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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
a link 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.

Ðåçóëüòàòû èññëåäîâàíèé, ïðîâåäåííûõ ó æèòåëåé Áðÿí-
ñêîé îáëàñòè Ðîññèéñêîé Ôåäåðàöèè, ïîäâåðãøèõñÿ âîç-
äåéñòâèþ ðàäèîíóêëèäîâ ïîñëå ×åðíîáûëüñêîé àâàðèè,
ñâèäåòåëüñòâóåò î ñâÿçè ìåæäó óðîâíÿìè éîäà â ùèòîâèä-
íîé æåëåçå (ÙÆ) è åå ôóíêöèîíàëüíûì ñîñòîÿíèåì. Ïðè
ýòîì ôóíêöèîíàëüíîå ñîñòîÿíèå ÙÆ â çíà÷èòåëüíîé
ìåðå îáóñëîâëèâàåò ðèñê âîçíèêíîâåíèÿ ðàêà ýòîãî îðãà-
íà, à òàêæå òå÷åíèå áîëåçíè. Íàëè÷èå ýòèõ âçàèìîñâÿçåé
ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî íåäîñòàòî÷íî îáîñíîâàí-
íîå ïðîôèëàêòè÷åñêîå ïðèìåíåíèå ñòàáèëüíîãî éîäà
ïîñëå âîçäåéñòâèÿ ðàäèîéîäà âî âðåìÿ ÿäåðíîé àâàðèè,
ìîæåò ñòèìóëèðîâàòü, à íå ïðåäîòâðàòèòü ðàçâèòèå ðàêà
ÙÆ ó íåêîòîðûõ êàòåãîðèé íàñåëåíèÿ.

Äàííûå, íàêîïëåííûå â òå÷åíèå òðèíàäöàòè ëåò ïîñ-
ëå ×åðíîáûëüñêîé àâàðèè, ïîçâîëÿþò ñäåëàòü íåêî-
òîðûå çàêëþ÷åíèÿ î ìåäèöèíñêèõ ïîñëåäñòâèÿõ àâà-
ðèè, îïðåäåëÿòü ðîëü èîíèçèðóþùèõ èçëó÷åíèé è
äðóãèõ ôàêòîðîâ â âîçíèêíîâåíèè çàáîëåâàíèé, îöå-
íèâàòü è âûáèðàòü ìåòîäû äëÿ ñíèæåíèÿ òÿæåñòè ýòèõ
ïîñëåäñòâèé.
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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.

Keywords: thyroid gland, cancer, Chernobyl accident, ionising radiation.
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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 L.N. 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 A.F.
et al., 1996; Parshkov E.M. 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-

Íàèáîëåå âûðàæåííûì ýôôåêòîì ×åðíîáûëüñêîé àâà-
ðèè ÿâëÿåòñÿ ïîâûøåíèå çàáîëåâàåìîñòè ðàêîâûõ íî-
âîîáðàçîâàíèé ÙÆ (Paile W., Salomaa S., 1994; Äåìèä-
÷èê Å.Ï. è ñîàâò., 1996; Astakhova L.N. et al., 1998; Ïðè-
ñÿæíþê À.Å. è ñîàâò., 1999). Â ÷àñòíîñòè, â Áðÿíñêîé
îáëàñòè, íàèáîëåå ïîñòðàäàâøåé â Ðîññèè ó ìîëîäûõ
æåíùèí â âîçðàñòå äî 30 ëåò ðàê ÙÆ çàíèìàåò â ïîñ-
ëåäíèå 2�3 ãîäà ïåðâîå ìåñòî ñðåäè âñåõ çëîêà÷åñòâåí-
íûõ íîâîîáðàçîâàíèé, òîãäà êàê, íàïðèìåð, â 1990 ã.
çàíèìàë ïÿòîå ìåñòî. Èññëåäîâàíèÿì ðàêà ÙÆ â ïîñò-
÷åðíîáûëüñêèé ïåðèîä áûëî óäåëåíî çíà÷èòåëüíîå
âíèìàíèå â íàó÷íîé ëèòåðàòóðå è ñðåäñòâàõ ìàññîâîé
èíôîðìàöèè. Îäíàêî, íåñìîòðÿ íà ìíîãî÷èñëåííûå
ïóáëèêàöèè, ìíîãèå âîïðîñû âñå åùå íå ðåøåíû. Ñáîð
è èçëîæåíèå ôàêòîâ, îòíîñÿùèõñÿ ê ìåäèöèíñêèì ïî-
ñëåäñòâèÿì ×åðíîáûëüñêîé àâàðèè, ÿâëÿþòñÿ ëèøü
ïåðâûìè øàãàìè, íàïðàâëåííûìè íà ñìÿã÷åíèå ýòèõ
ïîñëåäñòâèé. Äëÿ âûðàáîòêè ýôôåêòèâíûõ ïðîôèëàê-
òè÷åñêèõ, ëå÷åáíûõ è ðåàáèëèòàöèîííûõ ïîäõîäîâ
íåîáõîäèìî ïîíèìàíèå õàðàêòåðà ñîáûòèé è ôàêòîâ.

Íà îñíîâå íàøåãî 13-ëåòíåãî îïûòà ðàáîòû â ýòîé
îáëàñòè (Tsyb A.F. et al., 1996; Parshkov E.M. et al., 1997;
Stepanenko V. et al., 1998) ìû ïðåäëîæèëè ôóíêöèî-
íàëüíóþ ìîäåëü ïàòîãåíåçà ðàêà ÙÆ â ïîñò÷åðíî-
áûëüñêèé ïåðèîä, îñíîâàííóþ íà ñëåäóþùèõ ïîëî-
æåíèÿõ:

� ôèçèîëîãè÷åñêàÿ ðåàêöèÿ ÙÆ îïðåäåëÿåòñÿ åå
ôóíêöèîíàëüíûì ñîñòîÿíèåì äî è ïîñëå îáëó÷å-
íèÿ;

� ôóíêöèîíàëüíîå ñîñòîÿíèå ÙÆ (îáúåì, ñêîðîñòü
è óðîâåíü ïîòðåáëåíèÿ éîäà, âûðàáîòêà ãîðìîíîâ è
äð.) îêàçûâàåò âëèÿíèå íà ïîãëîùåíèå ðàäèîéîäà (è
ôîðìèðóåìóþ ïîãëîùåííóþ äîçó) è íà êëèíè÷åñêîå
ïðîÿâëåíèå îáëó÷åíèÿ. Òàêèì îáðàçîì, ôóíêöèîíàëü-
íîå ñîñòîÿíèå ÙÆ âëèÿåò êàê íà ôîðìèðîâàíèå ïî-
ãëîùåííîé äîçû, òàê è íà âûðàæåííîñòü ëó÷åâîé ðå-
àêöèè;

� ó äåòåé, à òàêæå ó æåíùèí â ïåðèîä áåðåìåííîñòè,
ëàêòàöèè è ìåíîïàóçû ôóíêöèîíàëüíîå ñîñòîÿíèå
ÙÆ èìååò ñóùåñòâåííûå îñîáåííîñòè. Êðîìå òîãî, íà
ôóíêöèîíàëüíîå ñîñòîÿíèå ÙÆ âëèÿþò óñëîâèÿ
îêðóæàþùåé ñðåäû (íàïðèìåð, éîäíàÿ ýíäåìèÿ èëè
ïðîâåäåíèå éîäíîé ïðîôèëàêòèêè ïîñëå àâàðèè ñ âû-
äåëåíèåì ðàäèîàêòèâíîãî éîäà).

Ñëîæíîå âçàèìîäåéñòâèå ëó÷åâûõ è íåëó÷åâûõ ôàê-
òîðîâ çíà÷èòåëüíî óñëîæíÿåò îïðåäåëåíèå ñâÿçè ÷èñ-
ëà ñëó÷àåâ ðàçâèòèÿ ðàêà è ïîãëîùåííîé äîçû. Îòíî-
ñèòåëüíîå ÷èñëî ñëó÷àåâ âîçíèêíîâåíèÿ ðàêà ÙÆ èñ-
êëþ÷èòåëüíî âûñîêî â îòíîñèòåëüíûõ öèôðàõ (òî
åñòü îòíîñèòåëüíî ïåðèîäà äî àâàðèè èëè ñðåäíåé çà-
áîëåâàåìîñòè ïî ñòðàíå), àáñîëþòíîå ÷èñëî � íåäî-
ñòàòî÷íî äëÿ ñòàòèñòè÷åñêîãî àíàëèçà. Åñëè àíàëèçè-
ðîâàòü âîçíèêíîâåíèå ïðèáëèçèòåëüíî 250 èçáûòî÷-
íûõ ñëó÷àåâ ðàêà ó äåòåé â çàâèñèìîñòè îò âîçðàñòà,
ïîëà è äðóãèõ ïàðàìåòðîâ, òî ðåçóëüòàòû òåðÿþò ñòà-
òèñòè÷åñêóþ çíà÷èìîñòü. Íàïðèìåð, îáúåäèíÿÿ äàí-
íûå äëÿ äåòåé îáîåãî ïîëà, ìû òåðÿåì èíôîðìàöèþ
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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 (1/4 � 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).

îòíîñèòåëüíî çàâèñèìîñòè çàáîëåâàåìîñòè îò èçâåñ-
òíîãî ðàçëè÷èÿ ôóíêöèîíàëüíîé àêòèâíîñòè ÙÆ ó
ìàëü÷èêîâ è äåâî÷åê â âîçðàñòå ñòàðøå 4 ëåò. Â ýòîì
ñëó÷àå îáîáùåííûå çàâèñèìîñòè «äîçà�ýôôåêò» èëè
îöåíêè ðèñêîâ íå îòðàæàþò îñîáåííîñòåé ïîëà, éîä-
íîé íåäîñòàòî÷íîñòè è ò.ä. Ìîæíî ïðåäïîëîæèòü, ÷òî
ïðèâîäèìûå â ðÿäå ðàáîò äîçîâûå çàâèñèìîñòè èëè
óðîâíè ðèñêà îñíîâàíû ñêîðåå íà ïàðàäèãìå àâòîðîâ,
÷åì íà îïðåäåëåííûõ ñòàòèñòè÷åñêèõ äàííûõ.

Ìû ïðîàíàëèçèðîâàëè 244 ñëó÷àÿ ðàçâèòèÿ ðàêà ÙÆ
ó äåòåé è ïîäðîñòêîâ, ðîäèâøèõñÿ ñ 1968 ïî 1986 ã.
íà òåððèòîðèè Áðÿíñêîé, Êàëóæñêîé, Îðëîâñêîé è
Òóëüñêîé îáëàñòåé Ðîññèéñêîé Ôåäåðàöèè. Çäåñü
ïðîæèâàåò ñâûøå 5 ìëí íàñåëåíèÿ, èç íèõ ñâûøå îä-
íîé ÷åòâåðòè � äåòè è ïîäðîñòêè. Íàøè èññëåäîâà-
íèÿ áûëè, ïðåæäå âñåãî, ñêîíöåíòðèðîâàíû íà îöåí-
êå ôóíêöèîíàëüíîãî ñîñòîÿíèÿ ÙÆ. Ïîëó÷åííûå
äàííûå ñâèäåòåëüñòâîâàëè î çíà÷èòåëüíûõ ðàçëè÷è-
ÿõ â ðàçâèòèè ïàòîëîãèè ÙÆ ó ìàëü÷èêîâ è äåâî÷åê
(ðèñóíîê 1).

FIGURE 1. NUMBER OF THYROID CANCERS BY SEX AND AGE
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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.

Ó÷èòûâàÿ îñîáåííîñòè ôóíêöèîíèðîâàíèÿ ÙÆ íà
ðàçëè÷íûõ ñòàäèÿõ ðàçâèòèÿ ó äåòåé (îñîáåííî ó äå-
âóøåê), â 1993 ã. íàìè âûäâèíóòà ñëåäóþùàÿ ãèïî-
òåçà:

1. Íàèáîëüøèé ðèñê ïîâðåæäåíèÿ òêàíè ÙÆ ðàäèî-
íóêëèäàìè éîäà â ïåðèîäû èíòåíñèâíîãî ôóíêöèî-
íèðîâàíèÿ ÙÆ (ó íîâîðîæäåííûõ, âî âðåìÿ ëàêòà-
öèè, â ïðåïóáåðòàòíîì è ïóáåðòàòíîì âîçðàñòå).

2. ×àñòîòà âîçíèêíîâåíèÿ è ñòåïåíü êëèíè÷åñêîãî
ïîÿâëåíèÿ ðàêà ÙÆ äîëæíû âîçðàñòàòü â ïåðèîäû
ïîâûøåííîé àêòèâíîñòè ÙÆ.

3. Â âîçðàñòå 0�4 ãîäà, êîãäà ó äåòåé åùå íå ðàçâèëèñü
ïîëîâûå ðàçëè÷èÿ â ôóíêöèîíèðîâàíèè è ïàòîëîãèè
ÙÆ, ðàäèî÷óâñòâèòåëüíîñòü ÙÆ îäèíàêîâà ó ìàëü-
÷èêîâ è äåâî÷åê.
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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. ×åðåç 10�12 ëåò ïîñëå àâàðèè ñëåäóåò îæèäàòü
óìåíüøåíèÿ ÷èñëà ñëó÷àåâ çàáîëåâàíèÿ ÙÆ, ïîñêîëü-
êó êîëè÷åñòâî ëþäåé, ïîäâåðãøèõñÿ îáëó÷åíèþ â ïå-
ðèîä èíòåíñèâíîãî ôóíêöèîíèðîâàíèÿ ÙÆ, áóäåò
ñîêðàùàòüñÿ.

Â öåëîì, íàøè ïðåäïîëîæåíèÿ îïðàâäàëèñü. Â òàáëè-
öå ïðèâåäåíû äàííûå î ÷èñëå ñëó÷àåâ ðàêà ÙÆ ó äå-
òåé, ðîæäåííûõ ñ 1971 äî 1986 ã., ãäå îòðàæåíà çàâè-
ñèìîñòü ðàäèî÷óâñòâèòåëüíîñòè îò ôóíêöèîíàëüíî-
ãî ñîñòîÿíèÿ æåëåçû.

 TABLE
 THYROID CANCER OCCURRENCE IN CHILDREN BY SEX AND AGE

 ÒÀÁËÈÖÀ
 ÐÀÇÂÈÒÈÅ ÐÀÊÀ ÙÆ Ó ÄÅÒÅÉ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÏÎËÀ È ÂÎÇÐÀÑÒÀ

  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  * * * *  * * * *  * *  * * *  * *  * * *
 TSH level  * * * *  * * * *  * *  * * *  * *  * * *
 Thyroid uptake of iodine  * * * *  * * * *  * *  * * *  * *  * * * *
 Number of thyroid cancers  (absolute values)  25  28  13  35  11  52
 Note. ** � moderate level of estimated parameters of thyroid; *** � high; **** � highest.
 Ïðèìå÷àíèå. ** � óìåðåííàÿ âûðàæåííîñòü îöåíèâàåìûõ ïàðàìåòðîâ ÙÆ; *** � âûñîêàÿ; **** � î÷åíü âûñîêàÿ.

Ó äåòåé â âîçðàñòå äî 4 ëåò, êîãäà ïîëîâûå ðàçëè÷èÿ â
ôóíêöèîíèðîâàíèè è ïàòîëîãèè ÙÆ îòñóòñòâóþò,
îöåíèâàåìûå ïàðàìåòðû ÙÆ ó ìàëü÷èêîâ è äåâî÷åê
ðàâíû. Ó äåòåé ïðåïóáåðòàòíîãî âîçðàñòà, êîãäà íà÷è-
íàåòñÿ ïîëîâàÿ äèôôåðåíöèàöèÿ ôóíêöèîíèðîâàíèÿ
è ïàòîëîãèè ÙÆ, ÷èñëî ñëó÷àåâ ðàêà íà÷èíàåò ïðå-
âàëèðîâàòü ó äåâî÷åê. Ýòè ðàçëè÷èÿ íàèáîëåå âûðàæå-
íû â ïóáåðòàòíîì âîçðàñòå. Ýòè äàííûå ñâèäåòåëü-
ñòâóþò, ÷òî ïîãëîùåííàÿ äîçà çà ñ÷åò èíêîðïîðàöèè
ðàäèîéîäà íåïîñðåäñòâåííî îïðåäåëÿåòñÿ ôóíêöèî-
íàëüíîé àêòèâíîñòüþ ÙÆ. Åñëè ýòî äåéñòâèòåëüíî
òàê, òî îöåíêè äîç è ðàäèàöèîííûõ ðèñêîâ âîçíèêíî-
âåíèÿ ðàêà äîëæíû áûòü ïåðåñìîòðåíû.

Ñðåäè âñåõ äåòåé, îáëó÷åííûõ in utero, òîëüêî ó 2 çà-
ðåãèñòðèðîâàíî ðàçâèòèå ðàêà ÙÆ. Ïðè÷åì îíè ðî-
äèëèñü äî 1 èþíÿ 1986 ã., êîãäà ðàäèîéîä åùå íàõî-
äèëñÿ â îêðóæàþùåé ñðåäå. Ó äåòåé, îáëó÷åííûõ
in utero, íî ðîäèâøèõñÿ ïîñëå ðàñïàäà ðàäèîéîäà, ðàê
ÙÆ íå áûë çàðåãèñòðèðîâàí. Ïî-âèäèìîìó, îðãàíèçì
ìàòåðè çàùèòèë ÙÆ ïëîäà îò ëó÷åâîãî âîçäåéñòâèÿ.
Îòñóòñòâèå ðàêà ÙÆ ó äåòåé, ðîäèâøèõñÿ ïîñëå ðàñ-
ïàäà ðàäèîéîäà, ìîæíî ðàññìàòðèâàòü êàê åùå îäíî
ïîäòâåðæäåíèå ðàäèàöèîííîé ïðèðîäû îíêîëîãè-
÷åñêèõ íîâîîáðàçîâàíèé ÙÆ ïîñëå ×åðíîáûëüñêîé
àâàðèè.

Îñîáûé èíòåðåñ âûçûâàþò äàííûå ãèñòîëîãè÷åñêî-
ãî èññëåäîâàíèÿ ïðè ðàäèîãåííîì ðàêå ÙÆ ó ïîñò-
ðàäàâøåãî íàñåëåíèÿ. Â ðÿäå èññëåäîâàíèé óñòàíîâ-
ëåíî, ÷òî ïàïèëëÿðíûé ðàê ÙÆ îòìå÷àþò â áîëåå 95%
âñåõ çàðåãèñòðèðîâàííûõ ñëó÷àåâ (Äåìèä÷èê Å.Ï. è
ñîàâò., 1996). Êðîìå òîãî, ïðè ýòîì òèïå ðàêà âûÿâëÿ-
þò ðàííèå ìåòàñòàçû â ëèìôàòè÷åñêîì êîëëåêòîðå
øåè. Ïàïèëëÿðíûé òèï äèàãíîñòèðóþò ïðåèìóùå-
ñòâåííî ó äåòåé ïåðâîãî ãîäà æèçíè (ðèñóíîê 2), à òàê-

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 in 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 E.P. 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-
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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-

æå ó äåòåé, ðîäèâøèõñÿ ïîñëå ðàñïàäà ðàäèîéîäà. Â
ñâÿçè ñ ýòèì áûëî ïðåäïðèíÿòî ìíîãî ïîïûòîê, ÷òî-
áû íàéòè ñïåöèôè÷åñêèé ïðîòîîíêîãåí ðàäèîãåííî-
ãî ïàïèëëÿðíîãî ðàêà. Îäíàêî ïî íàøèì äàííûì è
ïàïèëëÿðíûé ðàê, è àãðåññèâíûé òèï òå÷åíèÿ ÿâëÿþò-
ñÿ íå ñëåäñòâèåì ðàäèàöèîííîãî âîçäåéñòâèÿ, à ñêî-
ðåå � òèïè÷íûì ïðîÿâëåíèåì áîëåçíè, îïðåäåëÿåìîé
îñîáåííîñòÿìè ñòðóêòóðû è ôóíêöèîíàëüíîãî ñîñòî-
ÿíèÿ ÙÆ ó äåòåé (òî åñòü, óâåëè÷èâàåòñÿ âîçìîæíîñòü
ðàñïðîñòðàíåíèÿ çëîêà÷åñòâåííûõ êëåòîê â ÙÆ ðå-
áåíêà).

Ñ ïåðâûõ ìåñÿöåâ æèçíè è äî 4-ëåòíåãî âîçðàñòà â ÙÆ
ïðîèñõîäèò èíòåíñèâíîå ðàçâèòèå ôîëëèêóëÿðíîãî
àïïàðàòà, ôîðìèðîâàíèå ñòðîìû, áàçàëüíûõ ìåìáðàí
è êàïñóëû (Thyroid Tumours. Molecular Basis of Patho-
genesis, 1989; Diseases of the Thyroid. Pathology and
Management, 1994). Â ýòîò ïåðèîä èíäåêñ ïðîëèôåðà-
öèè òèðåîöèòîâ âûøå, ÷åì â äðóãèå âîçðàñòíûå ïåðè-
îäû. Íàëè÷èå ðàçâåòâëåííîé êàïèëëÿðíîé ñåòè îáëåã-
÷àåò áûñòðîå ïîÿâëåíèå ðàêîâûõ êëåòîê â áëèæàéøèõ
ëèìôàòè÷åñêèõ óçëàõ è â äàëüíåéøåì ðàçâèòèå â íèõ
ðàííèõ ìåòàñòàçîâ. Èìåííî ôèçèîëîãèÿ ðàçâèòèÿ
æåëåçû ñïîñîáñòâóåò âîçíèêíîâåíèþ ýíäîôèòíîãî
ðàêà ñ åãî òðàíñôîðìàöèåé â ïàïèëëÿðíûé. Ïî ìåðå
ñîçðåâàíèÿ îðãàíèçìà è çàâåðøåíèÿ ôîðìèðîâàíèÿ
ÙÆ ñëåäóåò îæèäàòü ñíèæåíèÿ ÷àñòîòû âîçíèêíîâå-
íèÿ ïàïèëëÿðíîãî ðàêà è âîçðàñòàíèÿ ôîëëèêóëÿðíî-
ãî. Èìåííî òàêàÿ òåíäåíöèÿ îòìå÷åíà íàìè (ðèñó-
íîê 3). Ó äåòåé, îáëó÷åííûõ â âîçðàñòå äî 4 ëåò, ÷àñòî-
òà âñòðå÷àåìîñòè ïàïèëëÿðíîãî ðàêà ñîñòàâëÿåò
îêîëî 92% îò îáùåãî ÷èñëà ñëó÷àåâ. Â äðóãèõ âîçðàñò-
íûõ ãðóïïàõ îòìå÷àëè ïîâûøåíèå ÷àñòîòû âñòðå÷àå-
ìîñòè ôîëëèêóëÿðíîãî ðàêà è ñíèæåíèå ïàïèëëÿðíî-
ãî � ñîîòâåòñòâåííî 75, 65 è 67%.

Ôîëëèêóëÿðíûé ðàê, êàê è ýíäåìè÷åñêèé çîá, ÷àùå
ðàçâèâàåòñÿ íà ôîíå íåäîñòàòêà éîäà â îêðóæàþùåé
ñðåäå. Ïî äàííûì ïðîâåäåííîãî íàìè èçó÷åíèÿ ýêñê-
ðåöèè ñ ìî÷îé ñòàáèëüíîãî éîäà ó äåòåé èç íàèáîëåå
çàãðÿçíåííûõ òåððèòîðèé Áðÿíñêîé îáëàñòè, óñòà-

FIGURE 2. NUMBER OF PAPILLARY AND FOLLICULAR TYPES OF THYROID CANCER IN CHILDREN OF THE FIRST YEAR OF LIFE

ÐÈÑÓÍÎÊ 2. ÊÎËÈ×ÅÑÒÂÎ ÏÀÏÈËËßÐÍÛÕ È ÔÎËËÈÊÓËßÐÍÛÕ ÔÎÐÌ ÐÀÊÀ ÙÆ Ó ÄÅÒÅÉ ÏÅÐÂÎÃÎ ÃÎÄÀ ÆÈÇÍÈ
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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.

íîâëåíà ñóùåñòâåííàÿ éîäíàÿ íåäîñòàòî÷íîñòü (ðè-
ñóíîê 4). Òîëüêî ó 26% äåòåé óðîâåíü ýêñêðåöèè éîäà
áûë íîðìàëüíûì. Òàêèì îáðàçîì, ÙÆ ó äåòåé, ïðî-
æèâàþùèõ íà éîääåôèöèòíûõ òåððèòîðèÿõ, ïîñòî-
ÿííî íàõîäèòñÿ â ãèïîòèðåîèäíîì ñîñòîÿíèè. Ìû ïî-
ëàãàåì, ÷òî ñóáêëèíè÷åñêèé ãèïîòèðåîç ñëóæèò òðèã-
ãåðîì äëÿ ðàçâèòèÿ íåîíêîëîãè÷åñêîé ïàòîëîãèè �
äèôôóçíîãî çîáà, óçëîâûõ îáðàçîâàíèé, àóòîèììóí-
íîãî òèðåîèäèòà. Ïîâûøåííûé óðîâåíü òèðåîòðîï-
íîãî ãîðìîíà (ÒÒÃ) â ýòèõ ñëó÷àÿõ ñòèìóëèðóåò ðîñò
çëîêà÷åñòâåííûõ îïóõîëåé.

FIGURE 3. NUMBER OF PAPILLARY AND FOLLICULAR TYPES OF THYROID CANCER BY AGE

ÐÈÑÓÍÎÊ 3. ÊÎËÈ×ÅÑÒÂÎ ÏÀÏÈËËßÐÍÛÕ È ÔÎËËÈÊÓËßÐÍÛÕ ÔÎÐÌ ÐÀÊÀ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÂÎÇÐÀÑÒÀ
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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).

Òàêèì îáðàçîì, êîìáèíàöèÿ äâóõ ôàêòîðîâ � ïîãëî-
ùåíèå ðàäèîéîäà è äåôèöèòà éîäà � ïðèâîäèò ê èí-
äóêöèè è ðàñïðîñòðàíåíèþ ðàêà ÙÆ. Ïðè ýòîì ôóíê-
öèîíàëüíîå ñîñòîÿíèå ÙÆ îïðåäåëÿåò è ñòåïåíü
ïîðàæåíèÿ, è äàëüíåéøåå òå÷åíèå çàáîëåâàíèÿ (ðè-
ñóíîê 5, 6).

12%

26%

36%

26%

FIGURE 4. DISTRIBUTION OF CHILDREN AND ADOLESCENTS OF BRYANSK REGION BY IODINE DEFICIENCY

ÐÈÑÓÍÎÊ 4. ÄÈÀÃÐÀÌÌÀ ÐÀÑÏÐÅÄÅËÅÍÈß ÄÅÒÅÉ È ÏÎÄÐÎÑÒÊÎÂ ÁÐßÍÑÊÎÉ ÎÁËÀÑÒÈ Â ÇÀÂÈÑÈÌÎÑÒÈ ÎÒ ÉÎÄÍÎÉ ÎÁÅÑÏÅ×ÅÍÍÎÑÒÈ

>10 µg�dL�1, normal content of iodine in urine

5�10 µg�dL�1, low level of deficiency

2�5 µg�dL�1, moderate level of deficiency

<2 µg�dL�1, high level of deficiency
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FIGURE 5. DEVELOPMENT OF THYROID PATHOLOGY UNDER IODINE DEFICIENCY

ÐÈÑÓÍÎÊ 5. ÑÕÅÌÀ ÐÀÇÂÈÒÈß ÒÈÐÅÎÈÄÍÎÉ ÏÀÒÎËÎÃÈÈ ÏÐÈ ÍÅÄÎÑÒÀÒÊÅ ÉÎÄÀ Â ÎÐÃÀÍÈÇÌÅ

FIGURE 6. MODEL OF THYROID CANCER DEVELOPMENT IN PERSONS AFFECTED BY THE CHERNOBYL ACCIDENT

ÐÈÑÓÍÎÊ 6. ÑÕÅÌÀ ÐÀÇÂÈÒÈß ÐÀÊÀ ÙÆ Ó ÏÎÑÒÐÀÄÀÂØÈÕ Â ÐÅÇÓËÜÒÀÒÅ ×ÅÐÍÎÁÛËÜÑÊÎÉ ÀÂÀÐÈÈ
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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;

� 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. Iodine 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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Ýòàïû ðàçâèòèÿ çàáîëåâàíèÿ:

� íåäîñòàòîê éîäà â ïðîäóêòàõ ïèòàíèÿ è, ñëåäîâàòåëü-
íî, â îðãàíèçìå óâåëè÷èâàåò âûðàáîòêó ÒÒÃ, êîòîðûé,
â ñâîþ î÷åðåäü, ñòèìóëèðóåò ðîñò òèðåîöèòîâ;

� ïóëû ïðîëèôåðèðóþùèõ è äèôôåðåíöèðóþùèõñÿ
êëåòîê � îñíîâíûå ìèøåíè äëÿ ðàäèîéîäà; èîíèçèðó-
þùèå èçëó÷åíèÿ äåéñòâóþò íà ãåí (èëè ãåíû), îòâåòñòâåí-
íûå çà äèôôåðåíöèðîâêó òèðåîöèòîâ; ó íîâîðîæäåííûõ
è äåâóøåê â ïóáåðòàòíîì âîçðàñòå ýòè ïóëû ïðîëèôåðè-
ðóþùèõ è äèôôåðåíöèðóþùèõñÿ êëåòîê íàèáîëüøèå,
÷òî îáóñëîâëèâàåò ïîâûøåíèå çàáîëåâàåìîñòè;

� èçìåíåííûå òèðåîöèòû ïîä âîçäåéñòâèåì ïîâû-
øåííûõ óðîâíåé ÒÒÃ óâåëè÷èâàþò âåðîÿòíîñòü ïî-
âðåæäåíèÿ ÙÆ; âîçðîñøèé óðîâåíü ÒÒÃ â òàêèõ ñèòóà-
öèÿõ ïðîâîöèðóåò áûñòðûé ðîñò îïóõîëè.

Ýòè íàáëþäåíèÿ ñòàâÿò ïîä ñîìíåíèå âîïðîñ èñ-
ïîëüçîâàíèÿ éîäíîé äîáàâêè êàê ïðîôèëàêòè÷åñ-
êîé ìåðû ïîñëå ÿäåðíîé àâàðèè. Òàêàÿ äîáàâêà íå-
îáõîäèìà, ÷òîáû ïðåïÿòñòâîâàòü ïîñòóïëåíèþ ðà-
äèîéîäà â ÙÆ ïóòåì êîíöåíòðàöèè â íåé ñòàáèëü-
íîãî éîäà. Îäíàêî, ïîñêîëüêó èçáûòî÷íûå óðîâíè
éîäà íåïîñðåäñòâåíî âëèÿþò íà âûðàáîòêó ÒÒÃ, òî â
çîíàõ ñ íîðìàëüíûì ñîäåðæàíèåì éîäà åãî äîïîë-
íèòåëüíîå ââåäåíèå áóäåò íåèçáåæíî âåñòè ê óâåëè-
÷åíèþ ñèíòåçà ÒÒÃ, ïîâûøàÿ ðàäèî÷óâñòâèòåëü-
íîñòü ÙÆ. Òàêèì îáðàçîì, äîáàâêà éîäà â ïîäîáíîé
ñèòóàöèè íå îáåñïå÷èò çàùèòó ÙÆ, à ìîæåò îáó-
ñëîâèòü ïîòåíöèàëüíóþ ïðåäðàñïîëîæåííîñòü ê
ðàçâèòèþ ðàêà.

Ìîæíî ñäåëàòü âûâîä, ÷òî â ñëó÷àå ÿäåðíîé àâàðèè,
ñîïðîâîæäàþùåéñÿ âûñâîáîæäåíèåì ðàäèîéîäà,
äëèòåëüíóþ ïðîôèëàêòèêó ñ èñïîëüçîâàíèåì ñòà-
áèëüíîãî éîäà ïîñëå îáëó÷åíèÿ ñëåäóåò ïðîâîäèòü
òîëüêî â çîíàõ ñ äåôèöèòîì éîäà, ÷òîáû îáåñïå÷èòü
çàùèòíûé ýôôåêò. Åå ïðîäîëæèòåëüíîñòü äîëæíà îã-
ðàíè÷èâàòüñÿ âðåìåíåì, íåîáõîäèìûì äëÿ ïîëíîãî
ðàñïàäà ðàäèîéîäà. Â çîíàõ ñ íîðìàëüíûì ñîäåðæà-
íèåì éîäà òàêèå ìåðû ìîãóò â äåéñòâèòåëüíîñòè
èíäóöèðîâàòü ðàçâèòèå çàáîëåâàíèÿ èç-çà ñòèìóëè-
ðîâàíèÿ âûðàáîòêè ÒÒÃ, óâåëè÷åíèÿ ïóëîâ äèôôå-
ðåíöèðîâêè, ïðîëèôåðàöèè è ïîâûøåíèÿ ðàäèî÷óâ-
ñòâèòåëüíîñòè ÙÆ. Éîäíàÿ è ãîðìîíàëüíàÿ ïðîôè-
ëàêòèêà îñîáåííî âàæíû â îòäàëåííûå ïåðèîäû.
Îäíàêî èõ ïðîâåäåíèå òðåáóåò ãëóáîêîãî ïîíèìàíèÿ
ôóíêöèîíèðîâàíèÿ ÙÆ ó ðàçëè÷íûõ ãðóïï íàñåëå-
íèÿ, ïîäâåðãàþùåãîñÿ ðèñêó.
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