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Abstract

A complex influence of biological, physical and other factors that modify radiation-induced cancer risks intro-
duce uncertainties that limit the precision of human cancer risk estimations, especially at exposure to low doses.
It can be demonstrated by the increased incidence of thyroid cancer in children affected as a result of the Cher-
nobyl accident. While the number of cancers is extremely high in relative figures, it is rather low in absolute value
from the point of view of statistical significance. If one tries to analyse the occurrence of excessive cancers in
children dependent on age, sex and other factors the results lose statistical significance. On the basis of our 12-
year experience in dealing with this problem, we offered a functional model of thyroid pathogenesis in the post-
Chernobyl period. The model highlights the tight correlation between the response of the thyroid gland at ex-
posure to ionising radiation and its functional state. The model takes into account that the thyroid functional
state — its volume, iodine intake, production of hormones, etc. — has an influence upon the formation of the
absorbed dose, mainly due to radioactive iodine, as well as on the type and level of radiation response manifesta-
tion. The functional activity of the gland depends both on peculiarities of the pubescent period in boys and girls,
on periods of pregnancy, lactation and menopause in women and on external factors (iodine endemy in the
environment or iodine prophylaxis). This permits us to consider and analyse a wide set of thyroid disorders

possibly related to radiation exposure.
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Studies of persons living in the Bryansk region of
the Russian Federation who were exposed to Cher-
nobyl fallout after the accident in 1986 suggest that
alink exists between the levels of iodine in the thy-
roid gland and thyroid functional state created by
these levels. Thyroid functional state has a signifi-
cant impact on the development of thyroid cancer
and the eventual progress of the disease. Because
of these interrelationships it is suggested that an
indiscriminate administration of stable iodine fol-
lowing a release of radioactive iodine during a nu-
clear accident may actually promote, but not pre-
vent, onset of thyroid cancer in certain populations.

Data accumulated during the thirteen years follow-
ing the Chernobyl accident allow us to reach sever-
al conclusions on the medical consequences of the
accident, to assess the effects of radiation and oth-
er factors in disorder development and to evaluate
and select the methods for mitigation of these con-
sequences.

Pesynsrarsl MCCIe0BAHMIA, IPOBEACHHDIX Y KU TENCH BpsiH-
CKO 006macTu Poccriickor Pejiepariviu, HOJBEPITITHXCS BO3-
JEHUCTBUIO PAANOHYKIMIOB II0CIEC YepHOOBUILCKOM aBAPHH,
CBH/IETENIBCTBYET O CBA3U MEKY YDOBHAMM MO/IA B IIIUTOBU/T-
Horxkesese (I1DK) 1 ee (PyHKIMOHATBHBIM COCTOSTHUEM. [ Tpr
3TOM (PyHKIMOHAIbHOE cOCTOstHUE IDK B 3HAUMTEIBHOM
MepE OOYCIIOBIIMBACT PUCK BOBHUKHOBEHIS PAKA 3TOI'O OPra-
HA, 2 TAKCKE TedeHre 601e3H1. Hamdare 3THX B3aNMOCBSI3CH
TO3BOJBIET TIPEATIONOKUTD, YTO HEJJOCTATOYHO OOOCHOBAH-
HOE NPO(PIIAKTUYECKOE IIPUMEHECHHE CTAOMWIBHOI'O HOAA
TIOCJIE BO3/ECHCTBYA PAAHUONOAA BO BPEM AJEPHOM aBAPUU,
MOXKET CTUMYJIMPOBATD, 4 HE [IPEAOTBPATUTD PA3BUTHE PAKA
Ky HEKOTOPBIX KATEIOPUEIT HACEJICHS.

JlaHHbIE, HAKOIJIEHHBIE B TEYEHWE TPUHA/LIATH JIET ITOC-
Jie YepHOOBUILCKON ABAPUHU, IIO3BOJIIIOT CIE/IATh HEKO-
TOPBIE 3AKIIOYEHNS O MEJIUITUHCKUX TOCJIC/ICTBUAX ABA-
pHH, OIPEAEIATh POIb HOHU3UPYIOIUX HU3JIyYCHUN U
JIPYTUX (DAKTOPOB B BO3HUKHOBEHHU 3400JIEBAHUH, OI1C-
HHUBATb U BBIOUPATh METOIBI 11 CHYDKEHUS TSDKECTH STUX
TMOCACACTBUA.
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The influence of the Chernobyl accident can most
clearly be seen by an increase in thyroid cancers
(Paile W, Salomaa S., 1994; Demidchik E.P. et al,,
1996; Astakhova LN. et al,, 1998; Prysyazhnyuk A.Ye.
et al,, 1999). Thus, in the heavily affected Bryansk
region (located in the south-west of the Russian
Federation) in young women under the age of 30,
thyroid cancer was the most prevalent malignancy
among all other malignancies over the last 2—3 years
(in 1990 — the fifth place). Post-Chernobyl thyroid
cancer has received much attention in the scientif-
ic and public press. In spite of these numerous pub-
lications on the problem, many questions still re-
main unanswered. Collection and statement of facts
related to the health consequences of the Cherno-
byl accident is only the first step toward mitigation
of these effects. For development of effective treat-
ment and medical rehabilitation measures it is nec-
essary to understand the nature of the events and
facts.

On the basis of our 13-year experience (Tsyb AE
et al,, 1996; ParshkovEM. et al,, 1997; Stepanenko V.
et al,, 1998) we offered a functional model of thy-
roid cancer development in the post-Chernobyl
period. The essence of the model was derived from
the following points:

— physiological response of irradiated thyroid gland
can be correlated with its functional state before and
after irradiation;

— thyroid functional state — its volume, rate and
level of iodine intake, production of hormones,
etc. — has an influence upon radioactive iodine
uptake (and resulting absorbed dose), as well as on
how radiation dose eventually manifests itself clini-
cally. Thus, thyroid functional state influences both
the absorbed dose formation, and the level of radia-
tion response;

— in children, and in pregnant, lactating, and meno-
pausal women, the functional activity of the gland
is distinguished. In addition, the functional activity
of the gland can be greatly influenced by environ-
mental conditions (for example, iodine endemy or
iodine prophyilaxis after a nuclear accident with
release of iodine fission products).

The complex relationship of radiation and non-ra-
diation factors heavily complicates the elucidation
of links between the number of cancer cases and
absorbed doses. While the number of cancers is ex-
tremely high in relative figures (i.e. in relation to the
pre-accident period or to mean morbidity over the
country), but rather low in absolute figures for sta-
tistical analysis. If one tries to analyse the occurrence
of approximately 250 cases of excessive cancers in
children dependent on age, sex and other parame-
ters the results lose statistical significance. Thus, in-
tegrating the data for children both male and fe-
male, we lose information on dependence of mor-

Haunbonee BbIpaskeHHBIM 3(PpeKTOM YepHOOBUILCKOM aBa-
PHU ABJIAETCA MOBBIIIEHHE 3A00JIEBAEMOCTH PAKOBBIX HO-
BooOpazosanuri DK (Paile W, Salomaa S., 1994; Jemu-
guk EIL u coaBr, 1996; Astakhova LN. et al., 1998; ITpu-
CspKHIOK AE. 1 coaBr,, 1999). B uacrHOCTH, B BpsHCKOM
obsacTy, Haubosee NIOCTPAJABIICH B POCCHUU y MOJIOJIBIX
JKEHIIMH B Bo3pacrte 10 30 sier pak DK 3aHuMaer B noc-
JieIHUE 2—3 TO/1a IEPBOE MECTO CPE/IU BCEX 37IOKAYECTBEH-
HBIX HOBOOOPA30BAHUI, TOI/A KAK, HAaIIpumep, B 1990 .
3aHMMaJ ITOE MeCTO. MccenoBanusam paka DK B moct-
YEPHOOBUILCKUI MEPUOJ, ObUIO YAEIECHO 3HAYUTEIBHOE
BHUMAHME B HAYYHOM JIMTEPATYPE U CPEACTBAX MACCOBOM
nHpopMaruu. OAHAKO, HECMOTPsI HA MHOT'OYHUCJIEHHBIE
IyOIMKALINH, MHOTHE BOIIPOCHI BCE EIIE HE PENIEHBL COOP
M UBJIOKEHUE (DAKTOB, OTHOCAIIUXCA K METALTITHCKUM ITO-
CIIEACTBUAM YEPHOOBUILCKOM aBAPUH, ABJIAIOTCS JIUIIDb
MEPBLIMU MIATAMH, HAIIPABJIEHHBIMH HA CMATYEHUE 3TUX
NOCAeACTBUI. [1J1s1 BBIPAOOTKH 3(P(PEKTUBHBIX ITPOPIIIAK-
THUYECKUX, JIEYEOHBIX U PEAOMINTAIIMOHHBIX TOJIXO/0B
HEOOXOIUMO ITIOHHMAHHE XAPAKTEPA COOBITUI U (DAKTOB.

Ha ocHoBe Hamero 13-1€THErO OnbITd PAOOTHL B 9TOH
ob6mactu (Tsyb AE et al,, 1996; Parshkov EM. et al., 1997;
Stepanenko V. et al.,, 1998) MbI IpEIIOKUIN (PYHKIIUO-
HQJIbHYIO MOJIENb ITaTorenesa paka HIJK B moctuepHo-
OBUILCKUI ITIEPUO/, OCHOBAHHYIO HA CJIEIYIONUX I1OJIO-
JKEHUAX:

— (pusnonornueckasn peaknus DK onpegensercs ee
(PYHKIIMOHAJIIBHBIM COCTOAHUEM JI0 U ITOCJIE OOIyde-
HUS,

— (pyHKIIHOHAIBHOE cocTosiHME IIDK (06bEM, CKOPOCTD
U YPOBEHDb NOTPEOIEHUS MO/, BBIPAOOTKA TOPMOHOB U
JIP.) OKa3bIBAET BIMAHUE HA ITOIJIONMEHHE PATUONOoa (U
(POPMHUPYEMYIO MOITIOMIEHHYIO J03Y) U Hd KIIMHUYECKOE
POABIECHUE OOITydeHUSL. TaKuM 06pa3oM, PyHKIITMOHAIIb-
Hoe cocrosuue UK BnusgeT kak Ha (POPMUPOBAHUE TIO-
IJIOIEHHOM JO3BI, TAK U HA BBIPAKEHHOCTD JIYYEBOH pe-
AKLINL,

— Y JIETEN, A TAKXKE Y )KEHIUH B IEPUOJ, OEPEMEHHOCTH,
JIAKTAIIMA U MEHOMNAY3bl (PYHKIIMOHAIBHOE COCTOSHUE
HIPK nMeeT CylecTBEHHbIE OCOOEHHOCTU. KpoMe TOro, Ha
(PyHKIUOHANBHOE cocTosgHuEe XK BIUAIOT yCIOBUA
OKPYKAIOIIEN Cpebl (HATIPUMED, MOAHAA SHAEMUA WU
IPOBECHUE HOHON NPOPIUIAKTUKU ITOCJIE ABAPUH C BbI-
JIEJIEHUEM PAITMOAKTUBHOI'O HO/A).

CHOKHOE B3aMMOJIEICTBHE JIYYEBBIX 1 HEJTYYEBBIX (DAK-
TOPOB 3HAYUTEJIBHO YCIOKHAET OIPEIETIEHUE CBA3U YHC-
JIa CJIy94€B PA3BUTUA PAKA U ITOIVIOIMEHHON JO3bL. OTHO-
CHUTEJIbHOE YMCJIO CJIYYA€B BOSHUKHOBEHMA paka 1K nc-
KJIIOYMTEIBHO BBICOKO B OTHOCHTEIBHBIX HUMPAX (TO
€CTb OTHOCHTEJILHO IIEPUO/A IO ABAPUN WU CPEHEN 3a-
6O0JIEBAEMOCTHU IO CTPAHE), AOCOIIOTHOE YUCIIO — HEZO-
CTATOYHO JIA CTATUCTUYECKOI'O aHANN34a. EC/IM aHaimsu-
POBaTh BOSHUKHOBEHUE NPHUOINU3UTEIBHO 250 N30BITOU-
HBIX CJIy4deB PAKa y ICTEN B 3aBUCMMOCTU OT BO3PACTA,
OJIA U APYTUX HAPAMETPOB, TO PE3YIIBIAThI TEPSIOT CTa-
THCTHUYECKYIO 3HAYUMOCTb. Hanpumep, OO beJUHSAS JaH-
HBIE IS IETEH OOOETO MO, Mbl TEPSIEM MH(MOPMAIIUIO
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bidity on well-known difference in thyroid func-
tional activity in boys and girls over 4 years of age.
In this case summarised dose—effect relationship or
risk assessments do not delineate the effects of gen-
der, iodine deficiencies, etc. It can be concluded that
the dose dependence or levels of risk given in some
publications are derived more from the paradigms
of the authors than from any clearly defined statis-
tical relationships.

In our research we analysed 244 thyroid cancers in
children and adolescents born from 1968 to 1986
living in the Russian Federation territories of Bry-
ansk, Kaluga, Orel and Tula regions. More than 5 mil-
lion people ('/, — children and adolescents) live in
these territories. Our examinations concentrated
particularly on thyroid functional state. A detailed
analysis of cancer cases in boys and girls revealed
significant difference in development of thyroid
pathology in boys and girls that depends upon the
onset of puberty (figure 1).

OTHOCHTEJIBHO 3aBUCUMOCTH 3200JIEBAEMOCTH OT U3BEC-
THOI'O pasjanyys (PYHKIIMOHAIBHOM akTuBHOCTU DK y
MAJIBYMKOB U JIEBOYEK B BO3PACTE cTapuie 4 jieT. B aTom
cJryyae OOOOIIEHHDIE 3aBUCUMOCTH «03a—3(PHEKT> UIIN
OLIEHKH PUCKOB HE OTPAKAIOT OCOOEHHOCTEN I10JIA, HOJI-
HOI HEJJOCTATOYHOCTH U T.J]. MOXKHO IIPEATIONOKUTD, YTO
MPHUBOJUMBIE B PAZIE PAOOT TO30BbIE 3ABUCUMOCTH WIN
YPOBHM PUCKA OCHOBAHbBI CKOPEE Ha ITAPA/IUTME ABTOPOB,
YEM Ha ONPENEJIEHHBIX CTATUCTUYECKUX TAHHBIX.

MBbI IPOAHANHU3UPOBAIH 244 ciaydas pa3suThsa paka DK
y A€TEH U MTOJPOCTKOB, POAUBINIUXCS ¢ 1968 1o 1986 .
Ha Teppuropun bpsanckon, Kanyxckoi, OpaoBCKON U
Tynbckon obnacreit Poccurickont ®@epepanuu. 31€Ch
IIPOKUBAET CBBIIIEC 5 MJIH HACEJIECHUSA, U3 HUX CBBIIIE OJI-
HOM 4€TBEPTU — JETH U IIOAPOCTKU. Hamu ucciuenonsa-
HUS OBUIN, IIPEXK/IE BCETO, CKOHIIEHTPUPOBAHBI HA OLIEH-
K€ (PYHKIIMOHAJIBHOTO cocTosiHuA K. ITonmydyeHHbie
JIAHHBIE CBU/IETEILCTBOBAIN O 3HAYUTEBHBIX PA3ITHYH-
AX B pa3BUTUU NTATONOTHU VK y MAJIBYMKOB U IEBOYEK
(pucyHox 1).

FIGURE 1. NUMBER OF THYROID CANCERS BY SEX AND AGE
PUCYHOK 1. HIACNO CITYHAEB PAKA LLPK B 3ABUCUMOCTIA OT MOJA 11 BO3PACTA
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Taking into account the peculiarities of thyroid
gland function at different stages of development
in children (especially in girls), we formulated the
following hypothesis in 1993 :

1. The highest risk of thyroid tissue damage by iodine
radionuclides occurs during periods of intense func-
tioning of the thyroid gland (i.e,,in new-borns, during
the period of lactation, and at pre- and pubertal ages).

2. Occurrence and clinical appearance of thyroid
cancer is likely to be raised during periods of in-
creased thyroid activity.

3. Between the ages of 0—4 years, when children
have not yet developed sexual differences of thy-
roid physiology and pathology, radiosensitivity of
the thyroid is equal in boys and girls.

V4aUTBIBAsE OCOOEHHOCTU (PyHKIMOHUpPOBaHuA DK Ha
PA3IMYHBIX CTAAUAX PA3BUTHA Y I€TEN (OCOOEHHO Y Jie-
BYIIEK), B 1993 1. HAMM BBIABUHYTA CJIEAYIONASA I'UIIO-
TE3a:

1. Hambombmuit puck noBpexaeHus Tkanu K paguo-
HYKJIWJIAMH HOJ]A B IEPHUO/BI UHTEHCHUBHOTO (DYHKIINO-
Huposanua DK (y HOBOPOXKAEHHDBIX, BO BPEMs JIAKTA-
UM, B IIPENTYOEPTATHOM M IyOEPTATHOM BO3PACTE).

2. YacToTa BOBHUKHOBEHUS U CTEIIEHb KJIMHUYECKOI'O
nosBaeHud paka IJK gOJDKHBI BO3PACTATh B IEPUO/IBI
TIOBBIIIEHHON aKTUBHOCTHU 11K,

3. B Bo3pacre 0—4 roja, Korga y IeTe elie He Pa3BUINCh
MOJIOBBIE PA3INYUA B (DYHKITHOHUPOBAHUN U TATOJIOTHU
DK, pagrouayBCTBUTEIbHOCT HIDK OAMHAKOBA y MaJIb-
YUKOB U JIEBOYEK.
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4. 10—-12 years after the accident a decrease of thy-
roid pathology should be anticipated, because the
fraction of persons affected by radiation during the
period of intensive thyroid functioning will be de-
creasing.

In general, our assumptions have been proven to be
correct. The table presents our data on thyroid can-
cers in children born between 1971 and 1986,
showing dependence of radiosensitivity on the
functional state of the gland.

4. Yepes 10-12 sieT 11ocsie aBapuu CIeAyeT OXKUAATH
YMEHBIICHUS YHCIIA CTydaeB 3a60eBanys DK, Tockoib-
Ky KOJIMYECTBO JIIOZAEH, ITOBEPTIINXCA OOTYYEHHUIO B T1€-
PHOA, UHTEHCUBHOI'O (PyHKIIMOHUpOoBaHus DK, oyner
COKPAIAThCSL.

B 1ies1oM, Haly npeAIiooKEHHs OIPAaBIINCh. B Tabnn-
1€ IPUBEIECHBI JJAHHBIE O YUCJIE caydaes paka DKy ne-
TEH, POXKIECHHBIX C 1971 10 1986 T, /1€ OTpaskeHA 3aBU-
CHUMOCTbD PaAHOYYBCTBUTEIIbBHOCTH OT (PYHKIIMOHAIIBHO-
I'O COCTOSIHUS JKCJIC3BL

TABLE
THYROID CANCER OCCURRENGE IN CHILDREN BY SEX AND AGE
TABJTULA
PA3BUTVE PAKA LK Y IETEA B 3ABUCUMOCTVI OT MOJIA U BO3PACTA
Sexual differences in thyroid functions and pathology (Children born in 1971-1986)
Estimated parameters Absence (0-4 year) Mild (prepubertal age) Pronounced (pubertal age)
boys girls boys girls boys girls
Proliferation index o o o *oe * o
TSHIeVeI * ok ok Kk * ok kx k * x * Kk ok * % * ok ok
Thyroid uptake of iodine ok ok * o * e
Number of thyroid cancers (absolute values) 25 28 13 35 11 52

Note. ** — moderate level of estimated parameters of thyroid; *** — high; **** — highest.

lpumeyarue. ** — yMEPEHHaA BbIPAXKEHHOCTb OLEHMBAEMbIX napameTpos LLK; *** — Bbicokas;

In children under 4 years of age, when sexual dif-
ferences of thyroid physiology and pathology are
absent, the estimated parameters in boys and girls
are equal. In children of prepubertal age, where sex-
ual differences of thyroid physiology and pathology
are forming, the number of cancer cases becomes
more prominent in girls. These differences become
most pronounced at the pubertal age. These data
suggest that absorbed dose by incorporated radio-
active iodine is directly related to the functional ac-
tivity of the thyroid gland. If this is really true, then
it further suggests that dose estimates and risks of
cancer incidence should be recalculated.

Among all children exposed #2 utero only in two
cases has thyroid cancer been registered. Moreover,
those children were born before June 1, 1986, when
radioactive iodine was present in the environment.
In children exposed in utero, but born after the de-
cay of radioactive iodine, thyroid cancer has not
been registered. It appears that the mother’s physi-
ology protected the foetal thyroid gland against ra-
diation impact. An absence of thyroid cancer in chil-
dren born after the decay of radioactive iodine may
be considered as another confirmation of radiation
origin of post-Chernobyl thyroid cancer.

Histological type of radiation-induced thyroid can-
cer among Chernobyl accident survivors is of spe-
cial interest. In several studies it was noted that the
papillary form of thyroid cancer comprises more
than 95% of all types found (Demidchik EP. et al,,
1996). It was also shown that this type of cancer
results in early metastasis in lymphoid collector of
the neck. In children in the first year of life papillary
type of cancer is primarily registered (figure 2). Pa-

*k kK

— 04€Hb BbICOKaA.

V merer B BO3pacTe 4O 4 JIET, KOIAa IIOJIOBbIE PA3/INYMA B
(PYHKIIMOHUPOBAHUU U naTonoruu XK oTCyTCTByIOT,
oueHuBaeMble rapamerpsl DK y MaIbYnKOB U JEBOYEK
PaBHEL Y IETEMN NIPETyOEPTATHOI'O BO3PACTA, KOI/1d HAYH-
HAETCA NTOJI0BAs1 U pepeHIALINA (PYHKITMOHHUPOBAHUS
u narosioruu DK, uncino cayyaes paka HA4YUMHAET IIpe-
BAJIMPOBATD Y ICBOYCK. DTU PA3JINUU HANOOJIEE BBIPAKE-
HBI B [IyOEPTATHOM BO3PACTE. DTH JAHHBIC CBU/ICTEC/Ib-
CTBYIOT, UTO HOIVIOIEHHAsA 1034 34 CYET MHKOPIIOPALIUH
Pagroroaa HEOCPEACTBEHHO OIIPEACIACTC (DYHKIIUO-
HaJIbHOW akTUBHOCTBIO IIIDK. ECciiu 3TO JIEHUCTBUTEIIBHO
TAK, TO OLLEHKH 103 U PAJAUALMOHHBIX PUCKOB BOSHUKHO-
BEHMSI PAKA JOJDKHBI OBITh IEPECMOTPEHDL

Cpenu Bcex AeTer, OOJIlydEeHHBIX 772 1lero, TOJIbKO y 2 34-
PETUCTPHUPOBAHO pa3BuTHE paka HIDK. [Ipryem oHU po-
JATUCH 710 1 mioHs 1986 1, Korjia pajiMoro eIe HaXo-
JUJICSL B OKPYXKAIOWIeH cpefe. V geTeit, O6JIydeHHBIX
117 utero, HO POAUBIIMNXC ITOCJIE PACIIALA PAAUONOAA, PAK
K He 6bU1 3apeErucTpUPOBaH. [TO-BUIUMOMY, OPTAHU3M
marepu samutri DK rmnoga ot 1ydeBOoro BO3AEMCTBUA.
Orcyrersue paka HDK y gereld, poguBIINXCA IIOC/IE PaC-
nasa pauoroa, MOXHO PACCMATPUBATD KAK €IIE OJHO
HOATBEPKACHUE PAJTUALTMOHHON IIPHUPOALI OHKOJIOIH-
4EeCKHUX HOBOOOpazosaHui IIDK rocie YepHOOBUIBCKOM
ABAPUU.

OCOOBIIT HTHTEPEC BBI3BIBAIOT JAHHBIE TUCTOJIOIMTYECKO-
'O UCCJIEAOBAHUA IIPU paguoreHHoMm pake K y mocr-
pazaBIIero HacejaeHus. B pajge ucciegoBanuil yCTaHOB-
JIEHO, YTO NanWUIAPpHBEIH pak K ormMeuaroT B 60see 95%
BCEX 3APETUCTPUPOBAHHBIX ciay4daeB (Jemuauuk EIL n
C0aBT, 1996). Kpome TOro, IIpy 3TOM THIIC PAKA BBISBIISI-
IOT PAHHUE METACTA3bl B TMM(ATUUYECKOM KOJUIEKTOPE
mwey. [TanuuIApHBIN THUIL AUATHOCTUPYIOT IIPEUMYILE-
CTBEHHO Y I€TEM IIEPBOI'O I'O/1A *KU3HU (PUCYHOK 2), 4 TAK-

70



Parshkov / International Journal of Radiation Medicine 1999, 3—4 (3—4): 67-75

FIGURE 2. NUMBER OF PAPILLARY AND FOLLICULAR TYPES OF THYROID CANCER IN CHILDREN OF THE FIRST YEAR OF LIFE
PUCYHOK 2. KONYECTBO NANUANAPHBIX 11 ®ONNMKYNSPHBIX GOPM PAKA LK Y AETEI MEPBOIO MOMA XII3HN
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Opapillary Mfoliicular

1-3 3-6

6-9 9-12

Age at the time of the accident (mounths)

pillary cancer is also typical for children born after
the decay of radioiodine. In this connection, many
attempts were undertaken to find a specific pro-
tooncogene for radiogenic papillary cancer. Our
model suggests, however, that this papillary form
of cancer, and the aggressiveness of its develop-
ment, do not reflect radiation effect, but rather are
a manifestation of the typical course of the disease
due to the peculiarities of child’s thyroid function
and structure (i.e., cancerous cells have a better op-
portunity to propagate in a child’s thyroid).

It is well known, that during the first months of life
and until 4 years of age an intense development of
follicular apparatus and formation of stroma, basal
membranes and capsule of the gland occurs (Thy-
roid Tumours. Molecular Basis of Pathogenesis,
1989; Diseases of the Thyroid. Pathology and Mana-
gement, 1994). Because of this intense developmen-
tal activity the mitotic rate is significantly higher
than that found in other age periods. Existence of a
prominent capillary network facilitates prompt
administration of malignant cells in lymphatic nod-
ules and metastases occurrence. As the child ma-
tures physiologically, and with the completion of
the thyroid gland formation phase, one would ex-
pect to see a reduction in the incidence of the papil-
lary form of cancer and an increase in incidence of
the follicular form. This is what we have seen in our
patients (figure 3). In children exposed at the age
0—4 years the number of papillary cancers is ap-
proximately 92% of the total number of cases. In
other age ranges, an increase of follicular type and
relative reduction of papillary type can been seen:
75,65 and 67% correspondingly.

Follicular cancer, as well as endemic goiter, deve-
lops more often against a background of iodine de-
ficiency in the environment. Our studies related to
urinary iodine excretion in children living in the
most heavily contaminated territories of the Bryan-

JKE y IETEN, POAUBIINXCA IIOCIIE paCIiaga paaruoroaa. B
CBA3H C 3TUM OBbUIO NIPEAIIPUHATO MHOTO IIOIIBITOK, YTO-
OBl HATH CIIEITU(PHUYIECKUI ITIPOTOOHKOI'€H P/ TMOTCHHO-
IO NAIWUIIPHOTO paka. OAHAKO MO HANIHUM JAHHBIM U
MANWULIPHBIN PAK, 1 AIPECCUBHDBIN TUIT TEYEHUS SIBJIAIOT-
Csl HE CJIEACTBHEM PAAHALIMOHHOI'O BO3ACHCTBUA, 4 CKO-
pEE — TUIMNYHBIM ITPOSABJICHUEM OOJIE3HH, ONTPEJEIAEMON
OCOBEHHOCTAMU CTPYKTYPBI U (DYHKIITUOHAJIBHOI'O COCTO-
saaud DKy gerert (To eCTb, yBEJIMYUBAECTCSA BO3MOXHOCTD
PaCIIpOCTPpAaHEHNA 37I0KAYECTBEHHBIX KIETOK B IIK pe-
OCHKA).

CIIEPBBIX MECALIEB JKU3HU U JI0 4-71IeTHETO BO3pacTta B 1K
HPOUCXOANUT UHTEHCUBHOE PA3BUTUE (DOJUTHKYJIIPHOTO
anmnapara, PopMHUPOBAHUE CTPOMBL, 6A3AJIbHBIX MEMOPAH
u Karcynsl (Thyroid Tumours. Molecular Basis of Patho-
genesis, 1989; Diseases of the Thyroid. Pathology and
Management, 1994). B aToT nepro/ nHAEKC Hpoanudepa-
LU THPEOLIUTOB BBIIIE, YEM B [IPYTHE BO3PACTHBIE IIEPU-
obl. Hammuue pa3BeTBIeHHON KAITWUIAPHOU CETH OOJIET-
YaeT OBICTPOE HOSIBJIEHUE PAKOBBIX KJICTOK B OJIFDKANIIINX
JUM@PATHYECKUX Y3/1aX U B JAJBHEHIIEM PA3BUTHE B HUX
PAaHHUX METACTA30B. UIMEHHO (PU3HUOJIOTUS PA3ZBUTHSA
JKEJIE3Bl CIIOCOOCTBYET BOZHUKHOBEHHUIO 9HIO(PUTHOT'O
paxka ¢ ero TpaHcpopMaIei B ManWUIPHBII. [To mepe
CO3PEBAHUA OPraHU3MA U 3aBEPHIEHNsT (DOPMUPOBAHMSA
1IDK cnemyer 0Kn1aTh CHIOKEHHA YACTOTBI BO3HUKHOBE-
HUA TATUIAPHOIO PAKA M BO3PACTAHUA (DOJUTUKYIIAPHO-
ro. MMEHHO TaKas TEHAECHIINA OTMEYEeHA HAMU (PUCY-
HOK 3).VY zieTei, 06JIydEHHBIX B BO3PACTE 10 4 JIET, 4ACTO-
T4 BCTPEYAEMOCTH MANMJUIAPHOIO PaKa COCTABJIAET
OKOJIO 92% OT OOLIETO YMCJIA CJIy4aeB. B pyrux Bo3pact-
HBIX I'PYIIIAX OTMEYAIH ITOBBINICHUE YACTOTBI BCTpEYac-
MOCTH (POJUTHKYJIIPHOTO PaKa U CHIDKEHHE MATHJUIIPHO-
'O — COOTBETCTBEHHO 75,65 1 67%.

QOJUIUKYJISIPHBIA PAK, KAK U 9H/IECMHUYECKUI 300, Jae
pa3BuBacTCA Ha (POHE HEJIOCTATKA HMO/A B OKPYKAIOIIEH
cpene. ITo JaHHBIM IPOBE/ICHHOT'O HAMH U3YYEHMS 9KCK-
PELMH C MOYOM CTA0OWIBHOI'O MOJA Y IeTEN U3 Haubojiee
3ArpA3HEHHBIX TEPPUTOPUNA BpAHCKOIM 06/1aCTH, yCTa-
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FIGURE 3. NUMBER OF PAPILLARY AND FOLLICULAR TYPES OF THYROID CANCER BY AGE
PUCYHOK 3. KOJINHECTBO MANMUINAPHBIX 11 ®ONNNKYNIAPHBIX ®OPM PAKA B 3ABCUMOCTIA OT BO3PACTA
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sk region point to a serious iodine deficiency in the
region (figure 4). Only 26% of children have a nor-
mal level of iodine excretion. It became clear that
the thyroid glands in children living in iodine-defi-
cient territories were in hypothyroidic state. We be-
lieve that subclinical hypothyroidism is a trigger for
development of nononcological disorders, such as
diffusive goiter, nodular neoplasms, autoimmune
thyroiditis, etc. In such cases, raised level of TSH ap-
pears to stimulate tumour development in irradiat-
ed thyroids.

HOBJIEHA CYLIECTBEHHAA MOAHASA HEJOCTATOYHOCTD (PU-
CYHOK 4). TonbKo y 26% nereit ypOBEHb IKCKPCITUH HO/1a
ObUT HOpMAIbHBIM. TakuM obpazom, DK y nerei, npo-
JKUBAIONINX HA HOAAE(MUIIUTHBIX TEPPUTOPUAX, ITOCTO-
SAHHO HAXOJUTCS BTUIIOTHUPCONTHOM COCTOSHUM. MpbI 110~
JIAraeM, 9TO CYOKIMHUYECKUI THITOTHPEO3 CITYKUT TPHT -
TE€POM JI/Is1 PA3BUTHSI HEOHKOJIOTMYECKOM MTATOJIOTHH —
IUPPY3HOIro 3064, Y3JI0BbIX OOPA30OBAHUMI, AyTOMMMYH-
HOI'O TUpeOUINTA. ITOBBINIEHHBIN YPOBEHDb THPEOTPOII-
Horo ropMmoHa (TTT') B 9TUX CIy4asX CTUMYIHPYET POCT
37I0KA4ECTBEHHBIX OITyXOJICH.

FIGURE 4. DISTRIBUTION OF CHILDREN AND ADOLESCENTS OF BRYANSK REGION BY IODINE DEFICIENCY
PUCYHOK 4. MATPAMMA PACMPELENEHNS AETEN 11 NOAPOCTKOB BPAHCKOM OBMIACTY B 3ABUCMMOCTY OT MOHON OBECMEYEHHOCTU

12%

26%
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Thus, a combination of two factors — uptake of ra-
dioiodine with a pre-existing iodine deficiency —
results in instigation and propagation of thyroid
cancer. The thyroid functional state determines
both the degree of injury and the further course of
the disease (figure 5, 6).

O >10 pgedL™, normal content of iodine in urine

@ 5-10 pgedL™", low level of deficiency

W 2-5 pgedL™", moderate level of deficiency

[ <2 pgedL™, high level of deficiency

TakuM 06pa30M, KOMOWHAITHS JBYX (DAKTOPOB — IOTJIO-
LICHUE PAJIUONOAA U Je(pULINTA MOAA — IIPUBOAUT K UH-
JYKLIMU U pacripocTpanenuio paka DK ITpu 31oM PyHK-
UOHaJIbHOE cocrosiHue DK onpenenser u CrereHb
HOPAXKEHUS, U JAJIbHEUIIIEE TEUEHUE 3200JI€BaHUS (PU-

CYHOK 5, 6).
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FIGURE 5. DEVELOPMENT OF THYROID PATHOLOGY UNDER IODINE DEFICIENCY
PUCYHOK 5. CXEMA PA3BUTIS TUPEOWAHOW MATONOT N NP HEQOCTATKE /IOA B OPTAHU3ME
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YeuneHne pocTa 3N10Ka4ecTBEHHbIX
HOB0O0OOPA30BaHMI

Nodular neoplasms formation Thyroid tissue hyperplasia
®opM1pOoBaHMe Y3Nn0BbIX 06pa30BaHNil lunepnnasus TkaHeii LK

FIGURE 6. MODEL OF THYROID CANCER DEVELOPMENT IN PERSONS AFFECTED BY THE CHERNOBYL ACCIDENT
PUCYHOK 6. CXEMA PA3BUTUS PAKA LLDK Y MOCTPALABLLINX B PE3YNBTATE YEPHOBbINLCKOI ABAPUN

Pool of thyrocytes proliferation Pool of thyrocytes differentiation Functional pool
Myn nponudepauun TMpeounToB Myn andpchepeHLpoBKN TPEOLUTOB DYHKLMOHANbHBI NyN
Undifferentiated cancer Papillary cancer
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Level of TSH Normal level of stable iodine
YposeHb TTI HopmanbHblil ypoBeb
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Increased TSH release Decrease of T,and T, levels Deficiency of stable iodine
YeuneHHbilii Bbiopoc TTT CHuxeHne ypoBHA T,n T, HegocTarok ctabunbHOro iofa

73



Parshkov / International Journal of Radiation Medicine 1999, 3—4 (3—4): 67-75

The steps of the disease development are as follows:

* iodine deficiency in diet and consequently in the
bodies of persons increases output of TSH in the
body. TSH, in turn, stimulates thyrocytes growth;

* pools of proliferating and differentiating cells are
the main targets for radioactive iodine. Irradiation
affects the gene or genes responsible for differenti-
ation of thyrocytes. In new-borns and girls at pu-
bertal age these pools of proliferating and differen-
tiating cells are the highest, and this, in turn, leads
to high incidence;

e these altered thyrocytes, still under influence of
increased TSH levels, raise the possibility of thyroid
damage. Raised output of TSH in such situations
promotes a prompt growth of tumours.

These findings call into question the use of iodine sup-
plements as a prophylactic measure following a nu-
clear disaster. Such supplements is undertaken to
block radioactive iodine by concentrating stable io-
dine in the thyroid. However, since excess levels of io-
dine appear to have a direct effect upon the produc-
tion of TSH in zones with normal iodine content, an
additional iodine supplement will lead to increased
synthesis of TSH, increasing the irradiated thyroid’s
susceptibility to radiation damage. Thus, administra-
tion of additional iodine in this scenario will not pro-
vide additional thyroid blocking, and could affect the
functioning of the thyroid in such a way as to increase
the potential for the precipitation of cancer.

It is possible to conclude that in cases of nuclear
accidents accompanied by radioactive iodine re-
lease, stable iodine long-term prophylaxis should be
performed only in zones with dietary iodine defi-
ciencies in order to take advantage of the blocking
effect. Its duration must be restricted to only the
time necessary for total decay of redioactive iodine.
In areas where iodine levels are normal such mea-
sures may actually promote the onset of the disease
by unnecessarily stimulating the generation of TSH,
increased polls of differentiation and proliferation,
increasing thyroid susceptibility to radiation dam-
age. Jodine and hormone prophylaxis is especially
important at the remote period. Administration of
these techniques, however, requires detailed knowl-
edge of thyroid system function in different groups
of population under risk.
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