJIbCTBYET O HeCcOBep-
IIEHCTBE CYIIECTBYIOIIUX METO/IOB M HEOOXOAUMO-
CTH WX JJaJIbHEHIIel onTuMu3auu. Bropoi ciocob
IpeJioJiaraeT UCIOJIb30BaHHUE BBICOKUX KOHIIEH-
TpaIliid KPHUOIIPOTEKTOPOB VI CBEPXOBICTPOTO
3aMOpaKHUBaHUSA, UTO, B CBOIO OUEPEH, IPEJOTBPa-
maeT oOpa3oBaHue KPUCTAJIIOB JIb/Ia, CHUKAS PUCK
MeXaHUYEeCKOTO MOBpeXkaeHusa Kietok. Q. Shi et al.
IIPOBEJIN MeTa-aHaJIN3, YTOOBI CPAaBHUTH d(PHEKTHB-
HOCTb BUTPU(UKALNN U MeIJIEHHOTO 3aMOpPaKHBa-
HusA. 06a MeToia MPOIEMOHCTPUPOBAIH COTIOCTABHU-
Mble pe3yJIbTaThl OTHOCUTEIHHO IJIOTHOCTH U MOP-
dosornu puUMOpANATBHBIX (GoTuKyI0B. OTHAKO
B OTHOILIEHWU coxpaHeHUA ILesocrHoctu JJHK u
CTPOMBI SIMYHUKOB BUTPU(DUKAIUA MMOKa3aia JIyd-
mve pe3yJsbTaThl. TeM He MeHee BHEJIPEHHUIO 3TOTO
MeTO/Ia B IIUPOKYIO MIPAKTUKY MPEIATCTBYyeT Heob-
XOJIUMOCTh HCIIOJIb30BAHUS BBICOKHX KOHIIEHTpA-
OUi KPHUOIPOTEKTOPOB, YTO IIPEAINoJiaraer IOUCK
TOYHO PACCUUTAHHOTO KOPOTKOTO BpEMEHH BO3/Iel-
CTBUsI BO n30€ekaHue maryOGHOTO BIIMSTHUS HA KJIETKH.
K macrosmemy BpeMeHU OOIIENPUHATOrO IIPOTO-
KOJIa /ISl BUTPUUKAIIUY TKAHU SUYHUKOB He pas-
paborasno [33].

Taxxe, HECMOTPsI Ha CBOIO IIEPCIIEKTUBHOCTD,
ayTOTPAHCIUIAHTAINSA OBAPUAIBHOU TKAHU y OHKO-
JIOTUUECKUX OOJIbHBIX BBI3BIBAET CEPbE3HYI0 HACTO-
PO?KEHHOCTh CIIEIIUAJINCTOB B CBA3U C BO3MOXKHO-
CTBIO 3apa’KEHHUA TKAHU SUYHUKOB 3JI0KAYeCTBEH-
HBIMHU KJIETKAMU B CJIyuae KapIUHOM SUUHUKOB FJTH

3JI0KAYECTBEHHBIX HOBOOOpPA30BaHUM, KOTOPBIE
MOTYT /IaBaTh METACTa3bl B AUYHUKH (pakK JKeJy/Ka,
MOJIOUHOH  Keje3bl, Kkumneynuka). CorsiacHo

HECKOJIBKMM HCCJIEOBAHUAM, MeTa-aHajiu3aM |
CHCTEMATHYECKHM 0030paM, BCE TUIIBI PAKA AMUHU-
KOB ¥ JIEKO3bI ABJISIIOTCS aBCOTIOTHBIM IIPOTHBOIIO-
KazaHWeM K JJAaHHOU IPOIEAyPEe BCJIEACTBHE BHICO-
KOT'O PHCKA PEIU/IMBA OIyX0JIEBOro pocra. I1pu 310-
KaueCTBEHHBIX HOBOOOPA30BAHUSAX, KOTOPIE MOTYT
JlaBaTh METACTa3bl B ANYHUKH, AyTOTPAHCIIJIAHTA-
IYsi TKAHU SIMYHUKOB MMEET YMEPEHHBI PHCK U
SIBJISIETCS IUCKYyTa0eabHOI [34].
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3AK/IIOYEHUE

AKTyaJIbHOCTh U3Y4YeHHS OHKO(DEPTHUIHHOCTH
BO3pACTaeT II0 Mepe YJIy4IIeHHs KauyecTBa JINarHo-
CTHKH U JIEYEHUs NAIEHTOK CO 3JI0KAYeCTBEHHBIMU
HOBOOOPa30BaHUAMU. DTO CBA3aHO C POCTOM JIOJIU
OHKOIIAIIMEHTOK C HOBOOODPA30BAHUSIMHU, BBISBJIEH-
HBIMH B 0OJlee paHHEM BO3pacTe, U yBeJIUYEHHEM
[IPOJIOJIPKUTEJIBHOCTHY KU3HU I10CJIE TPOTHBOOITYXO-
JeBoi Tepanuu. OTHOBPEMEHHO C 3TUM, COBPEMEH-
HBIU 00pa3 JKU3HU 3aCTABJIAET OOJIBIITIOE KOJTIIECTBO
JKEHIIIUH OTOJIBUTaTh BOIPOC POXKJIEHUS JIeTei.
B HacrosiIee BpeMs crtoco00B 3aITUTHI POJITTUKYJIOB
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