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BIJJIAJTIEHI OHKOJIOTTYHI HACJIIAKU PATIALIIMHOTO
OITPOMIHEHHA, CITPUYNHEHOI'O ABAPIEIO HA
YOPHOBMJIbCHKIN AEC

JocnipKeHHs BiaganeHMx OHKONOMiYHUX HacnifkiB YopHobunbcbkoi KatacTpodu, wo Oynu BMKOHAHI B YkpaiHi,
CBiAYaTb NPO iCTOTHWUIA BMIMB PajiaLiiHOrO ONPOMiHEHHS Ha PiBEHb 3aXBOPIOBAHOCTI Ha 3/M10AKiCHi HOBOYTBOPEHHSA
MOCTPaXXAANMX KOHTUHTEHTIB HaceneHHs. Mpo ue cBigunTb NiABUILEHWUI pafiaLiiHNit pU3MK nelikeMmii y nikBigaTopis,
0 NepeBuLLYE HALlIOHANbHI NONYAALiiHi MOKAa3HWUKK, i 1Oro BennyMHa noAibHa Ao faHux Woao xibakycs, ki 3a3Ha-
NN aTOMHUX 6ombappyBaHb. Bnepue B KOropTi yyacHuKiB aBapiiiHUX po6iT BCTAHOBNEHO pafialiliHy 3yMOBAEHICTb
XPOHiYHOT nimdoigHoi neikemii. Big3HaueHo pagialiliHi pu3nku neikemii y giten, ski nignanv nig pagiauinHy ekc-
no3uuito BHacnifok YopHoOunbcbKoi aBapii. KoHCTaTOBaHO 3poCTaHHsA 3aXBOPIOBAHOCTI HA pakK LWMTONOAi6HOT 3an0-
3u piTeit Ta fopocnux (nikeigaTopis, eBakynoBaHMUX 3 30-KM 30HU BiAUYKEHHSA i MEWKaHLiB HaN6iNbW 3a0pynHEeHNX
pafioHyKnigamu TepuTopiin). Mae micue ekcuec paky MONOYHOT 31031 Y XiHOK-NiKBigaTopis. YacToTa ycix hopm 3n0-
AKICHUX HOBOYTBOPEHb MOPIBHAHO 3 HALiOHaNbHUMU NOKA3HMKAMM i3 MIMHOM Yacy 3HUXKYETLCA, ane BCe Le ix nepe-
BuLyE. MofanbWnit MOHITOPUHT 3N10AKICHUX HOBOYTBOPEHb Y FPpynax NoCTPaXAaanux J03BONUTbL KiJIbKiCHO BU3HAUUTH
paaiauiiHi pu3nkmu hopM OHKOMOTiYHUX 3aXBOPIOBaHb, pafiaLiiHO-acouiioBaHUIA NPOAB AKUX BXKe BifOMMIi i3 none-
pefHix BoCnifiKeHb, 360 MOXeE 0YiKyBaTUCh Y MalbyTHLOMY.
KniouoBi cnoBa: aBapis Ha YAEC, 3axBoploBaHicTh, 37105KiCHi HOBOYTBOPEHHS, NIKBiZaTOPH, €BAKYNOBaHi, MeLKaHLi
3abpyLHeHUX TepuTopii.
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LATE ONCOLOGICAL AFTEREFFECTS OF RADIATION EXPOSURE
CAUSED BY THE CHORNOBYL ACCIDENT

Studies of the long-term oncological consequences after the Chornobyl accident show a significant impact of radi-
ation exposure on the cancer incidence rate in affected population in Ukraine. This is supported by the increased
radiation risk of leukaemia in liquidators, which exceeds national population rates, and its value is comparable to
the data on hibakushi, who were subjected to A-bombings. For the first time in the clean-up workers cohort the radi-
ation dependence of chronic lymphoid leukaemia was established. There are radiation associated risks of leukemia
in children who have been exposed to radiation from the Chornobyl accident. There has been registered an increase
of thyroid cancer incidence in children and adults (liquidators, evacuees from the 30-km exclusion zone and resi-
dents of the most contaminated territories). There is an excess of breast cancer in female liquidators. The frequen-
cy of all forms of malignant neoplasms decreases over time but still exceeds national rates. Further monitoring of
malignant neoplasms in the groups of affected population will allow evaluating the radiation risks of cancer forms
whose radiation-associated manifestation is already known from previous studies or can be expected in the future.
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Afdapiﬂ 1986 poky Ha HYopHoGwibcnkiii AEC crajia Haii-
acIITaOHIIIOO 32 BCIO iCTOPil0 aTOMHOI €HEPTreTUKMU.
BinOyBcsi HEKOHTPOJIbOBAHUI BUKUJ, Pali0aKTUBHUX pe-
YOBMH Y HaBKOJIMIITHE CePEIOBUILIC, HAMOUIBIINIA i3 KOJIU-
HeOyIb peeCTpOBAaHMX LIMBUILHUX aBapili, BHACIIAOK YOro
BUBLIBHMIOCH O1M3bKO 14 x 10" Bk pamioaktuBHOCTI [1].
Yepes inumaeHT 1Bo€ pobiTHUKIB YAEC 3armHynmm MUTTE-
BO, BHCOKI 103U pamialiii orpuManu 134 ocobu repcoHany
CTaHIIii Ta aBapiitHOI MPOTUIMOXKEXKHOI CITYKOU, 1110 3yMO-
BWIO Yy HUX 3aXBOPIOBAHHSI HA TOCTPY IIPOMEHEBY XBOPOOY.
28 ompoMiHeHux 3rogoM rnomMepian. Jo 2006 p. 3 pisHux
NpUYrH 1oMepiio 1e 19 ocid. Yepe3 BUCOKY JIETaTbHICTh
YUCJIO XBOPHUX IIbOTO MPOMiTI0 HEYXWIBHO CKOPOUYETHCS.
Axo y 1986—1991 pp. mig AucrnaHcepHUM HAIVISIIOM IIe-
pedyBaio 179 ocio, To B 2002—2014 pp. — 105. I3 3aransHO-
ro yucia nomepiaux (66) npuunHowo cMmepTi y 26 (39,4 %)
Oyau KapaioBacKy/sIpHi 3axBoproBaHHs, a 'y 23 (34,8 %)
3J10sIKiCHI HOBOYTBOpPeHHS [2]. V Wil rpymi nmomepiux ce-
pea IIpUYMH CMEPTI BigMiueHa Oiblll BUCOKA MMTOMA Bara
PpaKy, TTOPiBHSIHO 3 TIOKAa3HUKOM Y 3arajibHiii MOImyJIsiiii YK-
painu — 14,0 %. HaBenmeHi gaHi 1mo0OiyHO CBim4aTh Ipo
MiIBUILIEHNI PU3UK BUHUKHEHHS 3/IO0SKiCHUX MYyXJIUH B
JIOCJIiIXKyBaHilA KOTOPTi XBOPUX HA TOCTPY IPOMEHEBY XBO-
poOy. AJe 4yepe3 CTaTUCTUYHO HEIOCTATHIO UMCEIbHICTh
MoCTpaXkIaaux JaHOTo Mpodisito MpsiMi OLIIHKY BEJTMYMHU
PU3KKY OHKOJIOTIYHOI MATOJIONII ITic/s1 OMPOMiHEHHS Y BU-
COKMX 032X MalOTh BEIMKY HEBU3HAYCHICTb.

JlocmiKeHHS BigJaJeHUX OHKOJIOTIYHMX HACHiJIKiB
YopHOOMIBCHKOI KaTacTpou CBiqyaTh PO iCTOTHUIA
BIUIMB padiallifHOro OMpPOMiHEHHSI Ha CTaH 300POB’S
MOCTPaXXKAAINX KOHTUHTEeHTIB HaceeHHs. OQHUM i3 Harl-
PSIMKIB JOCITiIKEHDb € eITiIeMioIoriyHe BUBUEHHS 3aXBO-
PIOBAHOCTI Ha 3J10SIKiCHi HOBOYTBOPEHHSI B IILJIOMY Ta TUX
iXHiX (hopM, 110 BiTHOCSTHCS 10 HAKOLIbII pagio3yMOBIIe-
HUX — JIEKeMil, paKy LIMTONOAIOHOI Ta MOJIOYHOI 3aJ103.
TakyM noCIiIKeHHSIM OHKOJIONIYHMX HACTIAKIB aBapii Ha
YopHooOunbcbkiit AEC cripysiii po3po0Oka Ta 3aIrpoBaj-
JKEHHS HalliOHAIbHUX i MiXKHAPOJHUX HAyKOBUX ITPOTPaM.
MaciutabHi JECKpUNTUBHI Ta €KOJIOTiUHI JOCiIKEeHHS
OHKOJIOTIYHMX e(PEKTiB y paMKax HalliOHATbHUX Mporpam
MPOBEAECHO B OCHOBHUX I'pYITax HACEJICHHS, sIKi IOCTpaxK-
nami BHacaimok YopHoOwibcebKoi aBapii (y 2019 poui:
MELIKAHLIB HAalOLIbII 3a0pyIHEHUX PadiOHYKIiJaMU Te-
puropiii Ykpainu — 172,6 tuc. — 7 567 604 1on1HO-pOKiB
CIIOCTepeKeHHsI, YYaCHUKIB JIiKBigallii HaCJiAKiB aBapil
(YJIHA) 1986— 1987 pp. — 79,8 Tuc. — 2 511 200 moauHo-
POKIiB CIOCTEpEKeHHSI, €BaKYMOBaHUX i3 30HU BiIUy>KeH-
Hg — 66,5 Tic. — 1 603 056 J0AMHO-POKIB CITOCTEPEKEH -
Hs1). i gocmimkeHHsT Jaayd 3MOTY BUSIBUTU OCOOJIMBOCTI
YacTOTU Ta TPEHIOBUX MOJENeil 3aXBOpIOBaHb Ha 3JI0-
SIKICHI HOBOYTBOPEHHSI B IpyIiax MoCTpaXKaaaunXx.

he Chornobyl accident in 1986 became the
largest one in the history of nuclear energy.
The uncontrolled release of radioactive substances
into the environment was the largest of the ever
recorded civil accidents, as a result of which about
14 x 10'® Bq of radioactivity were released [1]. As a
result of the incident, two Chornobyl workers died
instantly, high doses of radiation were received by
134 persons of the station staff and the emergency
fire service, which caused them to suffer from
acute radiation sickness. 28 irradiated people died
later. By 2006, another 19 people had died from
various causes. Due to the high mortality rate, the
number of patients in this group is steadily declin-
ing. In 1986—1991 179 people were under dispen-
sary follow-up, in 2002—2014 — only 105 ones.
Cardiovascular diseases caused 26 (39.4 %) deaths
and malignant neoplasms — 23 (34.8 %) deaths of
the total 66 [2]. Among the causes of death the
share of cancer in this group was higher than in the
general population of Ukraine — 14.0 %. These
data indirectly indicate an increased risk of malig-
nant tumours in the study cohort of patients with
acute radiation sickness. But due to the statistical-
ly insufficient number of victims of this profile the
cancer risk estimates have great uncertainty.
Studies of the long-term cancer consequences of
the Chornobyl disaster show a significant impact of
radiation exposure on the health of affected popula-
tions. One of the areas of research is the epidemio-
logical study of the incidence of malignant neo-
plasms in general and those of their forms that
belong to the most radiation associated ones —
leukaemia, thyroid and breast cancer. Such research
of the oncological consequences of the Chornobyl
accident was facilitated by the development and
implementation of national and international sci-
entific programs. In a frame of national programs
large-scale descriptive and environmental studies of
oncological effects were performed in the main
groups of affected by the Chornobyl accident popu-
lation (in 2019: residents of the most contaminated
areas of Ukraine — 172.6 thousand (7,567,604 per-
son-years of observation), participants in the liqui-
dation of the accident consequencesin 1986—1987 —
79.8 thousand (2,511,200 person-years of observa-
tion), evacuated from the exclusion zone — 66.5
thousand (1,603,056 person-years of observation)).
These studies made it possible to identify features of
the frequency and trend models of malignant neo-
plasms in the groups of victims.
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MixHapoaHi MmporpamMu mnepeadadyair MPOBEIEHHS
aHANITUYHUX JOOCJIIXEHb, 110 HAAaJl0 MOXJIUBICTb
OL[IHUTU PU3UKU PO3BUTKY 3JI0SIKICHUX HOBOYTBOPEHbD 3
ypaxyBaHHSIM OTpMMaHUX 103 OIpoMiHeHHsI. BukoHaH-
HsI MIKHapOJIHUX TporpamM y pamkax nporpamu Kowmicii
€pporneiicekux crninbHor I[IPHECA (ECP-7), mocnin-
XKeHb y pamkax Ddpanko-HiMmenpkoi YopHOOMIBCHKOL
inimiatuBu, INCO-COPERNICUS Tta iHmux crnumpa-
JIOCh Ha JOBIOCTPOKOBUI MOHITOPUHT 3JI0SIKICHUX HO-
BOYTBOPEHb B rpynax NOCTPpaXXKIaJIMX i3 3aTy4eHHsIM 0a3
mannx [ep:kaBHOTO peecTpy YKpainm ta HamionambHo-
TO KaHIIEP-PEECTPY.

JoLiIbHO TPUBECTU MOCIIIOBHO pe3ybTaTH CIloYaT-
Ky IECKPUNTUBHUX, a MOTIM aHAJITUIHUX JOCTiIKEHb.

V3aranbHeHHSI OTpUMAaHUX PE3YJIbTaTiB 1100 YaCTOTU
ycixX (hopM 3JI0SIKiCHUX HOBOYTBOPEHb B OCHOBHUX TPY-
nax nocTpaxaaiux BimoopaxeHo y Taou. 1 [3].

HaHi cBimyaThb Opo Te, o MOKa3HUKHU 3aXBOPIOBAHOCTI
Ha 1110 TIaTOJIOTi0 Y MEeLIKAaHIIiB HallO1Ib1 3a0pyAHEHUX
pagioHYKJiJaMyd TEpUTOPiii Ta eBaKyMOBaHMX i3 30HU
BiIUy>K€HHSI HE TIepeBUILYIOTh HAlliOHAJIBHUN DPiBEHD.
CraHmapTh3oBaHe CHiBBiAHOLIEHHS 3aXBOPIOBAHOCTI
(SIR) ckuano BinmoigHo 81,2 % (95 % Al 80,1-82,3) i
88,7 (95 % 1I: 86,1-91,3). Ciig BKa3aTy Ha Te, 110 i B
JoaBapiiiHUiI Tepiol yacToTa Li€l maToJiorii 0yja MeH-
111010 TTOPIBHSIHO 3 TaKOIO B YKpaiHi B Liiiomy. Ha mpoTu-
Bary LMM JBOM TIpylnaMm nocTpaxigaiux, B YJIHA
1986—1987 pp. yuacri 3a nepiog 1994—2019 pp. nokas-
HUK OyB BUIIIMM 3a HallioHaJIbHUH i ctaHoBUB 106,7 %
(95 %; O1: 104,9—108,5). Cnig 3a3HaYUTH, IO LIEH ITO-
Ka3HUK, TTIOPiBHSIHO 3 HALliOHAJIbHUM pPiBHEM, i3 INIMHOM
yacy 3HUXKYEThCS, ajie BCe 1Ie ioro nepeBuirye [3].

PiBeHb 3aXBOpPIOBAHOCTI Ha 3/7105IKiCHi HOBOYTBOPEHHS
JiM(bOITHOI, KPOBOTBOPHOI Ta CHOPiIAHEHUX TKAHWH
HaBeJeHOo y TaoI. 2.

Ta6naumusa 1

International programmes provided for analytical
research, which made it possible to assess the dose-
depended risks of malignant neoplasms developing.
Implementation of international studies within the
program of the Commission of the European
Communities IPHECA (ECP-7), research under
the French-German Chornobyl Initiative, INCO-
COPERNICUS and others was based on the long-
term monitoring of malignant neoplasms in groups
of victims using databases of the State Registry of
Ukraine for persons suffered following Chornobyl
catastrophe and National Cancer Registry.

It is expedient to present consistently the results
of first descriptive and then analytical researches.

The generalization of the obtained results on the
frequency of all forms of malignant neoplasms in the
main groups of victims is shown in the table 1 [3].

The data show that the incidence of this pathology
in the inhabitants of the most contaminated areas
and evacuated from the exclusion zone does not
exceed the national level. The standardized inci-
dence ratio (SIR) is 81.2 % (95 % CI: 80.1—82.3)
and 88.7 (95 % CI: 86.1—91.3) respectively. It should
be noted that in the pre-accident period the frequen-
cy of this pathology in residents of these territories
was lower than in Ukraine as a whole. In contrast to
these two groups of victims, in clean-up workers of
1986—1987 participation the figure was higher than
the national one in 1994—2019 and SIR amounted
to 106.7 % (95 % CI: 104.9—108.5). It should be
noted that this indicatordecreases over time, but still
demonstrates an excess above the national level [3].

The rates of the incidence on malignant neo-
plasms of lymphoid, hematopoietic and related tis-
sue is shown in the table 2.

3axBoploBaHicTb Ha BCi (hopmu 3nosakicHux HosoyTBopeHb (MKX-10 C00-C96) rpyn HaceneHHA YKpaiHu, W0
nocrpaxpanu BHacnipok aBapii Ha YAEC (cTaHpapTu3oBaHi cniBBifgHOWEHHA 3axBopiloBaHocTi — SIR, %)

Table 1

All cancers incidence (ICD10 C00-C96)in the groups of population of Ukraine affected by the Chornobyl acci-

dent (standardised incidence rates - SIR, %)

Kareropia noctpaxganux Ta nepiog

®akTnyHa Kinbkicte OQdikyBaHa KinbKicTb

95 % poBipuunii

CrnocTepexeHHs BUNaAKiB BUNaAKiB SIR. % iHTepsan

Groups of affected population, follow-up years Actual No Expected No ’ 95 % confidence
of cases of cases interval

MelukaHui 3a6pyaHeHx panjoHykninamm Teputopii (1990—2019 pp.) 20 168 24 846,4 81,2 80,1-82,3

Residents of contaminated areas (1990—-2019)

YJTHA 1986—1987 pp. (1994-2019 pp.) 13713 12 855,1 106,7 104,9-108,5

Clean-up workers 1986—1987 (1994—2019)

EakyiioBaHi i3 30HM Bin4yxeHHsa (19902019 pp.) 4423 4985,9 88,7 86,1-91,3

Evacuees (1990-2019)
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Ta6nuusa 2

3axBOpIOBaHICTb Ha 3/10AKiCHi HOBOYTBOpeHHA NiM(oifHOT, KPOBOTBOPHOT Ta cnopigHeHnx TKaHuH (MKX-10
(81-(96) rpyn HaceneHHA YKpaiHu, Wwo nocrpaxpanu BHacnipok asapii Ha YAEC (ctanpapTusoBaHi cniBBip-

HoOlWeHHsA 3axBoploBaHocTi — SIR, %)
Table 2

Incidence on malignant neoplasms of lymphoid, hematopoietic and related tissue(ICD10 C81-C96) in the
groups of population of Ukraine affected by the Chornobyl accident (standardised incidence rates - SIR, %)

Kateropia noctpaxganux ta nepiop,

dakTuyHa Kinbkicte OuikyBaHa KinbKicTb

95 % poBipunii

crnocTepexeHHs BUNaaKiB BUNaAKiB SIR. % iHTepsan

Groups of affected population, follow-up years Actual No Expected No ’ 95 % confidence
of cases of cases interval

MelwukaHuj 3abpyaHeHux pagioHykninamu Teputopiit (1990-2019 pp.) 1048 1179,4 88,9 83,5-94,2

Residents of contaminated areas (1990-2019)

YNIHA 1986—1987 pp. (1994-2019 pp.) 796 550,1 1447 134,6—154,8

Clean-up workers 1986—1987 (1994-2019)

EBakyitoBaHi i3 3011 BigyyxeHHs (1990-2019 pp.) 330 231,6 142,5 127,1-157,9

Evacuees (1990-2019)

VY MewKaHIiB pafialiiHO 3a0pyAHEHUX TEPUTOPIi
MMOKA3HUKMU HE IEPEBUILYBAJIM HAILliOHAJIbHUI pIBEHb
(SIR = 88,9; 95 % MI: 83,5-94,2) [3]. Y npOoTWIEXKHICTh
nboMy, mokasHuku B YJIHA 1986—1987 pp. yuacri
(SIR =144,7; 95 % J11: 134,6—154,8) i B eBaKyllOBaHUX i3
30HUM BiguyxeHHs1 (SIR = 142,5; 95 % J1: 127,1-157,9)
Oy/M BULIMMM 32 HalliOHAJIbHI MTOKA3HUKU.

BuBueHHS BeJMYMHM padiallifHOro pu3uKy JIEHKEMIl,
SIK CKJIaJ0BOI YaCTMHU OHKOTeMAaTOJOTiUHMX 3aXBOPIO-
BaHb, B YIaCHMKIB JIiKBifallii Hac/iakiB aBapii Ha YAEC
Jla€ TiACTaBU JJIs BUCHOBKY, 110 BiH MOmiOHMIA A0 aHa-
JIOTIYHUX AAHUX LIOJO0 Xi0aKycsl — MEILIKAHIIIB SMOHCh-
Kux MicT Xipocimu Ta Haracaxi, sKi 3a3Haid aTOMHUX
o6ombapayBaHb. IlimcTaBoro 1Jisl LIbOTO BUCHOBKY CTalu
pe3yNbTaTy BUBYEHHS pafialliiHUX PU3MKIB JielikeMii B
aHaJliTUMHOMY JIOCJIiI)X€HHi, BUKOHAHOMY 3a MiXHa-
poaHolo yronoto Mix YkpaiHoto Ta CIIIA B ranysi BUB-
yeHHs edekTiB YopHobwibcbkoi asapii (1999 p.). Le
JOCJIiI;KeHHST CTaJlo HAMOIIBIIMM Y CBITi y LIl Tamy3i 3a
po3mipamu Koroptu YJIHA (110 645), KoJeKTUBHOI 10-
31 OINPOMiIHEHHS Ta KiJIbKiCTIO BUIIAAKiB 3aXBOPIOBAHb
Ha JOCIiIXyBaHy IaToJjorio. Breplue giarHo3u igeH-
TU(hiKOBAaHUX BUIIAIKiB OyJI0 Bepu(iKOBaHO MiKHapOI -
HOIO TPYIMOIO €KCIEePTiB, a I PEKOHCTPYKIii 103
30BHIIITHHOTO ONPOMIHEHHSI 3aCTOCOBAHO HOBMIT METOM
RADRUE, cTBopeHuUii CrijibHO BUSHUMU MiXXHApOJHOL
Jo3uMeTpu4yHOi Tpynu. Po3paxoBaHe 3HAYeHHST Haj-
JquiikoBoro BinHocHoro pusuky (ERR/Gy) 3a 15 pokiB
miciass ompomiHeHHs ckiuano 3,44/Gy (95 % Al
0,47-9,78, p <0,01) [4], a 3a 20 pokiB 2,38/Gy (95 % A1:
0,49-5,87, p = 0,004) [5]. 3anexHicTh «103a—edeKT»
Oys1a MoaiOHOI0 K JJISI XPOHIYHOI JIiM(bOILIMTapHO] JieHi-
kewmii (XJIJT) (ERR/Gy = 2,58; 95 % 111: 0,02—8,43, p =
0,047), tax i nina He-XJLJI rpynu neiikemii (ERR/Gy =

Incidence rates in residents of radiation con-
taminated areas did not exceed the national level
(SIR = 88.9; 95 % CI: 83.5-94.2) [3]. In contrast,
the rates in clean-up workers 1986—1987 partici-
pation (SIR = 144.7; 95 % CI: 134.6—154.8) and
in evacuees from the exclusion zone (SIR = 142.5;
95 % CI: 127.1—157.9) were higher than national rates.

A study of the radiation risk of leukaemia as part
of oncohematological diseases in clean-up workers
suggests that it is similar to corresponding data on
hibakushi, residents of the Japanese cities of
Hiroshima and Nagasaki, which were subjected to
atomic bombings. The reason for this conclusion
was the results of the study of radiation risks of
leukaemia in clean-up workers. It was conducted
in a frame of an analytical study under an interna-
tional agreement between Ukraine and the United
States in the field of studying the effects of the
Chornobyl accident (1999). The study was the
largest in the world in this area in terms of the size
of the clean-up workers cohort (110,645), the col-
lective radiation dose and the number of cases of
the studied pathology. For the first time, the diag-
noses of identified cases were verified by an inter-
national group of experts. New RADRUE
method, developed jointly by scientists from the
international dosimetry group, was used to recon-
struct external red bone marrow radiation doses.
The calculated value of excess relative risk
(ERR/Gy) for 15 years after exposure was 3.44/Gy
(95 % CI:0.47-9.78, p<0.01) [4], and for 20 years —
2.38/Gy 95 % CI: 0.49-5.87, p = 0.004) [5].
The dose-response relationship was similar for
both chronic lymphocytic leukaemia (CLL)
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2,21; 95 % Al 0,05-7,61, p = 0,039). BusHaueHHs
pafgialliiHUX PU3UKIB XPOHIYHOI JiM(OLUTAPHOL Jeii-
KeMil cTajo CBITOBUM IIpiopuTeToM. BcTaHOBIIEHO, 1110
npuban3Ho 16 % Bcix BUNAAKIB JIeiikeMil y JIiIKBigaToOpiB,
3apeeCcTpoBaHUX BIpoAaoBXK 20 poKiB micis KaTacTpodu,
OyJIM 3yMOBJIEHI OMNpPOMiHEHHSIM BHacjaigok YopHo-
ounbcbkol aBapii. He Oyji0 BCTaHOBJICHO 3HAUYIIOTO
BIUIMBY Ha pajialliiiHi pU3MKU BUHUKHEHHS JIeliKeMii B
VJIHA Ttakux Moaudikyounx (akTopiB HepamialliiiHO1
TMPUPOIUN SK E€KCITO3UILiS A0 TMEeCTULIUAIB, OpPTaHIYHUX
PO3UYMHHUKIB, pOOOTU HA HEOE3MeYHOMY BUPOOHMLITBI B
uiomy [6]. Bunarkom crtaB npodeciiiHuii KOHTaKT i3
OeH31HOM ab0 oro MOXimHWUMU, JIs SIKMX OYyJ10 BU3HA-
YEHO CYTTEBMI BIUIMB HA PU3UK BUHUKHEHHSI JICHKEMil,
nepeBaXKHO MI€JIOIIHOTO TUITY.

B ykpaiHCBhKUX AOCTiIKEHHSIX OTPUMAHO HOBI CBiTYeH-
HST 3B’SI3KY MiX OIPOMIHEHHSIM i BUHWMKHEHHSIM MHO-
JKMHHOI MieoMu. Y Koropti 3 152 520 yyacHUKIB JTiKBiga-
wii aBapii Ha YAEC nipotsirom 1986—2013 pp. Oyi1o ineH-
TUdiKoBaHO 75 BUMAAKIiB IIbOTO 3axBopioBaHHs. Yepes 20
POKIB IiC/ISI OINPOMIHEHHSI BCTAHOBJICHO CTATHCTUYHO
3HAUYIIMI eKClec Y MOPiBHSIHHI 3 3arajJbHOHALlIOHAIb-
HuMm piBHeM (SIR 1,86; 95 % I1: 1,27—-2,44) [7].

Benuky yBary mpuBepTaloTh pe3yJbTaTH JOCTiIKEeHb
YacTOTHU JelikeMii y miteii mmicist aapii Ha YAEC. Hocmin-
JKEHHsI Ha OKpPEeMHX, TEPUTOPIaIbHO PO3PiZHEHMX KOH-
TUHIEHTaxX 4yepe3 IXHI0 HEeJOCTAaTHIO MOTYXXHICTh HE BKa-
3yBaJIM Ha eKcliec JeiiKeMil B L1ili BiKOBii1 IpyITi MOCTpax-
Janux. OO’egHAHHS OOCTIIKYBaHUX TPYyH JA03BOJIMIO
ineHTHdikyBatu 1 085 BumaakiB okpeMux (popM JerKemii
cepen nutsdoro HacejaeHHs (1—19 pokiB) ZKutomupch-
koi, KuiBcwkoi, YepHniriBcbkoi, CyMchbKOi obnacTeit, 1110
3a0€3MeYnsio JOCTaTHIO TMOTYKHICTb AOCHimkeHHs. Jo-
CITIKEeHHsT oxoIutoe moasapiitHuii (1980—1986 pp.) Ta
nicnsapapiitnuit (1987—2000 pp.) mepiomu. Y micisia-
BapiiiHUit mepioa Ha OLIbII 3a0pyIHEHUX paldioOHYKIIiaa-
MU TEPUTOPISIX, TTIOPIBHSHO 3 MEHII 3a0pYAHEHUMMU, BU-
SIBJICHO CTAaTUCTUYHO 3HAYYIIWI MiIBUINEHUN BiTHOC-
HUWI1 pU3MK PO3BUTKY BCiX HO30JOTIYHUX (DOPM JIeHiKeMil
B LIJIOMY, a TakoX Jielikemii 0e3 BM3HA4YEHOI 3PidOCTi
KJIITUH, MI€JIOITHOT Ta TOCTpoi Jeiikemii. OTpuMaHi pe-
3yJbTaTH CBiA4aTh MPO Te, 110 paialliiiHe OMPOMiHEHHS
mricnst YopHOOMITBCHKOI KaTacTpou MoXe OyTH TTpUdm-
HOIO 30iIbILIEHHS YaCTOTH AUTAYOI JieiKeMii (B 1ijjoMy Ta
okpeMux ii BumiB) [8].

BusHaHUM CTOXacTUYHUM €(hEKTOM OIMPOMiHEHHS
BHaciinok amapii Ha YAEC craB migBuIIeHWId PU3NK
PO3BUTKY paky IIMTOMNOAIOHOI 3aJl03U. 3HAUYHE ITiIBU-
ILIEHHS YaCTOTH LIi€1 MaTOJI0Tii OYJI0 KOHCTATOBAHO Y OIl-
POMiHEHMX B IUTSYOMY Billi yepe3 4—5 pOKiB ITiCIIsI
aBapii i MOB’A3aHO 3 EKCITO3UIIIEI0 IO PadiOaKTUBHOTO
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(ERR/Gy = 2.58; 95 % CI: 0.02—8.43, p = 0.047)
and non-CLL leukaemia (ERR/Gy = 2.21; 95 %
CI: 0.05-7.61, p = 0.039). Determining the radia-
tion risks of chronic lymphocytic leukaemia has
become a global priority. It is estimated that approx-
imately 16 % of all cases of leukaemia in liquidators
registered within 20 years after the disaster were due
to exposure from the Chornobyl accident. No sig-
nificant impact was identified on the radiation risks
of leukaemia in clean-up workers of such modifying
factors of non-radiation nature as exposure to pesti-
cides, organic solvents, work in hazardous indus-
tries in general [6]. The exception was occupational
contact with gasoline or its derivative products, for
which a significant impact on the risk of leukaemia,
mainly of myeloid type, was determined.

Ukrainian studies have shown new evidence of an
association between radiation exposure and multiple
myeloma. In a cohort of 152,520 clean-up workers
during 1986—2013, 75 cases of this disease were
identified. 20 years after irradiation, a statistically
significant excess was found in comparison with the
national level (SIR 1.86; 95 % CI: 1.27-2.44) |7].

The results of studies of the incidence of
leukaemia in children after the Chornobyl accident
are of great attention. Studies on separate, territo-
rially disparate contingents due to their insufficient
capacity did not indicate the significant excess of
leukaemia risk in this age group of victims. The
association of the studied groups allowed to identi-
fy 1,085 cases of certain forms of leukaemia among
children (1—19 years) of Zhytomyr, Kyiv, Cher-
nihiv, Sumy regions, which provided sufficient
research capacity. The study covers the pre-acci-
dent (1980—1986) and post-accident (1987—2000)
periods. In the post-accident period, in areas that
were more contaminated with radionuclides, com-
pared to less contaminated, there was a statistically
significant increased relative risk of all specific
forms of leukaemia in general, as well as leukaemia
without cell maturity, myeloid and acute leukaemia
in general. The results suggest that radiation expo-
sure after the Chornobyl disaster may cause an
increase in the incidence of childhood leukaemia
(in general and some specific forms) [8].

An increased risk of thyroid cancer is the recog-
nized stochastic effect of radiation as a result of the
Chornobyl accident. A significant increase in the
incidence of this pathology was observed in
exposed children 4—5 years after the accident and
was associated with exposure to radioactive iodine.
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iomy. Ilpo mepuri micast aBapii Ha YAEC Bunagku 1iei
NaToJIoril y AiTe, sIKi mMpoXXrBaau Ha HAKOLIbIN pagio-
aKTUBHO 3a0pyJIHEHUX TEPUTOPIsIX YKpaiHU, BKA3y€EThCS
y ctarTi cniBpoOitTHUKiB HHIIPM [9], ony6ikoBaHiii y
IIMPOKO BiZOMOMY HayKOBOMY MEIMYHOMY XKYypHali
Lancet. 3rogoM BUIIaAKU paKy LIMTOIOAIOHOI 3aJ1031 Y
JUTSYOro HacejeHHs miciist YopHoOMIbCchbKOI aBapii Oy-
JIM TaKOX 3apeecTpoBaHi B bimopyci.

CHifibHi JocimKeHHs [HCTUTYTY €HIOKPUHOJIOTII Ta
ooMiny peyoBuH HAMH VYkpainu ta HamioHanbHOro
iHcTuTyTy paky CIIA Oynu cripssMoBaHi Ha OILIIHKY iTMO-
BipHOTO MPUYMHHOTO 3B 3Ky MiX ITOINIMHEHOIO 103010
OINMPOMiHEHHSI IIUTOMOAIOHOI 3aJI03U 1 30iJbLLIEHHIM
3aXBOPIOBAHOCTI Ha paK IIbOTO OPTaHy y OIMPOMiHEHHUX B
IUTSYOMY Ta MiITITKOBOMY Billi. 3aII09aTKOBAHO JOBIO-
CTPOKOBUI CKPUHIHTOBMIA MOHITOPUHT KOropTu 3 13 243
0ci0, BiK IKMX HA MOMEHT aBapii He repeBullyBaB 19 po-
kiB. Ilicis mepuioro eramy AOCIIKEHHSI BIIPOJOBX
1998—2000 pp. po3paxoBanuii nokasHuk ERR /Gy, skuii
0a3yeThcsl Ha MaTepiajax MOIIMPEHOCTI LIi€l MaToJIorii
(prevalence), cranoBuB 5,25 (95 % Al: 1,70-27,5), [10].
ITokasHMKKM HACTYMHMX eTariB (2—5) po3paxoBaHO Ha
MaTepiajax BJIacHO 3axBopioBaHOCTi (incidence). Tomy
BOHM CYTTEBO BiJIpi3HSIOTLCS Bif pe3yJbTaTiB IepIIOro
nociimkeHHs. Tak Ticiasg Apyroro etamy JOCTiIKeHHS
BripomoBx 2001—2008 pp. ueii mokasuuk (ERR/Gy) cra-
HoBuB 1,91 (95 % 11: 0,43—6,34) [11]. OcTtanHiii i’ aTuit
etan ckpuHiHry (2012—2015 pp.) I103BOJUB BU3HAYUTU
MOKAa3HUK CIiBBiTHOIIEHHSI HAUIMIIKOBOIO IaHCYy —
EOR/Gy=1,36 (95 % [1:0,39—4,15) [12]. HaBeaeHi pe-
3y/lbTaTy Oajy INACTaBY VIS BUCHOBKY IIPO iCHYBaHHSI
eKCIIeCy paky IIMTOIOAIOHOI 3aJI03M BIIPOAOBXK TPHOX
JecaTuaiTh micasga YopHOOUIbCHKOI €KCHO3Ullil 110
panioiiony. BctaHOBIEHO AiHiiHY 3a1€3KHICTh MixK 103010
ekcrro3uilii 1o *'I Ta pu3MKoM 1€l maToJorii.

Papiaiiifini pu3nky paky IIMTONOAIOHOI 3a71031 Y 10-
POCTIMX € MPEIMETOM MOTIMOIEHOT0 AOCTiIKeHH. Yac-
TOTa 1€l MaToJiorii B rpymnax MOCTpaxXaajaux (MeLll-
KaHLIB pafialliiHO 3a0pyIHEHUX TepUTOpIil, JIiKBima-
TOpIB, €BaKyMOBAaHUX i3 30HU BiTUy:>K€HHSs) BUIIIA 3a Ce-
peaHi MOKa3HUKM B YKpaiHi (Tad. 3).

BigmiyeHO 3pocTaHHS 3aXBOPIOBAHOCTI Ha IO IaTO-
JIOTi10, SIKa B YYaCHMKIB JikBifawii aBapii Ha YAEC Oya
y 4,5 paza, B eBaKkyiloBaHuX — y 3,8 pa3a, MeIlIKaHIIiB
pazioakTUBHO 3a0pyIHEHUX TepuTopiii — B 1,3 pa3a Bu-
11I€ 32 OUiKyBaHMIi piBEHb.

B3aeMo03B’s130K piBHS OIMPOMiHEHHS IIUTOIOMIOHOT 3a-
JIO3M Ta TMOKA3HUKIB 3aXBOPIOBAHOCTI Ha IO TATOJOTIIO
imoctpye pucyHok 1 [3]. Ha HboMy MpoiTIOCTPOBAHO pi-
BeHb Ta JMHAMiKy MOKAa3HMKIiB 3aXBOPIOBAHOCTI Ha pak
wrononioHoi 3ano3u (PLI3) HaceneHHs1 6 MiBHIYHUX

The first cases of this pathology in children living
in the most radioactively contaminated territories
of Ukraine after the Chornobyl accident are indi-
cated in an article by NRCRM staff [9] published
in the well-known scientific medical journal
Lancet. Subsequent cases of thyroid cancer in
children after the Chornobyl accident were also
reported in Belarus.

A joint studies by the Institute of Endocri-
nology and Metabolism of the National Academy
of Medical Sciences of Ukraine and the US
National Cancer Institute focused on the likely
causal relationship between the absorbed dose of
thyroid exposure and thyroid cancer incidence in
children and adolescents. Long-term screening
monitoring of a cohort of 13,243 people under
the age of 19 at the time of the accident has been
launched. After the first stage of the study during
1998—-2000, the calculated ERR/Gy index,
which is based on the prevalence of this patholo-
gy, was 5.25 (95 % CI: 1.70-27.5), [10]. Indi-
cators of the following stages (2—5) are calculated
on the basis of the actual incidence. Therefore,
they differ significantly from the results of the first
stage. Thus, after the second phase of the study
(2001-2008) the indicator ERR/Gy was 1.91;
95 % CI: 0.43—6.34 [11]. The last fifth stage of
screening (2012—2015) allowed to determine the
excess odds ratio — EOR/Gy = 1.36 (95 % CI:
0.39—4.15) [12]. These results allow to conclude
that there is an excess of thyroid cancer within
three decades after the Chornobyl exposure to
radioiodine. A linear relationship between the dose
of exposure to "*'I and the risk of this pathology has
been established.

Radiation risks of thyroid cancer in adults are
the subject of profound research. The frequency of
this pathology in the groups of victims (residents of
radiation-contaminated areas, clean-up workers
and evacuees from the exclusion zone) is higher
than the average in Ukraine (Table 3).

There was observed an increase in the incidence of
this pathology, which was 4.5 times higher for clean-
up workers, 3.8 times higher for evacuees, and 1.3
times higher for residents of radioactively contami-
nated areas comparing with the National indicies.

The relationship between the level of thyroid
exposure and the thyroid cancer incidence is
shown in Fig.1 [3]. It illustrates the level and
dynamics of the thyroid cancer incidence in
the population of 6 northern regions whose ave-
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Ta6nuusa 3
3axBOpIOBAHICTb HA paK WUTONOAIOHOT 3aN03KM rpyn HaceneHHA YKpaiHK, AKI NoCcTpaXkaanu BHaCNifoK aBapii Ha
YAEC (ctaHaapTu3oBaHi cniBBigHoWeHHA 3axBoptoBaHocTi — SIR, %)

Table 3
Thyroid cancer incidence (ICD10 C73) in the groups of population of Ukraine affected by the Chornobyl accident
(standardised incidence rates - SIR, %)

Kateropia noctpaxpganux ta nepiop, ®dakTuyHa KinbkicTb OdikyBaHa KinbkKicTb 95 % poBipunii

CrnocTepexXeHHs BUNaaKiB BUNaAKiB SIR. % iHTepBan

Groups of affected population, follow-up years Actual No Expected No ’ 95 % confidence
of cases of cases interval

MelukaHLi 3a6pyaHeHx panjoHykninamy Teputopiii (1990—2019 pp.) 517 3931 131,5 120,2-142,9

Residents of contaminated areas (1990-2019)

YJTHA 1986—1987 pp. (1994-2019 pp.) 438 98,3 445,6 403,8-487,3

Clean-up workers 1986—1987 (1994—2019)

EakyiioBaHi i3 30HM BinyyxeHHsa (1990—-2019 pp.) 366 97,1 376,9 338,3-415,5

Evacuees (1990-2019)

obJacreii 3 cepeTHLOOOIACHUMM, 32 PaXyHOK OMajiB pamio-  rage regional thyroid dose of exposure is above
aKTHUBHOIO MOy, J03aMU oIpoMiHeHHs, BulliuMu 3a 35 mIp 35 mGy (Zhytomyr, Kyiv, Rivne, Cherkasy,
(Kutomupceka, KuiBcbka, PiBHeHChKa, Uepkacbka, UepHi-  Chernihiv regions and Kyiv) and the rest of the
riBceka obsacTti Ta M. KuiB) Ta pemTu HaceneHHs oonactein  population of Ukraine with doses to the thy-
YKpainu 3 g03aMy Ha IIMTOIOMIOHY 3a103y, HikuuMu 3a  roid gland below 35 mGy. In 1989-2019, in a
35 mlIp. ¥ 1989—2019 pp. B perioHi 3 OiablI 3HAYHUMU BU-  region with more significant fallouts of radio-
NafiHHSIMM PadioaKTMBHOIO oAy MOKa3HMKM 3axBoploBa-  active iodine, thyroid cancer incidence in-
HocTi Ha PII3 3pocramm GinbIl BUCOKMMU TeMITaMU BIpo-  creased at a higher rate throughout the obser-
JIOBX YChOTO Iepioay COCTepesKeHHSI. vation period.

16
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PucyHoOK 1. 3axBopioBaHicTb Ha paK WUTONOAIGHOT 331031 40NOBiYOro Ha KiHOYOro HacesneHHA YKpaiHu y
1989-2019 pp. Ha TepuTopiax i3 cepeAHLOO6NACHUMYU NOFAUHEHUMYN TUPEOTiAHUMU fo3amu > 35 mIp (1) Ta
< 35 mlp (2) (cranpapTusoBaHi nokasHuku Ha 100 000 HaceneHHA BignoBiAHOT cTaTi)

Figure 1. Thyroid cancer incidence in male and female population of Ukraine in 1989-2019 in areas with
average regional absorbed thyroid doses > 35 mGy (1) and <35 mGy (2) (standardised rates per 100,000 pop-
ulation of the same sex)
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BenuyuHa 1mopiyHOro MpUpOCTy TMOKa3HUKIB B 000X
TEeHJIEPHUX TpyNax Ha TEPUTOPIsIX i3 cepeAHbOOOIACHUMU
nmo3amu > 35 MIp mepeBuIyBana aHAJIOTIYHI TTOKA3HUKA
B obmactsx i3 gozamu < 35 mIp Oinbmr HixX y 1,5 pa3a.

HHIIPM cninbHo 3 HalioHaJlbHUM iHCTUTYTOM paKy
CIIA 6yJ0 npoBeAeHO AOCTiIKEHHST YaCTOTU PaKy LIM-
TonomioHoi 3a703u B KoropTi 150 813 ygacHUKIB iKBi-
Jaiii HacJigKiB aBapii, ONMPOMiHEHUX Y Billi, CTapIIOMy
3a 18 pokiB. BcTaHOBIEHO MiABMIIEHUI PiBEHBb 3aXBO-
PIOBAHOCTI Ha 110 MATOJOTiI0 Y JiKBiIaTOPiB BIPOAOBX
1986—2010 pp. — SIR 3,50 (95 % Al: 3,04—4,03) [13].
ITponoBxkeHHS CIOCTEpesKeHHS 3a 1i€l0 KOTOpPTOIO I0
2012 p. mokasajo MoAiOHi MOKa3HUKW 3aXBOPIOBAHOCTI:
SIR — 3,35 % (95 % A1: 2,51-3,80) [14]. L1106 yTouHUTH
ouinkn pusuky PII3 mpoBemeHo THi3mOBe aHATITUYHE
JOCJTiIXKEeHHSI 3pa3ka BUMaJg0K—KOHTPoJIb (149 Bunaaxis,
458 KOHTPOJIIB) y 3rafgaHiil BUIE KOropTi JiKBigaTOpiB 3
VYkpainu. [HAMBinyanbHi 103U Ha IIUTOMNOMIOHY 3a/103y
OyIM po3paxoBaHi I BCiX JOCTIIKyBaHMX 0Ci0 (3arajib-
Ha J03a B cepeaHboMy cKianaia 199 mIp; nianma3oH Big
0,15 mIp no 9 Ip). BucHOBKM mocCHimKeHHS BKa3ylOTh
Ha 30UTbIIEHHSI (XO4Ya W HECYTTEBE) BEJIMYUHU KO-
edimienTta pusuky PII3, skuit ckiaB ERR/Gy = 0,40
95 % AlI: -0,05—1,48, p = 0,12). I1pu 1boMy 3HaUEHHS
PU3KMKY 3aJIEXKUTH Bifl MOP(OJIOTIYHOTO TUITY ITyXJIUHU Ta
yacy ii BAHMKHEHHSI TAKUM YMHOM, 1110 MEHIIIMA Yac Iic-
I orpoMiHeHHS i pomikynsipHa popma P13 mos’sg3aHi 3
BuiuM 3HaueHHsIM ERR /Gy [15].

Cepen iHIIMX (OPM 3JTOSIKICHUX HOBOYTBOPEHb 0CO0-
JIMBY yBary NpuBepTaE pakK >KiHOYOI MOJIOYHOI 3aJI03M,
IKUW cepel pamialliiHO 3yMOBJeHUX (OPM OHKO-
JIOTiYHOI IMaToJIOrii 3aliMa€e ofgHe 3 YiTIbHUX Micllb. 2KiHO-
ya MOJIOYHA 3aJ103a BBAXKAETHCSI OMHUM i3 HAMOiIbII pa-
JIiOYYTAMBUX OPraHiB JIOACHKOro opraHiamy. [TopiBHsLIb-
Ha OlLliHKA MOKAa3HMKIB 3aXBOPIOBAHOCTI Ha paK MOJIOY-
HOI 3aJ1031 B OCHOBHMX Tpynax IocTpaxaanux (tadsu. 4)
BKa3y€e Ha JOCTOBipHE IEpPEeBUILNEHHS HalliOHAJIbHOTO
PIiBHSI TIBKY Y XiHOK-y4acHULb JIHA 1986—1987 pp.

B 1994—-2019 pp. Betnunna SIR ckiana 156,3 % (95 %
Al: 141,0—171,5 %), T00TO Ma€ Micle IepeBUILIEHHS
3aXBOPIOBAHOCTI Ha paK MOJIOYHOI 3a7103W HalliOHaJb-
HUX ITOKa3HUKIB y 1,5—1,6 pa3sa.

YV MemkaHOK Halibinbll 3a0pyaHEHUX padiOHYKIIina-
mu Teputopiii (SIR 65,7 %; 95 % Al: 62,6—68,9) ta eBa-
KyioBaHMX i3 300U BiguyxeHHs (SIR 84,4 %; 95 % JI:
76,7—92,3) noka3HUKU OyJIU iCTOTHO HMUXKYMMU ITOPiB-
HSTHO 3 HalliOHAJbHUMM.

Cinin 3a3HauuTH, 1110 B ocTaHHi poku (2011-2019) y
MEIIKAaHOK HaWOUThII 3a0pyTHEHUX paliOHYKIigaMu Te-
pUTOpIli 3aXBOPIOBAHICTh Ha paK MOJIOUHOI 3aJ1031 XapaK-
TepU3yBaJlaCh BUCOKMMM TeMItlamMu 3pocTaHHs [3]. Lle

The value of the annual increment of incidence
rates in both gender groups in the territories with
average regional doses > 35 mGy exceeded the sim-
ilar indicators in the regions with doses < 35 mGy
more than 1.5 times.

The NRCRM, in cooperation with the US Natio-
nal Cancer Institute, conducted a study of the thy-
roid cancer incidence in a cohort of 150,813 emer-
gency clean-up workers over the age of 18. An in-
creased incidence of this pathology in liquidators
during 1986—2010 was established — SIR 3.50 (95 %
ClI: 3.04—4.03) [13]. Continuation of monitoring of
this cohort until 2012 showed similar incidence
rates: SIR — 3.35 % (95 % CI: 2.51-3.80) [14]. To
clarify the risk assessments of the thyroid cancer, a
nested analytical case-control study (149 cases, 458
controls) was conducted in the above-mentioned
cohort of liquidators in Ukraine. Individual doses
for the thyroid gland were calculated for all subjects
(total dose averaged 199 mGy; range 0.15 mGy to
9 Gy). The findings of the study indicate an
increase (albeit insignificant) of thyroid cancer
risk coefficient, which was ERR/Gy = 0.40 (95 %
CI:-0.05—1.48, p =0.12). The risk value depends on
the morphological type of the tumour and the time
of its occurrence, so that the shorter time after irra-
diation and the follicular form of the thyroid gland
are associated with a higher value of ERR/Gy [15].

Among other forms of malignant neoplasms,
special attention is drawn to breast cancer, which
is one of the leading radiation-induced forms of
cancer. The female breast is considered to be one
of the most radiosensitive organs of the human
body. A comparative assessment of the breast cancer
incidence in the main groups of victims (Table 4)
indicates a significant excess above the national
level only in women participants in the recovery
operation works of 1986-1987.

In 1994—-2019, the SIR value was 156.3 % (95 %
CI: 141.0—171.5 %), i. e. breast cancer incidence
exceeded the national level by 1.5—1.6 times.

The incidence in residents of the areas most con-
taminated with radionuclides (SIR 65.7 %, 95 %
CI: 62.6—68.9) and evacuees (SIR 84.4 %, 95 %
CIl: 76.7-92.3) was significantly lower than
national ones.

It should be noted that in recent years (2011-2019)
breast cancer incidence rate in residents of the
most contaminated areas has been characterized
by intensive growth |3]. This led to the fact that the
indicators of these areas became equal to the inci-
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Ta6nuusa 4

3axBoploBaHicTb Ha pak MonoyHoi 3ano3n (MKX-10 C50) rpyn »xiHoyoro HaceneHHA YKpaiHu, o nocTpaxaanm
BHacnifgok aBapii Ha YAEC (ctaHpapTu3oBaHi cniBBipHoWweHHA 3axBopiloBaHocTi — SIR, %)

Table 4

Breast cancer incidence (ICD10 C50) in the groups of female population of Ukraine affected by the Chornobyl

accident (standardised incidence rates - SIR, %)

Kateropia noctpaxganux ta nepiop,

dakTuyHa Kinbkicte OQuikyBaHa KinbKicTb

95 % posipunii

CnocTepexeHHs BUNagKiB BUNagKiB SIR. % iHTepBan

Groups of affected population, follow-up years Actual No Expected No ’ 95 % confidence
of cases of cases interval

MeLwukaHuj 3a6pyaHeHnx pagioHykninamu Teputopiit (1990-2019 pp.) 1650 2510,1 65,7 62,6-68,9

Residents of contaminated areas (1990-2019)

YJTHA 1986—1987 pp. (1994—-2019 pp.) 403 2579 156,3 141,0-171,5

Clean-up workers 1986—1987 (1994—2019)

EBakyioBaHi i3 3011 BigyyxeHHs (1990-2019 pp.) 462 5474 84,4 76,7-92,3

Evacuees (1990-2019)

MPU3BEJIO 10 TOTO, 110 MOKA3HUKH LIUX TEPUTOPIilt 3piBHSITUCH
i3 TOKa3HUKaMU 3aXBOPIOBAHICTI Ha 1110 MaToJoriio y 2Kurto-
MMpCBKiit obmacri. Y niepion 2011—2019 pp. cepenHiii st Beix
pamiaiiitHo 3a0pyIHEHUX TEPUTOPIll TTOKa3HUK 3aXBOPIOBA-
HOCTI Ha pak iHo4oi MojiouHoi 3a03u (40,2 £+ 1,7) x 10 cTa-
TUCTUYHO HE BiApPi3HABCS BiJ HALLiOHAJILHOIO IMOKAa3HMKA
(43,3 £ 0,1) x 10°°. Coig npuitHATH 10 yBaru, 110 10 aBapii Ha
YAEC piBeHb 3aXBOPIOBAHOCTI Ha 1110 TTATOJIOTiIO0 Ha AOCTi/I-
JKyBaHUX TEPUTOPISIX OYB OMHUM 3 HAMHIDKYMX B YKpaiHi.

OBI'OBOPEHHA TA BUCHOBKHA
EninemionoriyuHoMy BMBUEHHIO OHKOJIOTIYHMX HAaCJiIKiB
aBapii Ha YopHoOunbcobkiit AEC cripusina po3pobka Ta
3alpoBaJXEeHHs B YKpaiHi HalliOHAJIbHUX i Mi>KHApOAHUX
HAyKOBUX TIPOTpaM 3 i€l mpobiaeMu. Y 3B’SI3Ky 3 oOMexe-
HUM (diHaHCYBaHHSIM JOCTIIKEHHS Y paMKax HallioHaIb-
HUX MporpaM HOCWJIO TepeBakHO OIMMCOBUIA, AECKPUI-
TUBHMIA XapakTep, TOMi SK AesIKi MiXKHapOIHi MporpamMu
Oyid aHAJITUMYHUMU JOCHIIXKEHHSIMU 1 Hagalu 3MOTy
OLIIHUTU PU3UKHU PO3BUTKY 3J0SIKICHUX HOBOYTBOPEHDb 3
ypaxyBaHHSIM OTpUMaHMX 103 ONMpPoMiHeHHs. JlocmiaKeH-
HS TIPOBOAWJINCS B OCHOBHHUX TIpyIlaX HaCeJIeHHS, SIKi
MocTpaXmanu BHacHiZoK YopHOOMILCHKOI aBapii (Mel-
KaHIIiB 3a0pygHEHMX pamiOHYKJiZaMU TepUTOpii YK-
painu, yyacHukiB JIHA 1986—1987 pp., eBaKkyiloBaHUX i3
30HU BiUy>XKEHHS$), Ta HagajJu 3MOIY BUSBUTU piBEHb i
0COOJIMBOCTI TPEHAOBUX MOJAEIE YacTOTU 3I0SKICHUX
HOBOYTBOpeHb. Bike uyepe3 4oTUpM pPOKM ITiCHs L€l
TpariyHoi Mo/ii BUSIBICHO IepIili, 3yMOBJIEHI paTialliiHUM
onpoMiHeHHsIM, Bunaaku PII3 y giTeii-MeKaHILiB Haii-
OiIbII 3a0pydHEHUX padioHyKJlimaMu TepuTopiil. Brpo-
JOBX MOTEPEaHIX IeCSITU POKiB 3rajaHa MaToJoris y AiTei
HE cIlocTepiraiache.

BuxonanHs MixHapogHux mporpam AUDEKA (ECP-7),
pociimkenb y paMkax ®Mpanko-Himenpkoi YopHOOMIBCH-
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dence of this pathology in the Zhytomyr region.
In 2011-2019, the average incidence of female
breast cancer (40.2 £ 1.7) x 10~ for all radiation-
contaminated areas did not differ significantly
from the national indicator (43.3 £0.1) x 107 It
should be taken into account that before the
Chornobyl accident the breast cancer incidence
was one of the lowest in Ukraine in the study
areas.

DISCUSSION AND CONCLUSIONS
The development and implementation of national
and international scientific programs on health
effects of exposure to radiation in Ukraine pro-
moted the epidemiological studies of the oncolog-
ical consequences of the Chornobyl accident. Due
to the limited funding, research under national
programs was mostly descriptive, while some
international projects were of the analytical mode
and provided an opportunity to assess the dose
dependent risks of malignancies developing. The
research was conducted in the main groups affect-
ed by the Chornobyl accident (residents of con-
taminated with radionuclides areas of Ukraine,
clean-up workers 1986—1987, and evacuees from
the exclusion zone) and provided an opportunity
to identify the level and features of trend models of
malignant tumours. Four years after this tragic
event, the first cases of thyroid cancer caused by
radiation were found in children living in the areas
most contaminated with radionuclides. At the
same time this pathology was not observed in chil-
dren at all during previous ten years.
Implementation of international programs
IPHECA (ECR-7), research within the French-
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koi iHiniatusu, INCO-COPERNICUS Ta iHmmx 3M1iii-
CHIOBAJIOCh Ha OCHOBi JOBFOCTPOKOBOTO MOHITOPUHTY
3JI0SIKICHMX HOBOYTBOPE€Hb B TIpyMax IIOCTPaKIalux,
axuit 3a0e3rneursiv depxkaBHuii peectp Ykpainu i Hairio-
HaJIbHUI KaHLEp-peecTp YKpaiHu. BcTaHoBiaeHO, 110
TMOKA3HUKHU 3aXBOPIOBAHOCTI Ha BCi (hDOPMHU paKy MepeBu-
LIYIOTh HalliOHAJILHUI piBeHb JUIle B rpymi yYaCHUKIB
JikBiganii HacmiakiB aBapii Ha YAEC 1986—1987 pp.

PiBeHb 3aXBOpPIOBAHOCTI Ha 3/105IKiCHI HOBOYTBOPEHHS
JIiMpOoiagHOI, KPOBOTBOPHOI Ta CIIOPiAHEHUX TKAHUH Y
MeIIKaHLIB pagioaKTUBHO 3a0pyIHEHUX TEPUTOPili He
MepeBUlllyBaB HalliOHAJIbHUI piBeHb. Y MPOTUJIEKHICTh
uboMmy, B YJIHA 1986—1987 pp. yuacTi Ta eBaKyifOBaHHMX
i3 30HM BiIUY>XE€HHS BiIMiY€HO MEpPeBUILECHHS Hallio-
HaJILHOT'O PiBHSI.

Benuky yBary mnpuBepTamOTh pPe3yJbTaTH CITJILHOTO
QHAJTITUYHOTO JOCTIIKEHHS palialliiHUX PU3MKIB JIeH-
KeMii y JikBinaTopiB YopHOOMIBCHKOI aBapii, sKe Mpo-
BegeHo HHIIPM Tta HauioHajlbHUM IHCTUTYTOM paky
CHLIA. Po3paxoBaHe 3Ha4e€HHS MTOKA3HUKIB HAIJIUIIKO-
Boro BimHocHoro pusuky (ERR) 3a 15 pokiB micis or-
poMiHeHHs ctaHoBMIO 3,44/Gy (95 % Al: 0,47-9,78,;
p < 0,01), 3a 20 pokiB — ERR/Gy = 2,38 (95 % Al:
0,49-5,87, p = 0,004). BusznaueHHsI pamio3anexXHOCTi
XpPOHiUHOI JiMPOLUMUTAPHOI JieHKeMil CcTalo CBITOBUM
npioputeToM. BeraHoBieHo, 1o npubausHo 16 % Bcix
BUIAJKIB JIEMKeMii, 3apeecTpoBaHUX Yy JIiKBiIaTOPiB
BIIpoJoBxX 20 pokKiB micist KatacTpodu, Oyau 3yMOBJIeHi
OINPOMiHEHHSM BHacHinoKk YopHOOMILCHKOI aBapii. Pe-
3yJbTaTU JOCiIKEHb JIeHKeMil y NiTeil YOTUPbhOX 00J1ac-
Telt YKpaiHM 3 NMOPiBHSIHHSIM TTOKA3HUKIB 10aBapiiiHOro
Ta mMicasiaBapiiHOro IIepiofiB CBigYaTh MpPO Te, IO
paniauiitHe ornpoMiHeHHs Mmicasa YopHOOMIbLCHKOT KaTa-
CcTpoU MOXe OyTM NPUUYMHOIO 30iJbILIEHHS YaCTOTHU
IUTSTIO] JIeikeMii B ijoMy (i OKpeMuX ii TUITIiB).

BcTraHoBneHo migBuilieHU piBeHb 3aXBOPIOBAHOCTI Ha
paK IIUMTOIOAIOHOI 331031 MEIIKaHIIIB HalOiIbII 3a0-
PYOIHEHUX padioOHYKJigaMu TepuTopiit, yuacHukiB JIHA
1986—1987 pp. Ta eBaKylOBaHUX i3 30HU Bid4y>KCHHS.
ITokazaHo, 1110 MiABUILEHUN PU3UK LILOTO 3aXBOPIOBAH-
HSI iCHY€E He JIWIIIe Y IiTel Ta MiIJIiTKiB, ajie i B ocid, or-
POMiHEHUX Yy TOPOCIOMY Billi.

Cepen iHIImMxX ¢GopM 37T0SIKICHUX HOBOYTBOPEHb 3HAU-
Hy yBary OyJio MpPHUIiJIeHO BUBUEHHIO 3aXBOPIOBAHOCTI
Ha paK MOJIOYHOI 3a703U. Y MEIIKAaHOK 3a0pyaTHEHUX
pagioHYKJIiJaMyd TEpUTOPiiA Ta eBaKyMoBaHMX i3 30HU
BilUY>KEHHSI CIOCTEPIrajJoch 3pOCTAHHSI YaCTOTU L€l
MaToJIOTii, X0Uua BOHA He MEePeBUILMIIA HAlliOHAJIbHI TT0-
Ka3Huku. PazoM 3 TuM, y XiHOK, $IKi Opajiu y4yacTb Y
nikBigauii HacainkiB aBapii Ha YAEC y 1986—1987 pp.,
MOKAa3HUKU OYyJM iCTOTHO BUIIMMU 3a HalliOHAJTbHUIA

German Chornobyl Initiative, INCO-COPERNICUS
and others was carried out on the basis of long-term
monitoring of malignant neoplasms in groups of vic-
tims provided by the State Registry of Ukraine of per-
sons suffered following the Chornobyl catastrophe,
and National Cancer Registry of Ukraine. It is estab-
lished that the incidence rates of cancer in total ex-
ceed the national level only in clean-up workers par-
ticipated in recovery operation works in 1986—1987.

Leukaemia and lymphoma incidence in resi-
dents of areas contaminated with radionuclides
did not exceed the national level. In contrast, in
clean-up workers of 1986—1987 participation and
evacuees from the exclusion zone it exceeded the
national level.

The results of a joint analytical study of the radi-
ation risks of leukaemia in the liquidators of the
Chornobyl accident, conducted by the NRCRM
and the US National Cancer Institute, are of great
attention. The calculated value of the excess rela-
tive risk (ERR) for 15 years after irradiation was
3.44/Gy (95 % CI: 0.47-9.78, p<0.01), for 20 years —
ERR/Gy = 2.38 (95 % CI: 0.49-5.87, p = 0.004).
Determining the radio dependence of chronic
lymphocytic leukaemia has become a global prior-
ity. It has been found that approximately 16 % of
all leukaemia cases registered in clean-up workers
within 20 years after the disaster were due to radi-
ation from the Chornobyl accident. The results of
leukaemia studies in children from four regions of
Ukraine with a comparison of pre-accident and
post-accident periods indicate that radiation
exposure after the Chornobyl disaster may be the
cause of increased incidence of childhood leukae-
mia in general and its specific types.

An increased thyroid cancer incidence rate was
found in residents of the areas most contaminated
with radionuclides, clean-up workers 1986—1987
and evacuees from the exclusion zone. It has been
shown that an increased risk of this disease exists
not only in children and adolescents, but also in
people exposed in adulthood.

Among other forms of malignant neoplasms,
considerable attention has been paid to the study
of a breast cancer. Residents of the areas contami-
nated with radionuclides and evacuees from the
exclusion zone showed an increase in the inci-
dence of this pathology, although it did not exceed
national indicators. At the same time, the number
of cases in women who took part in the liquidation
of the consequences of the Chornobyl accident in
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1986—1987 was significantly higher than expected
based onthe national level. The obtained results
give grounds to continue research with an assess-
ment of the role of the radiation factor.

As the latent period of various radiation-related
tumours differs significantly, in the future it is nec-
essary to pay special attention not only to thyroid
and breast cancers, leukaemia, but also to malig-
nant tumours of the lungs, stomach, intestines,
ovaries, bladder, kidneys, multiple myeloma.

piBeHb. OTpUMaHi pe3yabTaTu AAlOTh MiICTaBA BBaXXaTU
JOLUTBHAM TTPOJOBXEHHS MOCIIKEHb 3 OL[IHKOIO POJTi
pagialiiHOro YMHHHUKA.

OCKibKM JIaTEeHTHUI Tepiod pi3HUX pamialiifHO 3y-
MOBJICHUX TMyXJUH 3HAYHO BiApi3HSETHCS, B IepCIieK-
TUBiI HEOOXiIHO MPUIUISATU OCOOJMBY YBary He TiJIbKU
3aXBOPIOBAHHSIM Ha pak LIMTOIOAIOHOI Ta MOJIOYHOI 3a-
JI03, neliKeMii, aje i 3J0SIKiCHUM TyXJIMHAM JiereHb,
LIUTYHKY, KUIIKiBHUKA, SIEYHUKIB, CEUOBOI0 Mixypa, HU-
POK, MHOXWHHIN Mi€oMi.
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