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BIIJIMB IOHI3YIOYO0I'O BUITPOMIHIOBAHHA HA PO3BUTOK
PAKY MOJIOYHOI 3ATI03U

Pak monouHoi 3ano3u (PM3) € oaHielo 3 akTyanbHUX Npo6iemM OXOPOHU 3A0POB'S, WO 0OYMOBAEHA NOCTiHOW TeH-
JeHuie fo 3poctaHHa. OpgHum i3 dakTopis pusuky po3sutky PM3 € ioHisytoue BunpomiHiosaHHa (IB). YucneHHi
enigemionoriyHi Ta eKcnepumeHTanbHi JOCNIAXKEHHA NOKa3ann BUCOKY YyTIMBiCTb MonoyHoi 3ano3u (M3) no uboro
YMHHUMKA. Po3msag moaenei abCoMOTHOTO Ta BiAHOCHOTO PU3MKIB BUHUKHEHHS pafioiHayKoBaHUX nyxauH M3 B on-
POMiHEeHMX 0Cib MoKa3ae 3HAYyLWicTb Takux GaKTOPiB, AK BiK y MOMEHT ONPOMiHEHHS, KPaTHiCTb, YaCTOTA ONPOMiHEH-
HS, piBEHb 403U Ta CYNMyTHi HENYXJWHHI 3aXBOPIOBAHHSA MOJIOYHOT i WwWuTonofioHoi 3ano3m (LU3). Hapnuwkosi pagia-
LiNHO 3yMOBNeHi BUNaaku paky M3 BusBNeHi cepea onpoMiHEHMX XiHOK nicns aToMHoro 6ombapayBaHHa Xipocimu i
Haracaki. [letanbHo npeactaBneHi enigemionoriyni oco6ansocti po3sutky PM3 nig gieto IB, wo € ogHuM i3 dhakTopis
30BHiLHbOTO CEpeoBULLa, AKUi bepe yyacTb y HopMyBaHHI Cy4acHOT KaHLleporeHHoi cuTyallii. Y 3B'A3Ky 3i 3Ha4YHO
yytnBicTio M3 fo KaHueporeHHoi Aii IB, us dpopma HoBOyTBOpeHb NpuBepTaE 0cob6MBY yBary nicns YopHobUnbCbKOi
aBapii. [lia manux 003 onpomiHeHHsa nicns YopHoOMAbCbKOT KaTacTpodu npu3sena 4o XBUaenoaibHux 3MiH 3axBopio-
BaHocTi Ha PM3 B neBHi nepioaun pokis, a paaiauiiiHo-iHAyKOBaHa 3aXBOPIOBAHICTb HA AaHy naTtonorilo Moxe Biaby-
BaTWUCA Y BUMNAAT CNOHTAHHOT.
KniouoBi cnoBa: pak MoI04YHOT 3aN103¥, pafialiiHuil pU3mnK, iOHi3yloue BUNPOMiHIOBaHHS, 3a0pyaHeHa pajioHykniaa-
MU TepuTOpis, pafiauinHa Ais, KaHUEePOreHHWt pU3MNK, PaAioyyTIUBICTb.
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INFLUENCE OF IONIZING RADIATION ON THE DEVELOPMENT
OF BREAST CANCER

Breast cancer (BC) is one of the urgent problems of health care, which is due to a constant trend of growth. One of
the risk factors for the development of breast cancer is ionizing radiation (IR). Numerous epidemiological and
experimental studies have shown the high sensitivity of the mammary gland (MG) to this factor. Consideration of
models of absolute and relative risks of the occurrence of radio-induced tumors of the MG in irradiated persons
showed the importance of such factors as age at the time of irradiation, multiplicity. frequency of exposure, dose
level and concomitant non-neoplastic diseases of the mammary and thyroid gland (TG). Excess radiation-induced
cases of cervical cancer were found among irradiated women after the atomic bombings of Hiroshima and Nagasaki.
Epidemiological features of the development of breast cancer under the influence of IV are presented in detail,
which is one of the environmental factors involved in the formation of the modern carcinogenic situation. In con-
nection with the significant sensitivity of the MG to the carcinogenic effect of IR, this form of neoplasms attracted
special attention after the Chornobyl accident. The effect of small doses of radiation after the Chornobyl disaster
led to a wave-like change in the incidence of breast cancer in certain periods of the year, and the radiation-induced
incidence of this pathology can occur spontaneously.

Key words: breast cancer, radiation risk, ionizing radiation, territory contaminated with radionuclides, radiation

effect, carcinogenic risk, radiosensitivity.
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PaK MoJtouHoi 3an03u (PM3) € nmpoBigHUM y CBITi
OHKOJIOTIYHMX 3aXBOPIOBaHb 3a PO3IOBCIOM-
JKEHICTIO cepel XiHOYOro HacejieHHs i CTaHOBUTh
0s113bK0 25 % Bif ycix OHKOJIOTIYHKX 3aXBOPIOBaHb, 10
SIKUX CXUJIbHE XiHoue HaceneHHS [1—4]. [1pu mpoMy
om3bko 30 % 3axBoproBaHocTi Ha PM3 npunanae Ha
PENpPOAYKTUBHUI BiK KiHOK. Y pi3HMX BiKOBUX MpPO-
MiXKax KOXXHa BOCbMa XiHKa y CBiTi XxBopie Ha PM3.
3a ganumu BOO3 y 2020 pomwi y ¢cBiTi AiarHOCTOBaHO
noHaz 2,3 MutH HoBuX BuITankiB PM3 i monHazn 685 000
BUMNaaKiB cMepTHOCTI Big PM3 [3].

3a paHumu HauioHanbHOro KaHLEp-pPEECTpy YK-
painm, y 2020 poui 3arajgbHa KidbKiCTh BUTIAIKIB 3aX-
BoproBaHHsI Ha PM3 cknagana 12 736, y pi3HUX perio-
Hax Jiep>KaBU 3aXBOPIOBaHICTh Bapitoe Bim 35,3 no 82,0
purnanakiB Ha 100 000 xiHok. ITomepio Bixg LibOro 3ax-
BoptoBaHHS 4 960 XiHOK [5].

Hatenep Binomo 61u3bko 60 dhakToOpiB pU3MKY SIKi
CIIPUSIOTH PO3BUTKY HOBOYTBOPEHBL B MOJIOYHIN 3a-
JIO3i, a TakKoX BiAMivaroTh psf (PaKTOpPiB, IS SKUX
BCTAaHOBJICHO 3B’SI30K 3 IIIABUIICHUM PHU3MKOM PO3-
BUTKY paKy MoJIouHOi 3ai103u (PM3). OngHuMu 3 Bigo-
MUX MPUYMH BUHUKHEHHSI PM3 € reHeTUYHA CXUJIb-

B«J Olexander O. Lytvynenko, e-mail: litvinenko_san@ukr.net

reast cancer (BC) is the world’s leading onco-

logical disease in prevalence among the female
population and accounts for about 25 % of all onco-
logical diseases to which the female population is
prone [1—4]. About 30 % of the disease occurs in
women of reproductive age. Every eighth woman in
the world suffers from breast cancer in different age
ranges. According to the WHO, in 2020, more than
2.3 million new cases of breast cancer and more than
685,000 deaths from breast cancer were diagnosed in
the world [3]

According to the National Cancer Registry of
Ukraine, 12,736 new cases of breast cancer were
registered in 2020, and the incidence varies from
35.3 to 82.0 cases per 100,000 women in different
regions of the country. 4,960 people died from this
disease.

At present, about 60 risk factors are known that
contribute to the development of neoplasms in the
mammary gland, as well as a number of factors that
have been associated with an increased risk of devel-
oping breast cancer (breast cancer). One of the
known causes of breast cancer is a genetic predispo-
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HICTb i TAKWI €KOJIOTIYHU (PaKTOP K iOHi3yr0ue BUIT-
pomintoBanus (IB) [6—8].

¥ 6inpirocti Bunaakis PM3 HeMOX/IMBO OTHO3HAY-
HO TIOSICHUTH MOro MPUYMHY, i caMe TOMY HEMOXKJIMBO
TOYHO CIIPOTHO3YBaTH, Y KOTO BiH MOX€e PO3BHUBATUCh.
3aKOHOMiIpHOCTI po3BUTKY PM3 HoCATb BiporimHui
XapakTep, 1 JJis1 IPOTrHO3yBaHHSI TaKOl MOXKJMBOCTI
CKOpillle MOXHa BUKOPMCTOBYBAaTU OLIIHKY PHU3UKIB
PO3BUTKY XBOPOOU, HiXX ONMUPATUCh HA TOYHO BiZoMY
npuuuHy [9].

Bcranosneno, mo IB € ogHuMm i3 ¢akTopiB 30B-
HIIIHBOTO CepeloBUIla, 10 CIIPUYUHSIE MiABUILIEHHS
YaCTOTH 3JI0KiCHUX HOBOYTBOPEHb Ha MOMYJISLiAHO-
My piBHi [10, 11]. ¥ 6aratbox HOCHiIXEHHSIX IOKa3a-
HO, 1110 KaHLeporeHHU epekT IB He 3a1eKuTh BiJ BU-
oy i Big popmum mii. Ha aymKy psimy gocaigHuKiB, Oyab-
siKa pajialiifHa fis (HacKUTbKM MaJjiolo He Oyia 6 mo3a
OIPOMiHEHHSI) BUKJIMKAE NOJATKOBUII PU3UK IIOSIBU
OHKOJIOTIYHOTI'0 3aXBOPIOBAHHS Y OIMPOMIHEHOI JIIOIU -
HU. TuMm caMuM 1ie Ja€ 3po3yMiTH, 110 iCHYE KaHLIEPO-
TeHHUI pamialiiHuil pyU3UK MPU CaMUX MaJIMX J03aX
HE3aJIeXKHO Bill «HEMOKJIMBOCTi» MOTO BUSIBJICHHS TIPU
erigemMiosiorivHux crnocrepexxeHHsx [12—16]. IB nesa-
JIEXKHO Bif BUAY i CIIOCOOY Aii € Hecreuu@iyHUM KaH-
LEepPOTeHHNM (PaKTOPOM, OCKIJIBKY IIPU3BOAUTH JI0 BU-
HUKHEHHSI ITyXJINH a00 CIIpUSIE iX pO3BUTKY MaliKe y
BCiX TKaHMHAaX ccaBliB. Hi oquH 3 XiMiYHMX KaHLIEPO-
TeHiB He Ma€ TMoAiOHO1 yHiBepcaibHOI Ail. OnpomiHeH-
HSI He BUKJIMKAE crieludiuHux (popM paky, mpoTe 30i1b-
IIIyE YacTOTy BXE€ BiIOMMX BHIIiB PaKOBHUX 3aXBOPIO-
BaHb. Ha migcraBi 4YMCIEHHUX OOCHiIXEHb 3p0O0JEHO
BHUCHOBKH, SIKi 3alepevyloTh iCHYBaHHSI 0€3MeYHO1 10~
31 abo motyxHocTi IB. OTpumaHi naHi cBimyaTh, 110
iMyHHa cucTeMa HeCIIpOMOXHa 3aracMTd BCi papia-
Lil{HO-iHAYKOBaHI NyXJIWHU, B TOMY YUCJIi ¥ TIpU A0-
CUTh HU3BKMX J103aX i TMOTY>KHOCTI BUITPOMiHIOBaHHSI,
1110 CIIPOCTOBYE KOHILEMNLit0 6e3neuynux 103 1B [17—20].

3a manumu HaykoBoro kKomiteTy mo il aTOMHOIL
pamianii OOH (HKIAP OOH) pak Mmono4HOi 3251031 €
OIHUM i3 OCHOBHUX iHAMKATOPHUX PU3MKIB MIil HA JT10-
auHy IB. PM3 — Halibiibln po3M0OBCIOAKEHA JOKaJli-
3allis paKky cepel >KiHOK y OiIbIIoCTi KpaiH cBiTy [21].
3anexHicTh «I103a-edeKT» g JaHOl JIoKajisalii
CTifIKO BU3HAYAETHCA i Ma€ JNiHIHHUN BUTISAI B ITAPO-
KoMy Aiarna3oHi 103. YucneHHi pagianiitHo-emigemio-
JIoriyHi gochaigkeHHs1 nii IB Ha HacelaeHHS MicT
Xipocima i Haracaxki (ormpoMiHeHHS B pe3yJIbTaTi 00M-
OapnyBaHHS y 1945 p.) manu MOXJIMBICTb BUSIBUTHU
3B’30K MixX 4yacTtoToo PM3 i oTprMaHOI0 103010 OM-
pomiHeHHs1. CyvacHi PekoMeHpalii MixHapoaHoOi
Kowmicii 3 pagmionoriunoro 3axucty (MKP3) 2007 p. i

sition and such an environmental factor as ionizing
radiation (IR) [6—8].

In most cases of breast cancer, it is impossible to
clearly explain its cause, and it is precisely because of
this that it is impossible to accurately predict in
whom it may develop. The regularities of the devel-
opment of breast cancer are probable, and to predict
such a possibility, it is more likely to use an assess-
ment of the risks of the development of the disease
than to rely on a precisely known cause [9].

It has been established that IR is one of the factors
of the external environment, which causes an
increase in the frequency of malignant neoplasms at
the population level [10, 11]. Many studies have
shown that the carcinogenic effect of IR does not
depend on the type and form of action. According to
a number of researchers, any radiation effect (no
matter how small the radiation dose) causes an addi-
tional risk of cancer in an irradiated person. This
makes it clear that there is a carcinogenic radiation
risk at the smallest doses regardless of the «impossi-
bility» of its detection during epidemiological obser-
vations [12—16]. IR, regardless of the type and mode
of action, is a non-specific carcinogenic factor, as it
causes tumors or contributes to their occurrence in
almost all mammalian tissues. Not one of the chem-
ical carcinogens does not have such a universal
effect. Irradiation does not cause specific forms of
cancer, but increases the frequency of already known
types of cancer. On the basis of numerous studies,
conclusions have been drawn that deny the existence
of a safe phase or power of IR. The obtained data
show that the immune system is not able to extin-
guish all radiation-induced tumors, including at
rather low doses and radiation power, which refutes
the concept of safe IR doses [17—20].

According to the Scientific Committee on the
Effects of Atomic Radiation of the United Nations
(SCEARUN), breast cancer is one of the main indi-
cator risks of human exposure to radiation. Breast
cancer is the most common localization of cancer
among women in most countries of the world [21].
The «dose—effect» relationship for this localization
is stably determined and has a linear form in a wide
range of doses. Numerous radiation-epidemiologi-
cal studies of the effect of IR on the population of
the cities of Hiroshima and Nagasaki (irradiation as
a result of the bombing in 1945) made it possible to
reveal the relationship between the frequency of BC
and the received radiation dose. The current
Recommendations of the International Commission
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BcecBiTHBO1 opraHizauii oxopoHu 3aopos’s (BOO3)
MICTSITh MPOTHOCTUYHI MOJAENi paaialliflHOro pU3UKY
PM3, igentudikoBaHi Ha Koroprax, SKi 3a3Halln
30BHIILIIHBOTO OMPOMiHEeHHS [22—25].

HaHi pi3HMX OOCHTiIXEeHb MOBIIOMJISIOTH, 110 M3
ocobauBo uymiuBa no aii IB. byio nmokazaHo 30ijb-
MIEHHS PU3NKY 310SIKiCHUX HOBOYyTBOpeHb (3HY) Mo-
JIOYHOI 3aJI03M Y 3KiHOK, sIKi 3a3HaBanu Aii B B megny-
HUX LIJIIX: 0araTopa3oBa PEHTIEHOCKOMIsT ISl KOHT-
POJIIO Pe3yJIbTaTiB JIIKyBaHHSI TyOepKynbo3y [26, 27];
Oararopa3oBe JiarHOCTMYHE ONpPOMiHEHHs ab0 Ompo-
MiHEHHS [Jis JiKyBaHHS 10OpPOSIKiCHUX 3aXBOPIOBaHb
B OUTSYOMY Billi [28—31]; rocTporo miciasimoJoroBoro
mactuty [32]; nobposikicHux 3axBoproBaHb M3 [33],
xBopobu XomxkkiHa [25, 34, 35], HeXOmXKiHCHKUX
JniM@poM, a TaKOX Y XKIiHOK, SIKi MepeHecIn aTOMHE
6oMbapayBaHHs y Xipocimi Ta Haracaxi [22, 36].

V KJiHiKO-eMiIeMioNoriYHuX AOCTiIIKEHHIX, BUKO-
HaHUX SIIOHCHKMMU Ta aMEPUKAHCHKUMM TOCIIiTHU-
KaMM Ha KoropTax MellIKaHILiB Xipocimu i Haracaxi,
MOCTPaXIaInX Bil aTOMHUX OOMOapayBaHb Yy TpaBHi
1945 poky, Briepiiie Oyau JOCTOBIpHO BCTAHOBJIEHI OH-
KkoJoriyHi epext IB [35, 37]. byno BigMideHo cranmax
po3BUTKY PM3 y amoHChKUX XiHOK. Y XiHOYOTO Ha-
CeJIeHHs, orpoMiHeHoro y Billi Bix 10 1o 19 pokis, pu-
3UK 3aXBOPITU CTaB 3HAYHO BUILIMM, HiX Y TUX, XTO OYB
Ha Toit MOMEHT cTapiue 35 pokis |38, 39].

BuBueHHs 300pOB’S SIMOHCBHKUX KiHOK I10Ka3ajo,
110 PU3UK BUHUKHEHHS PM3 € BUKIIOYHO BUCOKUM
TUIBKU JJIS1 paHHiX BUIAAKiB, BUSIBJEHUX 0arato poKiB
Tomy. BusiBiieHa 4iTKa jdiHiliHaA 3aJIeXHICTb Bil 103U
OIPOMiHEHHSI 3 BUCOKMM HAUIMIIKOBUM BiTHOCHUM
PU3KMKOM cepejl XKiHOK, SIKi Ha MOMEHT OoMOapIyBaH-
Hs Oynu mMonoamwi 20 pokiB. MeHII BUpa3Ha 1030Ba
3aJICKHICTh CITOCTepiramach cepel XiHOK crtapiie 40
pokiB [40, 41].

I1pu BUBYEeHHI goai 77 752 SANOHLIB, SKi MepexXuin
oboMbapnyBaHHs Xipocimi i Haracaki, 6yj0 BUSIBJIEHO,
mo 10 2002 p. y 14 048 3 HUX PO3BUHYBCS TEPIINIA
MepBMHHUI pak, BKIoudarouu 970 Bumankis PM3, y
1088 ocib Oyi10 miarHOCTOBAHO APYTY MEPBUHHY 3J10-
SKICHY MyXJIMHY, y ToMy yucii 61 Bumagok PM3. Ipu
ornpoMiHeHHi B 103i > 2 Ip BimHocHUit pusuk (BP)
po3Butky PM3 cranosus 6,42 (95 % [Al: 4,40—-9,39),
BiTHOCHUIA pU3UK BropuHHOTO PM3 — 7,33 (95% /1:
2,61—20,59) [42]. ABTOpU AifillIIM BUCHOBKY, 110 1034
OIPOMiHEHHS HaMOiIbIIIe OB’ sI3aHa 3 PU3UKOM PO3-
BUTKY COJIITHUX MYXJIMH, YYTJIMBUX J0 pajiallii, BKITIO-
YalouM JPYTrUii IEpBUHHMI paK JETeHiB, TOBCTOI KHIII-
KM, MOJIOYHOI 3aJI03U, LIIIUTOINOAiOHOI 3371031 Ta CEYO-
Boro Mixypa. € mati, mo PM3 Moxke iHTyKyBaTHUCS 10-

on Radiological Protection (ICRP) of 2007 and the
World Health Organization (WHO) contain prog-
nostic models of the radiation risk of breast cancer
identified on cohorts that were exposed to external
radiation [22—25].

Data from various studies report that MG is particu-
larly sensitive to the action of IR. An increase in the
risk of malignant neoplasms (MNS) of the mammary
gland was shown in women who were exposed to IV for
medical purposes — multiple fluoroscopy to monitor
the results of tuberculosis treatment [26, 27]; multi-
ple diagnostic exposures or exposures for the treat-
ment of benign diseases in childhood [28—31]; acute
postpartum mastitis [32]; benign MH diseases [33],
Hodgkin’s disease [25, 34, 35], as well as in women
who survived the atomic bombings in Hiroshima and
Nagasaki [22, 36].

In clinical and epidemiological studies conducted
by Japanese and American researchers on cohorts of
residents of Hiroshima and Nagasaki, affected by
the atomic bombings in May 1945, the oncological
effects of IR were reliably established for the first
time [35, 37]. An outbreak of breast cancer in
Japanese women was noted. In the female popula-
tion irradiated between the ages of 10 and 19 years,
the risk of the disease became significantly higher
than in those who were exposed at the time older
than 35 years [38, 39].

A study of the health of Japanese women showed
that the risk of breast cancer is exceptionally high
only for early cases detected many years ago. A strict
linear dependence on radiation dose was found, with
a high excess relative risk among women whose age
at the time of the bombing was less than 20 years. A
less pronounced dosage dependence was observed
among women after 40 years [40, 41].

When studying the fate of 77,752 Japanese who
survived the bombing of Hiroshima and Nagasaki, it
was found that by 2002, 14,048 developed the 1% pri-
mary cancer, including 970 cases of breast cancer,
and 1,088 were diagnosed with 2™ primary malig-
nant tumors, including 61 cases of breast cancer.
When exposed to a dose > 2Gy, the relative risk (RR)
of the development of breast cancer was 6.42 (95 %
CI: 4.40—-9.39), the HR of the 2™ breast cancer was
7.33 (95 % CI: 2.61—-20.59) [42]. There are data that
BC can be induced by doses lower than 0.5 Gy [43].
The dose—effect relationship is linear. The excess
frequency of breast cancer for both cities was 40.5
and 30.8 cases per 100,000 women per year per 1 Gy,
respectively [44].
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3amu Huxkye 0,5 Ip [43]. 3anexHicTh m03a—edeKT Ma€e
JIiHiIMHWH xapakTep. Hapnuinok yactotu PM3 mist 060x
mict ctaHoBuB 40,5 i 30,8 Bumaaky Ha 100 000 xiHOK B
pik Ha 1 Ip BigmosigHo [44].

IIpo OGesmnocepenHiii BruiuB IB Ha pM3MK pO3BUTKY
PM3 cBimuuTh TO#1 (hakT, 110 eKcno3uliiliHa go3a 'y 100
pan 30iIblIye pU3UK y TpU pasu. I1pu uboMy AyKe Bax-
JIMBUI BiK, KOJU TalliEHTKAa 3a3Ha€ BIUIMBY paiallii:
0co0sMBO Hebe3neyHuM € mepioa 10 30 pokiB (HaliHe-
OeaneuHimmii — 15—18 pokiB) [34, 35]. OnHielo i3 Hali-
OibII yacTHX MTpUIKWH BIINBY B Ha 3mopoBy M3 € 11po-
MeHeBa Teparlis pU JiKyBaHHi XBOpoOu XOoMKKiHa, Tpu
HbOMY Ha M3 MoxXe mpuIagaTu 103a ONPOMiHEHHS
> 20Tp. XKiHku, Ki JiKyBaJIMCh TAKMM YMHOM Y Billi 10
30 pokiB, y 40—45 pokiB y 13—20 % BuItagkiB XBOpilOTb
Ha PM3, a micng 20—30 pokiB crocTepekeHHs Bipo-
TiIHICTb PO3BUTKY XBOpoOU cTaHOBUTH 12—26 %. Hen-
derson T. O. i crmiBaBT. [46] BBaXaloTh, IO L€ Ty>Ke 3HAY-
HEe 3pOCTaHHSI 3aXBOPIOBAHOCTI, OCKIUJIbKU B 3arajbHiid
nonysuii 10 45 pokiB Ha PM3 xBopitoth aumre 1 %
XiHOK. [Tpy1 MeHIMX 103aXx MpoMeHeBoi Aii Ha M3 pu-
3UK 3axBoploBaHHsI Ha PM3 Huxue, Ta Bce X BiH
CYTTEBO IEPEBUIIYE, TAKMI 32 BiACYTHOCTI OIMPOMiHEH-
Hs. Tak, npu 103i onpomiHeHHs 1,3—9,9 Ip (mMemiana —
4,4 Tp) BP nopisnioe 1,9 (95 % Al: 0,7—5,4), npu no3i
10,0—19,9 Ip (meniana — 14,5 Ip) BP cknanmae 6,5 (95 %
MI:2,3—18,5) [47]. 3a mannmum L.B. Travis i criiBaBT. [48],
Jlo3a MpoMeHeBoi Aii Ha rpyau > 40Ip y Biwi 10 25 pokiB
npusBoauia 1o po3Butky PM3 y Biwi 35, 451 55 pokiB y
1,4; 11,1129 % BunmankiB BigITOBigHO.

B Iotmanmii obcrexxeHa rpymna XiHOK (243 mairi-
€HTKM), SIKi B TIpoOIIeCi JiKyBaHHSI TyOepKyJIbo3y HEO-
HOPa30BO MiJJIsIraayd peHTIeHOJOTiYHOMY JOCTiAKEHHIO
opradiB rpyaHoi nopoxHuHu (OI'Tl), mpu sgxomy
OpOMiHb MPOXOAUTh B HAMPSIMKY Bif rpyaeit 10 CUHMU,
TOOTO MALIiEHTKU OYJIM TTOBEPHYTI OOJIUUYSIM JI0 IKepe-
Jla BUIIpOMiHIOBaHHSI. BeluynMHa MOMIMHYTOI J03U Ha
TPYIHY 3aJI03y 32 OJUH CEaHC IOPiBHIOBAJA B CEPEIHBO-
my 7,5 Ip. Yac Mix ceaHcaMM CTaHOBHUB JIHi a00 TUXKHi.
[Tpu uboMy cyMapHa NOIJIMHYTA 103a /I TPYIHOI 3aJ10-
34 cTaHOBWIA MpUOau3HO 8,5 Ip. YacToTa BUHMKHEHHS
PM3 y Takux nami€eHTOK IepeBUIyBajla OYiKyBaHy
OinbLI HiX y 6 pasiB [49—51].

71 KOHTPOJIIO TIPOMEHEBUX HaBaHTaXKe€Hb IIPU IIPO-
BEACHHI CKPUHIiHTOBUX PEHTIEHOJIOTIYHUX OOCTEKEHb
OKpPEeMMX KOHTHMHICHTIB HAaCEJICHHs 3aCTOCOBYBAIMCh
MeToau OiOJIOTiYHOI, a caMe, LIMTOTE€HETUYHOI 103U-
METpii, IKa TPYHTYEThCS Ha 00Ky padialliiiHO-iHIYKO-
BaHUX abepalliii XxpOMOCOM Yy KYJbTYpi JiM(POLIUTIB T1e-
pudepUUHOi KPOBi JIOAUHU (B JOCTIIKEHHSIX in Vitro Ta
in vivo) [51, 52]. B nanoMy BHITanKy 0iomo3MMeTPUYHY

The fact that an exposure dose of 100 rads
increases the risk three times indicates the direct
impact of IR on the risk of developing breast can-
cer. At the same time, the age at which the patient
is exposed to radiation is very important: the peri-
od up to 30 years is especially dangerous (15—18
years are the most dangerous) [34, 35]. One of the
most frequent causes of IR exposure to healthy
MH is radiation therapy in the treatment of
Hodgkin’s disease, while MH may receive a radia-
tion dose of > 20 Gy. Women who were treated in
this way before the age of 30, at the age of 40—45,
in 13—20 % of cases, develop breast cancer, and
after 20—30 years of observation, the probability of
developing the disease is 12—26 %. Henderson T.
0. and co-authors [46] believe that this is a very
significant increase in morbidity, as only 1 % of
women in the general population under the age of
45 are affected. With smaller doses of radiation on
the MG, the risk of the disease on the MG is lower,
but still significantly higher than in the absence of
irradiation. Thus, with an irradiation dose of
1.3-9.9 Gy (median — 4.4 Gy) BP 1.9 (95 % CI.:
0.7—5.4), with a dose of 10.0—19.9 Gy (median —
14,5 Gy) HR 6.5 (95 % CI: 2.3—18.5) [47].
According to L.B. Travis et al. [48], a chest radia-
tion dose of > 40 Gy at the age of 25 years led to
the development of breast cancer at the age of 35,
45 and 55 years in 1.4; 11.1 and 29 % of cases,
respectively.

In Scotland, a group of women (243 patients)
were examined, who, during the treatment of tuber-
culosis, were repeatedly subjected to X-ray exami-
nation of the chest cavity (CC), in which the beam
passes in the direction from the chest to the back,
that is, the patients were turned to face the source of
radiation. The amount of the absorbed dose to the
breast gland in one session was equal to an average
of 7.5 Gy. The time between sessions was days or
weeks. At the same time, the total absorbed dose for
the breast was approximately 8.5 Gy. The incidence
of breast cancer in this group exceeded the expect-
ed by more than 6 times [49—51].

In order to control the radiation loads during
screening X-ray examinations of individual con-
tingents of the population, methods of biological,
namely, cytogenetic dosimetry, based on the
recording of radiation-induced chromosome aber-
rations in the culture of human peripheral blood
lymphocytes (LPK) were used (in vitro and in vivo
studies) [51, 52]. In this case, biodosimetric infor-
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iH(opMaIlilo OTPUMYBAIM ILISIXOM MOJAETIOBAHHS
YMOB OIPOMiHEHHSI Ha TKAHWHHO-EKBiBaJIEHTHOMY
¢danTomi. B mocmimkeHHSIX TTOpiBHIOBAIN JaHi 06i00-
riyHoi (LIUTOTeHEeTUYHOI) iHAMKALil TTpOMeHeBOI il i
(hizmuHOI 1O3MMETpii TpX YMOBaXx, IO MpHU (HJIIOOPOr-
padii opraniB rpyaHoi nopoxxHuHu (OI'TI) dakoHu 3
JMOHOPCHKOIO KPOB’I0 PO3MIllyBaIl B €KCIIEPUMEH-
TaJbHUX TOYKAaX B AUISIHKAX IIMTOMNOMIOHOI, 3arpya-
HUHHOI Ta TPYAHOI 3a/103, TKAHMHHO-EKBiBaJIEHTHOTO
¢danToma «Alderson», mpu Mamorpadii — Ha BepxHiii Ta
HIDKHIN MOBEPXHSIX (paHTOMA TPYIHOI 3aJI03U. 3 METOIO0
iHAWKALii CTYIeHs MPOMEHEeBOI il BUKOPUCTOBYBAJIU
TECT-CUCTEMM KYJBTYpPU JiM(bOLUTIB meprudepuyHoi
KPOBi YMOBHO 3I0POBHUX 0Ci0 3 MeTada3HUM aHAIi30M
abepauiii xpomocoM. Pi3UHY TO3MMETPIIO MTPOBOIN-
JIA 3a TOIIOMOT'0l0 aBTOMATU30BaHOI TEPMOJIIOMiHECIIe-
HTHOI cuctemu ALNOR [53—55]. B pesyabraTi podotu
BCTaHOBJIEHO, 1110 npu durooporpadii OI'TI y nepenHiii
npsiMiii 1 mpaBiii OOKOBIM IPOEKIIsIX CyMapHE YUCIIO
abepalliii XpOMOCOM B €KCIIepUMEHTAJIbHill TOUlli Ha
BHYTPIIIHII TTOBEPXHi JIiBOI TPYAHOI 3a7103U (sIKa 3Ha-
Xoaujgach Oauxye nmo mxepena IB) mpu 3HadyeHHi
eKBiBaJIeHTHOI 1034 3,25 M3B cta”HoBWIO 9,5 = 2,1 Ha
100 kJ1iTUH, 110 MEepeBUIILYBaTO Y 3 pa3u CIIOHTAaHHUM
piBeHb XPOMOCOMHUX abepaliiii [56, 57].

ITpu mamorpadii y nBox mpoekuisix (mpsMiit i 60-
KOBIlf) 3arajibHe YMCJIO adepalliii XpOMOCOM y eKCITe-
pPUMEHTAJIbHI} TOUIli Ha BEpXHili MOBEPXHi IPyIHOI 3a-
JIO3U TIpY 3HAYEHHi eKBiBaJieHTHOI 1031 6,08 M3B 10-
caraigo 13,0 = 2,5, 110 nepeBUIyBaja0 CHOHTAaHHMIA
piBeHB OinblI HiXX y 4 pa3u [54, 57, 58].

IIpencrasieHi pe3ynbraTi Ja0Th MOXKJIUBICTb KOHC-
TaTyBaTH, 110 TIpU OaraToNpoeKIiiHil ¢daooporpadii
OTI'TI i mamorpagii B TkKaHMHax M3 MOXYTh pPO3BHUBa-
TUCH palialiliHO-1HAYKOBaHi MOIIKOJIXEHHSI, SIKi MO-
TEHLiAHO MiABUILYIOTh PU3UK po3BUTKY PM3 pania-
wiriHoro reHesy [51, 58]. IIpu nmpoBeaeHHi peHTIeHO-
JioriyHux nociaimkeHb OI'TI (HU3bKi 103U JTOKaJIbHOTO
OMPOMiHEHHS) KilbKiCTh Mepedya0B XpOMOCOM Y Kili-
TMHAX KPOBi MAalli€EHTIB CYTTEBO 30JILIITYETHCS, 11€ MO-
K€ BU3HAUYUTHU B MaliOyTHHOMY PO3BUTOK paialliiiHO-
acoliiloBaHOro paKky cepes ocio, sIKi mpoiIuIn podi-
JIaKTUYHY (urrooporpadiro [59].

TakuM unHOM, MaJi (HaadoHoBi) no3u IB npu peHT-
TEHOJIOTIYHUX OOCTEXKEHHSIX MOXYTh iHAYKYBAaTH Mij-
BUILIEHUU piBeHb abepalliiii XxpOMOCOM y KJIiTUHAX OM-
pomineHux TKaHuwH. [Ipu ¢mooporpadiaHomy i Ma-
MorpadiyHOMY CKPMHIHTY iCHYE PU3UK PO3BUTKY
pafialiifHO-iHAYKOBAHOI HECTaOiTbHOCTI B KJIITMHAX
TPYAHOI 3aJI03U, 110 € aKTyaJlbHUM IIpU OOCTEKEHHi
KiHOYOI0 HaceJIeHHsI YKpaiHU, siKe MPOKUBa€E Ha 3a0-

mation was obtained by simulating irradiation con-
ditions on a tissue-equivalent phantom. In the stud-
ies, the data of biological (cytogenetic) indication of
radiation action and physical dosimetry were com-
pared under the conditions that during fluorography
of the chest cavity organs, bottles with donor blood
were placed in experimental points in the area of the
thyroid, thymus, and chest glands of tissue equiva-
lent factor «Alderson» during mammography on the
upper and lower surfaces of the breast phantom. In
order to indicate the degree of radiation exposure,
test-systems of the culture of LPK of conditionally
healthy persons with metaphase analysis of chromo-
some aberrations were used. Physical dosimetry was
performed using an automated ALNOR thermolu-
minescence system [53—55]. As a result of the work,
it was established that during fluorography of CC in
the front straight and right side projections, the total
number of chromosome aberrations at the experi-
mental point on the inner surface of the left breast
(which was located closer to the source of IR) at the
equivalent dose value of 3.25 mSv was 9.5 £ 2,1 per
100 cells, which was 3 times higher than the sponta-
neous level of chromosomal aberrations [56, 57].

During mammography in two projections (direct
and lateral), the total number of chromosome aberra-
tions at the experimental point on the upper surface of
the breast gland at the value of the equivalent dose of
6.08 mSv reached 13.0 + 2.5, which exceeded the
spontaneous level by more than 4 times [54, 57, 58].

The presented results make it possible to state that
with multi-projection fluorography of the CC and
mammography, radiation-induced damage can
develop in the tissues of the breast cancer, which
potentially increases the risk of developing breast
cancer of radiation genesis [51, 58]. When conduct-
ing X-ray studies of CC (low doses of local radia-
tion), the number of chromosome rearrangements in
the blood cells of patients increases significantly, this
may determine the future development of radiation-
associated cancer among people who have under-
gone preventive fluorography [59].

Thus, low (above-background) doses of IR during
radiological examinations can induce an increased
level of chromosome aberrations in the cells of irra-
diated tissues. During fluorographic and mammo-
graphic screening, there is a risk of developing radi-
ation-induced instability in the cells of the breast
gland, which is relevant when examining the
female population of Ukraine living in areas con-
taminated with radionuclides. Repeated radiation
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PYIHEHUX padioHyKIigaMu Teputopisx. [loBTopHa pa-
JialiiiHa Jis ISk JaHUX KJITUH MOXe OYyTU MPOMOTO-
pom kaHueporeHe3y [51, 57]. Kpim Toro, € maHi, 110
HaBiTh TIpU camMux HU3bKUX go3ax IB (1 clp i meH1Ie)
MpU TPOBEAEHHI PEHTIEHOJIOTIYHUX TOCTiAXEHb
OI'TI, cTpaBoxoay Ta ULIyHKa y JiMdouuTax rnepude-
PUYHOI KPOBi 00CTEXXEHUX OCI0 PEECTPYETHCS ITiBU-
IIeHUI piBeHb abepalliii XxpoMocoM. BigmiueHo ump-
KyJSLiI0 4YacTMHU ab0epaHTHUX JiMMOLMTIB y Kpo-
B’SIHOMY pyCJli yepe3 ACCITWIITTS ITicasl AiarHOCTUY-
Horo orpoMiHeHHs [60, 61].

HeoOxinHo 3a3HaYMTH, 110 PEHTIEHOJIOTU SIBISIOTH
co0010 YHiKaibHY MpodeciiiHy Tpymy, MOB’s3aHy 3
XPOHIYHUM OIIPOMiHEHHSM 3 HU3bKOIO MOTYXKHIiCTIO
JIo3U. 3HaUYHE ITiIBUIIEHHS PU3NKY 3JTOSIKiICHUX HOBO-
YTBOPEHb MOJIOYHOI 3aJI03U y 3B’SI3Ky 3 IOJEHHOIO
JiE€I0 Majaux 103 MpodeciiiHOro ONmpoMiHEHHS BITPO-
JMOBX JEKiJTbKOX POKiB OYyJ0 BUSIBJIEHO B KOTOPTi XKi-
Hok-peHTreHosoriB CLLA [62—64] Ta y peHTIeHOoJIOTiB
B Kurai [65].

ITpu oGcTexxeHHI OpUTaHCHKMX POOITHUII, SIKi Ha-
HOCWJIM JIIOMiHECLIiI0I04Y CIIONYKY (pamiii-226) Ha [u-
¢epbraTh BUMIpIOBAJIBHUX TIPWIANiB, CyMapHa I103a
Ha TpyIOHi 3ajio3u poOiTHUIL cTaHoBuia 0,5 clp 3a
TUXKJEHb, a 3arajibHa norauHeHa go3a — 40 cIp. Cepen
JKiHOK, BiK SIKHX JI0 ITOYaTKy pobiT ctaHoBUB 20 pOKiB,
PM3 B moganbpIomMy crocTepiraBcs y 2 pa3u 4acTilie
Biz ouikyBaHOi yacToTu [66—67].

¥V oci0, gKi B AMTSYOMY Billi 3a3HaBaJIM TeparieBTUYHO-
ro OINpoMiHEHHsI TUMyca, yepe3 30 pokiB BiAMiyaaoCh
301IbIIEHHS YacTOTH paky rpyaHoi 3ano3u (PI3), 83 %
3aXBOPIOBaHb IpelcTaBiieHi hidopoageHomMamu [68].

IB € ogHuM 3 eTiojioriyHMX (HaKTOPiB PU3UKY PO3-
BuTKy PI'3 3 nateHTHUM nepiogom 10 i Ginbliie pokiB. ¥
XBOpUX, SIKi IiJgaBaJuCh HEOJHOPA30Bili peHTreHOC-
KOIIil OpraHiB I'pyIHOI MOPOXHUHU, PU3UK PO3BUTKY
PI'3 306isbliyBaBCs 1O Mipi 3pOCTaHHS KiJTbKOCTi JaHUX
niarHoctnyHUX mpouenyp. CepenHs no3a Ha TPyIOHY
34103y TIPY OJHOPA30BOMY MamorpadigaHOMY JOCHTim-
>KeHHi ctaHoBwia 0,015 Ip, cepenHs KyMyasiTUBHA —
1,5 Tp. Ilpu upoMy cepenHiit JaTeHTHUI MEpioa po3-
BUTKYy PI'3 nopiBHI0BaB 24,4 poky. 111 1030B0O1 3a1eX-
HocTi ¢opmyBaHHs PI'3 xapakrepHa TiepeBara JTiHili-
HOT'O KOMITOHeHTa |58, 69].

PesynbraT MeTa-aHaizy 3axBoproBaHOCTi Ha PM3
cepell KiHOK-CTIoapaec MOKa3yloTh 3HAYHO IiIBUIIE-
HWIl PpU3WK 3JI0SIKIiCHUX HOBOYTBOpeHb M3 gK Ha-
CJIiTOK MpoeCciifHOro ONMpPOMiHEHHST KOCMIYHUM BMII-
pomiHtoBaHHsM [70]. Rafnsson V. i cniiBaBT. [71] Takox
BU3HAYWIN IiIBUILICHUI PU3KNK 3JIOSKiCHUX HOBOYT-
BopeHb (3H) M3 cepen crioapaec: 26 BUNAAKiB 3710-

exposure to these cells can be a promoter of car-
cinogenesis [51, 57]. There are other data that even
at the lowest doses of IR (1 cGy and less) during X-
ray examinations of the CC, esophagus and stom-
ach, an increased level of chromosomal aberrations
is registered in the LPK of the examined persons.
The circulation of a part of aberrant lymphocytes in
the bloodstream decades after diagnostic irradiation
was noted [60, 61].

It is important to note that radiologists represent a
unique professional group associated with chronic
exposure to low dose rates. A significant increase in
the risk of breast malignancy associated with daily
exposure to low doses of occupational exposure over
several years was found in a cohort of female radiol-
ogists in the United States [62—64] and among radi-
ologists in China [65].

When examining British female workers who applied
a luminescent compound (radium-226) to the dials of
measuring devices, the total dose to the mammary
glands of the female workers was 0.5 cGy per week, and
the total absorbed dose was 40 cGy. Among women
whose age before the start of work was 20 years, breast
cancer was subsequently observed 2 times more often
than the expected frequency [66—67].

In persons who underwent therapeutic irradiation
of the thymus in childhood, after 30 years, an
increase in the frequency of intractable gland cancer
(RGC) was noted, 83 % of the diseases are repre-
sented by fibroadenomas [68].

IR is one of the etiological risk factors for the
development of BC with a latent period of 10 or
more years. in patients who were subjected to repeat-
ed fluoroscopy of the CC, the risk of developing
RHZ increased as the number of these diagnostic
procedures increased. The average dose per GH dur-
ing a single mammographic examination was 0.015
Gy, the average cumulative dose was 1.5 Gy. At the
same time, the average latent period of the develop-
ment of RGZ was equal to 24.4 years. The advantage
of the linear component is characteristic for the dose
dependence of the formation of BC [58, 69].

The results of a meta-analysis of the incidence of
breast cancer among female flight attendants show
a significantly increased risk of breast cancer as a
result of occupational exposure to cosmic radia-
tion [70]. Rafnsson V. et al. [71] also determined an
increased risk of malignant neoplasms (MN) of the
breast among flight attendants: 26 cases of SMA
per 1690 women (standardized incidence ratio
(SIR) = 1.5), despite the fact that the average
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SKiCHUX HOBOYTBOpeHb M3 Ha 1690 XiHOK (cTaHmap-
TM30BaHe BiIHOIIEHHS 3aXBOPIOBAHOCTI ckiaiao 1,5),
He3Baxkalouu Ha Te, 110 CepelHsl pidyHa J03a B AaHii
rpymi fopiBHIOBaJIa IpUOJAM3HO 3 M3B, i Ha TYMKY aB-
TOPiB € HAATO HU3BKOIO, 11100 OOYMOBUTH MiABUILIEHHS
PU3HKY.

IMigBumenns 3axBopioBaHocTi Ha PM3, dakropom
PU3UKY PO3BUTKY siKoro € 1B, BinMiueHO y (hiHChKUX Ji-
KapiB, SKi MpaloloTh 3 pxepenamu 1B. Bussieno mig-
pulieHHsy 1,7 paza (95 % J11: 1,0—3,1) yactoTut po3BUT-
Ky PM3 mopiBHSIHO 3 nikapsgMu iHmmx daxis [72, 73].
ITpote mokazaHo, 1110 ¥ cepea MEAUUHMX MPalliBHUKIB
JIarHOCTUYHMX BiJJiJIeHb, SIKi MalOThb KOHTakT 3 IB,
MNOTEHUIMHNWI PU3UK paKy BHACHiIOK MpodeciiHOro
OMNpPOMiHEHHSI Pi3HUTbCS 3aJleXXKHO BiA cTaTi i Mmpo-
(deciiinoi rpymnu [74].

IIpoBeneHO BUBYEHHS OLIIHKM POJIi TMOJiMOpdizMy
reHa oHkocyrmpecopa pS53 y ¢opMyBaHHI CXUJIbHOCTI
JI0 3JI0SIKICHOTO TpaHC(OpPMYBaHHSI IPU OAOBIOTPU-
BaJIiil pamialiiHii aii HU3bKO1 iIHTEHCUBHOCTI 3 BKJTIO-
YEHHSIM B TOCJIKEHHSI OHKOJOTIYHO XBOPUX POOIT-
Huup [TiBHIYHOTO XiMiYHOrO KOMOiHATY, SIKi 3HAXOIM-
JIMCh HA iHIUBIAyaJbHOMY JIO3MMETPUUYHOMY KOHT-
podi. PobiTHMLI 3a3HaBaiM 30BHILIHBOTO i BHYTPilll-
HbOro onpoMiHeHHs. Jliana3oH 103 30BHILIHBOTO OM-
pOMiHEeHHS CTaHOBUB Binx 2,28 M3B 10 1605,1 M3B, Me-
nmiaHa craHoBuia 40,3, iHTepKBapTWIBHUI po3Max —
10,1-70,1. CepenHsi TpMBaliCTh ONpPOMiHEHHS OyJa
17,63 poky. Yci 3a3HaueHi mo3u 1B HaexaTh 1o miaraso-
HY «Majix» 103. BcTaHOB/IEHO, 110 Y XKiHOK, SIKi MaJlk
KOHTAaKT 3 Jkepeiaamu 1B BusiBiieHa TeHIEHLIis1 40 3pOcC-
TaHHs yactoti PM3 y 1,5 paza (42,8 i 28,2; p = 0,08).
ITokazaHo Takox, mo IB Bojogie KaHIEpOreHHOIO
Ji€10, SgKa 3MiACHIOEThCS Y TOMY YMCJI i LIUISIXOM ITiJI-
BUIIEHHS 3arajbHOTr0 MyTalliifHOTO (DOHY B KIIITUHI i
MyTaliil y TeHi p53. MyToBaHUii TeH p53 BTpavyae myx-
JIMHOCYTIpeCUBHiI (pyHKILii, HaOyBa€ BIACTUBOCTI
JOMiHylo4oro oHkoreHa. IIpu migBuIlleHHI MyTaliii-
Horo ¢ony mig mieto IB i migcnneHHi BiporimHOCTI BU-
HUKHEHHSI MYTOBaHOTO Oinka p53 3 OHKOTreHHUMU
BJIACTUBOCTSIMM HAaSIBHICTH ajiejisi 3 BUCOKOIO aKTUB-
HicTIO € (hakTopoM pusuky 3HY, a 3axucHuii edpext
reTepO3UroTHOrO T€HETUITY HiBETIOEThCS [735].

Amnani3 3axBoproBaHocTi Ha 3HY cepen mepconany
Cubipcbkoro xiMiyHoro kKombiHaty (CXK) sgkuii 3a3-
HaB JOBroTpMBaJIOi 30BHilIHLOrO 1B B mpoleci mpode-
CiTHOI misIITbHOCTI HM3BKO1 iHTeHCUBHOCTI (10 200 M3B)
B SKOMY BUBYAJIMCh YCi BUITAJKM 3aXBOPIOBAHOCTI i
cMmepti BHacninok 3HY cepen mepcoHainy 3a nepiof 3
01.01.1970 mo 31.12.2015 BKJIIOYHO, KPiM JaHUX
BiIHOCHO KiJIbKOCTi 3aXBOpIBLUMX IIpU OLIIHIOBaHHI

annual dose in this group was approximately 3 mSy,
and according to the authors is too low to cause an
increase in risk.

An increase in breast cancer, the risk factor for the
development of which is IR, has been noted in Finnish
doctors who work with sources of IR. A 1.7-fold
increase (95 % CI: 1.0-3.1) in the frequency of
development of breast cancer was revealed in com-
parison with doctors of other specialties [72, 73].
However, it has been shown that even among med-
ical workers of diagnostic departments who have
contact with IR, the potential risk of cancer due to
occupational exposure varies depending on gender
and occupation [74].

A study was conducted to assess the role of the
polymorphism of the p53 tumor suppressor gene in
the formation of a predisposition to malignant trans-
formation in the case of long-term low-intensity
radiation exposure, with the inclusion in the study of
oncological patients working at the Northern
Chemical Plant (NCP), who were under individual
dosimetric control. The workers were exposed to
external and internal radiation. The range of external
radiation doses was from 2.28 mSv to 1605.1 mSy, the
median was 40.3 mSy, the interquartile range was
10.1-70.1 mSv. The average duration of exposure
was 17.63 years. All indicated doses of IV belong to
the range of «small» doses. It was established that in
women who had contact with sources of 1V, a ten-
dency to increase the frequency of breast cancer by
1.5 times was found (42.8 and 28.2; p = 0.08). It was
also shown that IR has a carcinogenic effect, which
is carried out including by increasing the general
mutational background in the cell and mutations in
the p53 gene. The mutated p53 gene loses its tumor
suppressive functions and acquires the properties of
a dominant oncogene. When the mutation back-
ground increases under the influence of IR and
increases the probability of the occurrence of mutat-
ed protein p53 with oncogenic properties, the pres-
ence of an allele with high activity is a risk factor for
MN, and the protective effect of the heterozygous
genotype is eliminated [75].

Analysis of the incidence of MN among the staff of
the Siberian Chemical Plant (SCP) who experi-
enced long-term external exposure to low-intensity
occupational activity (up to 200 mSv), in which all
cases of morbidity and death due to OSA among the
staff were studied for the period from 01.01.1970 to
31.12.2015 including, in addition to the data on the
number of patients when assessing the risk of onco-
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PU3KMKY OHKOJIOTIYHOI 3aXBOPIOBAHOCTI IIEPCOHAITY, BU-
KOpPUCTOBYBasIach iH(opMallisl PO KiJIbKiCTh JIOAUHO-
pokiB HakonmueHnx (JIPH) y mocmimkyBaHiii Koropri
3a Bechb Mepion crmocTepexeHHs. Pesyiabratu pospa-
XYHKiB MOKa3aJii, 110 cepell XXKiHOK HaiOiIbIIow Oyia
3axBoploBaHicTh Ha 3HY oprauis TpaBieHHs (69,7 Bu-
nagku Ha 100 000 JIPH), mpm mpomy HaWOimbIImiz
piBeHb 3axXBOPIOBAHOCTI CIIOCTepiraBcsl cepen pooiT-
Huilp BikoM 40—49 pokis (95,1 Bumaaky Ha 100 000
JIPH). Ipyre micue cepen ycix 3HY y xxiHodoro nepco-
Hauty 3aiitMaB PM3 (63,5 Bunaaky Ha 100 000 JIPH). da-
He 3HY yvacrilie 3a Bce 3ycTpiyanoch cepel KiHOK BiKOM
40—49 pokis (133,5 Bunaaky Ha 100 000 JIPH) [76].

®opma 1030BOI 3aJIEKHOCTI i BEIMIYNHU pamialliiHO-
ro pu3uKy Oyl omnucaHi y 6araTbox aHaji3ax i3 BUlle-
HaBeJeHUX KOropT. HamauimkoBuil BiTHOCHUI pU3UK
Ha 1 Ip, oTpuMaHuil IpK aHasi3i CYKYIMTHUX TaHUX CTa-
Hosus 0,86 (95% I 0,7; 1,04), a mianma3oH pU3UKIiB
JIJISI KOXKHOI KOTOPTU OKPEMO 3HAXOAUTHCS Y MeKaxX Bifl
0,06 mo 1,94. Buxozastuu i3 JaHUX OOCHTiIKEHb, OYJIO
3p00JIEHO BUCHOBOK IIpO Te, 110 MOJIOYHA 3aj03a —
OIVH 3 HaOiIbII pagiouyTIMBUX OpraHiB i 1o gis IB
Bifirpa€e pojb SIK Ha CTafil iHilialii, Tak i TpOMOLIil
npouecy po3Butky 3HY monounoi 3ano3u. HaitGinbin
MOIIMPEHNMU BUIAMU PaKy SIKi CIIPUUMHSIIOTHCS Ti€I0
papiauii € pak IIMTOIOAIOHOT i MOJIOUHOI 3a103. [1pu6-
JIU3HO y [AecsITu JoAeil i3 Tucsadi ONpoMiHEHUX
BiIMiYaeTbCs paK IIUTOMOAIOHOI 3aJlo3M, a y JecsITH
XKiHOK i3 Tucsaui — PM3 [38, 77, 78].

Benukuii obcdar emigeMioforiyHUX i KJIiHiYHUX H0-
CJTiKeHb OyJ1I0 BUKOHAHO B perioHi CeMuIIanaTUHCh-
KOTO S1IepHOTO TOJIiroHy. byno BcraHoBiIeHO, 1110 30i/1b-
IIEHHS YaCTOTH 3arajbHOi OHKOJIOTIYHOI 3aXBOpPIOBa-
HocTi i posnoscloakeHocTi PM3 3a ¢ikcoBaHo uepe3
20—30 poKiB ITiC/IST OIPOMIHEHHS Y KiHOK. 3pOCTaHHS
OHKOJIOTIYHOI 3aXBOPIOBAHOCTI BCTAHOBJIEHO i y Ha-
1ankiB onpomiHeHux oci6. Tak, 3a nepion 3 1990 p. mo
2005 p. cnocTepiranock OibIl HixK JBOPa30Be 30i/IbIICH-
HSI 3arajibHOI 3axBoproBaHOCTI Ha PM3 1o perionax [79].
BinmiyeHO 3Ha4yHe MiABMIIEHHSI YAaCTOTM JaHOI IaTo-
JIorii y 0ci0, 1110 MPOXUBAJIM HA TEPUTOPISX SKi 3a3HATIU
HaioOiNbll aKTUBHOI KOHTaMiHallil paaioaKTUBHUX
omaniB [80]. PiBeHb 3pocTaHHS OHKO3aXBOPIOBAHOCTI
OyJ10 3ahiKCcoOBaHO cepesl 0Ci0, 103a ONMPOMiIHEHHS IKMX
(edbexTUBHA €KBiBaJIeHTHaA J103a) MepeBUIllyBajia 3Ha-
yeHHs 250 M3B i 6inbiie. BitTHOCHI pU3MKY MOKA3HUKIB
OHKO3aXBOPIOBAHOCTI II€PEBUILYBAIM IMOKAa3HUKU
KOHTPOJIbHUX TPYII, SIK cepel] oci0 siki 6e3rmocepeHbo
3a3HaJIM OMPOMiHEHHS, TaK i cepel iXHiX Hamaakis [81].

Pusuk po3BUTKY paniauniitHo-iHaAyKoBaHOro PM3
301JIbIIYETHCS Y >KiHOK, SIKi 3a3HaAU padialiiiHOT ail i

logical morbidity of the staff, information on the
number of accumulated person-years (APY) in the
studied cohort during the observation period was
used. The results of the calculations showed that
among women the incidence of gastrointestinal dis-
eases was the highest (69.7 cases per 100,000 APY),
while the highest incidence rate was observed
among female workers aged 40—49 (95.1 cases per
100,000 APY). The second place among all higher
education institutions in terms of female staff was
occupied by BC (63.5 cases per 100,000 APY). This
APY occurred most often among women aged
40—49 years (133.5 cases per 100,000 APY) [76].

The form of dose dependence and magnitude of
radiation risk have been described in many analyzes
from the above cohorts. The excess relative risk per
1 Gy obtained from the pooled analysis was 0.86 (95 %
CI: 0.7—1.04), and the range of risks for each cohort
separately was between 0.06 and 1.94. Based on the
research data, it was concluded that the mammary
gland is one of the most radiosensitive organs and
that the action of IR plays a role both at the stage of
initiation and promotion of the process of develop-
ment of breast cancer. The most common types of
cancer caused by radiation are thyroid and breast
cancer. About ten out of a thousand irradiated peo-
ple develop thyroid cancer, and ten out of a thou-
sand women develop breast cancer [58, 77, 78].

A large volume of epidemiological and clinical
research was carried out in the region of the
Semipalatinsk nuclear test site. It was established
that the increase in the frequency of general onco-
logical morbidity and prevalence of breast cancer
was fixed 20—30 years after radiation in women. An
increase in the incidence of oncology was also
found in the descendants of irradiated persons. So
for the period from 1990 after 2005 a more than 2-
fold increase in the total incidence of breast cancer
by region was observed [79]. A significant increase
in the frequency of this pathology was noted in peo-
ple who lived in the territories that were most active-
ly contaminated by radioactive fallout [80]. The
level of cancer incidence was recorded among per-
sons whose radiation dose (effective equivalent
dose) exceeded the value of 250 mSv or more. The
relative risks of cancer incidence indicators exceed-
ed the indicators of control groups, both among
persons who were directly exposed to radiation and
among their descendants [81].

The risk of developing radiation-induced breast
cancer increases in women who were exposed to radi-
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yac TOpPMOHAJbHUX MepedyIoB opraHiaMy (MeHapxe,
MEHoOIIay3a, BariTHiCTb Ta JlakTauis) [44, 80]. 3a naHu-
MU aHaiizy 61 Bunagky 3HY M3 cepen 5 THcsY KiHOK,
SIKi 3a3HAJIM OMPOMiHEHHS Y 3B’SI3KY 3 aTMOC(epHUMU
orajaMu Iiciasl siepHUX BUIpoOyBaHb y KazaxcraHi
(cepenHs edekTrBHA 103a 634 M3B), OTpUMaHa OLIIHKA
HaTMIIKOBOTro BigHOocHOTO pu3uky (HBP) mopiBHIO-
Bana 1,09/3B (95% A1: 0,05; 15,8), a HaliBULIUIT pU3UK
BiIMiY€HO Y XiHOK 3 go3amMu > 750M3B MOpiBHSHO 3
XKiHKamu, sKi otpuManu go3u < 20 m3B [82].
Ienetnuni akTopu SIKi BemyTh 1O pO3BUTKY PM3
3a3BMYall MOB’S3yIOTh i3 ciMeiiHMMHU opMamu, a Ta-
KOX 3 HalliOHAJTbHUMM Ta nonyiasuiinumu [83]. Jlis
HECITPUSATINBUAX €KOJIOTIYHUX YMOB MOXe OYyTH OTHUM
i3 (bakTOPIB, 11O MiABUIIYE YACTOTy MyTalliif OyIb-IKO-
To 3 TeHiB Y BinnmoBigHil momynsiii [84, 85]. HaitGinbin
HeOe3NMeYHUM B T€HETUYHOMY IUIaHi € pamialiiiHuii
dakrop [86, 87]. PamiawiiiHo HECITpUATIMBA TEPUTOPIs
CeMMITaTaTUHCHKOTO SIIEPHOIO IIOJITOHY XapaKTepu-
3YEThCS TIPOKMBAHHSIM BEJIMKOI KiIbKOCTi 3KiHOK Ta
iXHiX HallaAkiB, sIKi Oe3mocepedHbO 3a3HAIMU OIl-
POMiHEHHS Y Billi, B IKOMY AYK€ 4aCTO PO3BUBAETHCS
PM3. Y 6aratpox BUNagkax y HIX BiZMideHO HasIBHICTb
ciMefHOro aHaMHe3y 1100 OHKorartoJjorii [88, 89].
Came ToMy 3HAUHUI iHTEpeC MPeaCTaABIISIE MOXJIUBICTh
HasIBHOCTiI B3a€MO3B’s13Ky (PakTopy OMNPOMiHEHHS,
ciMeiHOro pagioeKOoJA0riYHOIO i MyXJIMHHOTO aHAMHe-
3y Ta TiCTOJIOTIYHOI CTPYKTYPH 3I0SIKICHUX HOBOYTBO-
penb M3. Tak, rpyroro aBTOpPiB MPOBEAESHO AOCTiAKEH-
HS 3 BHU3HAYEHHS MOP@OJIOTiYHUX OCOOJIMBOCTEM
PM3, noB’sa3aHux 3 HasiBHicTIO MyTalliit reHiB BRCAT i
TP53 y XiHOK 3 pafgiOeKOJOTiYHUM Ta CIMEHHUM ITyX-
JIMHHUM aHaMHe30M. B jpochigkeHHsT BKJIIOUEHi JaHi,
orpumani y 190 xiHok Bikowm Bim 40 no 78 pokiB, eT-
HIYHUX Ka3alloK, XBopux Ha PM3, po3momineHux 3a-
JIEXKHO BiJ HAasIBHOCTI CiMEMHOTO aHaMHe3y 3aXBOpPIO-
BaHHS, OCOOMCTOIO i CiMEMHOro paaioeKoJOTriYHOIo
aHaMmHe3y. B pociimxeHHi Oylo BUSIBAEHO HAasIBHICTb
B3a€EMO3B’SI3Ky TiCTOJIOTIYHOI XapakKTepucTuKu PM3 3
ciMeifHMM aHaMHE30M i HasBHICTIO MyTalliil TeHiB
BRCA i TP53. Y oci®O 3 MyTaHTHUM TE€HOTHUIIOM YCiX
KJIIHIYHUX TPy BUSIBJICHA MiABUIIEHA YaCTOTa BiAHOC-
HO PiIKiCHUX TiCTONOTIiYHNX (DOPM 3aXBOPIOBaHHS. AB-
TOPU BBaXaloTh, IO Teplle MOKOJiIHHS 3 CiMEHHUM
aHamHe3oM PM3 Ttakox Moxke OyTd MoB’s13aHe 3 Ji€l0
OINPOMiHEHHSI, OCKiJIbKM OUTBIIICTh MATEPiB KiHOK L€l
rpymnu IMPOXHUBAJIM Y 30HAX pafialliflHOro PU3UKY Mif
yac MpOBeIeHHS 1030yTBOPIOBaJIbHUX BUOYXiB [89].
OkpeMo MPOBENEHi i3 3aTy4eHHSIM TaHUX TPYIT XBO-
pUX IOCIIKEHHS 3 BMU3HAUYCHHSI YAaCTOTU IIOJIIMOP-
dizmy 5382 insC rena BRCAI y XBopuX i3 CiMEHHNM

ation during hormonal changes in the body (menar-
che, menopause, pregnancy and lactation) [44, 80].
According to the analysis of 61 cases of BC among
5,000 women who were irradiated in connection
with atmospheric precipitation after nuclear tests
in Kazakhstan (average effective dose 634 mSv),
the obtained estimate of excess relative risk (RR)
was equal to 1.09/Sv (95 % CI: 0.05—15.8), and
the highest risk was noted in women with doses
> 750 mSv compared to women who received doses
<20 mSv [82].

Genetic factors that lead to the development of
breast cancer are usually associated with family forms,
as well as with national and population forms [83].
The effect of adverse environmental conditions can
be one of the factors that increases the frequency of
mutations of any of the genes in the relevant popu-
lation [84, 85]. The most dangerous in terms of
genetics is the radiation factor [86, 87]. The radia-
tion-unfavorable territory of the Semipalatinsk
nuclear test site is characterized by the residence of
a large number of directly exposed women and their
descendants at an age in which breast cancer often
develops. In many cases, they have a family history
of cancer [88, 89]. This is of great interest in the
possibility of a relationship between the exposure
factor, family radioecological and tumor anamne-
sis, and the histological structure of malignant neo-
plasms of the MH. Thus, a group of authors con-
ducted a study to determine the morphological fea-
tures of breast cancer associated with the presence
of BRCAI and TR53 gene mutations in women with
radioecological and family cancer history. The study
includes data obtained from 190 women aged 40 to
78, ethnic Kazakhs, with breast cancer, distributed
depending on the presence of a family history of the
disease, personal and family radioecological history.
In the study, the existence of a relationship between
the histological characteristics of breast cancer and
family history and the presence of BRCA and TP53
gene mutations was revealed. Individuals with a
mutant genotype of all clinical groups showed an
increased frequency of relatively rare histological
forms of the disease. The authors believe that the
first generation with a family history of breast can-
cer may also be related to the effect of radiation,
since most of the mothers of women in this group
lived in radiation risk zones during dose-forming
explosions [89].

Separately, with the involvement of these groups of
patients, studies were conducted to determine the fre-
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PM3 y mepmomMy Ta ApyromMy IOKOJIHHSX OII-
poMmiHeHux. B pesynbraTi gocCaigKEeHHS BUSIBICHA
pisHMLSA 4YacTtoTu ToimiMopdiszmy 5382 insC rena
BRCAI y xinok i3 PM3 y KopiHHOI Tomymsuii
CxinpHoro KazaxcraHy, moB’s3aHa 3 HasIBHICTIO Ci-
MEWHOro Ta paaioeKoJoriyHoro aHamHe3sy. 3a-
PEECTPOBAHO 3HAYHE MEPEBUIIICHHS YaCTOTU JAaHOTO
noaiMopdi3My y XBOPUX 3 HasSIBHICTIO CiMEMHOTO i
palioeKoJIOTIYHOIO aHAMHE3Y HaJ KOHTPOJbHOIO
rpymnoio i nauieHTkamu 3 PM3 3 ciMmeiiHMM aHaMHe-
30M 0e3 pajioeKooriyHoro i 6e3 cimeitHoOro Ta pa-
Ji0€KOJIOTIYHOTO aHaMHe3y, 110 CBig4yaTh IPO TPo-
BiIHY poJib pafialiiHOTrO (pakKTOpPy B HAKOMIMYEHHI,
myrtanii 5382 insC rena BRCA 1 B morrynsii [90].

Y mwarnecatux pokax XX CTOJITTS B pe3yJabTaTi
JTisIIBHOCTI MiAnpueMcTBa «Masik», 1110 BUPOOJISIIO
IUIYTOHIM BigOy/a0CsS HAAXOMXKEHHSI BEJIMKOI KiJlb-
KOCTi pafioakKTMBHUX BigxoniB go piuku Teua, 110
MOCIYXXWJIO MPUYMHOK TPUBAJIOTO IIEPiOAy OI-
POMiHEHHsI MEIIKaHIIiB MoOepeXHOI TepuTopili B
Jiara30oHi HU3bKUX i CepelHiX MOTYXKHOCTel 103. 3
METOIO0 BUBYEHHS OLIIHKM PU3UKY 3aXBOPIOBAHOCTI
"Ha PM3 mpoanamizoBaHo ictopii xBopo® 9 899
KIiHOK, SKi TIPpOXWBAJIU B JTaHOMY peTioHi. BctaHoB-
JIEHO CTaTUCTUYHO cyTTeBUM pusuk 3HY M3y po3-
paxyHKy Ha 1 Ip y XiHOK, ${Ki 3a3Halu TPUBaIOI
pagiauiiiHol Ail B Aianma3oHi MaluX i CepeaHix m03.
Haii6inpmuit pamiauifinuii pusuk po3Butky 3HY
M3 6yno BigMidyeHO y XiHOK, SKUM J0 MOYaTKy OI-
poMiHeHHs OyJ0 MeHlle aecsaTu pokis [91]. 3a pe-
3yJIbTaTaMU eIliIeMiOJIOriYHOr0 AOCIIiAXKEeHHS ce-
pen mepcoHally, SKUil po3noyaB IpallloBaTU Ha 3a-
Bolax BUpoOHUYoro oo’emHaHHs (BO) «Mask» y
1948—1958 poxkax i 3a3HaB pajialiiiHO1 Jil B J03aX,
110 TepeBUILLYBalu IOIMYCTUMUNA piBeHb, OYyJI0 BU-
SBJIeHO 30iJIbIIeHHs 3axBopioBaHocTi Ha 3HY M3
Ha 15 % [92].

I1pu BUBYEHHI KaHIIEPOI€HHOTO PU3HUKY Y IIePIIO-
T'O MMOKOJTiHHS HamaaKiB pooiTHUIE BO «Masik», axi
3a3Haj TPOJOHTOBAHOIO IMPEKOHLIENTUBHOIO OIl-
pPOMiHEHHS Ha BUPOOHMIITBI, OYJIO BCTAHOBJIEHO, 11O
3a nepion 1949—2018 pp. cepen nepioro MoKoJiHHSI
Hamaakis 1949—1990 pp. omHi€0 3 MPOBITHUX HO30-
JoriyHux dopm y crpykrypi 3HY cepen kiHOK oc-
HoBHO1 rpynu € 3HY monouHoi 3ao3u. AHami3 mo-
Ka3HUKIB OHKO3aXBOPIOBAHOCTI y HalllaKiB BKa3ye
Ha Te, 110 cepel XiHOK OCHOBHOI TPyIM 3aXBOPIO-
BaHicTh Ha 3HY M3 y 2,3 pa3za nepeBuiryBajia naHi
110 rpyri opiBHsIHHSA (41,4 ipotu 17,7 Ha 10° moau-
HO-POKiB). AHani3 BimHocHOro pusuky 3HY Mosou-
HUX 3aJ103 BUSIBUB TIePEBUIIEHHS PU3UKY OiIbII HixX

quency of the 5382 insC polymorphism of the BRCAI
gene in patients with familial breast cancer in the first
and second generations of irradiated patients. As a
result of the study, a difference in the frequency of the
5382 insC polymorphism of the BRCAI gene in women
with breast cancer in the indigenous population of
Eastern Kazakhstan was found, which is associated with
the presence of family and radioecological anamnesis.
A significant excess of the frequency of this polymor-
phism was registered in patients with family and radioe-
cological anamnesis over the control group and breast
cancer patients with family history without radioeco-
logical history and without family and radioecological
anamnesis, which testify to the leading role of the radi-
ation factor in the accumulation of the 5382 insC muta-
tion of the BRCA 1 gene in the population [90].

In the fifties of the 20™ century, as a result of the
activity of the «Mayak» enterprise, which produced
plutonium, a large amount of radioactive waste
entered the Techa River, which caused a long period of
exposure to the residents of the coastal strip in the
range of low and medium power doses. In order to
study the assessment of the risk of breast cancer, case
histories of 9,899 women living in this region were
analyzed. A statistically significant risk of BC was
established per 1 Gy in women who were exposed to
long-term radiation exposure in the range of low and
medium doses. The greatest radiation risk for the
development of BC was noted in women who were less
than ten years old before the start of irradiation [91].
According to the results of an epidemiological study,
among the personnel who started working at the facto-
ries of the manufacturing association (MA) «Mayak»
in 1948—1958 and were exposed to radiation in doses
that exceeded the permissible level, an increase in the
incidence of BC by 15 % was found [92].

When studying the evaluation of the carcinogenic
risk among the first generation of descendants of
workers of the «Mayak» vocational school, who under-
went prolonged preconceptional radiation at work, it
was established that during the period 1949—2018,
among the first generation of descendants of
1949—1990, one of the leading nosological forms in
the structure Among the women of the main group
(MG), the most common cancer is the most common
cancer of the mammary gland. The analysis of cancer
incidence rates in the offspring also indicates that
among MG women, the incidence of MG was 2.3
times higher than the data for the comparison group
(41.4 vs. 17.7 per 10° person-years). An analysis of the
relative risk of breast cancer revealed a more than two-
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YIBiUi cepen >KiHOK-HaIlaIKiB OCHOBHOI TpyNu 3a
BciMa iHTepBajamu 103 [93].

CoMaTnuHi Ta crmagKoBi BapiaHTu reHa 7'P53 MaloTh
BEJIMKE 3HAYEHHSI Y PO3BUTKY 3JI0SIKICHUX HOBOYTBO-
peHb. Ipymoro aBTOpIB MPOBEAEHI MOCTIIKEHHS 3
BU3HAYEHHS CIIEKTPY, YACTOTU, CTPYKTYPHUX OCOO-
JIMBOCTEH i (PYHKIIOHAJTBLHOTO 3HAYEHHS BapiaHTIB
reHa TP53 y onpoMiHEHUX XiHOK KoropTu p. Teua 3
PM3 i 6e3 Hporo. IHAMBiqYyanbHi 103U Jii Ha YepBO-
HU KicTKOBUIT Mo30K ctaHoBuu Bin 0,003 Ip 1o 4,6
Ip. /Io obcTexeHHs1 yBiliLLIM 57 XXKiHOK KOTOpPTU P.
Teua. ¥ rpyni xBopux Ha PM3 Oyno 3HaiimeHo 2
BapiaHTu reHa 7TP53, sIKi Oynu BiACYTHi y KOHT-
POJIbHIM rpymi. ABTOpU BBAXalOTh, 110 MTPOAOBXEHHS
JocHigKeHb Ha OibIIKX 32 po3MipaMu rpynax JacTb
MOXKJIMBICTh Y MaltOYyTHbOMY 3pOOUTH OOIPYHTOBaHI
BUCHOBKM IIOJIO POJi BapiaHTiB y reHi 7TP53 B po3-
BUTKY PM3, inagykoBaHoro IB [94].

Pagiamitinmii pakrop MoxXe HiTH Oe3rmocepenHio
Ha OpraHM i TKAHUHU PeNPOAYKTUBHOI CUCTEMU ab0
yepe3 OpraHu Ta CUCTeMU (HEpBOBY, iMyHHY, €HIOK-
PUHHY, TYMOpaJbHY) sIKi 3a0e3Me4yloTh (PYHKIIOHY-
BaHHSI PENpOAYKTUBHOI cucteMu. YopHOOMIbChKa
aBapisl CTBOpWJIa BUHSTKOBY MOXKJIMBICThH NJISI BUB-
YEHHS i pO3yMiHHS ME€XaHi3My KaHIIEpOT€HHOI JOB-
rOTPMBAJIOI il MaJIMX 103 padialii. ¥3araJbHEeHHSs Aa-
HUX 11100 OCHOBHUX TeHAEHLIi JMHAMIKM 3aXBOPIO-
BaHOCTI Ha 3JIOSIKiCHI MyxJIMHU B LigoMy i 3HY M3
30KpeMa B Iepiof miciast YopHOOMIBCHKOI KaTacTpo-
¢u, oliHKa BeIUYMHU padialilHUX PU3MKIB JaHOI
NaToJIOTil Ma€ He TiIbKU MpaKTUUHE, ajle i TeopeTud-
He 3HaueHHs. Taki AocHigkKeHHS BUKOHYIOThCS Y
HU3LIi KpaiH, TOMY BaXKJIMBUM € MOPiBHSHHS OTpUMa-
HUX maHux [95-97].

ARagmizyioun 3axBopioBaHicTh Ha PM3 y obmactsax
Binopycii, ski cyTTeBO mocTpaxkigaiau Bil aBapil Ha
YAEC, Oyno BigMiueHo, 1110 BxXe B nepioa 3 1977 no
1994 pp. 30inbLIEHHST YaCTOTH 3aXBOPIOBAHOCTI y 1,5
pasa crnoctepiranochk y [omenbenkiii i B 1,9 paza — y
MoruneBcbKili oonactsax. Ciif BiAMITUTH, 1110 BUXiI-
HUI piBEHb IMOKa3HMWKA 3aXBOPIOBAHOCTI y lomesb-
cbKilt obnacti y 1977 p. ctanoBus 20,0, a B Moru-
JIeBCBbKilt — 16,7. Y miciasgaBapiiiHuil nepio BimMiva-
€TbCS JIOCTOBIpHE 3pOCTaHHS 3aXBOPIOBAHOCTI Ha
PM3 no BigHoOmeHHIO 10 AoaBapiiitHoro. CepenHiit
CTaHAAPTU30BAHUIA MOKa3HUK 30iabluuBcs 3 20,5 £
0,58 mo 28,7 £ 1,39 y Tomenbenkiii i 3 19,8 + 1,15 no
29,1 = 1,31 — y MoruieBchbkiii oomactsx [98].

Opranizauiero O6’eqnanux Hauiit y 2003 poui 0y-
JIOo cTBOpeHO YOpHOOUILChKUIA (hDOPYM 3 METOIO BUB-
YeHHsI i pPO3yMiHHSI MEIWYHUX, €KOHOMIYHMX Ta

fold increase in risk among female offspring of MG at
all dose intervals [93].

Somatic and hereditary variants of the 7P53 gene
are of great importance in the development of malig-
nant neoplasms. The group of authors conducted
studies to determine the spectrum, frequency, struc-
tural features, and functional significance of TR53
gene variants in irradiated women of the Techa cohort
with and without breast cancer. Individual doses of
action on the red bone marrow ranged from 0.003 Gy
to 4.6 Gy. The examination included 57 women from
the Techa cohort. In the group of patients with breast
cancer, 2 variants of the TR53 gene were found,
which were absent in the control group. The authors
believe that the continuation of research on larger
groups will provide an opportunity to draw reason-
able conclusions in the future regarding the role of
variants in the 7R53 gene in the development of BC
induced by IR [94].

The radiation factor can act directly on organs and
tissues of the reproductive system or through organs
and systems (nervous, immune, endocrine, humoral)
that ensure the functioning of the reproductive system.
The Chornobyl accident created an exceptional
opportunity to study and understand the mechanism
of carcinogenic long-term effects of small doses of ra-
diation. The generalization of data on the main trends
in the dynamics of the incidence of malignant tumors
in general and in the period after the Chornobyl disas-
ter in particular, the assessment of the magnitude of
the radiation risks of this pathology have not only
practical, but also theoretical significance. Such stud-
ies are carried out in a number of countries, therefore
it is important to compare the obtained data [95—97].

Analyzing the incidence of BC in the regions of
Belarus that were significantly affected by the acci-
dent at the Chornobyl nuclear power plant, it was
noted that already in the period from 1977 to 1994, a
1.5-fold increase in incidence was observed in Gomel
and 1.9-fold in Mogilev regions. It should be noted
that the initial level of the incidence rate in the Gomel
region in 1977 was 20.0, and in Mogilevska — 16.7. In
the post-accident period, there is a significant
increase in the incidence of breast cancer in relation
to the pre-accident period. The average standardized
index increased from 20.5 *+ 0.58 to 28.7 £ 1.39 in
Gomel Oblast, from 19.8 + 1.15 to 29.1 * 1.31 in
Mogilev Oblast [98].

The United Nations established the Chornobyl
Forum in 2003 to study and understand the medical,
economic, and socio-economic consequences of the
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COILliaJIbHO-€KOHOMIYHMX HAcCJiIKiB aBapii. 3a JaHUMU
eKCITepTHOI Tpyrmu «310poB’ss» YopHOOMIBECHKOTO hO-
pymy OOH BuBuenHs1 PM3 mipencraBise cobor0 3HAY-
HUM iHTEpecC i TYpOOTY 3 IBOX MPUYMH: 1) JaHMWIA TUII pa-
Ky Ma€ BaXJIMBY 3HAYYIIiCTh B OXOPOHi 3M0pOB’S i 2)
Bigomo, 1o M3 dyTiuBa 10 iHAYKIIT paKky MpH Aii nesi-
kux tutiB 1B. BigHocHmit pusnk PM 3 y XiHOK, sKi 3a3-
HaJu 30BHIIIHBOIO OMNPOMIHEHHS B IUTSAYOMY i B
MiJJIITKOBOMY Billi, € OMHUM i3 CAaMUX BUCOKUX MOPST 3
PU3MKOM JIEMKO3y i paKky IIUTOMOAIOHOI 3an03u. st
XKIHOK, $IKi MPOXMBAaIOTh Ha 3a0pyJHEHUX TEPUTODPIsIX,
3HAYEHHS CTaHJApTHU30BaHOIO IMOKa3HMKA 3aXBOpIOBa-
HocTi (SIR) paky rpyneii, oTpuMaHOro Ipy MOPiBHSHHI
3 pIiBHSIMU 3aXBOPIOBAHOCTI >KiHOYOTO HACEJIECHHS YK-
painu cranoBuiio 1,50 (95 % [1: 1,27—1,73) nnist nepiomy
1993—1997 pp. s XKiHOK, eBaKyiioBaHUX i3 30-KM 30-
Hu, 3Ha4eHHs SIR mis 1990—1997 pp. cranoBwio 1,38
95 % HAlI: 1,06—1,70), a nng KiHOK-JIiKBimaTopiB
1986—1987 pp., axi ckinamaay TUBKKA 5 % Bin yciel Ko-
roptu JjikBigaTopiB, 3HadeHHs SIR mn1a nepiomy
1990—1997 pp. cranoswmio 1,51 (95 % Al1: 1,06-1,96). ¥
Pocii ta binopyci Oyi1o0 mpoBeacHO OMNMCOBE eliae-
MioJioriuHe gociigxkeHHs 3a ydyactio MAIP i PakoBoro
perictpy @innguaii. [TonepenaHi pe3yabTaTi JTOCTiIXKEeH -
H$1 BKa3yBajiM Ha CYTTEBE 30i/IbILIEHHS 3aXBOPIOBAHOCTI
Ha PM3 XxiHOK y mpe-MeHomay3i, sKi 3a3HajJu OIl-
POMIHEHHS V Billi 10 45 pOKiB i MPOXWBAIN Y HAMOIIBIIT
3a0pyaHeHUX paitoHax (i3 cepeaHbOI0 HAKOIMUYEHOIO
03010 40 M3B i OiTblIe) MOPIBHSHO 3 XKiHKaMU, SIKi MPO-
KMBaJIM HA MEHII 3a0pyaHeHUX TepuTopisix [99].

VY mocmimxenHi [100] 3 MeTOr0 BUSBIIEHHST 0COOJIMBOC-
Teil 4acCTOTH i AMHAMiKu 3axBoproBaHOCTi Ha 3HY M3
KiHOK ToMenbCchKOi 00J1aCTi, KOTpi OTpUMAJIM Pi3Hi 103U
OINpPOMiHEHH$ BHACHiTOK YOpHOOUIBCHKOI KaTacTpodu
i IPOXMBAIOTh HA TEPUTOPISIX 3 Pi3HOIO LIIBHICTIO 320-
pyaHeHHs '’Cs, a TakoX BHU3HAY€HHS OCHOBHUX (hak-
TOpiB pu3uKy po3BUTKY PM3 micns aii IB, XiHOK po3-
NOAUISLIM Ha TPU MiArpynu: l-1ia rpyna— >KiHKM, SIKi
MPOXUBAIOTh HA TEPUTOPISIX 31 LIIIBHICTIO 3a0pyIHEHHSI
1¥7Cs 37—185 xkbk/M?; 2-ra rpyna — XiHKH, sIKi IIPOXKU-
BalOTh Ha TEPUTOPISIX 3i MIUIbHICTIO 3a6pyaHeHHsT *'Cs
185—555 kbk/M?; 3-Ts TpyIa — XKiHKHU, SIKi IPOXKUBAIOTh
Ha TePUTOPISX 3i IIbHICTIO 3a0pyaHeHHs *'Cs Ginblie
555 kBbk/m2. B pesyiabraTi IpOBEIEHOTO TOCTIIKEHHS
BCTAaHOBJICHO, 1110 MAaKCUMaJbHMI PiBEHb 3aXBOPIOBa-
HOCTI y IpOXMBAOUYMX HA TEPUTOPIi 3i IIiIAbHICTIO 320-
pyIHeHHs Le3iem > 555 kbk/M? cTaTUCTUYHO 3HAUYIIE
MepeBUIIyE aHAJOTiuHi TMOKA3HUKM y KOHTPOJBbHIil
Tpyni i Ha TepUTOPisAX 31 IIUIBHICTIO 3a0pyTHEHHS
37—185 xbk/m? Tta 185—555 xbk/m?. Ilik 3axBoproBa-
HocTi Ha PM3 Ha TepuTopisx 3i HMIiIBHICTIO 3a0pyTHEH-

accident. According to the expert group «Health»
of the UN Chornobyl Forum, the study of breast
cancer is of great interest and concern for two rea-
sons: 1) this type of cancer is of great importance
in health care and 2) it is known that breast cancer
is sensitive to cancer induction under the action of
some types of IR. The relative risk of breast cancer
in women who were exposed to external radiation
in childhood and adolescence is one of the highest,
along with the risk of leukemia and thyroid cancer.
For women living in polluted areas, the value of
the standardized incidence rate (SIR) of breast
cancer, obtained when compared with the inci-
dence rates of the female population of Ukraine,
was 1.50 (95 % CI:. 1.27—1.73) for the period
1993—1997. For female evacuees from the 30-km
zone, the SIR value for 1990—1997 was 1.38 (95 %
CI: 1.06—1.70), and for female liquidators in
1986—1987, it was only 5 % of the entire cohort of
liquidators, the SIR value for the period
1990—1997 was 1.51 (95 % CI: 1.06—1.96). In Rus-
sia and Belarus, a descriptive epidemiological study
was carried out with the participation of the
International Cancer Institute and the Cancer
Registry of Finland. The preliminary results of the
study indicated a significant increase in the inci-
dence of breast cancer in pre-menopausal women
who were exposed to radiation before the age of 45
and lived in the most polluted areas (with an average
accumulated dose of 40 mSv or more) compared to
women who lived in less polluted areas [99].

In order to identify the peculiarities of the fre-
quency and dynamics of the incidence of BC
among women of the Gomel region who received
different doses of radiation as a result of the
Chornobyl disaster and live in areas with different
densities of *’Cs contamination, as well as to deter-
mine the main risk factors for the development of
BC after exposure to IR, the women were divided
into three subgroups: group 1 — who live in territo-
ries with a pollution density of '’Cs —185 kBq/m?;
group 2 — who live in territories with a pollution
density of ’Cs 185—555 kBq/m?; group 3 — who
live in areas with a density of '¥’Cs contamination
greater than 555 kBgq/m?[100]. As a result of the
research, it was established that the maximum level
of morbidity in residents of the territory with a den-
sity of cesium pollution > 555 kBq/m? is statistical-
ly significantly higher than similar indicators in the
control group and in territories with a pollution
density of 37—185 kBq/m? and 185—555 kBq/m?.
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Ha 37—185 kbk/M? i > 555 xbk/M? BUHUKae Ha 15
POKiB paHillle, Hi>k y KOHTPOJIi, i BilMOBiJa€ BiKOBii
rpyti 55—59 poxkiB. Cepen XKiHOK, SIKi OTpUMAJIH 10-
30Bi HaBaHTaxXeHHs Oinablre 50 M3B, BigMidYa€eThCs
CTATUCTUYHO 3HAUYIle TEPEeBUILEHHS BiIHOCHOTO
PU3HKY, 110 JO3BOJISIE BITHECTH iX IO IPYIIH BUCOKO-
ro pu3uKy po3sutky PM3 [100].

BuBuUeHHSs CITOHTAHHOI i pamialiifHO-iHIYKOBaHO1
3axBoproBaHocTi Ha 3HY B micassuopHOOMIBCHKUMN
nepiox (1986—2005 pp.) y Benropoacekiit o6iaacti
BUSIBUJIO TIEPEBUIIIEHHS HoaBapiiiHoro piBHsI PM3
Ha 164,5 %. XapakTepHOI0 OCOOJMBICTIO IJIs JaHOI
MaTOoJIOri1 € OUIbII IHTEHCUBHE 3POCTAHHS 3aXBOPIO-
BaHOCTI Y BCiX BIKOBMX rpynax ITicJjisl HEBEJIMKOTIO Ja-
TeHTHoro nepioxy [101].

Ouinka IMHaMiky 3axBoploBaHocTi Ha PM3 i Bu-
SIBIEHHSI MOXXJIMBOTO (pakTOpy CKpuHiHry PM3 ce-
pen HacejieHHs1 bpstHCbKOi i OpJIOBCHKO1 0bJ1acTei,
SIKi 3a3Ha/IM IPOJIOHTOBAHOI i1 B pe3yJibTaTi IIPOXKU-
BaHHS Ha 3a0pyIHEHUX pPamiOHYKIigaMW Mics
aBapii Ha YAEC Ttepurtopisx, MpoBeneHa Ha aHai3i
iHdopmanii BizHocHo 127 104 XiHOK 3a mepion
crioctepexenHs 3 1.01.1986 mo 31.12.2011 pp. Jdusg
HaceJeHHs] HaWOiNbIl 3a0pyaIHEHUX TepPUTOpiil Aa-
HUX 00J1acTeil BCTAHOBJICHO CTATUCTUYHO 3HAUYIIIUIA
CKPMHIHTOBUI edeKT y mpolueci peectpalii 3axBo-
proBaHb Ha PM3 B niepiog 2006—2011 pp., 1110 noss-
rae y 3poctaHHi Ha 40 % TMOpiBHSIHO 3 00JaCHUMU
IMOKa3HUKaMM 3axBoproBaHOCTi Ha PM3 i Ha 24 % —
MOPiBHSHO i3 3araJlbHOPOCICHKUM piBHEM [24].

3axBoproBaHicTh Ha PM3 B 1isomy 10 aep:kaBi
binopycs B nepioa miciast YopHOOMIBCHKOI KaTacT-
podu (1986—1994 pp.) CTATUCTMYHO JOCTOBIPHO
30ibIIKIACh MOPIBHAHO 3 MEPioAOM A0 KaTacTpodu
(1977—1985 pp.) — BignosigHo 29,9 = 1,11 nporu
20,9 £ 0,77 na 100 000 >xiHo4yoro HaceneHHs1. CyTTe-
BO 3MiHWJIMCH ITiCJISI KaTacTpodu i BiKOBi MOKa3HUKU
JAHOTO 3aXBOPIOBAHHSI — 3HAYHO 3pOCia 3aXBOPIO-
BaHICTh y oci0 micig 45 pokiB. KinbKicTh giarHOCTO-
BaHUX BUIIAJIKiB MepBUHHO-MHOXUHHOTO PM3y [0-
MeJIbChKil o0nacTi mounHarouu 3 2001 p. 3HaYHO Me-
PEeBUIILYE TaKy IJIs MpoxkuBawuux B binopyci. 3axBo-
proBaticte Ha PM3 Ha 3abpymHenux mo '’Cs Ha
piBHi > 555 kbk/M? Teputopisax y 1997—2003 pp. 6y-
Jla TOCTOBIpHO BUIILIOIO, HiXXK Ha JAHUX TEPUTOPISIX Y
1990—1996 pp. Ha 6inbir pagiaiiiiHo 3a0pyaHeHUX
TEPUTOPISIX PiBEHb 3aXBOPIOBAHOCTI i TeMIT MOro
3pOCTaHHSA 3a POKaMU BUILE, HiXX Ha MEHII 3a0py/I-
HeHux. PM3 3yctpivaBcs B nepion 1990—2003 pp. B
cepelHbOMY JOCTOBIpHO YacTillle Ha Oiabll pajia-
HiiiHO 3a0pyaHeHuX TepuTopisix IToMenbcbkoi 00-

The peak incidence of BC in territories with a pollution
density of 37—185 kBq/m? and > 555 kBq/m?*2 occurs
15 years earlier than in controls and corresponds to the
age group of 55—59 years. Among women who received
a dose load of more than 50 mSy, a statistically signifi-
cant excess of the relative risk is noted, which makes it
possible to assign them to the group of high risk of
developing breast cancer [100].

A study of the spontaneous and radiation-induced
incidence of BC in the post-Chornobyl period
(1986—2005) in the Belgorod Region revealed a 164.5 %
increase in the pre-accident level of BC. A character-
istic feature of this pathology is a more intense
increase in morbidity in all age groups after a short
latent period [101].

The assessment of the dynamics of breast cancer
incidence and the identification of a possible screening
factor for breast cancer among the population of the
Bryansk and Oryol regions, which experienced pro-
longed exposure as a result of living in areas contami-
nated with radionuclides after the accident at the
Chornobyl nuclear power plant, was carried out based
on the analysis of information on 127,104 women dur-
ing the observation period from January 1, 1986 to
31.12.2011. For the population of the most polluted
areas of these regions, a statistically significant screen-
ing effect was established in the process of registration
of diseases for breast cancer in the period 2006—2011,
which is an increase of 40 % in comparison with
regional rates of incidence of breast cancer and by 24 %
in comparison with the all-Russian level [24].

In the period after the Chornobyl disaster
(1986—1994), the incidence of BC as a whole in the
state of Belarus increased statistically significantly
compared to the period before the disaster
(1977—1985) — respectively 29.9 *+ 1.11 and 20.9 =
0.77 (per 100,000 female population). The age indica-
tors of this disease also changed significantly after the
disaster — the incidence in people after 45 years
increased significantly. The number of diagnosed cases
of primary multiple breast cancer in the Gomel region
since 2001 significantly exceeds that of people living in
Belarus. The incidence of breast cancer in the territo-
ries contaminated by ¥’Cs at the level of > 555 kBq/m?
in 1997—2003 was significantly higher than in these
territories in 1990—1996. In more radiation-contami-
nated territories, the level of morbidity and its rate of
growth over the years is higher than in less polluted
ones. In the period 1990—2003, BC occurred on aver-
age significantly more often in the more radiation-
contaminated territories of the Gomel region. This
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Jacti. JlaHa pi3HULS OposiBUIACh MoynHao4du 3 1995 p.
i 3Ha4HO 3pociaa yepe3 12 pokis micas [100, 102]. YV xi-
HOK CLIbCHhKUX palioHiB ITomenbCcbKOl 00JacTi TemIil
3pOCTaHHS 3axBoproBaHOCTi HA PM3 cTtaTUCTMYHO JOC-
TOBIPHO BUIIIE, HiXK Y >KiHOK i3 CIJTbCHKUX PalOHIB Y MEHII
paniauiiiHo 3a0pyaHeHiit BiteOcebkiii 061, [102, 103].
3 1986 p. mo 1999 p. 3axBoproBaHicTh Ha PM3 3pocia 3
1745 no 2322 BumankiB Ha pik. Y HaMOIIbLI pagiaKTUB-
HO 3a0pyIHEHUX TePUTOPISIX 1ie 3pOCTaHHS OYyJI0 OiIbII
3HAUyIIMM: y MorujieBchbKiii 00JiacTi y KiHOK BiKOM
45—49 pokiB y 1993—1996 pp. y 4oTvpH pa3u B ITOPiB-
HsIHHI 3 epiogom 1989—1992 pp., a B 11iioMy 110 KpaiHi —
y 2,6 paza'y 2002 p. mopiBHsiHO 3 1982 p. [104, 105].

ITounHarouu 3 1995 p. y bpsiHCbKil 061acTi 3aXBOPIO-
BaHicTh Ha PM 3 B miBIeHHO-3aXigHUX paiioHax 00J1acTi,
3a0pynHenux “’Cs Ha piBHi > 5 Ki/kM?, cTajga craTuc-
TUYHO BUIIOIO CepeaHbol Mo obnacti. 3a naHumu Po-
CifiChKOTO HallioOHAJIbHOTO-EI1iIeMiOJIOTIYHOTO PEECTPY,
JacToTa JOJAaTKOBUX «JOPHOOMIBCHKMX» pakiB M3 y
OifbLI pagioaKTUBHO 3a0pyIHEHUX Micis KaTacTpodu
paitonax bpstHcbkoi 06:1acTi nocsirae 10 % Bin 3arajibHO-
ro uymucia JaHoro 3axBoploBaHHs. [TopiBHSIHHST BIKOBOTO
npodino 3axBopioBaHocTi Ha PM3 3a m’artmpiuyHuit
nepiog 1o KaracTtpodu, Ta dyepe3 I'STh i I’ SITHAAUSTh
poKiB micist katacTpodu y benropoachkiil odacTi mo-
Kasye, 110, MOYMHaluu 3 Biky 39 pokiB, BinOyBaeTbCs
TMOMITHE 3pOCTaHHS TeMITy MaHidecTallii JaHOTO BUIY
paky, 0inbiI BupaxeHe uepes 15 pokis [101, 102].

VY 3HauHill KiJbKOCTi BiTUM3HSIHUX i 3aKOPAOHHUX
my0JTiKaLiil po3rasaaeTbes 611M3bKo 60 (hakTopiB pu3u-
Ky, III0 CIIPUSIOTH PO3BUTKY HOBOyTBOpeHb M3. VYci 1i
¢dakTOopy MaloTh IMATOTeHETUYHY CXMUJIbHICTh: IOPY-
IIYETHCS (PYHKIIIOHYBAaHHS iMYHHOI CUCTEMU, 3MiHIO-
€TBCSI aKTUBHICTh TOPMOHAJIBHUX CHUCTEM OpPTaHi3My i
romeocTta3. Hampukian, oXupiHHSI OPpU3BOAUTH [0
30i7bIIEHHS 3arajlbHOTO MYJy €CTPOreHiB 3a paxyHOK
KOHBepCil aHAPOCTEHIIOHY B €CTPOH, 3 YUM ITOB’SI3yIOTh
peaiizauio KaHLeporeHHoro edekty. Jas oLiHKu
BIUIMBY COMAaTMYHMX 3aXBOPIOBaHb, SIKi IIEPEAYIOTh BU-
HukHeHHI0O PM3 Oyna BukopucrtaHa 6a3a ganux Hep-
J)XaBHOTO peecTpy oci6 bimopycii, ki 3a3Hanu nii
pamianii BHacaimok karactpodpu Ha YopHOOMIbCHKil
AEC. I3 oci0, gxi 3HaXomuiauch Ha o0diky y Hepxk-
peecTpi Oyna cpopMoBaHa KOropra KiHOK, SIKi Opaiu
yuacTh y JikBinaiii aBapii Ha YAEC y 1986—1987 pp.
YucenbHicTh Koroptu — 17 661 ocoba, cepen SIKMX 3a
ctaHoM Ha KiHelb 2002 p. BusiBiieHo 156 XiHOK 3 miar-
Ho3oM PM3. Cepen xBopux Ha PM3 BcTaHOB/IeHA 3aX-
BopoBaHicTh Ha PM3 Ha 100 Ttuc., po3paxoBaHi
BiIHOCHi PU3MKM i 4acToTa, 3 SIKOIO 3yCTPidyaroThCs Yy
XKIHOK COMaTM4Hi 3aXBOproBaHHS. BimHOCHI pusuku

difference became apparent starting in 1995 and
significantly increased 12 years later [100, 102]. In
women of rural areas of the Gomel region the
growth rate of the incidence of breast cancer is sta-
tistically significantly higher than that of women
from rural areas in the less radiation-contaminated
Vitebsk region [102, 103]. From 1986 to 1999, the
incidence of breast cancer increased from 1,745 to
2,322 cases per year. In the most radioactively con-
taminated territories, this growth was more signifi-
cant. In the Mogilev region. among women aged
45—49 in 1993—1996 four times compared to the
period 1989—1992, and in the country as a whole —
2.6 times in 2002 compared to 1982 [104, 105].

Starting from 1995 in the Bryansk region, the inci-
dence of BC in the southwestern regions of the
region, contaminated with ’Cs at a level of > 5
Ci/km?, became statistically higher than the average
for the region. According to the Russian National
Epidemiological Register, the frequency of addition-
al «Chornobyl» cancers of the Ministry of Health in
the more radioactively contaminated areas of the
Bryansk region after the disaster reaches 10 % of the
total number of this disease. A comparison of the age
profile of the incidence of breast cancer in the five-
year period before the disaster and five and fifieen
years after the disaster in the Belgorod region shows
that starting from the age of 39, there is a noticeable
increase in the rate of manifestation of this type of
cancer, more expressed after 15 years [101, 102].

In a significant number of domestic and foreign
publications, about 60 risk factors contributing to
the development of MG neoplasms are considered.
All these factors have a pathogenetic tendency: the
functioning of the immune system is disturbed, the
activity of the body’s hormonal systems and home-
ostasis changes. For example, obesity leads to an
increase in the total pool of estrogens due to the
conversion of androstenedione into estrone, which
is associated with the realization of the carcino-
genic effect. To assess the impact of somatic dis-
eases that precede the occurrence of BC, the data-
base of the State Register of Persons of Belarus,
who were exposed to radiation as a result of the
Chornobyl nuclear power plant disaster, was used.
A cohort of women who took part in the liquidation
of the accident at the Chornobyl Nuclear Power
Plant in 1986—1987 was formed from the persons
registered in the State Register. The number of the
cohort is 17,661 persons, among whom, as of the
end of 2002, 156 women with a diagnosis of breast
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PO3paxoBYBAIMCh K BiTHOIIEHHSI TTOKA3HUKIB 3aX-
BOpIOBaHOCTI HAa PM3 XiHOK 3 AESIKMMM IpyramMu
COMAaTUYHMX XBOPOO /10 ITOKA3HMKA 3aXBOPIOBAHOCTI
Ha PM3 y xoropri. I[TokazHUK 3axBOpPIOBAHOCTI Ha
PM3 y koropti ctaHoBuB 883,3 Ha 100 Tuc. XiHOK.
Haii6inp1r yacToro natosorieo, 1o mepenyBajia BU-
HUKHeHHI0 PM 3, Oynu XxBOopoOM IIMTONOmiOHOI 3a-
JIO3U, JOOPOsIKiCHI HOBOYTBOpeHHsT M3 Ta Hemyx-
JuHHI XxBopoou M3. IIpu HassBHOCTI JaHUX XBOPOO
pU3UK BUHUKHEHHS PM3 nmocuTb BMCOKMIA: KO-
edillieHT BiTHOCHOTO PU3NKY CTaHOBUTH 1,43—2.01.
3HauyeHHs TMpUBeIeHUX KOe(illiEHTIB € OPiEHTOB-
HUMM, OCKIJIbKM OJHA i Ta XX MalliEHTKa MOXe MaTu
JIeKiJIbKa XBOpOO 3 Mepeiky, 110 PO3TJSIAEThCS.
HeoOxinHo BpaxoByBaTH, 110 AOCJiIXEHHS ITPOBO-
JIIMJIOCh 3 KOHTUHIEHTOM, IKUii 3a3HaB nii 1B, a IB
3aJIe’KHO BiJl JO30BOrO HaBaHTaXKEHHSI Ma€ KaHIle-
poreHHuit epekt [106].

ITica aBapii Ha YAEC BuBYeHHS 3aXBOPIOBAHOCTI
Ha PM3 371e6i1b1110r0 IpoBOIMIOCH B paMKax AeCK-
PUNTUBHUX EIiAEMiOOTIYHUX TOCTiIKEHb CTOCOBHO
BUBYEHHSI MOXJIMBUX CTOXaCTUYHMX €(DEKTiB y ITOCT-
paxmanux rpyn HacejeHHs. Y psilii JOCTiIKeHb BCTa-
HOBJICHO, 110 CEpel I'PyIl HAWOLIbII IMOCTPAXKIATIUX
BHacainok asapii Ha YHAEC (JtikBizaTopu, eBakyiio-
BaHi, 0cO0M, 1110 MPOKUBAIOTh HA HANOIIbII 3a0py/I-
HEHUX pamioHyKIIiJaMy TepUTOpisax), dyepes 12 pokiB
Mic/ist aBapii CIIOCTEPIra€TbCsl CYTTEBE 3POCTAHHS
3axBoproBaHocTi Ha PM3. 1Ig TeHneH1ist 30eperiacst
i B HACTYMHi pOKU 3 HAMOLIbII BUpPaKeHUMHU TeMMa-
MM 3pOCTaHHs y XiHOK-JikBigaTopis [107—109].

Ha Haii6inbin 3a0pyIHeHUX TEPUTOPISIX 3aXBOPIO-
BaHicTb Ha PM3 y 1980—1992 pp. Oyna BimHOCHO
CTabibHOIO, TOPiBHSIHO 3 MOKAa3HMKAMM IO YK-
paiHi — Oyma memo Hmk4omo. Y 1991—-1995 pp.
CYTTEBE 3pOCTaHHS YaCTOTM JaHOI MaTOJIOTril y XKi-
HOK, $IKi MPOXWBaX Ha 3a0pyIHEHMX TEPUTOPISIX
MPU3BEIO0 A0 TOrO, 11O il MOKA3HUKY CTaau OJU3bKU-
MU J10 TTIOKA3HUKIB BEJIUKUX TEPUTOPili i MepeBUILLY-
BaJiM, 30KpeMa, piBeHb 3aXBOPIOBAHOCTI y 2Kuto-
MUPCBKiil obnacti. 3a nepion 1993—1977 pp. ui 1o-
Ka3HUKU CYTTEBO 30UIbIIMINCh. @aKTUYHUIA piBEeHDb
SIR nopiBHAHO 3 ovikyBaHUM cTtaHOBMB 150,3 %
95 % Al1: 127,1-173.,4 %) [110, 111].

ITpu emigemiosiorivHoMy aHaii3i 00’€IHaAHUX na-
HUX 1o biysopycii Ta YKpaiHi BCTAaHOBJIEHO 3HAYHE
JIBOKpaTHE 3pOCTaHHS 3axBOpIOBAHOCTI Ha PM3 y
1997—2001 pp. y MeIIKaHOK HalOiIbII 3a0pyAHEHUX
pamgioHyKJTiTaMU TEPUTOPIil y TIOPiBHSIHHI 3 TTPOXKU-
BalOUMMU Ha MEHII 3a0pyIHEHUX TEPUTOPisIX. ¥ pa-
MoHax YKpaiHu, Ae cepeaHsl HaKoIM4yeHa 103a cKiia-

cancer were identified. Among breast cancer patients,
the incidence of breast cancer per 100,000 was estab-
lished, the relative risks and the frequency with which
somatic diseases occur in women were calculated.
Relative risks were calculated as the ratio of the inci-
dence rate of breast cancer in women with some groups
of somatic diseases to the incidence rate of breast can-
cer in the cohort. The incidence rate of breast cancer in
the cohort was 883.3 per 100,000 women The most
common pathology preceding the onset of breast can-
cer was thyroid disease, benign breast cancer neo-
plasms, and non-cancerous breast cancer. In the pres-
ence of these diseases, the risk of developing breast
cancer is quite high: the relative risk ratio is 1.43—2.01.
The values of the given coefficients are indicative, since
one and the same patient may have several diseases
from the list under consideration. It should be taken
into account that the study was conducted with a con-
tingent that was exposed to IR, and IR, depending on
the dose load, has a carcinogenic effect [106].

After the accident at the Chornobyl nuclear power
plant, the study of the incidence of BC was mainly
conducted within the framework of descriptive epi-
demiological studies regarding the study of possible
stochastic effects in the affected population groups. A
number of studies have established that among the
groups most affected by the accident at the Chornobyl
nuclear power plant (liquidators, evacuees, people liv-
ing in the areas most contaminated with radionu-
clides), 12 years after the accident, there is a significant
increase in the incidence of BC. This trend continued
in the following years with the most pronounced
growth rates among women liquidators [107—109].

In the most polluted areas, the incidence of BC in
1980—1992 was relatively stable, compared to the indi-
cators for Ukraine, it was somewhat lower. In
1991—-1995, a significant increase in the frequency of
this pathology in women living in polluted areas led to
the fact that its indicators became close to the indica-
tors of large areas and exceeded, in particular, the inci-
dence rate in the Zhytomyr region. During the period
1993—1977, these indicators increased significantly.
The actual level of SIR compared to the expected was
150.3 % (95 % CI: 127.1-173.4 %) [110, 111].

Epidemiological analysis of the combined data for
Belarus and Ukraine revealed a significant two-fold
increase in the incidence of breast cancer in 1997—2001
in women living in the areas most contaminated with
radionuclides compared to those living in less polluted
areas. In regions of Ukraine, where the average accumu-
lated dose was 40 mSv or more, the relative risk was
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Ja 40 M3B i OinblIe, BITHOCHUI PU3UK NOPIBHIOBAB
1,78/38 (95 % A1: 1,08—2,93) [109, 112, 113]. Ockinb-
KM XiHKM ©Oe3mocepelHbO He Opajau ydyacTi B
aBapiifHuUX poOoTax, a 3abe3reuyBaju poOOTy KOMY-
HaJbHUX CIYX0 i MeIWYHy IOMOMOTrY, TO OTpUMaHi
HUMU 031 € 3HAYHO MEHIIUMU i MOXYTb OyTH IIO-
piBHSIHI 3 mo3amMU eBakyitoBaHux. CepeaHs e(peKTUBHA
71032 30BHIIIIHBOIO ONPOMiHEHHSI €BaKylOBaHUX
ouiHoeTecd y 10—30 M3B, aje BoHa Ma€ OyTU TOA-
BOEHA 32 PaxyHOK BHYTPILLIHbOTO onpomiHeHH: [109].

Y xiHOK 3 umciaa jdiksigatopiB 1986—1987 pp. y
1994—1997 pp. i B uiomy 3a 1990—1997 pp. Binmiua-
€ThCSI CTATUCTUYHO JIOCTOBIpHE ITiABUIIEHHS KiJIbKOC-
Ti BunaakiB PM3 nopiBHSHO 3 ouikyBaHUM. OuiKyBa-
Huii y 1990—1997 pp. piBeHb 3aXBOPIOBAHOCTI IIEPEBU-
wenuii Ha 37,7 % [110]. Y 1994—2007 pp. moKa3HUKU
3aXBOPIOBAHOCTI Y 1Iiil TpyIli MOCTpaXaaJnuxX MepeBU-
LMWK OYiKyBaHUM piBeHb y 1,5 pasza. Lle 3ymoBieHO
iCTOTHUM 3POCTaHHSIM 3aXBOPIOBAHOCTI B OCi0, sIKi Ha
MOMEHT aBapii Maiu Bik 21—45 pokis (SIR — 160,2 %;
95 % 11: 106,4—214,1 %). Y BiKkoBili rpyIi, cTapiie 45
pPOKiB, HA MOMEHT aBapil piBeHb 3aXBOPIOBAHOCTI HE
BimpisHaBcs Bim ouikysaHoi (SIR — 110,2; 95 % II:
52,4—167,6 %) [109]. B yyacHu1Ib JiKBifallii HACHiIKiB
apapii (YJIHA) B 1994—2010 pp. BesimuuHa SIR ctaHo-
Buna 164,3 % (95 % J1: 145,3—183,4 %) [111]. Yepes
30 poxkiB miciasg YopHOOMIIBCHKOI KaTacTpodu piBEeHb
3axBoproBaHocTi Ha PM3 y XxiHOK-JikBimaTopiB OyB
iCTOTHO BMIIMM 3a HalliOHaJAbHi MokKasHuUKuU [114].
[Toxa3HMKM 3aXBOPIOBAHOCTI MEIIKAHOK 3a0pyIHEHMNX
pamioHyKJIijaMU TEpUTOpPi Ta eBaKyilloBaHUX OyJIu
icToTHO HYKYi. [1pu aHanmi3i MOXIUBUX MPUUUH 1IHO-
ro sIBULIA CJIig OpaTu A0 yBaru Ti 00CTaBUHMU, 1110 JaHi
rpynu nocrpaxnganux a0 aBapii Ha YAEC npoxxuBanu
Ha TEpUTOPISIX, Ha SIKMX PiBEHb 3aXBOPIOBAHOCTI Ha
PM3 6yB onHMM 3 HailHMXK4YUX B YKpaini [111, 113].
€ nmaHi, o 3a nepiox 2011—2017 pp. Ha 3a0pyaTHEHUX
pPagioOHYKJIiJaMU TEPUTOPISIX CHOCTEPIra€ThbCsl 3HAYHE
3pOCTaHHS TTOKAa3HUKIB 3aXBOpIoBaHOCTI Ha PM3, 110
Jocsirae PiBHS 3aXBOPIOBAHOCTI Ha 10 TaTOJIOTiO
KiHOYOTO HaceJleHHs ZKutomupcbkoi ooacti. [Topis-
HSUTbHUM aHaJli3 BeIMYMHU J03 ONMPOMiHEHHSI Ta PiBHS
3aXBOPIOBAHOCTI >KiHOUOTO HAaCEJeHHsI 3a0pyJIHEHUX
paiioHiB He BCTAaHOBMB CTAaTUCTUYHO JOCTOBIpHOIO
3B’SI3Ky MiX (paKTOpiaTbHUMM (1032 OTTPOMiHEHHS ) Ta
pe3yJbTaTUBHUMM (3axBoploBaHicTh HA PM3) o3Haka-
mu [115].

Busuenns 3axBoproBaHocTi Ha 3H HacenmeHHsS sKe
MPOXKUBAE B MiCTax Je pO3MillleHi MiaApUeEMCTBA saep-
HOI €HEepPreTMKM MoKas3ajo, 110 PiBeHb 3aXBOPIOBAHOCTI
Ha yci popmu 3H y micTax 3 mignmpremMcTBaMu simepHO-

equal to 1.78/Sv (95 % CI: 1.08—2.93) [109, 112, 113].
Since women did not directly participate in emer-
gency work, but provided the work of communal serv-
ices and medical assistance, the doses they received
are much smaller and can be compared with the doses
of evacuees. The average effective dose of external
radiation of evacuees is estimated at 10—30 mSyv, but
it should be doubled due to internal radiation [109].

In women from among the liquidators of
1986—1987, in 1994—1997 and in general for
1990—1997, a statistically significant increase in the
number of cases of breast cancer was noted in com-
parison with the expected. The expected incidence
rate in 1990—1997 was exceeded by 37.7 % [110]. In
1994—2007, morbidity rates in this group of victims
exceeded the expected level by 1.5 times. This is due
to a significant increase in morbidity in persons who
were 21—45 years old at the time of the accident
(SIR — 160.2 %; 95 % CI: 106.4—214.1 %). In the
age group older than 45 years, at the time of the acci-
dent, the incidence did not differ from the expected
rate (SIR — 110.2; 95 % CI: 52.4—167.6 %) [109].
In 1994—2010, the SIR value was 164.3 % (95 % CI.:
145.3—183.4 %) among participants in the liquidation
of the consequences of an accident [111]. 30 years
after the Chornobyl disaster, the incidence rate of
breast cancer in female liquidators was significantly
higher than national indicators [114]. Morbidity rates
among residents of radionuclide-contaminated terri-
tories and evacuees were significantly lower. When
analyzing the possible causes of this phenomenon,
one should take into account the fact that these
groups of victims before the accident at the
Chornobyl Nuclear Power Plant lived in the territo-
ries where the incidence rate of BC was one of the
lowest in Ukraine [111, 113]. There is data that in the
period 2011-2017, in the territories contaminated
with radionuclides, there is a significant increase in
the incidence of breast cancer, which reaches the level
of incidence of this pathology in the female popula-
tion of Zhytomyr region. A comparative analysis of
the amount of radiation doses and the morbidity rate
of the female population of polluted areas did not
establish a statistically significant relationship
between factorial (irradiation dose) and outcome
(incidence of breast cancer) characteristics [115].

A study of the incidence rate of malignant neo-
plasms among the population living in cities where
nuclear power plants are located showed that the
incidence rate of all forms of malignant neoplasms
in cities with nuclear energy complex enterprises is
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€HEePreTMYHOro KOMILJIEKCY CYTTEBO BUILIE HALLIOHATBHO-
ro pisust — 113,0 % (95 % Al: 110,7—115,3 %), piBeHb
3axBopioBaHocTi Ha 3H MOJTOYHOI 3371031 TAKOX CYTTEBO
TepeBUIIY€E HALliOHATBLHUI i perioHaJIbHUI piBeHb i CTa-
HoBuTh 114,6 % (95 % Jl: 106,5-122,7 %) [116, 117].

K 3a3HavalOTh AESKi OCHiIKEeHHs, s Ha atoaeit IB B
1031, 0u3bKiit 7o 1 3B, 1a€ MOXIIUBICTh OLLIHUTU 301Ib-
LIEHHs 3axBopioBaHocTi Ha PM3 Ha 13,2 % [109, 118].
YucneHHi emimeMiosoriyHi, eKcrmepuMeHTalbHi Ta
KJIiHIYHi JOCHiIXEHHS, CBil4aTh MPO BUCOKY YYTJIU-
BiCTh TKaHMHU M3 10 KaHIIEpOTeHHOTO BILJIUBY pajia-
wii. HaBeneHi gaHi cBigyaTh Mpo MiABUIIEHHS YacTOTH
PM3 y Bcix BUNaakax paaioeKOJOTiYHMX KaTacTpod,
MOYMHAIUYM 3 aTOMHUX OoMOapayBaHb XipoCiMU Ta
Haracaki i 3akiHuyroun YopHOOUJIBCHKOIO aBapi€lo.
V3aranpHIOIOYM HaBelIeHi AaHi Cim 3a3HAYWMTH, IO Y
CHEKTPi eTioNOriYHMX YMHHMKIB BUHUKHEHHS 3JI0-
SJKiCHUX HOBOyTBOpeHb M3, IB Hajlexutb CcyTTEBa
ponb. Y TyOImikalisx, gKi ctocyiotbest PM3 y XiHOK,
110 TIpaloIoTh B KOHTaKTi 3 1B, mocnimkeHHs BKasy-
IOTh Ha HasBHICTh acoliallii MiXkK (haKTOpOM pPU3UKY,
SIKMI BUBYAETHCS, 1 PO3BUTKOM 3JI0SIKICHMX HOBOYTBO-
peib M3. CaMuM pO3IOBCIOIKEHUM pPaKOM, SKWUH
BUKJIMKAHUM Ji€l0 pamialil mopsa i3 pakoM IIUTO-
nonioHoi 3a103u € PM3. I1pubaun3Ho y aecsTu Troaei i3
TUCSAYi OMPOMiHEHUX BiAMiYa€ThCS pak IIMTOMOAIOHOL
3aJ1031, 1 Y JeCITH XIiHOK i3 Thcsadi — PM3. Anai3 3a-
JIESKHOCTI «103a—BiJITOBiIb» BUSBUB CTATUCTUYHO JOC-
TOBIpHUI JIIHIAHWUNA TpeHna 30inblieHHs pusuky 3HY
M3 3 103010 ONPOMiHEHHS M’ SIKUX TKAaHWH, 1110 3HaXO0-
JUTHCS B Aiaa30Hi Maux Ta cepeaHix 103 IB.

CINMUCOK BUKOPUCTAHUX OXEPEN

1. Breast cancer — epidemiology, risk factors, classification, prognos-
tic markers, and current treatment strategies — An updated review /
S. Lukasiewicz, M. Czeczelewski, A. Forma et al. Cancers (Basel).
2021. Vol. 13, no. 17. P. 4287. doi: 10.3390/cancers13174287.

2. Momenimovahed Z., Salehiniya H. Epidemiological characteristics of
and risk factors for breast cancer in the world. Breast Cancer (Dove
Med Press). 2019. Vol. 11. P. 151-164. doi: 10.2147/BCTT.
$176070.

3. World Health Organization (WHO). Breast cancer. [(accessed on 19
September 2023)]. Available from: Breast cancer (who.int)

4. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries / H. Sung,
Ferlay, R. L. Siegel et al. CA Cancer J. Clin. 2021. Vol. 71, no. 3. P.
209-249. doi: 10.3322/caac.21660.

5. Pak B Ykpaini 2020-2021. 3axBOptoBaHiCTb, CMEPTHICTb, MOKA3HWKM
nianbHoCTi oHkonoriyHoi ciyx6u / 3. M. ®epoperko, O. B. CymkiHa,
€. J1. Topox Ta iH.; 3a peq. A. ®. Lvnka. broneteHs HavioHanbHoro
KaHuep-peecTpy YkpaiHm. 2022. Ne 23. 136 c.

significantly higher than the national level —
113.0 % (CI: 110.7—115.3 % ), the incidence rate
of breast cancer also significantly exceeds the
national and regional level and is 114.6 % (95 %
CI: 106.5—122.7 %) [116, 117].

As noted by some studies, the effect on people of
IR in a dose close to 1 Sv makes it possible to esti-
mate an increase in the incidence of breast cancer by
13.2 % [109, 118]. Numerous epidemiological, as
well as experimental and clinical studies, testify to the
high sensitivity of MG tissue to the carcinogenic
effect of radiation. The given data indicate a relative
increase in the frequency of BC in all cases of radio-
ecological disasters, starting with the atomic bomb-
ings of Hiroshima and Nagasaki and ending with the
Chornobyl accident. Summarizing the given data, it
should be noted that in the spectrum of etiological
factors of the occurrence of malignant neoplasms
MG, IR has a significant role. In publications relat-
ed to breast cancer in women working in contact with
IR, studies indicate the presence of an association
between the risk factor being studied and the devel-
opment of breast cancer. The most common cancer,
which is caused by radiation, along with thyroid can-
cer, is breast cancer. Approximately 10 out of 1,000
irradiated people develop thyroid cancer, and 10 out
of 1,000 women develop breast cancer. Analysis of
the «dose—response» relationship revealed a statisti-
cally significant linear trend of an increase in the risk
of BC with the soft tissue irradiation dose, which is in
the range of small and medium doses of IR.
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