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Abstract

In the screening of the thyroid diseases in the radiation exposed cohort, it is

essential to make correct diagnosis and to measure radiation dosein every subjects in the

cohort and to analyze the dose response relationship by the most appropriate statistical

method. Thus, thyroid cancer, thyroid adenoma and autoimmune hypothyroidism were

confirmed to be radiation-induced thyroid diseases among atomic bomb survivors.

A group of investigators from Nagasaki university have been working in the

thyroid part of Chernobyl Sasakawa Health and Medical Cooperation Project, and more

than 80,000 children were screened in 5 diagnostic centers (Mogilev, Gomel, Kiev,

Korosten and Klincy).

In order to make correct diagnosis, thyroid echo-tomography, measurements of

serum levels of free thyroxine, TSH, tilers of anti-thyroid antibodies were performed in

every children in the cohort and aspiration biopsy was performed when necessary. Whole

body Cs-137 radioactivity was also determined in every subjects.

Children with thyroid cancer confirmed by histology (biopsy or operation)

were 2 in Mogilev, 19 in Gomel, 6 in Kiev, 5 in Korosten and4 in Klincy (until 1994).

Since children screened in each center were less than 20,000, prevalence of thyroid cancer

was remarkably high (lowest 100 and highest 1000/million children) when compared to

the othcrparts ofthc world (0.2 to 5/miliion/ycar). However, there was no dose response

relationship between the prevalence of cancer or nodule and whole body Cs-137

radioactivity.

Although a significant correlation between thyroid cancer and reconstructed

thyroid 1-13) dose was presented, there arc no previous reports to prove that 1-13)

produces thyroid cancer in human. Investigation on external radiation and short lived

isotopes along with I-131 may be important to elucidate the cause of thyroid cancer.
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1. Introduction
The explosion of nuclear weapons, nuclear tests and accidents at nuclear power plants

can affect the thyroid gland, and radiation-induced thyroid diseases are due to exposure to

radiation at the time of explosion or to radioactive fallout (external radiation) and exposure to

radioactive iodine that accumulates within the thyroid (internal radiation). Patients with

radiation-induced thyroid disease can survive for a long lime with treatment. Therefore, a

survey of subjects with radiation-induced thyroid diseases can be conducted using the same

.. protocol to examine all subjects in a certain cohort at the same time. In normal controls, the

prevalence of thyroid diseases is higher than that of other radiation-induced diseases, which is

an advantage for epidemiological studies. For these reasons, the thyroid is an ideal organ for the

investigation of the health effects of the atomic bomb explosions, nuclear tests and accident at

nuclear power plants [ l ] .

In the investigation of radiation-induced thyroid disease, the followings are essential to

obtain a significant results:

1) Determination of the exact thyroid radiation dose;

2) Correct diagnosis of thyroid diseases;

3) Analysis of the results by the most appropriate statistical method.

Thus we confirmed the radiation-induced thyroid diseases among atomic bomb

survivors in Nagasaki [2] . We examined 2856 subjects who were cohort members of the

Nagasaki Adult Health Study from October 1984 to April 1987. Thyroid radiation doses in

each subjects was estimated with Dosimetry System 1986 (DS 86) [3] . Significant correlation

between the thyroid radiation dose and the prevalence of thyroid diseases was found in thyroid

solid nodules and thyroid cancer in female and antibody positive spontaneous hypothyroidism.

The prevalence of thyroid nodule increases monotonously with thyroid radiation dose and the

prevalence is significantly higher as the age at the time of bombing is decreased. However, the

prevalence of antibody positive spontaneous hypothyroidism (autoimmune hypothyroidism)

displayed a convex dose response relationship with maximum level of 0.7 Sv. Forty five years

after the explosions of atomic bomb autoimmune, hypothyroidism was confirmed to be the

radiation-induced disease.

Based on these experiences of atomic bomb survivors in Nagasaki, children around

Chernobyl area were examined.

2. Subjects and Methods

The subjects are children born between April 26, 1976 and April 26, 1986 (age at the

time of accident: 0-10 year old) and examined in the period from May 15, 1991 to December 31,
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1994. The number of subjects is as follows: Mogilev (17,927), Gomel (14,054), in Belarus,

Kiev (18,848), Korosten (18,792), in Ukraine and Klincy (17,467) in Russia respectively. The

course of health examination includes the followings; (1) collection of individual history and

biographical information; (2) anthropometric data; (3) determination of serum hormone levels

(free thyroxine, TSH), (4) titers of anti-thyroid antibodies, (5) ultrasonography of the thyroid,

(($) echo-guided fine needle aspiration biopsy (FNAB) & cytological diagnosis when necessary,

and (7) whole body 137-Cs radioactivity.

Estimation of thyroid volume was performed with an arch-automatic scanning

ullrasonographic instrument (Aloka-SSD-520) [4] . Images of 11 cross sections of the thyroid

were recorded on optic disc, then the total thyroid volume was calculated. Diagnosis of thyroid

diseases was established on the basis of the following criteria of thyroid images: (1) position,

(2) structure, (3) echogenity, (4) presence of nodules and cysts, and (5) volume. The criteria

for goiter is a thyroid volume exceeding the volume calculated by the following formula:

LBVIIT= 1.7X 1000l3Xa8l:+00028Xhei8hlX(body weight)015

Three hundred ten children showing echographic thyroid abnormalities were selected for

FNAB, and a sample was successfully obtained for cytological diagnosis from 272 cases [5] .

Ultrasonographical abnormalities over 5mm in diameter such as nodular lesions, cystic lesions

and abnormal echogenity were chosen for FNAB.

3. Results

The results of investigations is summarized in Table 1. Children with thyroid cancer

confirmed by histology were 2 in Mogilev, 19 in Gomel, 6 in Kiev, 5 in Korosten and 4 in

Klincy (until 1994). In Gomel region prevalence of thyroid cancer (19 out of 14054) was

especially high. All 19 cases were histologically papillary carcinoma and the characteristics of

thyroid cancer were highly invasive which were similar to childhood thyroid cancers in other

parts of the world [6] .

Since children screened in each center were less than 20,000, prevalence of thyroid

cancer in not only Gomel region but also in other region was remarkably high (lowest 100 and

highest 1000/million children) when compared to that of U.S.A., Europe and Japan (0.2 to

5/miIlion/year) [7-9] .

Combined with the accurate thyroid examination data, we also compared thyroid disease

prevalence with whole body Cs-137 radioactivity. The results of screening, however, did not

show any significant correlation between the prevalence of thyroid cancer and whole body Cs-

137 radioactivity which is closely related to Cs-137 in the soil [10] .
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Table 1. Incidence of thyroid diseases around Chernobyl (%)

Thyroid disorders

Goiter (range)

Nodule(s)

Cancer

Hyperthyroidism

Hypothyroidism

ATG

AMC

BELARUS

Mogilev

6-31

0.12

0.01

0.43

0.07

1.1

1.9

Gomel

4-56

1.81

0.14

0.11

0.28

0.9

2.4

RUSSIA

Klincy

31-53

0.59

0.02

0.05

0.09

1.2

1.8

UKRAINE

Kiev

38-75

0.16

0.03

0.09

0.04

1.2

2.1

Korosten

12-49

0.28

0.03

0.07

0.13

3.1

3.5

The incidence of goiter, nodule(s) was analyzed by ultrasound images.

Hyperthyroidism: (free thyroxine>25.0 pmol/L, TSH<0.24 (i IU/mL)

Hypothyroidism: (free thyroxine<10.0pmol/L, TSH>2.90 u IU/mL)

Cancer: All cases were histologically confirmed by operated tissue.

ATG: anti-thyroglobulin antibody, AMC: anti-microsome antibody

4. Discussion

Since atomic bombs in Japan, more than thousands of nuclear weapon tests and nuclear

plants accidents took place in the world and human beings are still at the risk of exposure to

radiation. However, the health effects of many of these tests and accidents are not clarified yet.

Chernobyl accident was one of the most serious nuclear plants accidents in the world. In the

Chernobyl accident various investigations are supported by many international organizations

and many groups in the world. Among them our project supported by the Chernobyl Sasakawa

Health and Medical Cooperation is the biggest and the most international, contributive medical

aid .

It is confirmed that there are many children with thyroid cancer in Belarus and Ukraine

and diagnosis was confirmed in virtually all cases. A part of Russia was contaminated as highly

as in some areas in Belarus and Ukraine, but childhood cancer was not increased in the

contaminated areas except some report which found 14 cases of thyroid cancer in 1994. In this

project we demonstrated very high prevalence of thyroid cancer in 3 Republics including Russia

(Klincy: 0.02%) using the same protocol screening. However, no dose response relationship

between the prevalence of thyroid cancers and whole body Cs-137 radioactivity at the time of

examination [10] . Since many children were evacuated from highly contaminated areas, it is

necessary to investigate the relation with Cs-137 in the soil at the time of shortly after the

accident.
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Even many international experts believe that it is very likely (he increase of thyroid cancer

is due to the radioactive fallout by the Chernobyl accident [11-12], it is not known what kind of

radioactivity is the cause of thyroid cancer. It is essential to show the dose response from causal

radioactive materials. Of course the possible radioactive materials are, first of all, various

radioactive iodine which accumulate within the thyroid. However, it would be very difficult to

pick up one specific radioactive iodine.

A map of 1-131 contamination measured in 1986 was presented recently and it was

reported that a significant dose response was found between the prevalence of thyroid cancer

and 1-131 in the soil or the reconstructed thyroid 1-131 dose [13] . Although thyroid 1-131 dose

measured directly within several months after the accident in majority of operated case in

Ukraine was less than 30cGy, it was reported that the prevalence was higher in the population

with thyroid dose greater than 50-100 and 100-200 cGy. These are very important findings and

have to be confirmed by international experts. It should be noted that there are no previous

publications which showed that 1-131 in any dose produced thyroid cancer in human.

Therapeutic dose of 1-131 clearly induce hypothyroidism within several weeks after the

radiation. However, no reports that 1-131 induced thyroid cancer at least in humans were

published. And several reports showed that no significant thyroid diseases were induced by the

diagnostic dose of I-131. In Chernobyl accident, we have to notice the special situations which

were different from previous publications on 1-131 in many respects; 1) Prevalence of thyroid

cancer was very high in especially children. 2) Around Chernobyl are iodine deficient areas.

3)Various iodine prophylaxis was given. Therefore, 1-131 could be the cause of thyroid cancer

and investigation on the clear dose response relationship must be encouraged.

Investigation on radiation from other types of radioactive materials have not been reported.

Radiation by short-lived isotopes of iodine and tellurium, which may contribute a large

percentage of the absorbed thyroid dose by inhalation may be more carcinogenic than 1-131 and

could be the cause of thyroid cancer. And external radiation by any type of isotopes also can

produce thyroid cancer. Radiation to atomic bomb survivors was mainly external radiation at the

time of explosion of atomic bomb. And thyroid external radiation dose by atomic bomb was

estimated for each atomic survivor by DS 86 system [4] . A large dose of external radiation

induces hypothyroidism. However, it should be emphasized that thyroid cancer was induced in

children by low dose of medical external radiation (0.06 to 1.4 Gy) for enlarged thymus, tinea

capitis, skin hemangioma [14-18]. Therefore, investigation on external radiation and short lived

isotopes along with 1-131 may be important to elucidate the cause of thyroid cancer.
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