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Abstract. The children's thyroid exposure to radioiodine is one of the
most serious consequences of the Chernobyl accident. The collective dose
to children aged 0-18 in the entire Ukraine was estimated to be 400,000
person-Gy. The dose estimates were calculated on the basis of measure-
ments of thyroid content of 131I for about 108,000 people in Ukraine
aged 0-18 years in May-June 1986. Up to the end of 1994, 542 thyroid
cancers throughout the Ukraine have been reported in children and
young adults who were aged 0-18 at the time of the accident. Rates of
thyroid cancer have climbed, from about 0.7 per million children aged 0-
14 in 1986 to more 7 per million in 1994. Rates increased most in raions
closest to Prypiat'. Between 1990 and 1994, 9 of the 14,580 people who
had been children at the time of the accident in Prypiat' developed
thyroid cancer. This corresponds to an annual incidence of 123 cases per
million persons. The estimated average thyroid dose in Ukrainian
children varies by several orders of magnitude. There is a more than 30-
fold gradient in thyroid cancer incidence rates corresponding to the
gradient in thyroid doses from 131I. A preliminary investigation shows an
excess in the annual incidence rate of thyroid cancer, throughout the
northern territory of Ukraine, corresponding to the average doses to
thyroid from 131I. Coefficients of regression of excess cancers versus
thyroid dose have been calculated.

1. INTRODUCTION

This paper presents some preliminary results in risk assessment of thyroid cancer
among people exposed in childhood due to Chernobyl accident. The children's
thyroid exposure to radioiodine is one of the most serious consequences of the
accident. The collective dose to irradiated subjects of ages 0-18 when exposed in
the entire Ukraine was estimated to be 400,000 person-Gy [lj. The dose
estimates are calculated on the basis of direct measurements of thyroid content

1 This study was supported the Ukrainian Radiation Protection Institute. The authors thank
Dr. Andre Bouville for his help in text preparing. We also thank Miss Irina Plakhotnik and Miss
Anna Semenchenko for their help in text and illustrations preparing.
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of 131I for about 150,000 people in Ukraine and are the results of a large scale
dose reconstruction.

Under the Order of the Ukrainian Health Care Ministry, the Institute of En-
docrinology and Metabolism and the Research Center for Radiation Medicine
jointly have been collecting data on cases of the thyroid cancer in Ukraine since
1992. The objective is to estimate the influence of children's thyroid exposure to
radioiodine due to Chernobyl accident on thyroid cancer incidence.

Cancers have been observed among Ukrainians who were born between 1968
and 1986 years, that is who were children at the time of the accident. We have
collected evidence about 542 surgically treated patients which developed thyroid
carcinoma during the 1986-1994 time period.

In the analysis of these data, we have considered 3 crucial questions.
1. Has the thyroid cancer incidence increased in the entire Ukraine?
2. What are birth cohort effects?
3. What is the relationship between the increase in the thyroid cancer

incidence and the radiation exposure due to Chernobyl accident?

2.HAS THE THYROID CANCER INCIDENCE INCREASED
IN UKRAINE?

We selected 4 two-year and 1 one-year intervals of observation (1986-1987,
1988-1989, 1990-1991, 1992-1993, and 1994) in order to have an appropriate
number of cases for the analysis. Besides, we have assumed that the con-
sequences due to the Chernobyl accident had not manifested themselves during
the first two time intervals (1986-1987, 1988-1989)[7]. Table 1 gives the dist-
ribution of cases over the considered time intervals among the population born
between 1968 and 1986 in the entire Ukraine.

The distribution over time shows a considerable increase in the number of
cases since 1986. Changes in the annual incidence rate further demonstrate this
increase. Rates of thyroid cancer in children aged 0-14 in 1986 have climbed
from about 0.7 per million to more 7 per million in 1994. Rates increased most
in raions closest to the Chernobyl nuclear power plant. Between 1990 and 1994,
9 of the 14,580 people who at the time of the accident were children in
Prypiat'2 - a town 3.5 kilometers from Chernobyl - developed thyroid cancer.
This corresponds to an annual incidence of 123 cases per million persons.

Table 2 shows the increase of an annual incidence of thyroid cancer in people
aged 0-18 at the time of the accident. However, it cannot be readily determined
whether this increase is related to exposure due to the accident.

Table 1. Distribution of thyroid cancer cases observed between 1986 and 1994
among people born between 1968 and 1986.

males

females

total

86-87

12

21

33

88-89

16

41

57

90-91

32

87

119

92-93

66

155

221

94

27

85

112

2 In this paper we have used latin transliteration from Ukrainian language in names of
settlements and regions, except name Chernobyl.
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Table 2. Annual incidence of thyroid cancer during the 1986-1994 time period
among people born between 1968 and 1986, per 106 persons.

males

females

total

86-87

0.86

1.57

1.21

88-89

1.14

3.01

2.06

90-91

2.27

6.36

4.28

92-93

4.64

11.24

7.89

94

3.80

12.34

8.00

It can be argued that the observed increase of thyroid cancer is due to an age-
dependent increase, as exposed population is aging over time and the age-
specific baseline incidence rate increases from 0.5 per million for children to 10
per million for young adults [3].

3. EFFECTS OF BIRTH COHORT ON THYROID CANCER
INCIDENCE

When the data were subdivided into 9 birth cohorts (<3, 3-4, 5-6, 7-8, 9-10,
11-12, 13-14, 15-16, and 17-18 years old at the time of the accident), we
studied case series of thyroid cancer for every cohort in order to examine the
assumption that the observed increase in the entire population is only due to
variation with age of the baseline incidence rate.

Table 3 shows the observed annual incidence of the thyroid cancer in the
entire Ukraine during the period of 1986-1994 according to two-year age groups
and two-year birth dates. The table contains 9 columns corresponding to 9 birth
cohorts and 19 rows corresponding to 13 age groups which were observed bet-
ween 1986 and 1994.

Table 3. Annual age-specific incidence of thyroid cancer from 1986 to 1994
among people born between 1968 and 1986, per 106 persons.

Age
group

0-2

3-4

5-6

7-8

9-10

11-12

13-14

15-16

17-18

19-20

21-22

23-24

25-26

Year of birth

1968-
1969

3.45

5.39

8.41

16.09

15.07

1970-
1971

2.82

3.87

5.65

9.80

7.68

1972-
1973

2.38

4.38

4.99

5.71

10.45

1974-
1975

1.03

1.72

5.78

7.46

3.43

1976-
1977

1.39

1.73

3.10

6.49

6.81

1978-
1979

0.35

2.08

4.15

6.50

8.10

1980-
1981

0.34

0.69

3.79

9.18

8.03

1982-
1983

-

-
2.61

3.58

7.31

1984-
1986
_a

0.22

1.93

7.47

6.45

" No cases.
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For example, people born in 1978 and 1979 had attained 7 years by the
moment of the accident. Annual incidence rate of thyroid cancer for this birth
cohort was 0.35 per million in 1986-1987. It was 2.08 per million in 1988-1989
when attained age was 9; 4.15 per million in 1990-1991 when attained age was
11; 6.50 per million in 1992-1993 when attained age was 13; 8.10 per million in
1994 years when attained age was 15.

Every column has 5 non-empty cells corresponding to 5 intervals of obser-
vation. Moving along a column, we can see how the disease rate in a given birth
cohort changes as a function of time after the accident. Moving along a row, we
can compare the incidence rate in different birth cohorts who have attained the
same age. One can see the incidence rate for same age is higher in younger birth
cohort.

We assumed that the two first time intervals (1986-1987, 1988-1989) for
every cohort correspond to a time period when exposure consequences have not
been expressed yet ("latent period")[7]. Therefore the disease rate in these time
intervals provide an estimate of the baseline rate for the corresponding ages.
Since the "latent period" for every cohort falls on different ages, disease rates in
two first time intervals collected jointly for all cohorts could be an estimate of
age-specific baseline rates. Table 4 gives the estimation of base-line disease rates
obtained by fitting a power function of age to data from Table 3. We have
chosen the power function as a simple guess.

Fig. 1 shows the estimate of baseline disease rate for different ages. Thus, we
have an opportunity to investigate how the disease rate for cohort in question
deviates from spontaneous disease rate in different ages. Deviations from the
spontaneous rate in the birth cohorts are summarized graphically in Fig. 2. A
considerable increase in the thyroid cancer incidence rate is observed in the
birth cohorts under 8 years at the time of the accident, by a factor of 2-11.

This means that the cohort effects are strong. Since the age distributions of
different birth cohorts are extremely different also, the observed disease rates for
the pooled population will not correspond to the expected baseline rates of any
particular cohort. Consequently, the observed increase of incidence since 1986
within the population born between 1968 and 1986 cannot be explained by age-
specific changes only.

Table 4. Annual age-specific incidence of thyroid cancer observed
in 1986-1987 and in 1988-1989 and estimate of spontaneous rates

for different ages, per 106 persons.

Age,
year

3

5

7

9

11

13

15

17

19

Observed in
1986-1987

0.34

0.35

1.39

1.03

2.38

2.82

3.45

5.39

Observed in
1988-1989

0.22

-

0.69

2.08

1.73

1.72

4.38

3.87

-

Estimate

0.096

0.288

0.597

1.027

1.585

2.275

3.100

4.063

5.168

0 No cases.
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- baseline rates
o - observed data for 1986-1989

• - adjusted data for 1990-1994
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Fig. 1. Baseline rates of thyroid cancer during the 1986-1989 time
period in Ukrainian population born between 1968 and 1986
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Fig.2. Thyroid cancer incidence for the 1986-1994 time period
in birth cohorts born between 1968 and 1986 in Ukraine
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4.EFFECTS OF EXPOSURE TO RADIOIODINE ON
INCREASED THYROID CANCER INCIDENCE

A preliminary investigation shows that the average doses to thyroid from 131I
throughout the territory of Ukraine correspond to the excess annual incidence of
thyroid cancer. There is a more than 30-fold gradient in thyroid cancer inciden-
ce rates (about 4 cases per million per year in southern Ukraine and 123 cancers
per million per year among Prypiat's children). This gradient corresponds to the
gradient in thyroid doses from 131I [1]. The results of the large scale thyroid dose
reconstruction started in 1993 allowed to mark territories of Ukraine according
to average levels of thyroid exposures from 131I.

We determined the average dose from 131I to the population born between
1968 and 1986 in the administrative raions of the northern Ukraine. Territory in
question contains raions from the five most affected oblasts of Ukraine - Cher-
nihivs'ka, Kyivs'ka, Zhytomyrs'ka, Vinnyts'ka, Cherkas'ka, cities Chernihiv,
Kyiv, Zhytomyr, Vinnytsia, Cherkasy and a town of Prypiat'. We considered this
territory because of reliable thyroid dose estimates for its population. The dose
estimates were calculated on the basis of direct measurements of thyroid content
of 131I for about 150,000 people in the Ukraine in May-June 1986, including
about 108,000 aged 0-18 years at that time [4]. In addition, about 7000
settlements from these oblasts have gotten certificates of thyroid exposure as a
result of the large scale thyroid dose recovery [5]. Certificate contains the
estimates of average thyroid dose from 131I for seven age groups.

Besides, about 42% of all cancers since 1986 and more than 45% of all
cancers during the 1990-1994 time period fall on these 5 oblasts out of a total of
25 oblasts in Ukraine. The estimated average thyroid dose in children varies by
several orders of magnitude within these five oblasts. Therefore we combined
raions with close average doses in five dose clusters. Fig. 3 shows the distribution
of raions' average thyroid dose to people aged 0-18 in 1986.

Then we examined age-specific and age-adjusted incidence of thyroid cancer
in pooled population born between 1968 and 1986 for every dose cluster. The
analysis was restricted to cases occurring 5 years and more after exposure. Table
5 shows the age-adjusted disease rates in pooled population for 1990-1994 years.
The age standardization procedure used demographic data of the Census of
Ukraine, 1989 [2]. We used the preliminary estimate of the age-specific baseline
disease rates from Table 4 for calculating the age-adjusted annual spontaneous
rate. Its value is 3.56 per million for pooled population born between 1968 and
1986 in calendar time 1990-1994. We studied the changes of the excess thyroid
cancer incidence over dose clusters. Table 5 shows the excess absolute risk
(EAR) and the excess relative risk (ERR) in 1990-1994 calculated in pooled
population born between 1968 and 1986 for every dose cluster. EAR is obtained
by formula EAR = observed incidence - spontaneous rate. ERR is obtained by
formula ERR = observed incidence : spontaneous rate - 1.

We calculated the coefficients of linear regression between the excess cancer
and the thyroid dose from 131I: EAR = A^Rxdose - for the excess absolute risk;
ERR = fcERxdose - for the excess absolute risk, where kf^, &ER - regression
coefficients. This allows us to obtain the first reliable estimate of the relationship
between thyroid doses received as a consequence of the accident and increased
thyroid cancer incidence.
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SCALE 1:2900000

Boundaries

- of Oblast

- of Raion

Inhabited localities Averagedose,Gy

- less than 30 000

- 30000-100 000

- 100 000-300000

- 300 000-1000000

- over 1000000

m1
1.618

0.713

0.342

0.106

0.033

Fig.3. Thyroid doses from "' I to population born between 1968 and 1986
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Table 5. Average thyroid dose (cGy), age-adjusted disease rate (per 10* PY),
excess absolute risk (per 106 PY), and excess relative risk in dose clusters

Interval

1-4.9

5-19.9

20-59.9

60-119.9

120-200

Dose

3.3

8.8

32.1

71.1

165.1

Disease rate

5.19

6.20

8.94

17.15

23.81

EAR

1.63

2.64

5.38

' 13.60

20.25

ERR

0.46

0.74

1.51

3.82

5.69

We will interpret obtained regression coefficients AAR a n ^ ^ER with some care
as radiation risk per unit of dose [8]. So, the excess absolute risk per 104 PY per
Gy (EAR/104 PY Gy) was 0.1350 (95% CI = 0.0971, 0.1728). The excess
relative risk per Gy (ERR/Gy) was 3.79 (95% CI = 2.73, 4.86). Estimates and
confidence intervals were calculated in procedures from [6].

5. CONCLUSION

In this paper we presented the materials which allow to formulate the following
inferences.

1. The observed increase of thyroid cancer in Ukrainian population exposed
in childhood due to the Chernobyl accident exceeds the increase of baseline
disease rate, even when the variation of baseline rate as a function of age is
taken into account.

2. The excess of thyroid cancer in population aged 0-18 at the time of the
accident from the 5 most exposed oblasts of Ukraine could be related to the
thyroid exposure to radioiodine from the Chernobyl accident.
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